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Preface
 

Trypanosomiasis, transmitted by 
the tsetse fly, adversely

affects animal production in an area of humid and sub-humid
Africa larger than the United States. However small populations
of cattle, sheep and goats tolerant to the disease are found in 
some parts of Africa. If these trypanotolerant animals are to
play their part in meeting West and Central Africa's large and
growing demand for meat and milk, more precise information is
needed on their genetic and acquired resistance, on environmental

factors affecting susceptibility, and on the efficacy of control 
measures.
 

A major component of research on trypanotolerant livestock
is to evaluate their productivity in the traditional village
production system, under different levels of quantified tsetse
challenge. Another major task is ito define selection criteria 
for trypanotolerance, so that optimal breeding programmes may be
devised to maximize the rate of genetic progress. The costs and
benefits of selected tsetse-control measures, and their inter
actions with prophylactic drugs, need to be evaluated; 
 effective

control measures will help reduce disease risk and increase
tolerance, thereby contributing to efforts to increase livestock 
output in tsetse-affected areas. Poor nutrition is assumed to be
 
a primary constraint to livestock performance in the tropics in 
general; in the tsetse-affected areas there may be an important

interaction between nutritional level and trypanosomiasis risk,
infection intensity, maintenance of blood values in response to
infection, and performance traits. Nutritional interventions
therefore could represent an important means 
to improve livestock
 
productivity in these areas.
 

The African Trypanotolerant Livestock Network (ATLN), in 
collaboration with national research and development institutions

and with private organizations, groups together scientists
studying these aspects of the health and production of livestock
in tsetse-affected areas of Africa. Since it is impossible to 
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cover 
the many components involved at 
a single or even at 
a few
sites, an 
extensive Network has been developed. Research covers
all the major aspects of trypanosomiasis and its control but
centrates on conthe utilization of trypanotolerant livestock.
 

This report presents the proceedings of an ATLN meeting held
in Nairobi, Kenya, in November 1987; 
it covers a wide range of
aspects of livestock production in tsetse-affected areas
Africa. The principal aims of the meeting were 
of
 

to present and
discuss cur.-ent information 
being obtained 
within the Network,
under the topics of tsetse, trypanosomiasis epidemiology,
trypanotolerance, bivlogical productivity, chemotherapy,
economics, and genetics of trypanotolerance. 
 As the papers
presented were not intended 
to provide comprehensive coverage of
these topics, specialists 
in each were invited to review 
their
 areas of interest.
 

The meeting was organized jointly by the International Livestock 
Centre for Africa (ILCA) and the International Laboratory
for Research on Animal Diseases 
(ILRAD). 
 ILCA and ILRAD are
of thirteen centres in 
two
 

a worldwide agricultural research network
sponsored by the Consultative Group on International Agricultural
Research (CGIAR). Financial support is 
or has been provided to
one or both centres by the World Bank, 
the United Nations
Development Programme 
(UNDP), the International Development
Research 
Centre (IDRC), the International 
Fund for Agricultural
Development 
(IFAD), and the governments of Australia, Belgium,
Canada, China, Denmark, the Federal Republic of Germany, Finland,
France, Iran, Ireland, Italy, Japan, 
the Netherlands, Nigeria,
Norway, Saudi Arabia, Sweden, Switzerland, the United Kingdom and

the United States of America.
 

Abstracts in French and English of each 
of the papers contained herein 
were published earlier by ILCA/ILRAD in "Livestock
Production in Tsetse-Affected Areas of Africa, Programme and
Abstracts." 
 A French translation of 
these Proceedings will be
forthcoming by the end of 1988.
 

Mrs. Linda ole Moi Yoi is thanked for patiently reading,
correcting and editing the manuscripts of this report, as arethose who contributed to the preparation of the camera-readycopy, particularly Mrs. Grace Maloba, Ms. Sonal Nagda and Mrs.
 
Agnes Ouattara.
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1 
Livestook production in tropioal Afro% 
with speoiW reference to the tstse-affeoted zone 

H. V. JAHNK, 0. TACHER, P. KEIL and D. ROJAT 

Tropical Africa is defined as sub-Saharan Africa excluding the
 
South African Republic. It covers 23 million km2 of which 9.5
 
million (40%) are infested by the tsetse fly.
 

Here we will particularly emphasize ruminant species such as
 
cattle, sheep and goats as they play the major role in livestock
 
production and are the species mainly affected by trypano
somiasis.
 

PRODUCTION AND PRODUCTION SYSTEMS
 

Livestock populations and productivity
 

Table 1 shows the population sizes of the livestock species, both
 
in numbers and in "tropical livestock units" (TLU). One hundred
 
and sixty-one million cattle and 264 million small ruminants are
 
found in the total area. Sheep represent 46 and goats 54% of the
 
small ruminant population. In addition, one assumes a population
 
of 12 million camels, 12 million equines, 10 million pigs and
 
some 460 million chickens.
 

Ruminant species, excluding camels constitute 82% of the
 
total TLU. They are by far the most important livestock species
 
in tropical Africa.
 

Of the developing world, the African continent has 17% of
 
the cattle and 26% of the small ruminant population; these
 
percentages change to 11 and 17% respectively when compared with
 
world populations (Food and Agriculture Organization of the
 
United Nations [FAO], 1986a,b). The human population of Africa
 
represents 15.3% of the developing countries' and 11.5% of the
 
world's population (FAO, 1986a,b).
 

1The tropical livestock unit is commonly taken to be an animal of
 
250kg liveweight.
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The 	cattle per caput and 
the 
small ruminants
ratios are, respectively, 0.32 and 0.63 in Africa, 0.23 and 0.28
in developing countries, 0.35 and 0.47 in developed countries and
 

per caput
 

0.26 and 0.33 in the world.
 
Table 1. Population sizes of livestcck 
species in tropical
Africa in numbers and 
in tropical livestock units
(TLU)a (1986).
 

Species 1000 
Head 

TLU conver-
sion factor 1000 

TLU 

Camels 
Cattle 
Sheep 
Goats 

12,320 
161,135 
121,388 
142,711 

1,00 
0.70 
0.10 
0.10 

12,320 
112,795 
12,139 
14,271 

a Sub-total ruminants 437,554 n.a. 151,524 

Horses 
Miles 
Asses 

2,906 
1,518 
7,901 

0.80 
0.70 
0.50 

2,325 
1,063 
3,951 

b Sub-total equines 12,325 n.a. 7,339 

Sub-total grazing
 
animals (a + b) 
 449,879 n.a. 
 158,863
 

Pigs 

10,453 
 0.20 
 2,091
Chickens 


4 6 4 ,0 0 0b 0.01 
 4,640
 

d 	 Sub-total pigs and
 
chickens 
 n.a. 
 n.a. 6,731
 

TLU conversion factors constitute 
a compromise between different
common practices (Jahnke, 1982).

Source: FAO, 1 9 8 7a
 

FAO, 1 9 8 6b.
 

The cattle 
per 	caput ratio in
developed than 	 Africa is closer
to 	 to the
the 	developing countries, exceeding by far the
world average and the ratio for small 
ruminants in Africa is
highest in the world.	 the
 

Figure 1 shows the subdivision of tropical Africa into four
major regions, while Table 2 indicates the regional distribution
of the ruminant species. 
 Eastern Africa has
population, with 55% of the TLU, followed by the Western and
 

by far the largest

Southern regions with 25.1 and 15%, respectively and by Central
Africa with 4.4%.
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Table 2. 	Distribution of the ruminant livestock population
 
species in regions/countries of tropical Africa
 
(1986).
 

Thousand head
 
Total Share in 

Region/Country 1,000 total TLU 

Camels Cattle Sheep Goats 
TLU (%) 

Western Africa 2,045 37,635 40,272 56,438 38,066 25.1
 

Sahel 2,027 19,589 20,178 23,259 20,083 13.1
 
Nigeria 18 12,169 13,160 26,320 12,485 8.2
 
Other 	 - 5,877 6,934 6,901 5,497 3.6
 

Central Africa - 7,982 3,564 6,888 6,633 4.4
 

Zaire - 1,400 700 2,930 1,350 0.9
 
Other - 6,582 2,794 3,958 5,283 3.5
 

Eastern Africa 10,275 85,893 67,939 69,620 84,156 55.5
 

Sudan 2,800 22,389 20,600 15,581 22,090 14.6
 
Ethiopia 1,000 30,000 23,000 17,000 26,000 17.2
 
Other 6,475 33,504 24,339 37,039 36,066 23.8
 

Southern Africa - 29,625 9,613 9,715 22,670 15.0
 

Mainland - 19,140 9,009 8,490 15,148 10.0
 
Madagascar - 10,485 604 1,225 7,522 5.2
 

Total 	 12,320 161,135 121,388 142,711 151,524 100.0
 

Source: FAO, 1987.
 

Productivity differs greatly between developed and de
veloping countries. The latter have nearly 70% of the bovines
 
and buffaloes in the world, but produce only 29% of the meat and
 
23% of the milk. The developing countries have 64% of the small
 
ruminant population and produce 54% of the meat (Hoste, 1987).
 

The productivity of bovines is about 15kg meat per head per
 
year in developing countries versus 79kg in the developed world.
 
This statistic is relatively better for small ruminants, whose
 
productivity is 4.6kg meat per head per year in the former and
 
6.5kg in the latter (Hoste, 1987).
 

Meat productivity per head of cattle and per small ruminant
 
in Africa, at 14 and 3.7kg per head, respectively, is a little
 
less than the average of all developing countries. (Hoste,
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1987). Milk productivity is much lower in developing countries.
It is estimated to 
be 90 litres per head of 
cattle per year
versus 900 litres in the industrialized world (Tacher, 1982).
 

Furthermore, 
the percentage of the agricultural population
differs greatly between the 
developed and developing countries,
63% in developing countries 
(66% in Africa) versus 10% in the
developed countries 
(FAO, 1986a,b).
 

This very low rate of productivity of livestock and 
labour
in developing countries, especially in Africa, suggests that production systems are faced with major constraints and/or 
are
managed for goals other than just meat or milk production.
 

Livestock production systems in Africa
 

Environmental conditions and intensity levels
 

Figure 2 shows the different ecological zones of tropical Africa;
the isolines reflect the number of growing days of vegetation and
display an aridity-humidity gradient.
 

WESTERN c. 

EASE N 
Fige 1 
 Figur 2..
 

-CENTRAL ' ' 

,~~~9 ,A.e g RID
 
b FlO ZlmM 
 10"110 SEMI-ARIO 
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W HIGHLANDS 'Q 
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Figure 1. 
 Figure 2.
 

Regions of Tropical Africa 
 The Ecological Zones of Tropical
 

Africa and the Extent of Tsetse
 
Infestation.
 

Source: 
 Jahnke, 1982; Katondo, 1984.
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Table 3. Extent o5 ecological zones by region in tropical Africa 
(1,000km ). 

Ecological
 
zone/region 
Western Central Eastern Southern Total
 

Arid 3,990 - 3,015 1,322 8,327 
 37.3
 
Semi-arid 1,442 74 1,047 1,487 
 4,050 18.1
 
Sub-humid 1,187 805 959 1,907 
 4,858 21.7
 
Humid 707 3,029 94 
 307 4,137 18.5
 
Highlands 4 61 718 207 990 4.4
 

Total 7,330 3,969 
 5,833 	 5,230 22,362 100.0
 

Source: Jahnke, 1982.
 

Table 4. 	 Ruminant livestock population by species and eco
logical zone in tropical Africa (1986).
 

1,000 head (M) Ruminantsa
 
1,000 TLU
 

Ecological Cattle Sheep Goats 
 ()
 
zone
 

Arid 34,322 43,093 55,087 46,163
 
(21.3) (35.5) (38.6) (30.5)
 

Semi-arid 49,629 26,948 
 37,818 41,229
 
(30.8) (22.2) (26.5) (27.2)
 

Sub-humid 35,772 16,509 23,119 - 29,003
 
(22.2) (13.6) (16.2) (19.1)
 

Humid 9,668 
 9,590 13,129 9,040
 
(6.0) (7.9) (9.2) (6.0)
 

Highlands 31,744 25,127 13,558 
 26,089
 
(19.7) j20.6) 
 (9.5) (17.2)
 

Total 161,135 121,388 142,711 151,524
 
(100.0) (100.0) (100.0) (100.0)
 

aIncluding 	camels.
 

Source: Adapted from Jahnke (1982): updated figures are based
 
on the assumption that the distributional ratios of the
 
different species between the ecological zones did not
 
change; totals correspond with the country figures by

FAO, 1986a; the whole of the camel population has been
 
put in the arid zone.
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Table 3 shows the extent of the ecological zones 
by region
in tropical Africa. 
 The Western and Eastern regions are mainly
arid and semi-arid. 
 The South is divided into approximately
equal parts of arid, semi-arid and 
sub-humid 
zones and Central
Africa is mainly humid. 
Almost all highland areas are lccated in
the Eastern and Southern zones. 
 The arid zone is the largest,
covering 37% 
of the area, followed by the sub-humid zone with
(23%), the semi-arid and the 
humid zones 
(18% each) and the

highlands 4%.
 

Table 4 shows the ruminant livestock population within each
ecological 
zone. Cattle 
are most numerous in semi-arid regions
(31%) followed by the sub-humid and arid 
zones and the highlands
(about 20% each). 
 Small ruminants 
are mainly distributed in the
arid zone and goats outnumber sheep except in the 
highlands.
Ruminant densities are 
by far the highest in the highlands,
followed by the semi-arid zone (Tacher and Jahnke, in press).
 

Traditional production systems
 

In the arid zones of tropical Africa 
we find pastoral systems
and, as 
humidity increases, agro-pastoral systems combining livestock husbandry and crop production.
 

Nomads make use 
of the hyper-arid zones, usually with camels
and goats rather than cattle. The proportion of cattle in herds
increases in arid regions 
where transhumance becomes more
portant. Livestock production is a tribal affair based on 
im

traditional rights to the rangelands. The main product is milk,
major component of the human diet; 
the
 

meat is not 
a najor concern.
A limited number 
of animals are sold for 
cash in order to
purchase cereals or clothing or 
to pay taxes. The major goals in
pastoral systems are 
to assure subsistence 
for the increasing
community and to avert risk of disease and drought mainly by
maximizing livestock numbers.
 

The main reason for livestock integration into agro-pastoral
systems is the need of draught power and manure. 
 Meat and milk
are less important 
than in other systems. Animals are fed on
fallow land and with agricultural by-products which would otherwise remain unused. 
 The sale of small ruminants enables farmers
 
to meet unexpected cash needs.
 

The African highlands, due 
to their good bio-climatic 
conditions, have the highest densities of people and livestock.
The high density of livestock has led 
to increased intensity
levels. 
 Animal feeding is improved by using fodder 
in rotation
systems or 
 fodder trees as wind-breaks and erosion barriers.

these altitudes transhumance is 

At
 
rare.
 

Almost 
95% of the beef in tropical Africa is produced by
traditional production systems (Tacher and Jahnke, in press).
 

Modernized production systems
 

Cattle fattening is undertaken by smallholders or is done in
feed-lots. 
The number of on-farm fattened animals varies seasonally due 
to production requirements. 
 Fodder shortages are com
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pensated by the use of agricultural by-products; feed-lots use a

wide range of agricultural and agro-industrial by-products.

Economic and financial benefits have been closely related to
 
management issues such as the price of feed 
and meat, livestock
 
and feed supply lines and sale facilities (Institut d'Elevage et
 
de Medicine Veterinaire des Pays Tropicaux [IEMVT], 1973).
 

Ranching systems are located mainly in the arid and semi
arid zones of Eastern and Southern Africa. They hold breeding

and growing herds, or specialize in breeding or in growing units
 
(Senegal) according to environmental and economic conditions.
 

It is only in the few modernized production units that
 
monetary incomG is the main goal of livestock rearing. This is
 
one explanation of the difference in productivity per head be
tween Africa and the developed countries.
 

Livestock functions and management
 

The function of livestock in tropical Africa is multiple, with

their economic and social importance depending on the production

system (Jahnke, 1982; Tacher and Jahnke, in press; Weber,
 
1986).
 

Output function: Livestock produce food and non-food
 
materials, mainly hides, skins and wool 
and provide transport

services. The surplus of products 
not used for subsistence is
 
easy to market and enters the monetary economy.
 

Input function: Livestock provide intermediate products

such as animal traction for agricultural field work, transport
ation or other purposes and manure used as fertilizer, organic

materials or fuel. Livestock also convert crop residues and

fibre materials of no value into protein of high quality.
 

Asset and security functions: Livestock have the charac
teristics of a capital investment yielding an interest in the
 
form of milk, eggs, etc. They 
are a safe and durable form of
 
storing and increasing wealth, sapecially if there is no finan
cial system to ensure this function.
 

Social and cultural function: Livestock are involved in
 
social exchange within families or with other social groups.

Slaughtering for traditional feasts or religious ceremonies gives

social rewards for the cattle owners and reinforces family and
 
social links. Livestock have a cultural function in various
 
societies.
 

CONSTRAINTS AND FACTORS INFLUENCING PRODUCTION IN TROPICAL 
AFRICA 

Input constraints to productivity improvement
 

Even if all production systems aim to increase meat 
and milk

production, they 
are confronted with input constraints more or
 
less common to all African countries: capital is scarce and the
 
level of capitalization is low. Furthermore, monetary incomes
 
are low in Africa due to the importance of subsistence. Exports

of African countries are insufficient and consist mainly of 
raw
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materials whose international prices are low and variable. 
 What

is true for capital in general is even more true 
for foreign

currencies. An improvemnent of productivity would require energy

inputs which are rarely' available locally and are difficult to
obtain, due to the lack of 
income in general nd of foreign

currencies in particular.
 

The increase in livestock productivity also requires an up
graded feed supply for animals at a low cost. But the 
low agricultural productivity in Africa 
results in much higher relative
 
prices of crop products compared to meat products. For example

the beef/grain price ratio has been 
evaluated at 10-12 in North
America, 7-8 in European Economic Communities (EEC) countries, 45 in Australia and Argentina and only 2-3 in Ethiopia, Tanzania 
and Madagascar (Jahnke, 1982). 
 This reflects the c6mpetition for
 crop products between man and livestock. Weber (in press)

established that an increase 
in livectocx productivity must be

preceded by an 
increase in crop productivity to assure the fodder

requirements. Or to generalize, 
the livestock production in any

country depends on the overall agricultural productivity.
 

Genetic factors
 

The broad genetic variability of African livestock breeds enables

them to exist under harsh environmental conditions of all kinds,

including trypanosomiasis infestation if the challenge is not too
 
high.
 

Environmental press ;e continues 
to maintain a wide range of
resistance aptitudes within all breeds. 
 This may be interpreted

as a genetic response of the species 
to risk. In ccntrolled
 
environments 
such as research stations or experimental farms,

African breeds show good performance aptitudes in weight gain,

fertility, etc. This suggests that they would react very well

towards any improvement in their management conditions, mainly

those concerning feed and diseases. 
 This should be accompanied

by selection schemes based on performance and resistance. They

also have been successfully crossed with breeds 
originating from

developed countries, mainly to increase milk production.
 

Genetic factors do not appeat 
to be a restriction in Africa.
 
Local breeds are able to make 
the best use of their actual

environment, and, with better management, performanc. can be
 
improved.
 

Land and labour
 

Land is of major importance in all African production systems.

The pastoral systems utilize land 
that is unsuitable for other
 types of production and provide a higher employment capacity than

modernized systems in comparable ecological settings. 
 An agri
culturalist in Africa commercializes between 0.5 and 1.5 TLU per

year; in Australia the figure is between 100 and 200 TLU (Tacher

and Jahnke, in press). As mentioned before, the main objective

of 
the pastoral societies ip risk aversion by maximizing

livestock numbers and 
consequently assuring subsistence. Land
 
use is based on traditional rights (often challenged in crisis
 
situations).
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In the sub-humid zone, which borders on transhumance areas,
 
herders and farmers compete for land use during the dry season.
 
The pressure on land comes from farmers, due to the increase of
 
the human population and from herders, due to the periodic
 
droughts in various parts of Africa. Clearly this situation
 
limits livestock production due to scarcity of land. Pressure on
 
land is greatest in the highlands which are the most densely
 
populated areas.
 

The equatorial forest and the low, flooded areas are unsuit
able for livestock, while the availability of land for livestock
 
production is also restricted by environmental constraints in
 
the sub-humid and humid zonrs. The main constraint in these
 
regions is trypanosomiasis, a disease which largely excludes
 
cattle production and the survival of even trypanotolerant
 
breeds may be threatened.
 

In general labour as an input is not a constraint since
 
unemployment is common in tropical Africa. But livestock hus
bandry requires certain skills and experience. Programmes which
 
introduced trypanotolerant cattle in areas with no cattle keeping

tradition had to provide training to enable unskilled farmers to
 
rear livestock.
 

Trypanosomiasis
 

Bacterial or viral diseases such as rinderpest are obstacles in
 
the arid zones. Parasitic diseases become more important as
 
humidity 
livestock 

increases. 
husbandry 

Trypanosomiasis 
and production in 

is 
the 
a major 

sub-hu
constraint 
mid and hu

to 
mid 

zones. 

The FAO (in Hoste, 1987) has tried to assess the benefis of
 
an eventual eradication of tsetse in the 7 million km of
 
infested savanna which had a population of 20 million head 9f
 

,
cattle in 1974. Assuming a potential density of 20 head per km 

the number of cattle, after the elimination of trypanosomiasis,
 
would reach 140 million. The additional 120 million would
 
produce 15kg of meat per head per year resulting in a total of
 
1.8 million tons of meat per year. But the estimated potential

density for cattle seems to be very high and does not permit for
 
any increase in the small ruminant population.
 

We have made a different hypothesis. Our estimation is
 
based on:
 

(1) 	the ecological zones defined in Table 3 and the relative
 
density of all ruminant livestock in tsetse-free or infested
 
areas in the sub-humid and humid zones (based on Tacher and
 
Jahnke, in press);
 

(2) 	equalization of ruminant densities between tsetse-free and
 
infested areas: in the syb-humid zones the latter would
 
rise from 6.2 to 9.9 TLU/km and in the humid zones from 2.8
 
to 9.3. The semi-arid zones are not included since the
 
ruminant densities in infested areas are higher than thcse
 
in tsetse-free areas.
 

If one considers the 7.039 million km2 infested in the sub
humid and humid zones, the total increase in cattle would be 33
 

11
 



-------------------------------------------------------------

-------------------------------------------------------------

million head producing an additional 495,000 tons of meat per
year (assuming a productivity of 15kg/head/year).
 

Our results indicate much lower numbers than those estimated
by FAO, mainly due to the difference in the potential density
that could be achieved after the elimination of trypanosomiasis.

If we also take into account the milk production of our
additional 33 million head 
of cattle, we obtain 
an increase in
milk production of 1.26 million tons 
per year (again using the
FAO's estimates of 38.3kg milk/head/year (Hoste, 1987). 
 Converting the milk production into meat-equivalents using the
relevant ratio given by Jahnke 
(1982), shows that 
an additional
537,000 tons of meat-equivalents per year could be 
obtained.
Adding this figure to the meat production already computed, we
 

Table 5. Food production of livestock in tropical Africa 
(1986).
 

Livestock Quantity 
 Grain Calorific
 
species/ 
 l,O00t equivalents value
product 
 1,O00t % Mcal/t
 

Camels Milka 2,460 4,182 9.8 
 836 4.6
 

Cattle Milkb 2,245 8,980 21.1 6,286 
 34.2

Milkc 6,451 10,967 25.7 2,193 11.9
 

Sheep/ 
 Meat 917 3,668 8.6 2,568 14.0
goats Milkd 2,294 3,900 9.1 
 780 4.2
 

Sub-total
 
ruminaats 
 n.a. 31,697 74.3 12,663 
 69.0
 

Pigs Meatd 303 1,212 2.8 2,145
Chickens 
 Meat 766 3,064 7.2 2,145 
4.8
 

11.7
 
Eggs 667 6,670 15.6 2,668 14.5
 

Sub-total non
ruminants 
 n.a. 10,964 25.7 4,814 31.0
 

Grand total 
 42,643 100.0 17,477 
 100.0
 

Total meat 
 4,231 16,924 39.7 11,847 
 64.7
Total milk 11,205 19,049 
 44.7 3,810 20.8
Total eggs 
 667 6,670 15.6 2,688 
 14.5
 

aMilk production of camels has been put at 200kg/head (Jahnke,
 
b1982).
bThe meat commodity is defined as indigenous meat (FAO).

dThe milk commodity is defined as 
whole, fresh milk.
d(FAO, 1986a).
 

Conversion ratios for grain and calorific equivalents are taken
 
from Jahnke, 1982.
 

Source: FAG, 1987; FAO, 1986a
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arrive at an increase of 1.032 million tons of meat-equivalents
 
per year as a result of the eventual disappearance of
 
trypanosomiasis.
 

When we compare our estimated figures with the total produc
tion of 3,162 million tons of meat and 8,745 million tons of milk
 
produced by cattle and small ruminants per year (Table 5), we
 
obtain a respective increase of 16 and 14%. The potential bene
fits from trypanosomiasis control/eradication would appear to be
 
considerable.
 

NUTRITIONAL AND ECONOMIC CONTRIBUTIONS OF LIVESTOCK
 

Livestock products in the diet of African people
 

The share of animal products in the diet is a reliable indicator
 
of the wealth and development of a nation's economy. In
 
developed countries animal products provide, respectively, 30.5,
 
57.4 and 62.5% of the energy, proteins and fat of the diet (FAO,

1986). These percentages change to 8.1, 19.7 and 35.5% when
 
applied to developing countries as a whole and to only 6.6, 20.7
 
and 21.1% for Africa.
 

Furthermore the calorie, protein and fat supply per caput in
 
Africa represent only 63.9, 53.4 and 32.6% of those in developed

countries. The same figures related to developing countries are,
 
respectively, 90.1, 90.8 and 103.7%.
 

Table 6. Livestock production in Africa.
 

Total Africaa Tropical

Africa
 

Indicator 1950 1970 1985 1985/86
 

Per caput production (kg)b
 
Meat 12.0 11.1 8.6 8.0
 
Milk 32.6 26.2
31.5 20.3
 

Production per animal (kg)

Beef/veal 13.9 13.6 17.8 13.8
 
Mutton/goat meat 3.1 3.5 4.0 3.5
 
Pork 34.1 41.1 39.0 30.0
 
Milk from cattle 50.9 57.6 66.3 40.4
 
Milk from sheep/goats 7.2 6.6 8.5 8.6
 

aThe figures include only the mentioned animals.
 
bProduction related to the total human population.
 

Source: Jasiorowski (1973) for the first two columns; FAO,
 
1987; FAO, 1986a for the third and fourth columns.
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Table 6 shows the livestock production per caput in Africa.
The average figures of 8.0kg meat and 20.3kg milk per caput per
year hide great disparities between the different regions of
tropical Africa, as 
shown in Table 7 (Hoste, 1987). The production of meat par caput per year varies from 2.6 to 16.9kg and the
milk production from 1.4 to 
39.5. The lowest figures are from
Central Africa, 
but the figures for the Western 
region, which
bears 
the highest density of human population, are very 
close to

the former.
 

In the Central and Western regions 
the protein supply from
livestock products is low, but it 
is complemented by fishery
products to 
a certain 	extent, either imported or of local origin.
 
Table 7. 	Per caput production (kg) according to different
 

regions in tropical Africa.
 

Region 
 Meata Milkb
 

Sudano-Sahelian 
 16.9 
 39.5
Western sub-humid and humid 
 3.4 
 3.4
Central humid 

Eastern sub-humid and highlands 

2.6 	 1.4
 
8.9 21.8
Southern sub-humid and semi-arid 
 8.2 16.1
Tropical Africa 
 7.5 15.2
 

NB: The regions are 
different 	from those used elsewhere 
in the
paper.
 
All ruminant livestock.

bCattle only.
 

Source: Hoste, 1987.
 

Livestock contribution to economic goals
 

A first, rough approach 
to assess the economic significance of
the livestock sector is to estimate its contribution to the Gross
Domestic Product (GDP).
 

As in most developing countries, the share of agriculture in
GDP is important in Africa, rising from 7.6 and 
9.5% for Gabon
and Congo, which 
are oil exporters, 
to 57 and 60% in Niger and
Burundi (Jahnke, 1982). 
 The average for all countries in

tropical Africa is 29%.
 

The share of livestock in agricultural GDP rises 
from 2.2
and 2.3% 
for Gabon and Cote d'Ivoire, to 35.7% for 
Zimbabwe,
38.7% for Chad and even 
81.6 and 86.3% for Scmalia and
Mauritania, with an average value of 17.4%. 
 The average contribution of the livestock sector 
to the total GDP is 5.0% in

tropical Africa.
 

The gross 	value of meat represents 47% of 
the total 	value of
all edible livestock products of 
tropical 	Africa, while milk
represents 15% and draught power 
is an intermediate prouuct at

31% (ILCA, 1987).
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Using the GDP as a first economic indicator, the problems of
 
prices, unemployment and balance of payments must not be
 
forgotten.
 

Livestock products do not contribute much to foreign
 
currency earnings in African countries. Generally international
 
prices are lower than domestic prices due to the surplus produced

in developed countries. This fact encourages African governments
 
to import livestock products to assure the protein supply. But
 
imports cost valuable foreign currency and certainly do not
 
favour any domestic livestock development. In this context mani
pulated price systems, such as fixed prices at a low level, act
 
as an obstacle to domestic livestock production. However domestic
 
livestock husbandry ensures a high employment:production ratio
 
and contributes to the rural employment of large numbers of
 
people who cannot find an alternative job in their national
 
economies.
 

PROJECTIONS AND KEY CONSTRAINTS
 

Supply and 	demand projections
 

The annual increase of supply in tropical Africa is 2.9%, which
 
means that it would take 24 years to double.
 

Table 8. 	Regional averagea income elasticities of demand for
 
selected crop and livestock foods in tropical Africa,
 
1975-2000.
 

Crop foods Livestock foods 
Region/ 
country Cereals Roots Meatb Milk Eggs 

Western
 
Sahel 0.24 -0.22 1.04 0.53 0.90
 
Nigeria 0.16 -0.09 1.08 1.20 1.20
 
Other 0.33 -0.16 1.08 1.23 1.10
 

Central 0.51 0.03 0.97 1.23 
 0.90
 

Eastern
 
Sudan 0.22 -0.18 0.81 0.90 2.00
 
Other 0.24 -0.05 1.01 0.77 1.10
 

Southern 
 0.14 	 0.17 0.84 0.90 2.00
 

Tropical
 
Africa 0.22 -0.07 0.98 0.82 1.10
 

aWeighted according to the share in overall consumption of food
 
bproducts; average over analysis period (Jahnke, 1982).
 
Excluding edible offals; including game.
 

Source: 	 de Montgolfier-Kouevi and Vlavonou (1981) based on FAO
 
(1979).
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For the next few years an annual increase in income per
caput of slightly over 4% in sub-Saharan Africa is 
projected
(Sarma and Yeung, 1985). Table 8 shovs 
the income elasticities
of demand 	for 
selected crops and livestock products in tropical
Africa for the period 1975-2000. 
 In most cases they are negative
for roots 	plants, low for cereals but 
close to or higher than 1
for livestock products. The highest values for meat derive from
Western non-Sahelian Africa including the most 
densely populated
countries with the highest expected growth of per caput income.
 

Consequently, projections 
of domestic 
demand at constant
prices (Table 9) show that the annual growth rates 
for livestock
foods are higher than that of human 
population (assumed to be
2.97% in this table). The increase coefficients between 1975 and
2000 range from 2.9 for meat to 3.6 for eggs.
 

Another projection (ILCA, 1980) indicates 
that the domestic
demand growth rate will reach 6.8% for meat
Furthermore it has been accepted (Tacher, 1986) 
and 6.2% for milk.
 
that the share of
animal products in the humgn diet 
shows a constantly increasing


trend whatever happens.
 

Table 9. Projection of domestic demanda for 
selected crop and
livestock foods in tropical Africa, 1975-2000.
 

Food Item 
 Annual growth (M) Increase 2000/1975
 
rate per caput 
 total by factor
 

Crop foods
 
Cereals 
 0.4 
 3.4 
 2.3
 
Roots 
 -0.1 
 2.9 
 2.0
 

Livestock 	foods
 

Meat 
 1.2 
 4.2 
 2.9
Milk 
 0.8 
 3.8 
 2.5
Eggs 
 2.2 
 5.2 
 3.6
 

aAt constant prices (1975).
 

Source: 	 de Montgolfier-Kouevi and Vlavonou (1981) based on FAO,
 
1979.
 

With respect to these 
demand projections, the supply will
rise from 2.4% for total meat (1.2% for ruminant meat) and 1.2%
for milk 	(ILCA, 1,80) to 
 meat 
 for milk
3.1% for and 1.6% (Sarma
and Yeung, 1985). Even the
with 	 most optimistic assumptions,
domestic supply is not expected 
to meet the demand in the coming
years. 
 Moreover productivity appears to be stagnant in tropical
Africa (Jahnke, 1982) and 
it seems 	that the increase in supply
results more 
from the 	growth in number of livestock (especially
ruminants) than from a productivity improvement.
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seit-sufficiency
 

In tropical Africa the self-sufficiency ratio for meat has de
clined during the last ten years, as has the ratio for milk and
 
eggs during the last twenty yenrs (Tacher, 1986). The ratio for
 
meat was 1.0 for the period 1961 to 1977 and it is expected to
 
decline to 0.8 in 1990 and 0.6 or even 0.4 according to other
 
assumptions (ILCA, 1980) by the year 2000. The ratio for milk
 
was 0.9 in 1961-1965 and it is projected to decrease constantly
 
to 0.4 or even 0.3 by the year 2000 (ILCA, 1980). The egg ratio
 
is also expected to decline from 1.0 to 0.9 in the same period.
 

Currently Africa is confronted with a deficit in both meat
 
and dairy products (a larger one for dairy). The situation
 
according to all projections is likely to worsen due to the
 
increasing gap between supply and demand. Moreover we have to
 
keep in mind that these projections are based on the economic
 
concept of demand, meanina solvent demand. This differs greatly
 
from the needs assessed ac,6iding Lu Lhe diet requirements of the
 
human population. In addition these projections do not include
 
the demand for draught animals and manure.
 

How can African countries ensure a greater supply of live
stock products? The first choice is between imports and national
 
production. In the classical debate on self-sufficiency the
 
theory of comparative cost advantages would plead for the former
 
since their prices are structurally low. Imports, in the long
 
term, could have the advantage of saving resources which could be
 
invested in sectors where African countries have a comparative
 
advantage.
 

The success of such a policy assumes that comparative advan
tages really exist and that the resources saved, especially
 
labour, could be easily converted into the corresponding sectors.
 
It also assumes that the import prices are maintained for some
 
time and that an adequate quantity of prodicts is available when
 
needed. This certainly is the case in a perfect economy where
 
prices are determined only by the markets. But for livestock
 
products it is obvious that few countries control both quantities

and prices and an exclusive import policy would lead African
 
countries from deficiency to dependency in an field of prime
 
importance.
 

Hence, even if the options are restricted, depending on
 
local and particular conditions, it is imperative for livestock
 
production to be developed in the whole of tropical Africa.
 
Moreover, many African countries strive for a balance between
 
imports and local productc; to ensure an immediate supply to the
 
poorest, especially in cities; they also attempt to finance
 
livestock development projects publicly to increase employment
 
and the local supply.
 

Possible strategies for development, especially in tsetse
affected zones
 

Generally speaking, development initiatives in livestock pro
duction should be based mainly on the traditional sector. This
 
strategy combines several advantages including lower requirements

for foreign currency and higher quality feeds and a more
 
effective contribution to r'ura] development.
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An incentive price policy is 
an instrument of prime importance to obtain growth 
in production and productivity. But the
response 
of domestic production is difficult to a'sess 
and it
strongly depends on 
a producer's access 
to and confidence in the
financial 
system. Furthermore 
the response has 
a delay during
which imports are supported and 
a net financial need will 
occur
for several years. Hence, 
the problem of balancing short-term
(food supply) and long--term (national production) objectives
cannot be 
solved only by transferring resources 
from imports to
livestock development projects.
 

Trypanosomiasis 
acts as an environmental constraint reducing
livestock productivity or 
even making large rangeland areas 
unsuitable 
for livestock production. Trypanosomiasis control,
treatment 
or eradication is expensive 
and is only justified if
the benefits (weighted by the risks) exceed the costs.
 

The three main practices 
to meet the problem are tsetse
control or eradication, chenjical treatment or prophylaxis and the
use of trypanotolerant breeds. 
 The choice between them depends
on local conditions, particularly:
 

- the existing situation of livestock husbandry (breeds used,
production systems, etc.);
 

- the level of trypanosomiasis challenge and whether it is
permanent or seasonal during the year; 
 and
 
- the ranking and relative importance of trypanosomiasis among


other development constraints.
 

The time dimension must taken
be into
eradication schemes account: basically
assume that 

limited period of time, though they 

the costs are incurred fcr a
 
can be increased if 
the risk
management is inadeqilate, as treatment 
by prophylaxis entails
lower but continuous expense.
 

Hence the three main schemes have their own 
indications.
Without pretending to establish 
a rule common to all cases, one
 may consider that (Figure 3):
 

- if the challenge is not permanent or if 
there is no possibility for tsetse eradication campaigns, 
chemical treatments
 
are the relevant choice;
 

- game exploitation could be undertaken if the 
pastures are
poor and the human density is low;
 

- when dealing with zebu cattle, eradication may be a solution
if the area is small or 
if it can be isolated. Pressure
land is on
a major factor of success in eradication campaigns,
as high rates of land occupancy following 
these campaigns
contribute greatly to avoiding reinvasion risks.
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Fgie 3 Altemiative approarhes to the tsetse and trypanoacnmaasa problern (ahMUf ed flow--chart) 
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If the area is large 
and cannot be isolated, eradication
will be hard to accomplish and the choice will be tsetse control.
Chemical prophylaxis 
or treatment 
can be integrated in
methods. At control
a certain level of trypanosomiasis challenge,
taurine only
(generally trypanotolerant) breeds
but when exposed to high 
are able to produce;
tsetse challenge they also have
protected. In to be
this 
context chemical treatments, eventually
combined with traps and 
screens for 
tsetse control, appear to be
the best method.
 

In all these fields, technological improvements would result
in a widening of 
the range of possible technical choices or 
in an
increase of economic performance.
 

Particularly since 
even the trypanotolerant 
breeds are
unable to produce and live in 
cases of extremely high tsetse
challenge, the knowledge of 
the tolerance mechanism must 
be
improved and selection and diffusion programmes of 
more tolerant
livestock must be undertaken.
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2 
The Potential of oollaborative research networks

in developing oountries
 

D.L. PLUCKNETT and MJ.H. SMITH 

Major international agricultural research networks, essentially a
phenomenon of the last 
two decades, 
now penetrate most
agricultural facets of
research. Agricultural

creasing research networks are inin number and scope, particularly in the Third World.
While 
new networks 
are being formed, existing ones often take on
a range 
of fresh initiatives and 
are thus becoming
and comprehensive. more complex
More networking activity, however, does
necessarily mean better and not
 more efficient research.
 

To assess the current status 
of networking in international
agricultural research and gauge whether the potential of networks
is being realized, we first define and 
categorize networks.
Expectations ot the performance 
and impact of
collaborative cooperative and
activities 
should vary according to the of
network. We type
then explore the benefits, both tangible and qualitative, of networking to participants 
in
start-up and operation of networks 
the Third World. The
 

are examined in 
order to
pinpoint key ingredients in launching 
and sustaining collaborative research efforts. 

works, stress the need 

Finally, we discuss evolution of 
netincrease support for collaborati
research efforts and emphasize 
to 

ithe importance of patience while
waiting for networks to 
help solve problems associated with
boosting agricultural production.
 

NETWORK TYPOLOGY
 

Any number of typologies can 
be drawn up to classify agricultural
research networks, depending on the purpose and analytical goals.
Networks 
can be grouped according to subject matter, such as
fertility or farming systems, or 
soil
 

according to their structure and
operational mode 
(Plucknett and 

can identify networks 

Smith, 1984). For example, one
that operate in a hub-and-spoke 
manner,
where information flows mostly from a coordinator to 
cooperators
and those which operate in a wheel manner where information flows
in a rim fashion between satellite nodes 
as well as along spokes
to and from the coordinating hub.
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Ralph Cummings, Jr. and Calvin Martin of the U.S. Agency for
 
International Development (USAID) categorized agricultural re
search networks according to their operational style in a report
 
to the Special Programme for African Agricultural Research
 
(SPAAR, 1986). Cummings and Martin proposed three main types of
 
networks, commonly referred to as the SPAAR typology:

information networks (type 1), scientific consultation networks
 
(type 2) and collaborative research networks (type 3). We adopt

this typology with one modification: the addition of material
 
exchange networks.
 

Information networks are essentially newsletter or infor
mation dissemination operations in which information is collated
 
by a coordinator and sent to individuals on the mailing list
 
(Table 1). Material exchange networks are primarily concerned
 
with testing crop proto-varieties and agricultural machinery

designs at various sites. International nurseries and agricul
tural machinery networks fall under the material exchange cate
gory. In scientific consultation networks, individuals in on
going research programmes agree to share information and ideas.
 
Periodic workshops and meetings are organized to discuss problems

and compare results; some methodological or strategic adjust
ments to autonomous research programmes may be made as a conse
quence. Scientific consultation networks are cooperative rather
 
than truly collaborative undertakings. In collaborative research
 
networks, the entire research enterprise may be jointly planned

and executed, usually from the ground up. The joint planning and
 
execution characteristics of collaborative research networks,
 
along with the development of a majoi conceptual or methodo
logical document, are the major distinguishing features
 
separating them from scientific consultation networks. Partici
pants are actively involved in establishing research priorities,

agreeing to a division of research responsibilities and following
 
common methodologies.
 

Table 1. Some characteristics of information exchange, material
 
exchange, scientific consultation and collaborative
 
research networks.a
 

Information Material Scientific Collaborative
 
Trait Exchange Exchange Consultation Research
 

Coordinator Yes Yes Yes Yes
 
Publications Yes Yes Yes Yes
 
Advisory board No Yes Yes Yes
 
Study tours No Yes Yes Yes
 
Training No Yes Yes Yes
 
Workshops 
 No No Yes Yes
 
Common
 

methodology No Yes No 
 Yes
 
Joint planning No No No Yes
 

aThere are, of course, exceptions in some cases.
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As described in our 
earlier paper (Plucknett and Smith,
1984), successful networks are grounded on 
seven main principles:
a clearly defined 
problem and a realistic research agenda; a
problem that is widely shared and in which there 4.s 
 strong self
interest involved; a willingness on the part of participants to
commit resources, 
such as personnel and facilities; a possibility for outside funding to facilitate the birth of the proposed network 
and to ensure its functioning for the first few
years; sufficient scientific cali)ber of 
the participants to
 ensure that contributions will be 
made and finally, strong and
efficient leaders who have the confidence of the participants.
 

Collaborative research networks are 
the .'ocus of this paper.
While all types of 
networks have an important role to play in
furthering research and 
improving agricultural productivity,

collaborative research networks have the 
greatest potential co
upgrade skills of participants and to fortify the ability of
Third World nations to 
conduct research designed to overcome
constraints to increased agricultural production. 
 In a sense,
collaborative research 
networks represent networking in its
purest form since individuals in jointly 
planned research
ventures pool 
their resources and talents, participate in

planning and policy formulation and pull in unison. 
 We do not
wish to imply that all networks can, or should, become
collaborative 
research efforts; for some purposes, information
exchange, material 
exchange or scientific consultation networks

suffice. But 
for other research problems, particularly if they
are narrowly focussed, collaboration can be a powerful approach.
 

COLLABORATIVE RESEARCH NETWORKS
 

Collaborative research networks in agriculture 
are few in number
 among regional or global networks. Probably no more than 
a dozen
genuine collaborative research networks operate 
today on an international scale (Table 2). 
 The African Trypanotolerant

Livestock Network (ATLN) exemplifies true collaborative research
and has many lessons to offer. Other 
jointly planned research
networks with a track record to guide the establishment of future
collaborative research programmes 
include the International
Benchmark Soils Network for Agrotechnology Transfer (IBSNAT), the

Asian Rice Farming Systems 
Network (ARFSN) and PRECODEPA
(Programa Regional Cooperativo de Papa), a multi-purpose

commodity network 
focussing on potato production (Plucknett et
 
al., in preparation).
 

Although few in number, collaborative research networks have
been established in 
a wide variety of subject areas. The ATLN,
coordinated and supported by ILCA and 
ILRAD, focusses on a
widespread livestock disease, trypanosomiasis. A sister
international agricultural 
research centre, the International
Rice Research Institute (IRRI), helps administer ARFSN, a farming

systems network that has grown spectacularly in its dozen years

of existence and now spans sixteen Asian nations. 
 ARFSN embraces
several research 
thrusts, including integration of livestock in
rice farming systems, fertilizer trials and varietal 
testing.

IBSNAT, supported by USAID and coordinated by the University of
Hawaii, has built 
on the foundation of a predecessor research

project, the Benchmark Soils Project. 
 IBSNAT, created in 1982,
explores the transferability of agronomic practices and cropping
systems within three major soil 
families of the tropics.
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PRECODEPA, one of five regional potato research networks
 
organized or supported by the Lima-based Centro International de
 
la Papa (CIP) , addresses ecological and socio-economic
 
constraints to increased potato production in nine Central
 
American 	and Caribbean nations. PRECODEPA has divided its
 
research responsibilities as folluws: late blight (Mexico);

seed production (Mexico, Guatemala, Costa Rica); tuber moth
 
(Costa Rica, Guatemala); golden nematode (Panama, Mexico); bac
terial diseases (Costa Rica) ; rustic storage (Guatemala);

socio-economics (Guatemala); processing (Guatemala).
 

Table 2. 	Some international collaborative research networks in
 
the agricultural sciences.
 

Network Focus 	 Countries Began
 

ARFSN (Asian Rice Rice farming systems 16 1975
 
Farming Systems in South, S.E. Asia
 
Network)
 

PRECODEPA (Pro- Multipurpose potato 9 1978
 
grama Regional research in Central
 
Cooperativo de America and the Caribbean
 
Papa)
 

IBSNAT (Inter- Transferability of crop i6 1982
 
national Bench- management practices
 
mark Soils within same soil families
 
Network for in the tropics
 
Agrotechnology
 
Transfer)
 

ATLN (African Control of African 10 1983
 
Trypanotolerant trypanosomiasis in
 
Livestock 	Network) livestock
 

Recently, some networks with international centre-like
 
characteristics have been established. Their operational style

is networking while their governance structure is like some of
 
the international agricultural research centres, including 
a
 
director and a board of trustees. Examples of these are the
 
International Board for Soil Research and Management (IBSRAM) and
 
the International Network for the Improvement of Banana and
 
Plantain (INIBAP). Topics for other centre-like networks cur
rently being discussed include aquaculture and tropical
 
vegetables.
 

BENEFITS
 

Agricultural scientists around the world are probably involved in
 
more than a hundred networks ranging from information exchange to
 
collaborative research. The proliferation of networks in the
 
last two decades has been fuelled by the many perceived benefits
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of participating in information'and material exchange networks as
 
well as in scientific consultation and collaborative research
 
networks.
 

We now concentrate on six professional advantages provided

by viable collaborative research networks: concentration 
on
 
important, widespread problems; providing access to new informa
tion and methodologies; avoiding redundancy; saving time; in
creasing training possibilities; and creating opportunities to
 
develop leadership skills.
 

A significant advantage 
of research networks is that they

coalesce around important problems. The number of important

research problems facing agricultural scientists is almost limit
less and there is always the danger that researchers may select
 
less important topics for research. While all research has the
 
potential to contribute useful information, in a world with
 
limited resources and a shortage of qualified personnel it is
 
imperative that the major issue be identified and tackled first
 
and not be left unresolved because resources have been drained
 
away on less important projects. When a sizeable number of
 
scientists agree to work together on a project, usually the
 
problem or issue they are grappling with is a pressing one. In
 
the case of PTLN, for example, scientists have banded together to
 
study controi measures against a disease that strikes some 50
 
million cattle, 30 million sheep and 40 million goats in a broad
 
zone stretching from West to East Africa (ILRAD, 1987) . Simi
larly, IBSNAT focusses on three soil families that are widely

distributed 
in the humid tropics and on which hundreds of
 
millions of persons depend for livelihood and sustenance.
 

All networks, from information exchange to collaborative
 
research, provide opportunities for participants to learn about
 
new methodologies and research approaches. In collaborative
 
research programmes, however, contact between participants is
 
more systematic than in other networks and they tend 
to adopt a
 
common methodology. In this manner, 
new research techniques re
 
more readily disseminated and adopted. Information on or access
 
to the latest laboratory techniques and field research methods
 
are particularly valuable to Third World scientists who often
 
find it difficult to gain access to up-to-date library

facilities, to obtain new equipment 
and to travel to
 
international meetinas.
 

One of the most important benefits of networking, parti
cularly with collaborative research, is that unnecessary

repetition in research is avoided. Some replication of experi
ments and trials to verify results is a standard and necessary

procedure in science, but redundancy is a luxury that few coun
tries can afford.
 

A corollary to avoiding redundancy is the time savings

generated by quality collaborative research. Because the task is
 
divided up among participants, either by region or research
 
topic, results can be achieved more quickly than if the scien
tists were working independently of each other. A wider array of
 
environments are sampled, cross-fertilization of ideas is en
couraged and a broader dimension of research effort is achieved.
 
Collaborative research does not always lead to immediate dramatic
 
breakthroughs or payoffs for citizens of 
the host countries, but
 
jointly planned research has a better chance of achieving success
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with widespread problems than isolated efforts. Even if a re
search thrust in a collaborative programme proves to be less
 
effective than planned because more basic research is required or
 
because appropriate methodologies have yet to be devised, at
 
least that conclusion is reached faster than in the case of more
 
isolated research efforts.
 

Many networks offer short training courses to meet specific
 
needs of participants. Depending on the nature of the network,
 
such courses offer a combination of classroom, laboratory and
 
field activities. In addition to network training courses,
 
participants may also have opportunities to take other courses
 
offered by international agricultural research centres. Networks
 
offer a great opportunity to train young scientists in conduct
 
and management of research.
 

Some networks rotate coordinators to spread the admini
strative burden more evenly, to reduce any paternalism of a
 
dominant institution and to provide leadership opportunities for
 
participants. However, frequent changes in network leadership
 
may not be desirable, and, in sortie cases, may cause instability
 
and loss of effectiveness for the larger network operation. Even
 
if coordination remains in the hands of one institution during
 
the life of a network, leadership skills are still developed when
 
local scientists assume responsibility for their portion of the
 
research task, help organize co-workers and report results at
 
"networkshops" and conferences. Furthermore, research netsome 

works have catalyzed the establishment of small sub-networks on a
 
national or regional scale. This trend is particularly notice
able with ARFSN and IBSNAT. Experience gained in a larger,
 
international network is invaluable when a national programme
 
scientist takes on the job of coordinating a sub-network.
 

START-UP AND OPERATION
 

Third World countries clearly benefit from international
 
networks, but participation has a price. Developing countries
 
must be willing to contribute resources--human, financial and the
 
use of buildings, equipment and land--if networks are to
 
flourish. Next we consider some of the ingredients for success
fully launching and maintaining collaborative research networks.
 

Jointly planned research networks g-nerally require more
 
time and consideration to launch than other networks because
 
common working procedures have to be formulated and agreed to by
 
the participants. A founding document must also be available;
 
if such a document is not available, the first task of the net
work may be to prepare it. Research methods may have to be
 
changed and fresh approaches adopted in collaborative research
 
ventures. For scientific consultation networks, less time for
 
establishment may be required, in part because only minor adjust
ments may be necessary to ongoing research. Start-up for infor
mation networks is relatively straightforward since much less
 
consultation is done, at least at first. Materials exchtnge
 
networks may also require less time to establish, because in many
 
cases the initial consultation and planring is carried out by
 
international agricultural research centres that initiate them
 
and assemble the materials to be exchanged, often using national
 
scientists and former trainees as their first contacts.
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A believable 
founding document 
is an 
essential ingredient
for assembling a collaborative research network. 
Without a solid
proposal or 
conceptual framework, based 
on car"eful
preferably some analysis and
initial survey 
work, prospective collaborators
will have a hard 
time convincing administrators
agencies, both within their 
and funding


national governments
national levels, and at interof the validity and viability of their cause.
Groundwork 
for the ATLN began in 1977 when
Environment Programme the United Nations
(UNEP) and 
FAO commissioned 
a
trypanosomiasis in Africa and the distribution of 
survey of
 

breeds cattle, trypanotolerant
of 
 sheep and goats (ILCA/FAO/UNEP, 1979).
baseline study carried out This
in collaboration with
that ILCA concluded
trypanotolerant livestock 
could
increasing meat 
play a larger role in
and milk yields in Africa and urged further
studies. Later, 
the Network 
issued a training manual which
provides a methodology framework 
for the collaborative 
research
(Murray et al., 
1983).
 

Although 
national programmes 
should contribute
share of resources the major
to start and 
operate collaborative
networks, some external funding is 
research
 

also usually required.
side support is Outoften crucial in bringing
parties for initial 
together interested
an 
 consultation 
meeting.
starting a network The idea of
often occurs


professional conferences, but 
to scientists at annual
 

a follow-up meeting is
discuss strategies and draw up a proposal. 
required to
 

developing countries often find 
Scientists 
in


it impossible to obtain
from national agencies for travel funding

abroad to
providing air tickets and 

any meeting. By
living expenses 
for prospective
participants, external 
donors play a vital 
role in inaugurating

networks.
 

Once a network is operating, external support 
is still
frequently needed to fund monitoring tours to research sites, for
convocations 
and planning meetings, to purchase some 
equipment
and supplies and to 
organize training courses. 
 Monitoring tours
are 
important mechanisms 
for participants to 
keep
colleagues, discuss in touch with
common problems and to 
observe new 
methodologies in action. Workshops generally 
serve 
two vital functions
that help in network operation: they are used to 
assess results
of surveys, experiments and trials and chart
to future
tions. direc-
Training, as indicaced earlier, helps upgrade the performance of participants. 
 Since all the above 
activities require
international 
travel and living costs, external support is an
essential ingredient for most large-scale networks.
 

Although outside 
funding is 
usually crucial
national research networks, money alone 
for inter

will not
Intellectual capital and motivation 
buy success.
 

adequate funding. 
are just as important as
If the network's objective has been thoroughly
considered and the 
research agenda carefully drawn up, 
the goal
should be feasible and the research approach and methodology
should be conceptually sound. 
If the research programme is badly
flawed, no amount of funds poured into the network will generate
viable products. 
 When the research venture is on scientifically
sound footing and participants are well qualified to do the work,
a flow 
of new insights and discoveries usually ensues. 
 Fresh
ideas revitalize research and help maintain the vigor of networks
(Greenland et al., 
1987).
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TAPPING THE UNREALIZED POTENTIAL
 

Thus far, most networking activities have centred on information 
exchange, material exchange or scientific consultation networks 
and these have proliferated. Indeed, there are some indications 
that networking may be reaching the saturation point in some 
cases. The scramble to boost food supplies in Africa is creating 
conditions ripe for proliferation and redundancy among 
informatic. cxchange, material exchange and scientific consul
tation networks. As of 1986, thirty-five networks focussing on 
improving commodities were operating in Africa (SPAAR, 1986). 
Most of these are information exchange or scientific consultation 
networks; material exchange networks are not included in that 
figure. It is not possible to know whether the African research 
establishment can absorb all of the networks that are operating 
or planned. Donors are partly responsible for the proliferation 
of networks; a potent motivating force in establishing networks 
is identification of a donor with a particular activity. Donors 
are naturally eager to receive credit for helping find solutions 
to food production problems, but excessive donor wishes for 
identification can be a negative force in network effectiveness. 

While competition may have emerged between some scientific
 
consultation networks, particularly in Africa, there is room for
 
more collaborative research networks. Collaborative research
 
networks could increase in two ways: evolution from other kinds
 
of networks, particularly scientific consultation networks, or
 
the creation of new ventures. While it is always possible to
 
restructure cooperative networks so that they become truly col
laborative, few scientific consultation networks seem to be
 
heading in this direction. Some scientists have vested intarests
 
in adhering to ongoing research activities and are reluctant to
 
drop or alter radically their programmes to accommodate require
ments of a collaborative research enterprise.
 

The potential payoffs are greater with collaborative re
search, so consideration about how this transformation from
 
scientific consultation to collaborative research can be effected
 
is warranted. Donors and research leaders in Third World coun
tries could profitably devote more thought to how some scientific
 
consultation networks can be upgraded to collaborative research
 
networks. The potential payoffs from such a process appear
 
greater than simply creating more scientific consultation
 
networks.
 

In some situations it may be easier to forge collaborative
 
research networks from scratch and indeed, this is how most of
 
them have formed. Existing personnel and facilities are used in
 
collaborative research networks, just as with other networks, but
 
participants devise a workplan from the start based on the com
parative advantage of each member. And participants are con
stantly involved in minor adjustments and revamping, as
 
necessary. Based on the experience of the few international
 
collaborative research programmes now operating, the donor
 
community might want to consider nurturing the birth and develop
ment of more jointly planned research efforts. As with ail
 
reoearch projects, however, some patience is required. Quality
 
research programmes take several years before they bIar fruit.
 
Networks will not offer an immediate cure to the many problems
 
facing agriculture, but by improving research productivity they
 
can greatly facilitate the search for solutions.
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3 
An overview of the AJrcan
 
TrypanotoierantLivestock Network
 

G.D.M. d'IETEREN and J.C.M. TRAIL 

The ATLN coordinates the activities of scientists studying 
the

health and production of livestock in tsetse-affected areas of
tropical Africa. The emphasis 
is on the most promising of the
potential solutions to the problem of trypanosomiasis, namely the

increased utilization of trypanotolerant livestock.
 

ILCA/FAO/UNEP's "Trypanotolerant Livestock 
in West and
Central Africa", Monograph 2, 1979, emphasized the importance of
trypanotolerance by indicating 
that trypanotolerant breeds 
were
 
at least as productive as other indigenous African breeds in
 areas of zero to low 
tsetse challenge. In areas where 
tsetse

challenge was 
substantial, only the trypanotolerant breeds could

survive. However it was 
clearly illustrated that as tsetse
challenge increased, the productivity of trypanotolerant live
stock diminished. Therefore it was apparent that more definitive
 
data would have to be obtained regarding the factors affecting

the productivity of these animals.
 

It was considered that optimal progress could be 
made by
utilization, over a five-year period, of 
the information

potential from 
a selection of locations identified in the country

visits of the study. In the eighteen countries, preliminary

discussions were undertaken with personnel from government

stations and institutions, universities, commercial 
ranches,

village groups, etc. 
which had suitable facilities and programme

intentions. The discussions concerned their possible willingness

to collaborate in further work the use and potential of
on 

trypanotolerant livestock. 
Many localities were identified where
 
relevant work was in progress, but in nearly all 
cases additional.
 
input 
was needed before they could produce conclusive results.
 

The joint report (ILCA/FAO/UNEP, 1979) 
was used to interest

donor agencies in the possible support of situations which could

handle specific aspects of the overall 
research requirements,

Thus, between 1980 and 1984, sites 
in Zaire were established

through Administration Generale de la Cooperation au Developpe
ment (AGCD), Belgium; in Gabon through partial funding from

France; 
 in Cote d'Ivoire and Togo through Deutsche Gesellschaft

fur Technische Zusammenarbeit (GTZ), Federal Republic of Germany;
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in 
 The Gambia and Senegal through the European Development Fund
(EDF); in Kenya through partial funding by May and Baker
in Tanzania through partial funding by the 
Ltd;
 

Overseas Development
Agency (ODA) , United Kingdom; 
 and the Swiss Multilateral

Cooperation, Switzerland, (through FAO).
 

An extensive Network of research sites 
has been established
in different trypanosomiasis-risk 
areas throughout tropical
Africa in order 
to study the complex interactions that affect
trypanotolerance, to provide baseline data for livestock development in tsetse-affected areas and to 
evaluate different methods
 
for controlling trypanosomiasis.
 

The objective 
of the research is to improve livestock productivity in tsetse-affected areas 
of Africa, first by achieving
a better understanding 
of genetic resistance, acquired
resistance, environmental factors which affect susceptibility and
the efficacy of present control measures, and second by ensuring
optimal application of 
both existing knowledge and recent
 
research findings.
 

The reason for developing a Network 
was that it was impossible to cover the many components involved in a single or a few
research situations. Selection of 
sites for the Network was
based on their complementarity in terms 
of disease level, tsetse
challenge and livestock breed; 
on the desire of the institutions
concerned to cooperate; on the availability of basic research infrastructure; and on the willingness of donor agencies 
to provide
supplementary funds. 
 The different Network situations all have
 very definite strengths in certain components of the overall
research area. 
 The successful attraction 
of donor funding into
 many of the Network situations has occurred because of 
their
clear suitability for the research components being tackled.
 

The sites contributing to 
the research operation in 1987 are

shown in Table 1.
 

Table 1. Tetse and livestockpopulationsatthe Network sites,
1987.
 

Livestock
Site Country Tsetse group Species Type Management 

System 

Zaire PuIJAUiKolo Cattle Trypanotolerant Ranch 
Avetoiou Togo PAai 1 . Cattle Trypanotolerant and Ranch and VIllage 

Sheep norlrypanotolerant VillageSokode Toog1 Sheep and Coats Trypanotolerant Village

Tenqrela Cote dlvoire PAR.I1i 
 Cattle andSheep Trypanotolerant and Villag9 

non-trypanotolerant
Boundiali Cote divoire j.Jpjj Cattle and Sheep Trypanotolerant and Village 
non-trypanotolerantIdlofa Zaire ll,ia and Luca Cattle Trypanotolerant Village

OGAPROV Gabon Ipli and fuseA Cattle Trypanotolerant and Ranch 
non-trypanotolerantMushle Zaire fusee Cattle Trypanotolerant Ranch 

Muhaka Kenya moraitans and Iuc Cattle Non-trypanotolerant Village
Mtwara Tanzania marsijns and fusA Sheep and Coats Non-trypanotolerant Village
Chiba Ethiopia morsLitansand MIliii Cattle Non-trypanotolerant Village
ITC/ISRA The Gambia moitan and pmlpaJ1l Cattle Trypanotolerant Village 

Senegal
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In order to produce results 
which can be compared between

different sites, all 
field operations require standardized re
search protocols on animal productivity, animal health and level

of tsetse challenge. Training has always been 
a vital component

of network activities, it being necessary that 
all participants

have sufficient training and expertise to make major contribu
tions. Two courses per year have been held since 1982, each of
 
seven weeks duration, alternatively in English and French (Murray

et al., 1983). 
 Field support in all aspects of the protocols has

been provided when requested by individual sites, or when data

collection problems were 
detected by the coordinating team. The
 
scientists who carried out 
the training are the scientists

servicing the sites. The expertise of national colleagues is
 
growing as 
a result of these efforts, and many are now presenting

their component results at international meetings.
 

ILCA and ILRAD have been collaborating with National
 
Agricultural Research Services (NARS) for several years in the

ATLN, 
studying livestock breeds that show tolerance to the

disease, and trying tb find ways in which 
effects of
 
trypanosomiasis 
can be reduced through breeding or chemical
 
control. The well-established Network 
in 1987 operated in nine

countries of sub-Saharan Africa, mainly covering the humid and
 
sub-humid zones.
 

Following the recommendations of the major meeting of re
searchers from all Network sites in November/December 1985, de
tailed analyses were carried out at the 
eight sites having data
 
covering at least the two-year period, 
1 January 1984 to 31

December 1985. 
 Initial results from the studies are presented in
 
the December 
1986 report entitled, "The African Trypanotolerant

Livestock Network, Indications from Results 1983-1985."
 

The results obtained in 1986 have been used to redeploy some
 
resources, modify or 
redesign some protocols and justify

commencement of 
further in-depth studies. Areas of specific

research and 
studies of intervention possibilities already

started include: production of milk for human consumption,

definition of selection criteria 
for trypanotolerance,

maximization of the 
rate of genetic progress through selection,

improvement of 
reproductive performance, tsetse control,

nutritional interventions, and trypanocidal drug use.
 

At this meeting, internationally recognized specialists will

review their fields 
of interest and contribute to Network

development through evaluations of the results presented by Net
work scientists. These results are based on 
work carried out
 
over the past three years. The meeting will focus on themes in
 
the major research areas of:
 

- trypanosomiasis epidemiology, including estimates of tsetse
 
challenge, diagnosis of trypanosomiasis, factors affecting

susceptibility, interactions with other diseases and 
tsetse
 
control and trypanocidal drug interventions;
 

- trypanotolerance criteria and their genetic parameters re
lative to genetic improvement of trypanotolerant livestock;
 
and
 

- effects of trypanosomiasis on animal performance, reproduc
tive cycle and milk extraction and possibilities for 
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strategic nutritional supplementation.
 

So, in summary, we have 
a Network of national research

situations throughout Africa, where 
scientists are tackling
components of trypanotolerant research that 
their situations are
best equipped 
to handle in a cost-effective manner. 
 They are
using standardized approaches to the 
practical field measure
ments, analyses and interpretation of matching data 
in the
tsetse, animal health and animal production fields in an attempt
to contribute towards 
halting the increasingly alarming decline

in food production per head of human population in Africa.
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4 
The role of tsetse AinAfrican animal trypanosomiasis 

A.M JORDAN 

INTRODUCTION
 

Although mechanical transmission of African animal trypano
somiasis may be important in some localities, there is no evi
dence that the disease can persist in the absence of tsetse
 
flies. Wells (1972) considered that various factors, especially
 
the difficulty of detecting very low density tsetse populations,
 
have contributed to conclusions that trypanosomiasis exists in
 
some locations where tsetse are apparently absent. Other factors
 
which can contribute to such a conclusion include the movement of
 
trypanosome-infected livestock from tsetse-infested to tsetse
free areas and the recrudescence of parasitaemia in chronically
 
infected animals. The conclusion that normally tsetse
transmitted trypanosomiasis cannot be maintained in the absence
 
of Glossina spp. is suppozted by data collected from extensive
 
areas of northern Nigeria. In these areas tsetse have been
 
eradicated by the use of persistent insecticide spraying, and by
 
consolidating reclaimed land through intensive human use (Jordan,
 
1986). In such areas animal trypanosomiasis is no longer a
 
significant problem (Putt et al., 1980).
 

This paper therefore takes as its baseline the all-important
 
role of tsetse in the maintenance of African animal trypano
somiasis.
 

Without the fly there is no sustainable disease problem.
 
However, between the extremes of abundant tsetse, presenting what
 
may subjectively be called a "heavy" trypanosomiasis challenge to
 
domestic livestock, and tsetse-free and hence disease-free
 
localities, there are a variety of different patterns of fly and
 
disease di3tribution. These patterns are not static, either in
 
space or time. Therefore, one objective of this paper is to
 
attempt to demonstrate that the dynamic nature of animal trypano
somiasis is primarily determined by movements and changing
 
densities of populations of the vectors of the disease,
 
particularly of the fly belts of tsetse of the morsitans group.
 
The causes of advances and recessions of the fly belts are not
 
fully understood although man, through effects on tsetse habitats
 
and hosts, has had a major impact in the past and, as human
 
numbers increase, is having an increasingly profound impact
 
today.
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KN AND TSETSE
 

The fusca group
 

Some of the 
most significant effects 
of man on tsetse occur
the fusca group. But in
 as, in general,
comprising this group feed 
the twelve species


very little 
on domestic livestock,
these effects are usually not reflected in a corresponding effect
on animal trypanosomiasis. 
 The reason is
predominantly inhabitants that these species are
of either tropical forest
outliers in or forest
the savanna and, 
as such, rarely 
come into contact
with domestic animals. 

forest in Africa are 

Most areas of humid primary and secondary
rapidly being felled by man 
either for
timber 
or for cultivation. 
 This is 
not a new process--few
Africa's forests of
are primary in nature--but
today is that, what is different
whereas in the 
past there was 
a long period
fallow permitting of
the regrowth of 
forest v-egetation between
successive short periods of 
cultivation, now, because of increasing demand for land, the period of 
fallow is cither
short for the re-establishment of 
too
 

forest vegetation
existent as plantation crops, 
or non

such as coffee and 
cocoa, replace
the natural vegetation.
 

In densely populated West Africa the once continuous distribution of 
a number of species of 
the fusca group has been broken
up into isolated pockets. 
 Elsewhere 
the distribution of 
other
species is also now discontinuous. 
 As this process of disappearance of the fusca group is only of limited academic interest from
the animal trypanosomiasis point of view, it will
discussed. not be further
In the longer term, however, there may be some
on effect
the epizootiology of 

group can be 

the disease, as species of the fusca
heavily infected with trypanosomes, and they
certainly contribute 
to the maintenance 
of the- reservoir of
infection in wild animals.
 

The morsitans group
 

The effects of man on 
populations of 
the morsitans group are
dramatic and are 
 profoundly

abundance of 

affecting the distribution and
these major vectors 
of animal trypanosomiasis.
Because these species of 

Africa 

tsetse occupy the savani.a woodlands of
(often suitable locations for domestic livestock) and
because they will feed readily 
on cattle, sheep and goats,
form the basis of the African animal trypanosomiasis problem. 
they
 

some areas they In
are present in such numbers as 
to completely
exclude domestic livestock; it 
is in such areas 
that most cases
of the disease occur.
 

Whereas these often remote areas 
suitable for
group the morsitans
(the Grenzwildnisse 
of Ford, 
1971) may be thought of as
relatively static, they have in fact experienced a number of
profound disturbances 
even during recorded history. 
One occurred
at the end of 
the nineteenth century when 
a major panzootic of
rinderpest swept through Africa, killing enormous 
numbers of the
wild and domestic 
hosts of tsetse. 
 As a result the fly disappeared from extensive areas 
and many of the "advances" of 
the
fly which have been described since then have not 
been advances
at 

time 

all but have simply been a recolonizing of lands lost at the
of the rinderpest panzootic. 
 The second major disturbance
of the status quo in 
the fly belts 
is now in progress. It is
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more intense in some areas 
than in others and is related to the
 
numbers of man.
 

There are many examples from various parts of Africa
 
(Jordan, 1986) which illustrate the relationship between human
 
populations and populations of the morsitans group. 
 The occu
pation by the fly of a new area can often be 
related to a dec
rease in the human population and the evacuation of 
an area to an
 
increase in the human population. A useful rule of thumb was
 
drawn up by Nash (1948) for G. morsitans submorsitans in West
 
Africa .which also applies to other subspecies of G. morsitans
 
elsewhere and probably to other species of the morsitans group as
 
well. Thus these species 2occur where there are up to 40 people
 
per square mile (0-15km-), are less abundant at population

densities of 40-100 per square mile (15-39km- ) and re absent
 
where the population exceeds 100 per square mile (39km-).
 

The continent-wide trend at 
the moment and for the forsee
able future is for human populations to increase, especially in
 
the urban areas, but often in rural 
areas as well. Hence, the
 
overall trend is for the area 
infested by the morsitans group to
 
decrease, but there are many exceptions to this general con
clusion. The main difference is that although human populations
 
are expanding at much the same rate throughout tropical Africa
 
(usually in excess of 3% per annum) this expansion was initiated
 
from very different baselines. In densely populated West Africa,

especially Nigeria, and in Rwanda and Burundi, many former fly

belts 
have disappeared or are in the process of disappearing.

Elsewhere, in sparsely populated countries there has been neglig
ible impact of man on the fly belts, and large areas in and

around them remain unavailable to domestic livestock 
or can only

be used at risk. In Zambia, for inst nce, the overall human
 
population density is only about 8km 
 , and many people are
 
concentrated in the urban areas, compared to -2
some 110km in
 
Nigeria (Jordan, 1986).
 

The palpalis group
 

Whereas demographic changes in sub-Saharan Africa are having

increasingly profound effects on the distribution and 
abundance
 
of the species of the norsitans group, effects on the species of
 
the palpalis group are much less significant. With one exception

in West Africa, there is no evidence that there have been major

advances or recessions in response to changes in rural human
 
population densities. Thus the distributions of these species
 
are probably much the same today as 
they were in the early years

of recorded history; they are, of course, absent from areas,

draining into the Indian Ocean. 
 The single documented exception

is the southward extension of the range of G. tachinoides into
 
man-made habitats in West Africa (Baldry, 1966).
 

The reason for the resilience of the palpalis group in the
 
presence of man is based on their adaptability to change from
 
feeding on the large species of wild animals 
to the less obvious
 
components of the wild fauna, such as reptiles, as well as to man
 
and his domestic animals.
 

The species of the palpalis group occupy habitats ranging

from humid forests, through dense riparian vegetation in humid
 
savannas, to sparse riparian vegetation in semi-arid savannas.
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The effects 
of man are different over different parts of this
range. Towards the drier 
limits of 
the distribution 
of the
palpalis group, the agricultural activities of low-density human
populations tend 
not to make major 
inroads into the vegetation
fringing rivers and streams, 
thus preserving the 
tsetse habitat.
However, 
as human populations 
expand, shifting cultivation becomes 
more permanent with corresponding progressive degradation
of the riparian vegetation rendering it 
less suitable as a
habitat for species of 
the palpalis group. 
 This process is
underway in many areas but has 
probably resulted in 
only an
insignificant reduction 
in the overall area infested by these
species, although reduction in numbers of flies, and hence the
"challenge" they present 
to domestic 
livestock, has undoubtedly
occurred over wide 
areas of West Africa.
 

At the humid limits of the distribution of the palpalis
group there has also been much modification of the vegetation, a
process of change which is 
accelerating, but here 
the effects on
the flies have been much less marked. These species 
are able to
adapt to man-made habitats and thus, despite more 
people and
changed habitats and hosts, 
the flies survive--and often thrive.
Dense peri-domestic populations of 
these species have been described from many localities 
in West, Central and parts of East
Africa. They occupy 
a wide variety of man-made habitats, often
at as high a density 
as in more natural environments elsewhere.
Although these species are not 
as effective vectors 
of animal
trypanosomiasis 
as are 
species of the morsitans group, the
implications for 
the persistence of 
the disease in such
circumstances are 
obvious.
 

PROSPECTS FOR CONTROL OF ANIMAL TRYPANOSOMIASIS
 

The key role of tsetse flies in the maintenance of African trypanosomiasis in domestic livestock has been confirmed in the past
by campaigns which succeeded 
in eradicating the fly--and subsequently the disease--from well-delimited 
areas. There have
been two types 
of successful eradication campaigns--either the
clearance of 
fly infestations 
isolated by extensive natural
barriers from other infestations, or fly infestations which 
were
cleared in a logical manner and 
followed up by human settlement
at a density sufficient to 
remove Zly habitats and hosts and prevent re-invasion. Examples of 
the former are campaigns which
eradicated tsetse from the island of Principe (De Azevado et al.,
1962) and from an 
isolated fly belt in Zululand 
(Du Toit, 1954).
The best example of the lattei type of campaign is 
from northern
Nigeria where 
some 200,000km 
 were cleared of tsetse and where
much of the former fly-infested land is now 
settled and unsuitable for the fly (Jordan, 1986).
 

Other vector-control campaigns have been less successful and
it is now appreciated (although not by all!) that it is 
easy to
kill tsetse flies by well-organized operations 
but difficult-and expensive--to ensure 
that cleared areas 
remain fly-free.
Although vector eradication--and hence 
trypanosomiasis eradication--is 
a feasible objective 
in a few locations (the major fly
belts of 
Somalia, for instance, are limited to 
two river systems
and isolated 
from infestations elsewhere), in 
most situations
disease control, in which vector control can have 
a role to play,
is the only realistic option.
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The basic problem is the control of animal trypanosomiasis

where domestic livestock and relatively static infestations of
 
Glossina encounter one another. In many areas, realistically,
 
nothing can be accomplished in the short-to-medium term, and the
 
traditional livestock owners will continue to act as they have
 
for centuries, balancing losses from trypanosomiasis if they
 
graze their animals in infested areas against losses from star
vation if they do not. Attempts to control the disease will
 
continue to rely primarily on drugs, often applied by the live
stock owners themselves with little control of dose rates or
 
frequency of treatments. There is also scope for further
 
exploitation of the phenomenon of trypanotolerance, particularly
 
in those vegetation and climatic zones where such breeds occur.
 
The possibility of increasing their utilization in the drier
 
savannas of Africa, where pastoralists still produce most of the
 
livestock products of the continent, is much less likely.
 
However, pastoralists are having to settle in many parts of
 
Africa, as pressure on land increases, and the traditional live
stock owner may become increasingly prepared to keep trypano
tolerant breeds if they are available, blurring former sharp
 
distinctions between arable farmers and owners of livestock.
 

Vector control, as distinct from vector eradication, may

also have a role to play by reducing the level of trypanosomiasis

challenge to livestock which will in turn encourage the develop
ment of land use practices involving livestock. Here the cri
tical factor is cost--the continuing suppression of tsetse
 
populations by insecticidal and most other traditional methods is
 
often easy but always expensive. The recent development of
 
insecticide-impregnated, odour-baited traps and targets which
 
attract and kill tsetse offer the prospect of cheaper

alternatives, but they aro not a simple panacea as competent
 
supervision and management are still essential.
 

DISCUSSION
 

As far as the long term is concerned, it is clear that a major

factor, and in many localities the dominant factor, affecting the
 
epizootiology of animal trypanosomiasis will continue to be the
 
rapidly expanding African human population. In some localities
 
this will have the effect of eliminating or reducing tsetse
 
infestations, whereas elsewhere domestic livestock will be forced
 
into closer contact with fly infestations as competition with
 
arable farmers for fly-free land intensifies. Such a scenario
 
has major implications for computations of levels of "challenge";

differences will not only occur from place to place but also,
 
increasingly, "challenge" will vary from time to time. In
 
densely populated parts of Africa, such as Nigeria, it is not
 
difficult to foresee the disappearance of the fusca and morsitans
 
groups of tsetse except in game reserves where their habitats and
 
hosts are protected, but a low level of challenge from the more
 
adaptable species of the palpalis group will persist for the
 
foreseeable future, certainly in the more humid zones.
 

An understanding of, and even attempts to forecast, changing

levels of the challenge presented by tsetse to domestic livestock
 
will be essential in the future, both for improving our knowledge
 
of the epizootiology of the disease and for the design and imp
lementation of effective strategies for its control.
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5 
Determin tion of tsetse challenge and its relatiorship
with tryjpanosome prevalence in trypanotolerant
ivestock at sites of the African 
7rypanotolerazntLivestock Network 

S.G.A. 	 LEAK K. AWOUkMP C. COLARDLL, I' DUFP'KRA, A. 'ERON
B. MAHAMAT, K. AMAWUENA, M. MIN,'ACNJ, M. MUUINGO, G. NAAWODABA,
G. ORDNER, M. PELO, M. SH'RIA, G. TIKUBET, A. TOURA' and G. YANGARI 

INTRODUCTION
 

African animal trypanosomiasis transmitted by 
tsetse flies,

Glossina spp, is an important constraint on livestock production

in sub-Saharan Africa. As it is well 
known that some breeds of
cattle, sheep and goats thrive better than others when exposed to

the 	same level of trypanosomiasis 
risk, one possible solution

lies 	in the rearing of these breeds. However, in many parts of

Africa, people are 
reluctant to make use of these trypanotolerant

breeds as they are considered to be less productiue than sus
ceptible breeds. 
 One of the aims of the ATLN is to determine the

productivity of these trypanotolerant breeds under quantified

levels of tsetse challenge and trypanosome prevalence. 
 The

determination of tsetse challenge at sites of the ATLN and its

relationships with trypanosome prevalence are 
reported for the
 
period 1984-1986.
 

DESCRIPTION OF SITES
 

The Network sites with trypanotolerant cattle or sheep are listed

in Table 1 together with the tsetse 
species detected. The sites

with 	cattle, for which a more 
complete description can be found

elsewhere 
(ILCA, 1986a; article 3 of these Proceeedings), are:
 

1. 	 Boundiali and Tengrela in northern Cote d'Ivoire with N'Dama
 
and Baoule cattle kept under village management;
 

2. 	 Avetonou in Togo, with N'Dama and Race Locale breeds 
under
 
both village and research station management;
 

3. 	 The Office Gabonais d'Amelioration et de Production de

Viande experimental ranch in Gabon with locally adapted

N'Dama Okouma and more recently introduced N'Dama Senegal;
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4. The private commercial ranches of 
Kolo and Mushie in Zaire
with N'Dama cattle; and
 

5. N'Dama cattle 
from the same 
ranch stock kept under village
management in the plateau and forest 
areas of Idiofa in
 
Zaire.
 

Sites with trypanotolerant sheep 
are Boundiali and Tengrela
in Cote d'Ivoire, and Sokode and Avetonou in Togo, all with Djal
lonke sheep.
 

Table I. Tsetse species, their distribution and primcipal habitats at nine Network sites with trypanotolerant livestock. 

croup Species Principal habitat OGAPROV Mushi, KOlo Avetonou Sokode Boundiali Tengrels Idlofa Idiots 
plateau rest 

ealaaili . iJulim Gallery forest 

G, U.sinale 	 Callery forest and (re Ireis aat a::: res1
 

" 
 GAcilry Woelis 	 stri_4m 
and rivers 

.
 
E G.,1AhanfmU Throughout rein fores, nd
 

gallery forest
 
r. 	 alho Callery forest of streams
 

and rivers
 

it a savar.Sa nna.* 

o 	 . Present .
 

" Absent

*According to MacLennan (19741Q. t&tbnj,,mi Isdependentuponthe interirgroup which are associated morewith forest fringes. However, 

of rain forest unlike molt other members of the Fusca
(firges lirlaringpastures. in the Network site, wherethis speciesoccurs it is captured at forest

*s Only S C. M 1Ubiix k were captured at the Bourllall Network site during the period underreview. Efforts to trap greater numbersOf this specieswith boxtraps failed. It thusappearsthat this species occus at very low densities at this northern limit of its rang inCote d'lvoire and Is notconsidered further. 

METHODS
 

Detailed protocols for the estimation of 
tsetse challenge and
trypanosome prevalence 
in livestock within 
the ATLN have been
reported previously (ILCA, 1986a, 
1986b). Tsetse challenge is
estimated as 
the product of the following three components.
 

Tsetse relative density was determined from catches in biconical traps 
(Challier and Laveisierre, 1973) expressed as the
mean number of tsetse caught per trap per day. 
 Biconical traps
were chosen as the most convenient sampling 
method in Network
situations and because probably more is known about the biases of
this trap than those of other traps 
with equivalent efficiency.
Trapping was carried out 
for 5-10 consecutive 
days per month,
depending on 
the type of site and tsetse-population; traps were

emptied daily.
 

Trypanosome infection rates in 
tsetse were determined by
dissecting the proboscides, midguts and salivary glands from live
tsetse and identifying the trypanosome species type, using

method of Lloyd and Johnson (1924). 

the
 

The proportion of feeds taken by these tsetse from livestock
was determined 
at each 	site by analysis of 
blood meals from
tsetse residual undigested blood 
using the ELISA technique

(Rurangirwa et al., 1986).
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Trypanosome prevalence
 

Trypanosome prevalence in livestock 
was estimated from the

results of blood 
examination by the dark ground/phase contrast

method (DG) (Murray et al., 1977) and from stained blood smears.

The same ear-tagged livestock 
were bled and examined monthly for
 
trypanosomes.
 

Data analysis
 

Mean annual and monthly estimates of tsetse relative densities,

trypanosome infection rates and tsetse 
challenge were obtained
from the data, and standard errors for the estimates were

calculated from the results 
of daily observations. The low
 
tsetse density at several sites made the collection of sufficient
 
tsetse blood 
meals for those sites impractical, and for these

analyses 
the product of tsetse relative density and trypanosome

infection rate were used to 
estimate tsetse challenge. The

relationship between 
tsetse challenge and trypanosome prevalence

was 
examined by linear regression analysis. An arcsin 
trans
formation of trypanosome prevalence 
was used to stabilize variance (Snedecor and Cochran, 1980) 
and a log 1 0 + 1 transformation 
of tsetse challenge was carried out in order 
to make a presumed

curvilinear relationship between the 
two parameters suitable for

linear regression. As numbers 
of tsetse captured at some sites
 were too 
low for reliable mean monthly estimates of tsetse chal
lenge to be made, only mean 
annual estimates were used for
 
across-site analyses.
 

RESULTS
 

Tsetse species captured
 

Table 1 shows the species of tsetse captured at each Network site

with trypanotolerant sheep and cattle. 
 Six species representing

the three sub-genera of tsetse were captured. Tsetse of the

morsitans group have been considered the most important vectors

of trypanosomiasis to livestock and species of the fusca group,

including G. tabaniformis, among the least important (Page and
 
Jordan, 1952; 
 Jordan 1961, 1986; Glasgow, 1967).
 

Tsetse relative density
 

The tsetse relative densities, expressed as the mean number

flies caught per trap per day, 

of
 
at eight sites with trypano

tolerant livestock 
are shown in Table 2. Although the data were

collected separately for each tsetse 
species, they are presented

here as a total 
for each site. The mean number of flies caught

per trap per day was relatively low at all 
sites, ranging from
0.1 at Avetonou in Togo to 11.7 at 
Mushie in Zaire. No signifi
cant seasonal relationships between tsetse relative density and

rainfall could be detected by regression analysis. There was a
trend for tsetse density to increase during the rainy 
season
 
(August-October) in Boundiali 
and Tengrela where rainfall data
 
were obtained from the administrative centres. It 
is possible

that rainfall data collected separately at each village study

site in the region may have enabled relationships between rain
fall and 
tsetse density to have been more readily detected.
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Table 2. 
 Mean tsetse relative density (flies/trap/day) at nine

Network sites with trypanotolerant cattle or sheep

1984-1986.
 

Site Country 1984 1985 1986 
 Overall
 

Mushie 
 Zaire 
 2.3 11.7 3.7 5.9
Idiofa forest Zaire 
 - - 3.5 3.5
Idiofa plateau Zaire 
 - - 2.4 2.4
Boundiali 
 Cote d'Ivoire 0.7 1.4 
 4.3 2;1
Tengrela Cote d'Ivoire ; 1.1 
 1.0 1.1 iVi
Sokode Togo 0.9 
 0.6 1.5 1.0
Kolo Zaire 0.5 0.9 1.2 
 0.9
OGAPROV 
 Gabon 0.5 0.6 0.3
Avetonou Togo 
0.5
 

0.03 0.1 0.1 
 0.1
 

Trypanosome infection rates and infection types in tsetse
 

The mean trypanosome infection 
rates observed in tsetse 
at each
site are in
shown Table 3. The infection rates detected in
Glossina tabaniformis of the fusca group were 
higher than the
rates previously reported for this 
species (Page and Jordan,
1952). Infection rates were relatively high at most sites where
trypanosome prevalences in livestock were 
high. The high infection rates in tsetse at some 
of these sites may indicate that a
high proportion of feeds 
were 
being taken from bovidae, as these
two factors have previously been 
linked (Jordan, 1965). G.
palpalis and G. tachinoides in northern Cote d'Ivoire took 24.2
and 70.8% of feeds on bovidae, respectively.
 

Table 3. Mean trypanosome infection rates 
(%) in tsetse at nine

Network sites with trypanotolerant cattle or 
sheep,

1984-1986.
 

Site Country 1984 1985 1986
 

OGAPROV Gabon 14.8 15.2 18.2
Mushie 
 Zaire 
 9.1 14.5 12.4
Boundiali 
 Cote d'Ivoire 20.1 13.2 
 10.9
Sokode Togo 
 - 6.4 5.6

Idiofa Forest Zaire 
 - - 1.5

Avetonou Togo 
 - 1.2 1.0
Idiofa Plateau Zaire 
 - - 0.8
Tengrela 
 Cote d'Ivoire 7.5 1.1 
 0.4
Kolo 
 Zaire 
 0.9 0.0 0.3
 

Table 4 shows the frequency of "vivax-type" and "congolensetype" infections in five species of 
tsetse at eight study sites.
These data help to 
define the type of challenge to which livestock are exposed; for 
example where only palpalis group tsetse
 were found, livestock were under 
a challenge of predominantly T.
vivax. Table 
5 shows that at Avetonou in 
Togo, where only
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palpalis group 
tsetse were found, 92% of trypanosome infections

in cattle 
were of T. vivax; at the OGAPROV or Mushie ranches
where the challenge was from fusca group tsetse, only 26% of

infections in cattle were of T. vivax.
 

At least 75% of infections in tsetse of the palpalis group

were of the "vivax-type". An exception was found in G. fuscipes
in the plateau area of 
Idiofa, Zaire, in which the proportion of
"congol ense-type" infections was unusually high. However the
 
infection rate in this species was very low, and 45% of the feeds
taken by this tsetse were 
from wild suids which are reservoirs of
 
T. vivax infections.
 

Table 4. 
Percentage of "vivax-type" and "congolense-type" infec
tions in five tsetse species at eight Network sites.
 

Site Country Tsetse Tsetse "vivax "con
group species -type" golense

type"
 

OGAPROV 
Boundiali 
Tengrela 
Sokode 
Avetonou 
Boundiali 
Tengrela 
Sokode 
Avetonou 

Gabon 
Cote d'Ivoire 
Cote d'Ivoire 
Togo 
Togo 
Cote d'Ivoire 
Cote d'Ivoire 
Togo 
Togo 

Palpalis 
Palpalis 
Palpalis 
Palpalis 
Palpalis 
Palpalis 
Paipalis 
Palpalis 
Palpalis 

G. palpalis 
G. palpalis 
G. palpalis 
G. palpalis 
G. palpalis 
G. tachinoides 
G. tachinoides 
G. tachinoides 
G. tachinoides 

92 
88 
75 
89 

100 
92 
81 
88 

100 

8 
12 
25 
11 
0 
8 
19 
12 
0 

Idiofa 
Plateau Zaire Palpalis G. fuscipes 29 71 
Idiofq,.
Forest Zaire Palpalis G. fuscipes 79 21 

MUshie Zaire Fusca G. tabaniformis 65 35 
Idiofa 

Forest 
OGAPROV 
OGAPROV 

Zaire 
Gabon 
Gabon 

Fusca 
Fusca 
Fusca 

G. tabaniformis 
G. tabaniformis 
G. nashi 

83 
69 
67 

17 
31 
33 

Table 5. Percentage T. vivax infection in cattle.
 

Percentage of T.
Site Tsetse group 
 vivax infection
 

Avetonou Palpalis 
 92
 
OGAPROV Fusca 
 26
 
Mushie Fusca 
 26
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Table 6 shows 
the percentage of "vivax-type" infection in
both G. tabaniformis and 
cattle at the OGAPROV ranch 
in Gabon
from 1983 to 1986. "Vivax-type" infections increased 
in both
cattle and tsetse during this 
period. G. tabaniformis has previously been found to feed predominantly on suids but 
at the
OGAPROV ranch may take a higher proportion of feeds on bovidae.
 

Table 6. "Vivax-index" 
 in N'Dama and G. tabaniformis 
at the
 
OGAPROV ranch in Gabon.
 

Year 
 G. tabaniformis 
 Cattle
 

1983 
 52 
 21
1984 
 66 
 28
1985 
 72 
 30
1986 
 82 

3 5a
 

aData from August l9 86-August 2987.
 

Tsetse challenge and trypanosome 
prevalence in trypanotolerant

livestock
 

Tables 7 and 8 show th? 
mean monthly estimates of trypanosome
prevalence in trypanotolerant 
cattle and sheep, respectively.
together with estimates 
of tsetse challenge at 
the same sites.
Trypanosome prevalence 
in sheep was lower than that 
in cattle.
This is likely to be due in part 
to differences 
in relative
attractiveness 
of these livestock species 
to tsetse (Pilson et

al., 1978; Boyt et al., 1978).
 

Table 7. Means 
and standard errors of tsetse 
challenge and of
trypanosome prevalence in trypanotolerant cattle 
at
 
eight Network sites, 1984-1986.
 

Tsetse challenge Trypanosome
 
prevalence
 

Site Country Mean s.e. Mean s.e.
 

Mushie 
 Zaire 
 62.2 10.7 
 10.1 1.95
Boundiali 
 Cote d'Ivoire 26.2 4.24 13.9 2.16
OGAPROV 
 Gabon 
 9.3 2.75 4.6 3.26
Tengrela 
 Cote d'Ivoire 
 3.0 0.52 1.4 0.99
Idiofa Plateau Zaire 
 1.9 0.34 1.0 0.53
Idiofa Forest 
 Zaire 
 4.5 1.01 5.1 1.37
Kolo 
 Zaire 
 0.2 0.05 0.1 0.22
Avetonou Togo 
 0.2 0.03 4.7 1.44
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Table 8. 	Means and standard errors for tsetse challenge and for
 
trypanosome prevalence in trypanotolerant sheep at four
 
Network sites, 1984-1986.
 

Tsetse chal- Trypanosome
 
lenge prevalence (%)
 

Site Country 	 Mean s.e. Mean 
 s.e.
 

Boundiali Cote d'Ivoire 
 26.2 4.24 9.1 2.17
 
Sokode Togo 
 6.2 2.25 10.0 3.70

Tengrela Cote d'Ivoire 3.0 	 1.7
0.52 	 0.88

Avetonou Togo 	 0.03 1.62
0.2 	 3.0 


A linear regression analysis of an arcsin transformation of
 
trypanosome prevalence in trypanotolerant cattle on log, +1
 
tsetse challenge showed that there was 
a significant relationship

between these two parameters (P<0.001) across years (Figure 1).

Using data obtained from the same sites in 
consecutive years

leads to 	the possibility of autocorrelation and thus an arti
ficially significant P value. Regression analyses for each year

of study were therefore carried out giving results which showed
 
a significant relationship in 1984 (P<0.05) 
and 1986 	(P<0.005)

but not in 1985 (P=0.188). Data from the research station 
at

Avetonou, Togo were clearly anomalous. More than 90% of
 trypanosome infections in cattle this
at site were of T. vivax.

These were not 
treated since the management of this research
 
station believe 
T. vivax infections to be non-pathogenic. This

allows for the possibility of cumulative trypanosome prevalence.

It has also been reported that mechanical transmission of T.

vivax may occur at a significant rate at this site (Mawuena,

1981). The re-analysis of the data excluding the Avetonou site
 
gave significant relationships between arcsin transformed
 
trypanosome prevalence and log1 0 
+ 1 tsetse challenge in 1984
(P<0.05), in 1985 (P<0.05) and in 1986 
(P<0.001). The data showed
 
a remarkably close fit to the regression lines with r values of
 
0.94, 0.94 and 0.98, respectively.
 

Regression analysis of 
transformed data for trypanotolerant

sheep similarly showed a significant relationship between the two
 
parameters (P<0.05) as shown in Figure 2. As there were only 4

sites with trypanotolerant sheep, there were insufficient data

for regression analyses to be carried out for each year of 
study.
 

Figure 3 shows the detransformed graph for the relationship

between tsetse challenge and trypanosome prevalence in trypano
tolerant cattle using the equations from the regression analysis

carried out for all sites years.
across The majority of Network
 
sites fall 
in the first section of the curve illustrating the

fact that 	there is 
an absence of sites with high tsetse challenge

at which the interaction of factors affecting health and produc
tivity could be more readily evaluated.
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DISCUSSION
 

Although a significant relationship between tsetse challenge and
 
trypanosome prevalence in livestock has been demonstrated, there
 

various Network sites makes comparisons between sites difficult.
 

remain several problems in the exact dEtermination of tsetse 
challenge. 

The occurrence of several different tsetse species in the 

Five tsetse species representing the three sub-genera of tsetse
 
were 
detected at the Network sites with trypanotolerant live
stock. These ts! tse species each have different ecological pre
ferences in term!! of habitat and hosts. Morsitans group tsetse
 
inhabit the savanna areas of Africa, which, in addition to being

extensive, are more likely to be the habitat of domestic live
stock and of game animals which serve as reservoirs of trypano
some infection. Fusca group tsetse inhabit the forest areas
 
which are less suited to livestock production, whilst palpalis
 
group tsetse are largely confined to gallery forests and forest
 
relics where the degree of contact with livestock is limited.
 
They are therefore likely to present a low trypanosomiasis risk.
 
However watering places of livestock within the habitat of
 
palpalis group tsetse may be important sites of trypanosomiasis
 
transmission.
 

The method of estimating the density of these tsetse popu
lations is somewhat imprecise as the number of tsetse caught in
 
biconical traps depends not only upon the actual density of the
 
tsetse populations but is also dependent upon the nutritional
 
status of the population, the weather and the behavioural charac
teristics of different tsetse species. The efficiency of bico
nical tzaps is therefore likely to vary for different tsetse
 
species. Some variation in the monthly estimates of relative
 
density within the Network may be due to these factors, rather
 
than reflecting real changes in tsetse density.
 

Sources of error may also be found in the determination of
 
trypanosome infection rates in tsetse using the method of 
Lloyd

and Johnson (1924), particularly where mixed infections occur.
 
Infections of T. simiae cannot be distinguished from "congolense
type" infections using this method. Data obtained in The Gambia
 
indicated that such infection may account for a significant

proportion of Nannomonas infection in tsetse in 
some areas (Snow,

1987). Inaccuracies in the determination of infection rates and
 
type in tsetse may be resolved to some extent by the use of DNA
 
probes (Kukla, 1987; Gibson, in press), which could be
 
particularly useful for identification of T. simiae infections.
 
Finally the differing vectorial capacities of tsetse, for example
 
as described for G. morsitans submorsitans and G. tachinoides as
 
vectors of T. congolense, T. simiae and T. vivax by Roberts and
 
Gray (1971) and for G. morsitans, G. pallidipes anO. G. fuscipes
 
as vectors of T. congolense by Harley and Wilson (1968), would
 
need to be taken more fully into account.
 

The ultimate aim of describing the relationship between
 
tsetse challenge and trypanosome prevalence would be to make
 
realistic comparisons of productivity for trypanotolerant and
 
susceptible breeds of livestock under various levels of tsetse
 
challenge. This could assist livestock producers in making de
cisions concerning management, including those involving chemo
prophylactic or However,
therapeutic drug strategies. the
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relationship between 
tsetse 
challenge and trypanosome prevalence
in livestock is 
a complex one involving at least thirteen factors
(Whiteside, 1958; Jordan, 1986; Molyneux, 1977).
pointed out, As Ford (1964)
it is paradoxical 
that where tsetse are abundant
there is 
little trypanosomiasis in livestock, but where trypanosomiasis is 
a serious problem there are few tsetse flies. The
apparently simple linear relationship between log 10+1 tsetse
challenge and trypanosome prevalence 
in livestock described
this study in
confirms the importance of 
the parameters chosen for
the determination of 
tsetse challenge. 
 The establishment
relationship Letween monthly estimates of the 
of a
 

two parameters may
require a more 
accurate determination both 
of tsetse challenge
and of trypanosome prevalence. 
The latter is affected by factors
such as 
the use of chemoprophylactic 
or therapeutic trypanocidal
drugs, which may not 
be recorded, and phenomena in trypanotolerant livestock such 
as complete self-cure, or control of
parasitaemia to undetectable levels.
 

CONCLUSION
 

In situations where livestock 
are kept commercially, tsetse densities 
are generally low although trypanosome infection rates
these tsetse may be high. in

An apparently simple linear relationship between trypanosome prevalence in trypanotolerant cattle
sheep, and logl 0 

or
+ 1 tsetse challenge has been observed when
tsetse challenge is estimated 
as the simple product of
relative density and tsetse

the percentage of tsetse 
infected with
 

trypanosomes.
 

Ninety-five percent upper 
and lower confidence intervals
attached to these data i 
icate that 
a prediction of trypanosome
prevalence in livestock made from a determination of 
tsetse challenge will fall 
into quite a wide range. In order
predictions more accurate, other factors such 
to make such
 

as vectorial capacity and behavioural characteristics of 
tsetse need to 
be taken
 more fully into account.
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6 
Tr panosonte prevalence in oattle herds exposed to a
 
range of tsetse olvillenge levels in northern
 
Cote dvo'ire
 

G. NANKODABA, L. COULIBALY, P. HECKER, S. G.A. LEAK and A. SCHUETTERLF, 

INTRODUCTION
 

The previous paper by Leak 
et al. 
described the across-site
relationship observed 
between tsetse 
challenge and trypanosome
prevalence in trypanotolerant livestock. 
 This presentation will
describe within-site relationships between two
the parameters

observed in Cote d'Ivoire.
 

The prefectures of Boundiali 
and Tengrela in the north 
of
Cote d'Ivoire form an important entry point for cattle going into
Cote d'Ivoire from neighbouring Sahelian countries. These
cattle, together with those kept by tlie 
local Senoufo, Peuhl and
Dioula communities in the region, supply meat to 
the urbarn populations of Cote d'Ivoire. Trypanosomiasis, transmitted by tsetse
flies, is one of the constraints to 
livestock production in the
region. As one possible solution to the problem lies in the
rearing of trypanotolerant breeds, 
cattle herds from this area
were selected by the ATLN in order 
to determine the comparative
productivity of trypanotolerant and susceptible breeds under
quantified levels of 
tsetse challenge. The relationship between
estimates of 
tsetse challenge and trypanosome prevalence 
in six
teen cattle herds is reported here.
 

DESCRIPTION OF THE AREA
 

The prefectures of 
Tengrela and Boundiali 
are in the north of
Cote d'Ivoire. 
The climate is tropical sub-humid with a dry
season from November to April in which the Harmattan wind affects
the area. The rainy season lasts from May to October with peak
rainfall in July, August and September. Teng_3la, 135km north of
Bcjndiali, is with average
drier, an 
 annual rainfall of 1013mm
between 1973 and 1984 compared with 1204mm for Boundiali over the
 
same period.
 

Vegetation in Boundiali District is 
sub-Sudanian, characterized by dry woodland and savanna, while Tengrela 
is in the
Sudanian vegetation zone with islands of dense, dry forest occur
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ring in the savanna. 
 The Bagoue River flows through the region
from south to north, and its gallery forests form the major
habitat for 
tsetse of the palpalis group.
 

Cattle kept in 
the region include 
Bos taurus (N'Dama,
Baoule), Bos indicus (West African Zebu), 
and crosses between the
 
two.
 

METHODS
 

Estimates of tsetse 
challenge and trypanosome prevalence
been made at villages on a monthly basis 
have
 

following the protocol
of the ATLN (ILCA, 1986a, 1986b), as described in the previous
 
paper.
 

Trapping of tsetse was carried out for five days per month
using an average of 
ten traps at each village. Traps were sited
close to grazinv or watering areas of cattle. As some 
cattle in
the area are tir.,nshumant 
and were not present for blood examination for several months 
each year, only data 
for herds which
 
were continuously recorded are used here.
 

As numbers of tsetse captured 
were low in many villages,
particularly in 
Tengrela prefecture, insufficient 
tsetse were
dissected to 
give monthly estimates of trypanosome infection
rates 
for tsetse at all villages. 
 For this reason analyses of
mean annual estimates 
are reported. The relationship between
tsetse 
challenge and trypanosome prevalence was examined using
linear regression analysis. 
An arcsin transformation of trypanosome prevalence estimates 
was 
used in order to stabilize the
variance, and these estimates 
were regressed on a log 1 0 + 1transformation of 
tsetse challenge.
 

RESULTS
 

Tsetse species
 

Three tsetse 
species were detected 
in the region, G. palpalis
gambiensis (Vanderplank) and 
G. tachinoides (West.) 
were found
throughout the area 
and a small number 
(5) of G. morsitans
submorsitans (Newst.) were captured in Boundiali prefecture.
Efforts to 
trap greater numbers of 
the latter species with
traps failed. 
 It thus appears that this species occurs 
box
 

at very
low densities at this 
northern limit 
of its range in Cote
d'Ivoire, and it 
is not considered further. 
 G. palpalis and G.
tachinoides both inhabit gallery forests 
of the Bagoue River to
which they are 
largely confined in the dry season, 
while in the
rainy season G. tachinoides may 
also be detected in forest islands at 
some distance from watercourses.
 

Relative densities of tsetse
 

Tables 
1 and 2 show the estimates of 
relative densities of G.
tachinoides and 
G. palpalis at 
each village. There was an increase in relative density of 
G. palpalis in Boundiali prefecture
from 1984-1986. In Tengrela prefecture the relative density of
G. tachinoides increased slightly while 
that of G. palpalis
changed very little. Rainfall data were 
only available for the
towns 
of Boundiali and Tengrela, and no 
statistically significant
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relationship between 
tsetse density and rainfall could be observed. There were indications, however, that the relative density of tsetse increased during the rainy season. One factor
which affected the measurement of relative 
density was the
extensive 	flooding of 
the Bagoue River during the 
rainy season
which necessitated removal of traps 
 from certain areas along the
river banks during the months of August and Septembe.. This
resulted in an apparent drop in relative density during a period

of peak rainfall. It is possible that if 
rainfall data were
available for each village study site separately, significant
relationships 
between rainfall and tsetse density 
at those

villages could have been dete-.;ed.
 

Table 1. 	Relative density (flies/trap/day) and trypanosome

fection rate (%) of G. palpalis and G. 

in
tachinoides


estimated at villages with cattle herds in the north of
 
Cote d'Ivoire.
 

G. palpalis G. tachinoides
 

Village 
 Relative Infection Relative 
 Infection
 
density rate 
 density rate
 

Boundiali:
 

Bagoue est 
 3.0 13.9 0.9

Nondara 	 2.3 7.5 0.1 

16.3
 

Kantara 	 1.6 8.2 0.2 
15.0
 
9.4
Kouto 
 0.5 16.6 0.3 


Koulikoro 0.3 6.9 0.2 
24.4
 
12.2
 

Kolia 
 >0.1 
 • _
 

Tengrela
 

Zanasso 1.8 4.5 0.1 ,
Daragnani 1.3 2.7 0.1

Tchalaga 0.5 3.5 

2.4
 
0.1 	 •
San 	 0.3 0.7 
 >0.1 
 •
 

*Insufficient number of tsetse dissected.
 

Table 2. 	Relative density of 
tsetse (flies/trap/day) in the

prefectures of Boundiali and Tengrela. (From villages

at which data were collected throughout 1984-1986).
 

Boundiali 
 Tengrela
 

Year G. 	palpalis G. tachinoides 
 G. palpalis G. tachinoides
 

1984 	 0.6 0.3 
 0.9 	 0.6
1985 	 1.1 0.3 
 0.9 	 0.1
1986 	 3.7 
 0.7 	 0.9 0.1
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Trypanosome infection rates and infection type in tsetse
 

The mean 	trypanosome infection 
rates in G. tachinoides and G.
palpalis are shown in Table 3 for the period 1984-1986. In both
Boundiali and Tengrela prefectures trypanosome infection 
rates
declined in each tsetse 
species from 1984-1985. This decline
continued in Boundiali prefecture while infection rates 
remained
 
at 
a low level in tsetse in Tengrela district.
 

Table 3. 	Trypanosome infection 
rates in tsetse at Roundiali and
 
Tengrela (%) from 1984-1986.
 

1984 
 1985 
 1986
 

G. 	 G. G. 
 G. 	 G. G.
palpalis 	tachi- palpalis 
 tachi- palpalis tachi
noides 
 noides 
 noides
 

Boundiali 20.6 18.2 
 8.8 12.6 10.1 17.7
Tengrela 5.1 
 9.8 1.1 
 0.0 0.2 1.6
 

Table 4 shows that 
in G. palpalis 75 and 88% 
of infections
 were 
of the "vivax-type" in Tengrela and Boundiali, respectively,
while in 	G. tachinoides there 
were 81 and 92% "vivax-type"
infections. These 
results indicate that 
tsetse of the palpalis
group are poor 
vectors of T. congolense as 
has been previously

reported.
 

Table 4. 	Trypanosome infection type in tsetse in the prefectures

of Boundiali and Tengrela 
(percentage of the total
 
number of infections).
 

Species Number 
 Number "vivax- "congolense
dissected infected type" type"
 

Boundiali 	G. palpalis 
 4,458 480 
 88 	 12
G. tachinoides 2,214 261 
 92 8
 

Tenq:-ela 	 G. palpalis 4,581 
 89 75 
 25

G. tachinoides 453 34 
 81 	 19
 

Tsetse !hallenge and trypanosome prevalence in cattle
 

Estimates 
of tsetse challenge and respective estimates of
trypanosome prevalence in village herds 
are shown 	in Tables 5 and
6. 
Tsetse challenge decreased in Boundiali prefecture from 1984
to 1985 and increased from 1985 
to 1986. 	 In Tengrela prefecture
tsetse challenge decreased each year. 
 The decrease in tsetse
challenge 	in Tengrela prefecture was 
due to the decline in try
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panosome infection rates in both tsetse species from 1984-1985 as
 
already mentioned. Infection rates also decreased in Boundiali
 
prefecture, but overall tsetse challenge increased from 1985-1986
 
due to an increase in relative density of G. palpalis. The
 
relative density of G. tachinoides did not change significantly.
 

Table 5. Estimates of tsetse challenge and trypanosome
 
prevalence in cattle in the villages of the Network in
 
the north of Cote d'Ivoire.
 

Herd
 
number 


Boundiali 	 39 

Peuhl-37 


35 

41 

42 

43 


Peuhl-40 

38 


Tengrela 	 15 

21 

16 

17 

14 

13 

19 


Village 


Bagoue Est 

Kantara 

Kantara 

Nondara 

Nondara 

Kouto-Boyo 

Koulikoro 

Kolia 


Zanasso 

Daragnani 

Tchalaga 

Tenderime 

San 

San 

Tengrela ville 


Tsetse Trypanosome

challenge prevalence
 

Mean Mean
 

24.7 10.9
 
18.1 27.9
 
18.1 13.4
 
18.1 10.9
 
18.1 10.8
 
13.8 11.0
 
4.3 18.1
 
0.0 6.7
 

8.9 2.3
 
5.8 6.7
 
4.4 7.7
 
1.1 2.2
 
0.9 1.7
 
0.9 1.2
 
0.0 0.5
 

Table 6. Estimates of tsetse challenge and trypanosome preval
ence in cattle at Boundiali and Tengrela, 1984-1986.
 

1984 1985 1986 

Tsetse 
chal-

Trypano-
some 

Tsetse 
chal-

Trypano-
some 

Tsetse 
chal-

Trypano
some 

lenge preval- lenge preval- lenge preval
ence ence ence 

Boundiali 17.6 16.8 13.5 9.4 49.7 17.4
 
Tengrela 4.8 3.1 1.4 1.2 0.4 0.2
 

Trypanosome prevalence was higher in Boundiali prefecture
 
than in Tengrela where it was at a relatively low level through
out the period. There was an increase in trypanosome prevalence
 
in cattle following peak rainfall in October and November each
 
year.
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Regression analyses 
of transformed estimates of
prevalence trypanosome
and tsetse challenge show 
a highly significant
lationship between the retwo parameters 
across years (P<0.001)
(Figure 1). 
 To avoid auto-correlation leading to 
an artificially
signficant "p" value when 
using data

consecutive from the same villages in
years, regression analyses 
were carried out
rately for each year sepaof study. Results still showed a significant relationship between the two parameters for 1984 
(P<0.01);
1985, (P<0.05); and 1986, 
(P<0.05) (Figures 2, 3 and 4).
values These
indicate that an apparently simple 
linear relationship
exists between trypanosome prevalence 
and logl0 1
+ tsetse
challenge.
 

70 

40 

C 
30 

20 

140 

0.
 

0 02 0.4 0.6 0.8 1.0 12 1.4 1.6 
P- 0.05 Log 10 (Toetse challeng 1) 
r • 0.72 

Figure 1. Relationship 
 between tsetse challenge estimates and
trypansome prevalence 
in cattle in Northern Cote
 
d'Ivoire  1986.
 

35 

3 

0 

0 02 0.4 0.6 08 10 12 1.4 
P 0.05 L*9lO (Tsetse challenge 1)

r•0.69 

Figure 2. Relationship between 
 tsetse challenge estimates and
trypansome prevalence 
in cattle in Northern Cote
 
d'Ivoire 
- 1985.
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0 	 02 0.4 0.6 31 W. 12 1.4 
1 LO10 (Tsetse challenge * 1)

p<.0 

r -0.63 

Figure 3. 	Relationship between tsetse challenge estimates and 
trypansome prevalence in cattle in Northern Cote 
d'Ivoire - 1984. 

50 

~40 

*30 

E 0 

0 

0 . 

0 02 OA 0.6 08 1.0 12 1.4 1.6 

p<0.0l LoIO (Tsetse challenge * 1) 

Figure 4.. 	Relationship between tsetse challenge estimates and
 
trypansome prevalence in cattle in Northern Cote
 
d'Ivoire - 1984-1986.
 

DISCUSSION
 

Despite the relationship between the two parameters, there were
 
some anomalous results, such as those for herd 40 at Koulikoro,
 
which had a much higher trypanosome prevalence than would have
 
been anticipated from estimates of tsetse challenge in 1984 and
 
1985. Herd 37 at Kantara also had a trypanosome prevalence twice
 

61
 



as high as 
that of herd 30, also at 
Kantara. 
 Both herds 37 and
40 are owned by Peuhl villagers who 
tend 
to take their cattle
greater distances for grazing than herdsmen of other communities.
It is thus likely that they 
are exposed to 
a higher tsetse
challenge elsewhere. Herd 30 
is owned by Senoufo. In addition
to such anomalous results, differences were observed between
estimates of 
tsetse challenge at villages within a few kilometers
of each 
other and between trypanosome prevalence
cattle herds from the estimates for
same village or 
from villages in close
proximity. 
This highlights the need to accurately determine
grazing and watering areas of cattle. the
 
where the In northern Cote d'Ivoire,
same tsetse species 
occur throughout the
and management systems area, cattle
 are similar, and 
environmental 
factors
show a gradation rather than a sharp contrast. The most important
factor in obtaining accurate estimates of tsetse 
challenge may be
to determine the 
areas in which 
cattle actually are exposed to
ts,-tse challenge and to estimate challenge in those 
areas.
 

In the second phase of 
the ATLN in Boundiali
tsetse-control prefecture, a
trial will be carried out using
impregnated traps and screens 
insecticide

in. the gallery forest of 
the Bagoue
River and its tributaries. 
 In addition 
to the baseline data
obtained for tsetse challenge, t:rypanosome prevalence and productivity of cattle in 
the area, data 
to be collected
village herds from new
both in the experimental 
area and outside, will
enable 
a more complete evaluation 
of this
than tsetse control trial
has been possible with 
similar tsetse-control 
schemes

previously.
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7 
Tsetse control by means of insecticide impregnated
bioon'icl traps: results of five consecutive campaigns.
in Cote dlvoire 

.KUPPER 

INTRODUCTION
 

This paper describes how experiments with insecticide-impregnated

traps and 
screens have, during seven years, developed into a new,

efficient tool to control tsetse 
flies (Glossina spp.). The

project in Korhogo, northern Cote d'Ivoire, began in late 1980 to

investigate the potential of insecticide-impregnated biconical
 
traps or screens to control Glossina populations.
 

DESCRIPTION OF EXPERIMENTS
 

Preliminary experiments, lasting 
two years, were carried out on

the Marahoue Ranch in an area between the rain forest and

southern Guinea zones where flies of the 
morsitans, fusca and

palpalis groups exist. 
 During 1981 and 1982 several experiments

were performed in gallery forests placing biconical traps 
at
 
intervals 
of 100 to 300m over distances of 13 to 85km, simple

blue screens in riverine vegetation every 100m and black screens
 
at a density of 4 per hectare in wooded 
savanna. Traps and
 
screens were impregnated with deltamethrine at a dose of 400mg

a.i. per trap and 100mg a.i. per screen and were re-impregnated

after two months. The biconical traps rapidly controlled

populations of G. palpalis and 
G. tachinoides, with fly reduc
tions of 98% within two months. Simple blue screens were much
 
less efficient compared with biconical traps and the simple black
 screens were 
less efficient than biconical traps against 
savanna
 
species. 
 In the light of today's knowledge about attraction by
colours and fly movements around targets, the screen's failure is
 
more understandable.
 

After these encouraging results it was decided to 
carry out
 two experimental campaigns in larger areas 
near Korhogo, again

comparing screens and biconical 
traps. Two sectors, Mbengue and

Sirasso, were selected. Both sectors were exclusively infested

by G. palpalis gambiensis and G. tachinoides, thus necessitating

only a linear treatment along the rivers and tributaries with
 
permanent water to control 
the whole area. In Mbengue and
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Sirasso, 241 and 163km of gallery forest, respectively, were
treated with traps at 300m intervals and screens 
at 100m, using a
total of 
1141 traps at Mbengue and 1630 
screens at Sirasso.
Traps were again impregnated with 400mg a.i. of Deltamethrin, but
re-impregnated every 4 months and 
screens with 100mg a.i. 
 Both
areas werc protected against re-invasion by several trap barriers
of up to 10km in length 
with one trap every 100m, this being
sufficient, as 
Politzar (1983) has demonstrated in Burkina Faso,
to block any re-invasion by riverine species. 
 Three months in
advance of 
the actual campaign the whole was
area thoroughly
prospected and the average density per trap per day (ADT) established to 
calculate fly reductions during the course of the
campaign. The ADT was 
3.3 for G. palpalis and 2.3 for 
G. tachinoides for the whole Mbengue area and 1.8 
and 1.1, respectively,
at Sirasso, but with maximum ADT of 
up to 30 flies in suitable
habitats in 
each sector. Simultaneously several 
sentinel herds
with a total of 
200 head of cattle per sector 
were examined
monthly for their trypanosome infection rates.
 

The mean 
age of both species and sexes before and during the
campaign was established by means of 
the ovarian ageing technique
and wing fray, as was their host 
preference through blood 
meal

analysis.
 

The campaigns were organized by 
first prospecting a given
area using biconical traps 
once 
the rains had stopped in October.
Traps were placed at 500 to 
1000m intervals along all 
the rivers
and tributaries, each day in 
a different sector, until the whole
area was surveyed. All results were plotted on a map of 
the area
ciabling areas 
with higher or lower 
fly densities to be identified. These surveys were 
completed by mid-November. The number
of traps required was then calculated and they 
were impregnated,
fifty traps 
al. a time, in a metal tray containing the required
amount of insecticide and water. 
 The traps were afterwards dried
in the sun. Impregnation could take three to four days depending
on the number of traps. 
 By the end of November the water level
in the gallery forests had 
dropped sufficiently and traps
were positioned at approximately 300 
the 


or 600m intervals. Trees
were marked to define the trap positions. During the campaign
the fly density was monitored regularly to identify places where,
for various reasons, the trap efficiency was insufficient. To do
this, several approaches 
were tested : an intensive survey twice
a month over hours
48 (traps emptied daily) at places with the
highest fly density during 
the pre-campaign survey; 
 permanent
traps with insecticide impregnated 
cages positioned over the
whole 
area and emptied fortnightly; 
or, as used currently, daily
control. With 
the latter a field technician carries 
five traps
during his daily control of the area allocated to him. Walking
along the gallery to check campaign traps, he places them 
at
1000m intervals and collects them again 
in the afternoon on his
way back, allowing a repeated control of every stretch of treated
riverine vegetation several times 
a month. If the fly density
did not drop as expected, additional traps placed.
were Traps
were re-impregnated in mid-March and removed in July 
to avoid
losses through floods.
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RESULTS
 

Entomological Results for Mbengue, 1983-1984
 

One month after the positioning of the traps 
the fly reduction

had reached 92.1% 
for G. palpalis and 90.5% for G. tachinoides,

followed by a slight recovery during February, but further reduc
tions occurred until the end of the first campaign in mid-July.

A disadvantage of 
the technique was that during the four-month

rainy season 
traps had to be removed from riverbeds to avoid

their loss due to flooding. Normally, densities recovered by up

to some 
3% during this period, partly because of re-emerging

flies but mainly due to re-invasions that were no longer con
tained. This recovery was acceptable since the trap technique

does not aim at total eradication, although this may be 
achieved

after several campaigns, as is discussed later.
 

During the second campaign of 1984 the trap interval was

increased to 600m in order to see if an 
already reduced popu
lation could be contained at low density levels by fewer traps.

The reduction of both species was kept at between 
99-100%,

meaning that over 
long periods perhaps only one single fly was
caught per month. G. tachinoides was always reduced faster and
 
to a lower density level than G. palpalis, indicating a higher

attractivity of the biconical trap for this fly.
 

Entomological results for Sirasso, 1983-1984
 

Sirasso was chosen 
for a further experiment with simple

impregnated s reens at 100m intervals. It was expected to
protect 1200km by treating 163km. As in Mbengue this sector

harboured only G. palpalis and 
G. tachinoides, but at lower

densities (1.1-1.8 ADT). 
 Screens were impregnated with mg a.i.

of Deltamethrin. The reduction one month later was 
87.2% for G.

palpalis and 82.5% for G. tachinoides. While the reduction in G.
tachinoides density continued 
to 96.7%, the G. palpalis popu
lation recovered and the subsequent maximum reduction 
was never

above 80.8%. Over the whole campaign of 7 months the mean reduc
tions were 70 and 90.5%, respectively, for the two species.

Clearly the screens were less efficient than biconical traps and
they were therefore replaced during 
the second campaign of 1984

by biconical traps at 300m intervals. As 
a result the reduction
 
quickly passed 
95% and no flies of either species were caught
during three months, providing the final evidence that the

impregnated biconical 
trap was more efficient against riverine
 
species than the impregnated simple screen.
 

Haematological results
 

The pre-campaign parasitological survey of the selected 200 head

of cattle 
in each sector revealed a mean herd trypanosome pre
valence of 
23.3% at Mbengue (T. vivax dominating) and 41.1% at
Sirasso. All infected animals were from then 
on treated monthly

with 7mg/kg Berenil. During the first campaign at Mbengue the
 
rean prevalence decreased 3.8%
to and further during the second

campaign to 2.9% and 
to 8.0% and 4.9%, respectively, at Sirasso,

showing how through tcetse control the risk of Glossina transmit
ted trypanosomiasis can be reduced to an 
acceptable level.
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Parasitological results
 

The higher herd trypanosome prevalence 
at Sirasso reflected the
higher fly infection rates 
in both tsetse species, 27 and 21%,
compared to 6.2 and 
16.4%, respectively, at Mbengue. These
infection 
rates were considered 
to be fairly high for riverine
species. After the positioning of the traps only very few flies
could be dissected, but during the 
two years, due to the age of
the flies caught, no infected ones were found.
 

Physiological age
 

During the pre-campaign survey and after the positioning of traps
or screens, all 
flies 
that were alive were age-determined,
females by the ovarian dissection technique and males by the wing
fray technique. The mean 
age during the survey was 2.2 and 2.3
months for G. palpalis and 
G. tachinoides, respectively, 
at
Mbengue and dropped rapidly 
to 1.0 and 0.7 months, respectively,
in the early part of the campaign. The corresponding figures for
Sirasso were 2.7 and 
2.9 months during the 
survey and between
1.0-1.5 months after 
the positioning of 
tie screens. Also the
3ex ratio changed in favour 
of male flies, confirming earlier
findings that the biconical trap attracts older flies better than
young ones and females more 
than males, being thus ideally suited
for trypanosomiasis control. 
 At Mbengue, where 
only traps were
used, it can be 
said that the mean 
population 
age had been reduced to 
such an extent that acquisition and 
development of
trypanosome 
infections by the flies, with subsequent transmission
to domestic stock, became almost 
impossible. Results from 
a
private ranch situated on the 
left bank of the Bandama river
confirmed this. During the two years 
of the campaign not a
single animal was 
lost due to trypanosomiasis and 
the herd has
not been treated since with any 
trypanocidal drug. 
 Regular
examinations have revealed only one in
T. congolense infection 

two years.
 

Extension of the campaign, 1985-1987
 

After these 
two promising experimenta campaigns, it 
was decided
to extend the treated area to 13,400km around Korhogo where only
riverine species occur. The 
Mbengue and Sirasso 
sectors were
enlarged in such 
a way that all the main streams were treated up
to their 
sources and the watershed between the 
rivers Bandama,
Bou and Bagoue formed the western border. Impregnated traps 
were
used at 600m intervals previously in the treated parts and at
300m i the extension area. 
 The treated area 
 in 1985 measured
6309km for both sectors and formed 
one big block. In the 1986
campaign Sinematiali 
I wish 
1445km2 was added, thus increasing
the treated area 
to 7754km . In 1987 Sinematiali II with 1400km4
was added a@ well as 
parts of Napie, increasing the treated area
to 12,000km . In 1988 the remaining part of Napie will be added,
thus bringing the treated area 
to a total 13,400km2 .
 

Mbengue I
 

After the rainy season of 1984 the reduction for G. palpalis was
still 
98.8% but reached a maximum level 
of 99.8% in the 1985
campaign. 
At the end of the 1985 rainy season, the reduction had
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once again dropped to 98.8% but reached between 99.4 and 100% in
 
the 1986 campaign. Again the rainy season allowed a certain
 
population increase. In 1987 the reductions varied between 98.5
 
and 100%. For G. tachinoides the picture was very similar but
 
the reductions were much more pronounced and reached almost
 
eradication levels. Only in early 1987 were very few G.
 
tachinoides ciught, showing that this species still 
persisted at
 
a very low level. The subsequent survey was negative with 
not
 
one fly caught in the old sector, Mbengue I, after five
 
consecutive campaigns. Consequently it will not be treated
 
during the forthcoming campaign (1988), but it will be closely

watched with regular surveys to see if eradication has finally

been achieved.
 

Mbengue II
 

In the first campaign, 1985, the trap interval was 300m and G.
 
palpalis was reduced by 99.4%. This sector has some 
very dense,

almost impenetrable, gallery forests with very poor visibility.

This might explain why, with traps at 600m in 1986 and 1987, fly

reductions were generally 
less marked than during the first
 
campaign. For G. tachinoides the results were much better and
 
this fly was not caught in 1986 and only once in 1987. The 1987
 
survey revealed small residual populations in certain well
defined river parts or tributaries. The trap density will be
 
slightly increased in those areas during the 1988 campaign.
 

Sirasso I
 

By the end of the 1984 rainy season, G. palpalis had strongly

recovered to only 90.4% reduction, but reductions quickly reached
 
a maximum of 99.7% in the 1985 campaign. Again, by the end of
 
1985, the reduction was only 91.4% but once more quickly reached
 
99.4 and 100% during the last 3 mcnths of the 1986 campaign. G.
 
palpalis was only caught once during the 1987 campaign. The
 
recovery during the rainy seasons was largely a result of the
 
southern barrier not being maintained during the rains and the
 
fact that the area borders a classified forest. The results for
 
G. tachinoides followed closely those for G. palpalis but
 
recovery was much less during the rainy seasons. As in Mbengue I
 
the area was free of flies by the end of the 1987 rains and
 
eradication seems feasible.
 

Sirasso II
 

The reduction of G. palpalis followed the pattern in Sirasso 

but with a less marked recovery during the rainy seasons because
 
this area 
borders a treated area with hardly any re-invasion
 
problems. Reductions throughout the three campaigns, 1985 to
 
1987, 
were close to 100%, but in 1987, during the control catch
 
of January, a small, untreated tributary to the Bandama River was
 
discovered, which brought the overall reduction down 67.7%.
to 

Once this gallery was treated, the usual high reduction levels
 
were achieved. G. tachinoides behaved as in Sirasso I and its
 
original population level was usually reduced by 98 to 100%.
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Sinematiali I
 

This sector covering 1445km2 
mainly along the Bandama River and
its tributaries, with some very dense gallery forest was added in
1986. During the first part 
of the 1986 campaign, traps 
were
positioned at 600m intervals and baited with octenol/acetone, the
hypothesis being that if 
the odours increased the catch by a
factor of 2, traps at 
600m would reduce flies in the 
same way as
traps at 300m 
intervals. Unfortunately this war
suggesting that neither of 
not the case,


these attractants 
were effective for
riverine 
tsetse species. Additional traps 
were positioned in
March, bringing the reduction 
up Lo the usual 98% level.
1987 campaign taught The
 us that, under certain conditions, such as
very dense and 
deep gallery forests, the trap int. 
vl cannot
always be increased to 600m. 
 Only after additional traps were
placed did the reductions for G. palpalis reach the usual level
of over 
90%. G. tachinoides was initially present at 
a very low
density and after the beginning of the campaign was not caught

again.
 

Sinematiali II
 

In 1987 this area 2
of 1400km was added. Unsatisfactory results
during the 
first two months were 
improved by positioning
additional traps and through better supervision during the second
half of the campaign. The importance of a permanent and thorough
trap control was 
Tearly dem-istrated. 
 G. tachinoides was
caught during t . preliminary survey, 
not 

nor during the control

catches.
 

Napie
 

In 1987 this area was 
only partly treated, mainly because of
demands by SODEPRA, the Animal 
Production Agency ot
d'Ivoire. As Cote
there was almost no protection against invading
flies the reduction of G. palpalis was 
not outstanding, varying
betweeL 80 and 97% 
during the last four months 
of the campaign.
G. tachinoides existed at 
a very low density and had disappeared
after the first control. During the forthcoming campaign (1988)
this sector will be properly trea ed 
and barriers established,
controlling tsetse 
within 13,400km and eradication, hopefully,

will be partly achieved.
 

DISCUSSION
 

That any tsetse-control technique has 
strong and weak points
sell-evident; is
the trap technique is no excep-ion. Its effectiveness depends to 
a large extent on the thoroughness, the
exactitude and 
the perseverance of 
the staff, as traps must be
controlled several 
times 
a month during the whole campaign. As
showin in Sinematiali, where traps were 
lost without being 
reported, any lack of supervision greatly influences the impact of
the technique. 
 Late bushfires, theft, destruction through cattle
or human beings, or traps that have 
dropped to the 
ground are
hazards that must be corrected all the time. 
 Losses and repairs
representing up to 
15% of the cost of the campaign material per
year, are to be expected. 
Traps must be positioned as closely as
possible 
to the water's 
edge to be efficient. Early, usually
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heavy, rains in March or April with subsequent sudden floods are
 
a special danger of which the staff must be aware. 
 At this time
 
traps must be placed further up the river bank. Places with
 
insufficient density reductions, for whatever reasons, must be
 
found and additional traps positioned.
 

In Cote d'Ivoire the sacred forests of nearby villages,

which are often very close to water courses, are a special

problem because they serve for traditional rites of the local
 
Senoufo. These forests, consisting of the or'iginal vegetation,
 
cannot be altered and often harbour flies at very high densities.
 
Access of non-initiated people is normally strictly forbidden.
 
Only recently could we persuade some of the traditional chiefs to
 
allow us into these forests and treat them permanently throughout

the year. The first success has, in the meantime, convinced
 
others to follow suit. We hope that in a few years all sacred
 
forests will be treated and this permanent threat eliminated.
 

After applicability it is usially the cost-effectiveness
 
which determines whether or not a technique is chosen for 
a
 
tsetse campaign. Several methods, the sterile male technique,

helicopter application and impregnated traps, have been analysed

recently by an economist. The total expense for the trap tech
nique, using for this calculation the size of a treated area like
 
Korhogo, is a quarter dollar per hectare per year or, with the
 
livestock density we have in the treated area, less than the cost
 
of a single Berenil treatment per animal per year. There is no
 
doubt that, even if eradication is not achieved, (and where has
 
it ever been achieved over longer periods?) this technique,

perhaps with the use of attractants, is by far the least expen
sive approach to tsetse control and certainly the least damaging
 
to the environment.
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8 
Tsetse and tr panosomniasis in oattie: the 'nterfaoe

of grazing patterns and its importanoe
 

. RACHR, P. RAWLINGS and P. JEANNIN 

INTRODUCTION
 

The measure of relative tsetse challenge to cattle depends on the
assessment 
of 
tsetse abundance 
(relative density), modified by
the mature trypanosome infection rate in the population of flies
(ILCA, 1986). 
 The effect of challenge is monitored by assessment
of trypanosome prevalence in corresponding cattle populations.
 

The ATLN has 
shown that generally there
relationship is a positive
between these two 
measures (challenge and
prevalence) 
, but points from some locations
divergent from the line of best fit. 
remain widely
 

one It has become apparent that
of the major sources of this 
variability lies the
that cattle/fly contact in fact
can 
vary widely within
Hence single villages.
a single measure of fly challenge at village need not
one
reflect the experience of each of the herds in that village (e.g.
Nankodaba, 
see article 
6 of these Proceedings) . There areclearly complex temporal and 
spatial aspects to cattle/fly
contact which can be expected to be of significance in accounting
for observed differences in prevalence rates between herds.
 
The Overseas Development Administration (ODA) funded
project at International tsetse
Trypanotolerance CentreGambia, is investigating (ITC) , The 

detailed study of 
this aspect of challenge by making a
tsetse distribution around study villages,
supported by mapping 
of the corresponding space-use 
pattern by
N'Dama cattle herds based at each of the villages.
being undertaken at. three This work is
primary sites: 
 Gunjur, where Glossina
palpalis provides 
a low and very localized challenge; Keneba,
where G. morsitans 
submorsitans provides a medium (though
seasonally restricted) challenge, and Bansang, where the fly
challenge, though still being investigated, appears to be similar
to Keneba, except that both fly species are present.
 

METHODS
 

Fly distribution is 
being mapped by extensive primary arrays of
F3 box traps, set out 
on a systematic grid to
area of the cattle. cover the grazing
Subsidiary arrays of traps, within the main
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grid, sample habitats of special interest.
 

Maps of herd movements are made by following herds from the

time they are released in the morning until they return for tying

up in the evening. Grid references (read from aerial photo
graphs) 
of current location are recorded at five minute
 
intervals. 
In this way time spent at each location may be

estimated by assigning a value of five minutes to each record,

and summing the number of records at each location. At each five
 
minute 
record, codes are also entered to describe the current
 
habitat type, focal cow and herd activity, group size, presence

or absence of tsetse, etc.. 
 Hence any subset of cattle locations
 
may be selected and analyzed with respect to a variety of factors
 
of possible relevance to tsetse behaviour, e.g. habitat type,

herd activity, size, direction and rate of movement.
 

RESULTS
 

As yet no data are available from the extensive trap arrays as
 
these have been installed only recently. Currently 
the most

detailed data available is limited to a short period between May

and August 1987 at one village, Keneba. This is the late dry
season, early wet-season period when fly abundance 
and
 
trypanosome prevalence is typically at its lowest in The Gambia.
 
Although 35 traps and 380 head of cattle have been monitored
 
monthly, the numbers 
of both tsetse and infected cattle are low

for these months. Nevertheless, knowledge of the grazing pat
terns of individual herds at Keneba provide 
some intriguing

preliminary indications of the cattle/fly contact patterns and
 
observed trypanosome prevalence.
 

In the dry season months of May and June, when cattle are
 
not herded and are 
free to move at will, it was established that

each of the 
three village herds at Keneba showed partial, but
 
significant, separation of their ranges. 
 One herd showed a

preference for 
the area to the west of the village, another to

the south of the village and the third to the east of the
 
village.
 

In the ;4et season, under the influence of herdsmen who seek
 
to keep the animals away from growing crops, 
all the herds ex
perience a shortened grazing day (from 12-13 hours in the dry

season down to 6-7 hours when being herded), and are consistently

taken to woodland areas to the north 'of the village.
 

Hence in 1987 
there were very large, between-season dif
ferences 
in range use for all herds. This is illustrated in

Figure 1, which compares ranges of the village herds in May and
 
July 1987. A direct consequence is that herds experienced dif
ferent, between-season patterns of habitat 
use (Figure 2). It
 
was also noted that within the short series of dry season ob
servations, herds showed significant range separation, with Herd
 
1 using western sectors around the village, Herd 2 moving to the

south and Herd 3 using the west. All three herds watered at the
 
same watering point in the village.
 

It follows from all 
of this that if a single measure of
 
tsetse challenge is 
to be applied to the village, as is practised

in the ATLN, then effectively an assumption is being made that

since the cattle are not using the range uniformly, then fly
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challenge itself must be uniformly distributed.
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Figure 1. 	Comparison of grazing ranges of all village herds of

N'Dae cattle at Keneba, The Gambia, in the dry season

month ot May 1987, when cattle are free to roam at
 
will in the day time, and the wet season month of July

1987, when 	herd movements are controlled by herdsmen.
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Figure 2. 	Comparison of habitat utilisation patterns by time of
day in the dry season month of Hay 1987 and the wet 
season month of August 1987 for one village herd ofNDama cattle at Keneba, The Gambia.
 

It is interesting to note that 60% of all detected newinfections 	 in village herds at Keneba occurred in Herd 1, whichaccounts for only some 30% of the animals. In the same period
86% of all 	flies caught in the existing fly round and trap arrays

at Keneba occurred in the northern and western sectors around the
village, 
areas visited only by Herd 1 in the period considered.
 

DISCUSSION
 

The significance of this can 
only be established by following the
 
pattern right through a "fly" season, which we are currenty
doing. It is nevertheless exactly what should be expected if the
general observation relating challenge to trypanosome prevalence,
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discussed in the introduction, can be applied to a single
location. The implementation of extensive trap arrays in the
 near future is thought likely to 
reveal widely differing rates
of challenge in the immediate environs of a village, particularly

at Keneba. The mechanisms are 
in place to explore the
 
consequences of this.
 

With full data from both Keneba and a new study site,
Bansang, 300km up river in 
The Gambia, we hope to be able to
modify our measure of tsetse challenge 
to account for relative

fly density in different habitats, infection rate, time spent by
cattle in different habitats and time of day. In the long run 
it
would be useful to be able 
to make specific predictions on, for
example, the likely conslquences in terms of additional 
cattle

infections, 
if the wet season grazing regime of N'Dama in The
Gambia were extended from the current six or seven 
hours to a
 more "normal" twelve to thirteen hours. 
 Likewise it would be of
interest 
to examine the ways in which different components of the
challenge 
model interact to influence observed trypanosome prevalence, particularly the relative significance of fly numbers

and time spent by cattle in fly habitats.
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9 
The epidemiology of Afrioan animal trypanosomiabsis 

M. CLAIR 

INTRODUCTION
 

Three elements influence the epizootiology of African animal
 
trypanosomiasis, namely: the trypanosome, the tsetse fly and the
 
animal itself. Many studies have been done and are presently
 
underway on each of these elements. Any discovery, even if it is
 
only partial, leads not only to a better understanding of this
 
complex group (parasite-vector-host and their i'iultiple inter
actions) but also to a better control of the disease.
 

This paper will concentrate on the trypanosomes which are
 
cyclically transmitted by tsetse. Apart from the tsetse, which
 
is the main vector of trypanosomiasis, other biting insects can
 
transmit the disease (Tabanidae, Muscidae, Hippoboscidae) through
 
interrupted blood meals. This "mechanical transmission" is dif
ficult to study and there is still little information on it. It
 
concerns primarily T. vivax which is also transmitted cyclically.
 
This phenomenon undoubtedly plays a role in the dispersion and
 
growth of the disease. However in the absence or disappearance
 
of tsetse it becomes less serious. This has been evident in the
 
Sideradougou area (Centre de Recherches sur les Trypanosomes
 
Animales [CRTA], Burkina Faso) where only T. vivax is still
 
found, although at a very low density (Bauer et al., in press).
 

T. evansi is found in abundance in much drier zones and is
 
transmitted only by other biting flies. It causes surra which
 
leads to high mortality in camels in North Africa and in Eastern
 
Africa (Sudan, Ethiopia). The study of this trypanosome, which
 
had been neglected for a long time, has regained interest in
 
recent years. The International Working Group on T. evansi
 
infections which meets once or twice a year is a good example,
 
especially at the annual meeting oZ the Office International des
 
Epizooties (OIE) in Paris (OIE, 1987).
 

Finally, let us mention T. theileri which is found worldwide
 
in cattle. It is non-pathogenic and is transmitted by tabanids.
 
T. equiperdum causes dourine and is transmitted through
 
copulation.
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THE PARASITE -
THE TRYPANOSOHE
 

The studies 
cited here mainly 
concern the two principal
cyclically transmitted trypanosomes 
in cattle, Trypanosoma
congolense and Trypanosoma vivax and to 
a lesser degree Trypanosoma brucei. Although T. brucei 
brucei only 
has secondary
effects in cattle, 
T. brucei gambiense is of considerable
importance to humans 
as it causes sleeping sickness in West
Central Africa. Finally, let us mention T. simiae which is 
and
 

rare
but very pathogenic to pigs and 
T. suis which is found only in
domestic and wild suids.
 

ILCA/ILRAD's 
ATLN is engaged in numerous epidemiological
studies and some results have already been obtained: trypancsome
prevalence is higher (sometimes twice 
as high) in N'Dama cettle
than in Djallonke sheep (Togo and Cote d'Ivoire) 
(Defly et a!.,
in press; Schuetterle 
et al., in press). Percentage of F.
vivax infections compared to 
T. congolense infections decreases
with age in cattle (Mulungo et 
al., in press; Schuetterle et al.,
in press). T. vivax is significantly more frequent in sheep than
in cattle (Schuetterle et al., 
in press). However many problems
are still more or 
less unsolved including the estimation of
infection 
rate in herds, a very important factor. Methods of
trypanosome detection by examination of thick and thin blood
smears and micro-centrifugation 
are inadequate. A 
rapid,
reliable and cheap field test needs to be devised. 
Problem areas
include multiple 
T. vivax and T. congolense infections in cattle
and T. congolense and 
T. brucei infections in pigs; 
 for example,
how do they interact? Similarly, how T. simiae and
can 
 T.
congolense be differentiated in pigs and 
T. brucei brucei and T.
brucei gambiense in cattle?
 

Trypanosome strains must therefore be characterised and many
techniques have 
been used to do this, including iso-enzymes as
genetic markers, the direct analysis of DNA of the nucleus and of
the kinetoplast and the production of highly specific monoclonal
antibodies (Gibson et 
al., 1985). 
 These methods and serological
tests (ELIS-' B.I.I.T.) have the
shown existence 
of an animal
reservoir 
i T. brucei gambiense and a new classification hasbeen proposeu ;Gibson al.,
et 1985; Mehlitz, 1986; Vickerman,

1985).
 

All the stages of the parasites have not been cultivated and
a technique to produce a large number of metacyclical forms (Brun
and Jenni, is
1985) still to be developed. Much research has
been done on the 
biochemical peculiarities of 
trypanosomes
(Opperdoes, 1985) 
and on the biochemistry 
of surface antigens

(IEMVT, 1985; Turner, 1985).
 

THE VECTOR - THE TSETSE FLY
 

It 
is evident that disease risk depends primarily on
of the vector. the density
All factors influencing tsetse 
populations,
disease risk and consequently the evolution of the disease should
be considered i.e., 
climatic and ecological factors, presence of
trypanosomes, food sources 
(hosts), etc.
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Disease Risk
 

The study of trypanosomiasis risk is recent and ILCA/ILRAD's ATLN
is presently trying to evaluate this risk using three components:

tsetse 
relative density, trypanosome infection 
rate and propor
tio. of blood meals taken from livestock in the study. The index
obtained from 
these three traits is compared with trypanosome

prevalence in cattle (Leak et 
al., in press). More information
 
is being collected to improve the correlation.
 

There is little accurate information on 
the rate of infection in flies (analyzed by dissecting the flies), even though it
is a very important factor for measuring risk. 
 When DNA probes

for identification of trypanosome species 
are brought to perfec
tion our knowledge should improve greatly (Gibson, in press).
 

Environmental factors
 

Climatic variations have 
a direct impact on tsetse distribution.
 
The recent droughts in west 
Africa and the ensuing migration of
people towards the south (resulting in the destruction of vegetation 
and fauna) have caused a regression in tsetse: G.
tachinoides has now receded 
to the intermediate zone between the
forest and the savanna 
in Cote d'Ivoire and G. morsitans
 
submorsitans and G. tachinoides are 
very rare in the "W" park in
Niger and Burkina Faso (Clair and Lamarque, 1984; Clair, 1986;

Clair, 1987; Katondo, 1984).
 

Vector/parasite relationships
 

The occurrence of different strains within the 
same tsetse population (with regard to their power to 
transmit trypanosomes) has
led to the study of the genetic and physiological explanations of
receptivity to trypanosome infections 
in tsetse (Maudlin, 1985;

Maudlin and Dukes, 1985).
 

This is a stable trait transmitted by the female but is not
absolute; all receptive tsetse 
do not become infected. Other
factors are involved, such as 
age of the tsetse, quality of blood
absorbed (depending on whether it contains lipoproteins or serum)

and presence of rickettsia-like organisms (RLOs)
. Sensitive
strains have a lot of rickettsia localised in cells of the middle

intestines near 
the mycetome and therefpre play an important role
in metabolism. Strains of 
tsetse without rickettsia are

refractory to trypanosomes. Viral particles also seem 
to have an
influence. Their presence seems to cause 
resistance to infec
tion. 
 The Bristol TRL has selected strains of G. p. palpalis and
of G. m. morsitans which are receptive to infection and available
 
to researchers. 
 It is also known that the Salmon mutant of G.m.
morsitans has a higher vectorial capacity than 
the wild species

(Makumyaviri et al., 1984).
 

When little was 
known about reactions of tsetse *to trypanosomes it seemed as though they were unaffected. This is not true
and there are several facts which contradict this idea. Para
sitaemic 
flies are more sensitive to insecticides (Golder and
Miles, 1984; Nitcheman, 1985) than uninfected flies. 
 Scientists
 
are beginning to investigate the haemocoele of tsetse and its

role with respect to 
external agents. A trypanosomal factor has
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been discovered in the haemolymph of several tsetse species

(Croft et al., 1982). 
 Humoral and cellular defence reactions of
G.m. morsitans against bacteria and T. brucei brucei were
studied. Haemocytes have a phagocytic action on foreign bodies

and the level of certain proteins increases. A small quantity of
injectable E. coli can be used as 
an effective vaccine. Parasite

haemagglutines and agglutines which 
could be lectins have also
been discovered in the haemolymph and 
the intestines of tsetse

(Kaaya et al., 1986a,b) Therefore tsetse flies have effective
defence mechanisms against external 
attacks and consequently

against trypanosomes, which constitute 
a considerable percentage

of tsetse infections.
 

Little is known about 
tne trypanosomal cycle in flies,
passage through the haemocoele, identification of cyclical forms
(Vickerman, 1985) etc. The diagnosis could be improved by
application 
of specific DNA probes (Gibson, in press; Gibson et
 
al., 1985).
 

Ecological factors
 

During thorough epidemiological surveys on sleeping sickness in
Cote d'Ivoire and the Congo, tsetse ecology was studied by Office

de la Recherche Scientifique et Technique Outre-Mer (ORSTOM).
Research (especially on physiology) which explains 
tsetse ecology

is discussed here.
 

Tsetse 
do not have volatile pheromones with a long range
effect as 
is the case for other insects (Lepidoptera...) . However, all species seem to have 
cuticular hydrocarbons which act
at close range and which cause males to copulate (Carlson and
Langley, 1986; Messoussi and Jallon, 1987; 
 Okoth and Phillips,

in press). Attempts have been 
made to control tsetse flies by
impregnating 
traps with this pheromone combined with a chemo
sterilant (Langley et al., 1982).
 

A certain number of substances were measured in tsetse, such
 as fats, in order 
to find out the hunger stage and the level of
pteridine in the head in order to estimate the age of the fly.
 

Many studies focussed on establishing tsetse behaviour with
regard to traps (visual, olfactory). Remarkable results were
obtained. A large number of models of 
traps and screens were
made (by Veterinary Services in Zimbabwe and by ORSTOM in West
Africa). 
 These devices were so efficient that they were used in
large-scale tsetse control 
campaigns in Cote d'Ivoire 
(at Vavoua

and in the livestock zone 
in the North, 1983), in Burkina Faso

(Sideradougou zone, 1983) 
'nd in the Congo (at Niari, 1986).
 

The discovery of odour attractants (acetone, octenol,
phenol, in particular) has of
greatly increased the efficiency

baits. The attractants, which 
were first used in Zimbabwe on
 
savanna tsetse, were equally efficient for catching the morsitans
species in West Africa (IEMVT, 1985) . Very recently it was
 
discovered that riverine 
flies (palpalis group) were also
attracted by certain odours (Merot et al., 1986; Merot et al.,

1987).
 

Movement capacity of 
G.p. gambiensis (22km) and G.
tachinoides 
(25km) along gallery forests was measured in Burkina
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Faso (Cuisance et al., 1985).
 

Research is making progress in all fields but much is 
still
 
to be discovered.
 

THE HOST - THE ANIMAL
 

The epizootiology of animal trypanosomiasis is extremely complicated because the disease affects not only cattle, but also

and even to a greater extent, wild 
animals which constitute
 
omnipresent reservoirs of the disease.
 

It is therefore tempting to destroy wild animals in order to
eliminate both the reservoir 
and the parasite. With the dis
appearance of 
flies, cattle could be introduced. This method,

which was used in West and Central Africa in the early days, has
 
many disadvantages and is 
no longer acceptable.
 

In areas where there 
are few wild animals, increased cattle

populations increase tsetse density to such a degree that 
event
ually livestock farmers have to move 
to healthier areas. This

has happened several times in the 
Central African Republic and
 
shows the importance of animal hosts.
 

Analysis of 
tsetse bloodmeals provides valuable information
 on sources of feeds; trophic preferences are therefore well
 
known but 
can vary depending on the availability of animals.

This is 
one of the factors utilized by the ATLN to determine
 
livestock performance with regard to the disease.
 

Following are some of the results ATLN has obtained:
 

- two or more trypanosome infections reduce calving rate of
 
N'Dama's by a third (Ordner et al., 
in press).
 

- the effect of repeated infections seems to be cumulative and
 
PCV which reveals anaemia could be 
a useful indicator of
 
trypanosome infection.
 

- cows have more T. congolense than T. vivax infections but

the reverse is true of 
calves. Infections do not decrease
 
the weight of the cow at parturition but decrease the weight

of the calf at birth (Mulungo et al., in press).
 

- the effect of trypanosome infections on P(.V is not increased 
by blood parasites, but is increased by internal parasites

(Coulibaly et 
al., in press). Concomitant Theileria spp.

infections are independent. More information 
is needed to
 
determine, more precisely, interactions with helminths 
and
 
other protozoa
 

All this information 
allows the comparison of productivity

of taurine breeds and zebus and the testing of 
their performance

in infested areas.
 

The mechanism, transmission and limitations of 
trypano
tolerance are only mentioned here.
 

Another method of control is 
the treatment ,f infected

animals or their protection by chemoprophylaxis. This is an easy
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solution but runs 
the risk of jreating of chemoresistant strains.
 

THE HUMAN FACTOR
 

There is 
one last important factor to 
be taken into
sideration, i.e. conthe human factor, which interferes the most in
this complex group. Tsetse control cannot succeed fully unless
it 
is done by the livestock owners themselves. For example,
uncontrolled 
movement of livestock 
from infested to uninfested
areas has brought back flies in the

Cameroon. Another example: 

Admaoua plateau in the

when traps and screens are used in
anti-tsetse campaigns, neighbouring populations must be warned so
that they participate fully, otherwise thefts and destruction are


frequent.
 

A3 we have seen, chemotherapy 
if not applied properly, can
lead to chemoresistance of 
certain strains. Therefore man,
during his 
attempts to eradicate trypanosomiasis, prevents the
natural development of the disease.
 

GENERAL POINTS
 

Man has more and more information on modes of transmission of the
parasite. He theretore has 
more ways of taking action 
on all
fronts, i.e. destroy or reduce the vector, 
treat and protect
livestock, use trypanotolerant 
breeds. But in practice,
control campaign is the
making no headway. Each technique has its
disadvantages and the high cost involved often reduces the number
and scale of operations. Widespread insecticide spraying pollutes
the environment. Chemotherapy often leads to the 
creation of
resistant trvpanosome strains.
 

Further, despite immense progress, the exact epidemiology of
animal trypanosomiasis 
is still poorly understood for 
several
reasons. 
Clinical diagnosis is difficult as there may be 
no
pathogenic signs. 
 Detection of trypanosomes is the only proof of
the disease and for this 
a minimal number of instruments are
needed including a microscope. 
Often, however, these instruments
are not available, or are 
incomplete, or don't work. 
 Tha work is
enormous and the means 
are not always adequate. Furthermore, the
diagnosis of the disease often depends only on 
clinical signs, or
claims by the owner 
of the infected animal. 
 In practice, treatment as a precaution is preferable 
even without experimental
diagnosis. This explains 
the great number of trypanocides used
sometimes 
in zones which have relatively 
low tsetse challenge.
As a result 
of these factors, statistics 
from several countries
on the number 
of breeding habitats, infected animals and deaths
 
are unreliable.
 

It is therefore necessary to 
continue research, and ensure
that information on trypanosomiasis is 
gathered over a wide area
and is as accurate as possible.
 

CONCLUSION
 

Although research has made much progress much more 
information is
needed on interactions 
between trypanosomes and 
tsetse (immune
system), between trypanosomes and the host 
(trypanotolerance) and
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between the vectors and the host (basis of tsetse attraction to
 
the host).
 

There will be greater progress in epidemiology and epi
zootiology in the future if identification techniques of trypano
some strains in tsetse and in cattle (DHA probes) are improved as
 
well as models of transmission systems and computerized simu
latior (Habtemariam et al., 1982-.O3a,b).
 

At the same time efforts must be made to disseminate the
 
knowledge acquired in the field anil to gain a better under
standing of the real situation of trypanosomiasis in each
 
country.
 

REFERENCES
 

Bauer, B., P. Compaore, I. Kabore, H. Fourouma, M. Mattausch, J.
 
Son.e and I. Tamboura. Epidemiological survey in the
 
pastoral zone of Sideradougou, Burkina Faso, after tsetse
 
eradication. 19e reunion du T"nseil international
 
Scientifique pour la recherche et la lutte contre la
 
trypanosomiase. Lome (Togo), 30 mars-3 avril, 1987. In
 
press.
 

Brun, R. and L. Jenni. 1985. Cult;.vation of African and South
 
American trypanosome of medical or veterinary importance.

Br. Med. Bull. 412, (2) 122-129.
 

Carlson, D.A. and P.A. Langley. 1986. Tsetse alkenes: ap
pearaice of novel sex-specific compounds as an effect of
 
mating. J. insect Physio. 32: 781-790.
 

Clair, M. and G. Lamarque. 1984. Repartition des glossines dans
 
le nord de la Cote d'Ivoire. Revue Elev. Med. vet. Pays
 
trops. 37 (No. special) : 60-83.
 

Clair, M. 1986. Clossines et trypanosomes au Niger. In:
 
Elevage et potentialites pastoralet ,:aheliennes. Synthese

cartographiques. Atlas du Niter C.T.A. Wageningen, Pays

Bas. Maisons--Alfort, IEMVT-CIRAD.
 

Clair, M. 1987. Glossines et trypanosoAs au Burkina Faso. In:
 
Elevage et potontialites pastoraleaj saheliennes. Syntheses
 
cartographiques. Atlas du Eurkina Faso C.T.A. Wageningen,
 
Pays-Bas. Maisons-Alfort, IEMVT-CIRAD.
 

Coulibaly, L., I. Djarrassouba, G. d'Ieteren, P. Itty, M. Maehl,
 
B. Mahamat, S. Nagda, R. Paling, M. Rarieya, N. Schuetterle,
 
W. Thorpe and J.C.M. Trail. L'influence des maladi.es
 
sidemiques, dont la trypanosomiase, sur l'hematocrite du
 
betail au nord de la Cote d'Ivoire, 3 p. 19e reunion du
 
conseii international scientificque pour la recherche et la
 
lutte contra la trypanosomiase, Lome, 30 mars-3 avril
 
1987. In press.
 

Croft, S.',., J.3. East and D.H. Molyneux. 1982. Anti-trypano
somal factor in haemolymph of Glossina. Acta Trop. 39: 293
302.
 

83
 

http:maladi.es


D .i U. r:Vz1er, L. uejardin, et J. Filledier, 1985.Dispersion lineaire de 
Glossina palpalis gambiensis et de
Glossina tachinoides dans une galerie forestiere en
soudano-guineenne. 
 zone
Revue Elev. Med. vet Pays trop. 38 
(2)

153-172.
 

Defly, A., K. Awuome, K. Bokovi, 
G. d'Ieteren, G. Grundler, M.
Handlos, P. Itty, 
H. Maehl, G. Morkramer,
Rarieya, W. Thorpe and J. Trail. 
S. Nagda, M.
 

L'influence des infections
trypanosomiennes 
sur les performances sanitaires
zootechniques et
du betail dans deux regions du Togo. 
19e
reunion du conseil international scientifique pour
recherche et la
la lutte contre la trypanosomiase, Lome, 30
mars-3 avril 1987. 
 In press.
 

Feron, A., G. d'leteren, P. Itty, H. Maehl, M. Mulungo, S. Nagda,
R. Paling, M. Rarieya, M. Sheria, 
W. Thorpe and J. Trail.
L'hematocrite peut-elle etre 
utilisee comme 
indicateur
trypanosomiase de
et *de niveau de production 
chez les bovins.
19e 
reunion du conseil international scientifique pour
la recherche et la 
lutte contre la trypanosomiase, Lome, 30
mars-3 avril 1987. 
 In press.
 

Gibson, W. Identification des 
trypanosomes presents 
dans les
tsetse a l'aide de ADN specifiques des especes. 
 19e reunion
du conseil international scientifique pour 
la recherche et
la lutte contre la trypanosomiase, Lome, 30 mars-3 avril

1987. In press.
 

Gibson, W.C. 
and M.A Miles. 1985. 
 Application of 
new technologies to epidemiology. 
Br. med. Bull. 41 (2): 115-121.
 
Golder, T.K., 
L.H. Otieno, N.Y. Patel 
 and P. Onyango. 1984.
Increased sensitivity to 
a natural pyrethrum extract
Trypanosoma infected Glossina morsitans. 

of
 
Acta trop. 41: 7'7

79.
 

Habtemariam, T., 
 R. Ruppanner, H.P. 
 Riemann 
 a:,d J.H. Theis.
1982-1983. 
 An epidemiologic system analysis model
african trypanosomiasis. for

Prey. Vet. Med. 1 (2): 125-136.
 

Habtemariam, T., 
R. Ruppanner, H.P. Riemann 
 and J.H. Theis.
1982-1983. 
Epidemic and endemic characteristics of trypanosomiasis in cattle: 
 a simulation model. 
 Prey. Vet, lIed. 1
(2): 136-145.
 

IEMVT. 1985. 
 Rapport d'activite - Centre de Recherches sur 
les
t.ypanosomes 
animales, Bobo-Dioulasso (Burkina Faso), programme IEMVT. 1985. 
 Rapport d'activite 
- Centre
Recherches 
sur les trypanosomes animales, 
de
 

Bobo-Dioulasso
(Burkina Faso), 
programme IEMVT/GTZ, Maisons-Alfort
 
(2): 137-145.
 

Kaaya, G.P., 
N.A. Ratcliffe 
 and P. Alemu. 1986a. 
Cellular and
humoral defenses of Glossina 
(Diptera: Glossinidae): 
reactions against bacteria, trypanosomes and experimental
implants. 
J. Med. Ent. 23 
(1): 30-43.
 

84
 



Kaaya, G.P., L.H. Otieno, N. Darji and P. Alemu. 1986b. Defence
 
reactions of Glossina morsitans morsitans against different
 
species of bacteria and Trypanosoma brucei brucei. Acta
 
trop. 43: 31-42.
 

Katondo, K.M. 1984. Revision of second edition of tsetse distri
bution maps. Insect. Sci. Applic. 5 (5): 381-384.
 

Langley, P.A., T.W. Coates, D.A. Carlson, G.A. Vale and J.
 
Marshall. 1982. Prospects for autosterilisation of tsetse
 
flies Glossina spp. (Diptera: Glossinidae), using sex
 
pheromone and bisazir in the field. Bull. ent. Res. 72:
 
319-327.
 

Leak, S., K. Awuome, W. Dufferra, P. Dumont, A. Feron, P.
 
Jeannin, K. Mawuena, M. Minengu, S. Minja, B. Mahamat, A.
 
Musoke, G. Nankodaba, G. Ordner, M. Sheria, G. Tikubet, E.
 
Tsotsi, M. Toure, G. Yangari and M. Mulungo.

Determination de la pression glossinaire et relations
ses 

avec la prevalence des trypanosomes dans le reseau africain
 
d'etude du betail trypanotolerant. 19e reunion du
 
conseil international scientifique pour la recherche et la
 
lutte contre la trypanosomiase, Lome, 30 mars-3 avril
 
1987. In press.
 

Makumyaviri, A.M., W. Distelmans, Y. Claes, F.D'. Haeseleer, D.
 
Le Ray and R.H. Gooding. 1984. Capacite vectorielle du type
 
sauvage et du mutant salmon de Glossina morsitans morsitans
 
(Westwood, 1850) (Diptera: Glossinidae) dans la transmission
 
de Trypanosoma brucei. Plimmer et Bradford, 1899. Cah
 
ORSTON, ser. Ent. med. et Parasitol. 22 (4) : 283-288.
 

Maudlin, J. 1985. Inheritance of susceptibility to trypanosomes

in tsetse flies. Parasit. Today 2 (2): 59-60.
 

Maudlin, J. and P. Dukes. 1985. Extrachromosomal inheritance of
 
susceptibility to trypanosome infection in tsetse flies. 
 1.
 
Selection of susceptible and refractory lines of Glossina
 
morsitans morsitans. Ann. trop. Med. parasit. 79 (3): 317
324.
 

Mehlitz, D. 1986. La reservoir animal de la maladie du sommeil 
a
 
Trypanosoma brucei gainbiense. Maisons-Alfort, IEMVT-CIRAD,
 
156 p. (Etudes et syntheses de 1'IEMVT, 18).
 

Merot, Ph., J.B. Galey, H. Politzar, J. Filledier and A.
 
Mitteault. 1986. Pouvoir attractif de l'odeur hotes
des 

nourriciers pour Glossina tachinoides en zone 
soudano
guineenne (Burkina Faso). Rev. Elev. Med. vet. Pays. trop.
 
39 (3-4) : 345-350.
 

Merot, Ph., J. Filledier and C. Mulato. 1987. Pouvoir
 
attractif pour G. tachinoides, de produits chimiques isoles
 
des odeurs animales. Revue Elev. Med. vet. Pays trop. 40
 
(4).
 

Messoussi, S.E. and J.M. Jallon. 1987. Rapport sur l'etude des
 
composes cuticulaires de glossines, Gif-sur-Yvette/CNRS,

laboratoire de biologie et genetique evolutive.
 

85
 



Mulungo, M., G. d'Ieteren, A. Feron, P. Itty, H. Maehl, S. Nagda,
R. Paling, M. Rarieya, W. Thorpe and 
J. Trail. La trypanosomiasis chez les bovins N'Dama 
au Zaire et 
ses effets
sur la 
sante et la production. 
 19e reunion du conseil
international scientifique pour la recherche et la lutte
contre la trypanosomiase, 
Lome 30 mars-3 avril 1987. 
 In
 
press.
 

Nitcheman, S. 1985. 
 Sensibilite a la deltamethrine des glossines
(G. morsitans morsitans) infectees et 
non infectees par les
trypanosomes (Trypanosoma 
congolense) et 
influence
pyrethrinoide applique de ce
 a faible 
dose sur le cycle du trypanosome dans la mouche. 
 Maisons-Alfort, IEMVT,.
 
OIE. 1987. Report 
on the 8th Meeting 
of the International
Working Group on 
Trypanosoma evansi, Paris.
 
Okoth, J.O. and A. Phillips. Chemical taxonomic in Glossina. 
19e
reunion du 
conseil, international 
scientifique pour la
recherche et la lutte contre la trypanosomiase, Lome, 
30
mars-3 avril, 1987. 
 In press.
 
Opperdoes, F.R. 
1985. 
 Biochemical peculiarities of trypanosoines
African and South American. 
Br. med. Bull. 41 (2): 130-136.
 
Ordner, G., G. d'Ieteren, P. Dumont, P. Itty, P. Jeannin, H.
Maehl, 
S. Nagda, R. Paling, M. Rarieya, W. Thorpe, J. Trail
and G. Yangari. Performances comparatives des bovins
trypanotolerants et plus vulnerables exposes 
au meme risque
de trypanosomiase 
au Gabon. 
19e reunion 
du conseil
international scientifique pour la recherche et la lutte
contre la trypanosomiase, 
Lome, 30 mars-3 avril 1987. 
 In
 

press.
 

Schutterle, A., 
L. Coulibaly, I. Diarrassouba, G. d'Ieteren, P.
Itty, N. Konin, H. Maehl, B. Mahamat, S. Nagda, R. Paling,
M. Rarieya, W. Thorpe and J. Trail. 
L'influence des
infections trypanosomiennes sur 
les parametres sanitaires et
zootechniques 
au nord de 
la Cote d'Ivoire. 
 19e reunion du
conseil international scientifique pour la 
recherche et
lutte contre la trypanosomiase, la
 
Lome, 30 mars-3 avril,


1987. In press.
 

Turner, M.J. 1985. 
 Biochemistry ot 
the surface antigens of the
African trypanosomes. Br. med. Bull. 41 
(2): 137-143.
 
Vickerman, K. 1985. 
 Developmental cycles 
and biology of pathogenic trypanosomes. 
 Br. med. Bull. 41 (2): 105-114.
 

86
 



Gemetic and environmental factors affecting
 
trlarosomeprevalence and parasitemiain livestock
 

C.D.M. d'IETEREN, K AWUOME, K BOKOV, S. CHEMA, C. COLARDELLE, 
L. COULIBALY, A. DEFLY, A. FERON, G. CRUNDLER, M. HANDLOS, 
P. HECKER, P. ITT, 0. K4KIESE, S.G.A. LEAK, J.H.H. MAEHL, 
S.H. MAL0, K. MAWUENA, M. MINENGU, G. MORKRAMER, F. MUKETDL 
W. MULATU, M. MULUNGO, S.M. NAGDA, G. NANKODABA, S. NGAMUAA,
 
G, ORDNER, R. W. PALING, M. PELO, J.M. RARIEYA, A. SCHUETTERLE,
 
M. SHERIA, W. THORPE, G. TIKUBET, J.C.M. TRAIL and G. YANGARI 

INTRODUCTION
 

Livestock exposed to trypanosomiasis risk differ in their
 
responses depending on genetic factors such as species, breeds
 
and even individual characters and on many environmental factors
 
including trypanosome and tsetse characters all contributing to
 
the epidemiology of the disease.
 

The factors affecting susceptibility to trypanosomiasis must
 
be well understood if effective measures to control the disease
 
are tc be eeveloped.
 

In 1986 (ILCA, 1986b) indications were given on the
 
different factors affecting trypanosome infection rates and
 
parasitaemia. The present paper updates and consolidates the
 
results based on records from ten sites.
 

MATERIALS AND METHODS
 

Data collection at Network sites includes the simultaneous 
collection of matching information on animal health and produc
tion. Sequential monthly blood samples are examined by the dark 
ground/phase contrast buffy coat method to detect the presence of 
trypanooomes. The species of trypanosome, T. congolense, T. 
vivax or T. bruc:i is recorded and the intensity of the infection 
quantified as a parasitaemia score, 1 (low) to 6 (high). The 
protocols and methodologies have beeni described in detail by
Murray et al. (1983). A comprehensive descriptior. of the 
projects that contributed to the results in this paper has been 
given by ILCA (1986a).
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The results reported include the 
influence of 
location,
season, livestcck species, breed, animal age and sex, and female
physiological 
status on the prevalence, species and intensity of
trypanosome pnrasitaemia estimated from 
data collected at ten
sites in 
six countries 
of West, Central 
and East Africa.
duration of trypanosome infections 
The
 

and the pattern of parasitaemia 
aro, also considered. The period of study wa3 
generally
January 19 4 to December 19e6.
 

RLSULTS
 

Trypanosome prevalence
 

The percentage of 
animals in which trypanosomes were detected at
 
the monthly recording is the estimate of 
trypanosome prevalence.
 

The variation between mean monthly trypanosome prevalence of
continuously recorded livestock populations 
at different Network
sites and between herds/flocks within the 
sites illustrates the
influence 
of location 
on the level of trypanosome infection

(Tables 1 and 2).
 

The results refer to trypanotolerant livestock, except 
for
the populations in Boundiali and Tengrela which included trypanotolerant x susceptible or susceptible cattle 
f29 and 76%, respectively) and sheep 
(6 and 28%, respectively) and for 
the populations in Ghibe and Muhaka, which were East African Zebu cattle.
 

Table 1. 
Mean monthly trypanosome prevalence 
(%) of cattle at
Network sites, January 1984 
to December 1986.
 

No. of
 
animal-
 Range of herd
Sit.e 
 months Mean s.e. 
 means
 

Boundiali 
 9,294 13.9 2.16 
 10.4-22.7
Mushiea 
 8,457 10.1 
 5.5-15.7
Avetonou villages 6,893 
1.95 


7.3 1.88 0.6-14.9
Avetonog CREAT 7,141 
 4.7 1.44 -
OGAPROV 
 2,452 
 4.6 0.41 3.8- 5.5
Idiofac 
 12,727 
 2.9 0.64 
 0.0- 8.3
Tengrela 
 4,979 1.4 
 0.99 
 0.5- 2.1
Koloa 
 9,859 
 0.1 0.22 0.0- 0.5
 
Ghibed 
 11,032 19.6 1.70 
 11.1-32.2
Iuhakae 
 5,536 4.5 
 1.36 
 1.2- 9.1
 

aCows only. 
 djanuary 1986 
to June 1987.

bDecember 19 83-June 1986. 
 eApril 1984 
to March 1986.
CFebruary 1986 to July 1987.
 

Even if 
the site ,an bo characterized by the prevalence
within its livestock population, there is still a wide range 
of
variation between herds reflecting different exposure 
to the
 
risk.
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Table 2. 	Mean monthly trypanosome prevalence (M) of sheep and 
goats at Network sites, January 1984 to December 1986. 

No. of
 
animal- Range of


Site Species months Mean s.e. flock means
 

Sokode Sheep 
 2345 10.0 3.70 6.2-11.8
 
Goat 742 5.6 4.04 
 0.7- 9.8


Boundiali Sheep 
 6586 	 9.2 2.17 0.1-17.7
 
Avetonou Sheep 4402 3.0 1.62 0.4- 8.8
 
Tengrela Sheep 8094 1.7 0.86 0.1- 3.5
 

ajanuary 1984 to August 1985.
 

Seasonal variation in trypanosome prevalence was only

important in Boundiali and in Mushie, the sites with the highest

mean prevaltnces. Prevalence 
for cattle and sheep in BoundLali
 
was two to four times lower in February to June than in July to

January (Figure 1). June to September are the months with
 
highest rainfall and December 
to April are the months with least
 
rainfall. Seasonal variations of crypanosome prevalence in
 
N'Dama cows in Mushie were not related to rainfall (Figure 2).
 

At three Network sites some trypanotolerant cattle herds and
 
trypanotolerant sheep flocks were maintained together. Cattle

had higher mean trypanosome prevalences than sheep (Table 3).

The difference was greatest in Avetonou where T. vivax causes
 
about 90% of parasitaemia in cattle and 
about 95% in sheep.

Djallonke sheep and Dwarf West African goats maintained together

in Sokode had very similar mean trypanosome prevalences, 7.5 and
 
7.0%, respectively.
 

Table 3. 	Mean trypanosome prevalence (%) of trypanotolerant

village cattle and sheep maintained in the same area.
 

Site 	 Cattle Sheep Ratio: Cattle/Sheep
 

Boundiali 12.4 9.9 
 1.3
 
Avetonou 7.2 2.4 
 3.0
 
Tengrela 3.7 2.2 
 1.7
 

The only major differences in trypanosome prevalence between
 
breeds were sh :wn at OGAPROV, where the prevalence in the suscep
tible Nguni breed was 
three times that of the N'Dama with their
 
crosses having an intermediate value (Table 4). There were no

differences between 
the trypanosome prevalences of the trypano
tolerant breeds, 
N'Dama and Baoule, in the Cote d'Ivoire sites,
 
nor between N'Dama 
and Race Locale in Togo (Table 4) . Crosses 
between N'Dama, Baoule and Zebu had slightly higher trypanosome
prevalence than N'Dana and Baoule in Boundiali, but not when at
 
lower trypanosomiasis risk in Tengrela.
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Figure 1. 	Monthly trypanosome prevalence for cattle and sheep
 

in Boundiali by trypanosome species.
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Figure 2. 	Monthly trypanosome prevalence for cattle in Mushie
 
by trypanosome species.
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Table 4. Mean monthly trypanosome prevalence (5) in different
 
breeds of cattle.
 

Number of Trypanosome
 
Site Breed animal-months previlence
 

OGAPROV 	 N'Dama 2976 8.8
 
N'Dama x Nguni 1284 	 16.5
 
Nguni 	 492 25.0
 

Boundiali 	 N'Dama 1589 13.1
 
Baoul.e 	 5027 12.9
 
Crossesa 2529 	 15.2
 

Tengrela 	 N'Dama 599 1.7
 
Baoule 	 603 0.8
 
Crossesa 3697 	 1.4
 

Avetonou 7anch 	 N'Dama 3233 5.0
 
Race Locale 3895 4.9
 

Avetonou village 	N'Dama 2901 6.9
 
Race Locale 3992 7.2
 

aCrosses between N'Dama, Baoule and Zebu.
 

Djallonke sheep and their crosses with the Sahelian breed
 
could be compared in Tengrela. Their mean trypanosome pre
valences were 1.7 and 1.8%, respectivelv.
 

Where cattle of different ages were exposed to the same 
trypanosomiasis risk, the mean trypanosome prevalence of the age 
classes wrre generally similar (Table 5) . Only in the village 
herds of Avetonou did trypanosome prevalence decrease with age. 
Age effects in cattle managed in village herds were very often 
confounded by management practices. 

For sheep the results presented in Table 6 show that try
panosome prevalence increased with animal age.
 

At most sites, female physiological-status classes of cattle
 
had similar mean trypanotolerance prevalence. However at Mushie
 
and Bounuiali, the two Network sites with the highest mean try
panosome prevalences in trypanotolerant populations, non
gestating cows had a mean prevalence of 13 to 16% and only '7%
 
when gestating (Table 7). Lactating cows, whether gestating or
 
non-gestating, had marginally lower mean prevalences than non
lactating cows at both sites. There was no apparent confounding
 
effect of physiological status with calving seasons which might
 
have explained lower trypanosome prevalences in gestating cows
 
(Figure 1). This indicates the need for further investigation to
 
identify the possible effects of trypanosome infections on repro
duction (Thorpe et al., see article 21 of these Proceedings).
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Table 5. 
Mean monthly trypanosome prevalence 
(%) of three age

classes of cattle at Network sites.
 

0-8 months 
 9-36 months >36 
 monthsa
 
Site 
 Mean 
 Mean 
 Mean
 

11.2
Avetonog villagea 7.7 5.5
OGAPROY 
 9.3 
 _ 
 8.3
Mushieb 

Avetongu ranchb 

8.3 10.1

4.1 
 _ 
 2.3
Idiofa 
 3.1 
 3.4 
 2.4
 

BoundialiC 
 12.1 
 15.0 
 12.9
GhibeC 
 7.0 
 15.4 
 19.5
TengrelaC 
 1.5 
 1.1 
 1.3
 

aBreeding cows in OGAPROV and Mushie.
bAge class not exposed permanently to same trypanosomiasis risk.
 
CCalves not permanently with their respective dams.
 

Table 6. 
Mean monthly trypanosome prevalence 
(M) of three age
cla3ses of sheep at Network sites.
 

0-4 months 
 5-12 months 
 >36 months, female
 
Site 
 Mean 
 Mean 
 Mean
 

Boundiali 
 2.3 
 5.4 
 12.4
Avetonou 
 1.2 
 1.4 
 4.0
Sokode 
 0.7 
 6.1 
 6.7
Tengrela 
 0.3 
 0.9 
 2.4
 

Table 7. Mean monthly trypanosome prevalence () 
of female physiological-status classes 
in cattle at two 
Network
sites, January 1984 to December 1986.
 

Mushie 
 Boundiali
 

Gestatinga Lactatingb 
 No. Mean 
 No. Mean
 

+ 
 + 
 1286 6.8 
 298 6.4
+  2928 7.5 
 1170 
 8.0
+ 2672 12.8 
 1049 14.2
 
1548 13.1 
 1287 17.7
 

a0-9 months pre-partum.

0-8 months post-partum.
 

As with the cattle population in Boundiali, 
ewes had a lower
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trypanosome prevalence when gestating than when they were not
 
gestating. At the other Network sites with sheep the results
 
were inconsistent (Table 8).
 

Table 8. Mean trypanosome prevalence (%) of female physio
logical-statuis classes in sheep, Boundiali.
 

Boundiali
 

Gestating Lactating 	 No. Mean
 

+ + 400 10.5
 
+ - 1280 10.4
 
- + 970 14.6
 
- - 1048 13.6
 

Species of trypanosome parasitaemia
 

At all Network sites with cattle, at least 75%, and generally
 
more than 90%, of the trypanosome parasitaemias were infections
 
by a single species, but there were marked differences between
 
sites as regards the najor trypanosome species. At one extreme,
 
89% of parasitaemic months in Avetonou resulted from T. vivax
 
infection, while in Idiofa over 90% were T. congolense infections
 
(Table 9) . Boundiali was an intermediate site in that 46% of 
parasitaeinic months resulted from T. congolense infection, but 
extreme in that over 20% of parasitaemic months were mixed infec
tions of 2 or 3 trypanosome species (Table 9). At the three 
sites with sheep, T. vivax was the major species contributing 70% 
or more of the parasitaemic months. 

Table 9. 	Species and type of trypanosome parasitaemia at selec
ted Network sites.
 

Percentage of total
 
Species and type of infection Avetonou Boundiali Idiofa
 

T. congolense 	 9.5 46.4 92.3
 
T. vivax 	 88.9 29.5 4.8
 
T. brucei 	 1.5 3.0 2.1
 

T. congolense and T. vivax 0.1 6.8 0.5
 

T. congolense and T. brucei - 0.2 -

T. vivax and T. brucei 	 - 12.5 -

T. congolense, T. vivax and
 
T. brucei 	 - 1.5 0.3
 

Total number of parasitaemic 870 1252 378
 
months
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Within sites, location did not greatly affect the proportion
of parasitaemias resulting from a particular trypanosome species,
but in Boundiali and Tengrela there 
were some 
herds and flocks
 
with atypical infection types.
 

Year and season at 
all sites 	except Boundiali, Tengrela and
Mushie did 
not affect the species of 
trypanosome parasitaemia.
Figure 1 shows the large variation between years 
of the proportion of parasitaemia resulting from 
T. congolense, T. vivax and
T. brucei in Boundiali. In 1984 
T. congolense was twice as
frequent as T. vivax, whereas in 1985 and 1986 
T. vivax was more
frequent than T. congolerse. The change was more marked in
Tengrela and was shown by sheep as 
well as by cattle.
 

In Mushie the proportion of 
T. congolense parasitaemia in
N'Dama cows increased over 
the three 	years, 1984, 1985 and 1986,
such that the ratio of T. vivax to 
T. congolense parasitaemia
dropped from 0.50 to 0.40 to 0.26 
(Figure 2).
 

Livestock 	species also had 
a marked effect on the species of
trypanosome. 

age. 

The scale of the effect was dependent upon animal
Table 10 
presents the proportion of total parasitaemia
caused by T. vivax in pre-weaner cattle (0-8 months) and 
sheep
(0-4 months) and in adult female cattle 
(>36 months) and sheep
(>12 months) at three Network sites. 
 Sheep consistently had a
higher proportion of 
T. vivax parasitaemia than cattle 
and the
difference was greater in adult animals. 
 The lower 	proportion of
T. vivax 	parasitaemia 
in older 	cattle was confirmed at the
Network sites where only cattle 
are recorded (Table 11). Only in
Idiofa, where the number of T. vivax parasitaemias was small, was

the effect not apparent.
 

Table 10. 	Proportion of parasitaemias caused by T. vit'ax in two
 
age classes of cattle and sheep.
 

Avetonou Boundiali Tengrela
 

Age class Sheep Cattle Sheep Cattle Sheep Cattle
 

Pre-weaner 1.00 
 0.97 0.77 
 0.70 0.60 0.57
Adult 0.9- 0.79 0.84 0.31 0.85 
 0.50
 

Table 11. 	Proportion of parasitaekkias caused by T. vivax in three
 

age classes of cattle.
 

Pre-weaners 
 Post-weaners 
 Adult females
 

Avetonou 
 0.97 0.85 
 0.79
Boundiali 
 0.70 0.61 
 0.31
Tengrela 	 0.57 
 0.60 
 0.50
Mushie 
 0.57 	  0.26
OGAPROV 
 0.53 	  0.24
Ghibe 
 0.25 0.13 
 0.16
Idiofa 
 0.03 0.07 
 0.06
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Possible breed differences for susceptibility to specific
 
trypanosomes could be examined for cattle in Avetonou and
 
Boundiali. No comparison was possible for sheep. N'Dama and
 
Race Locale cattle, whether managed in the ranch or in the
 
village herds at Avetonou had similar proportions of T. vivax and
 
T. congolense parasitaemias. Nor did breed group affect the type
 
or species of trypanosome parasitaemia in Boundiali (Table 12).
 

Table 12. 	Proportion of trypanosome species causing parasitaemia
 
in trypanotolerant and crossbred groups, Boundiali.
 

Trypanotoleranta Crossbredb
 

T. congolense 	 0.46 0.48
 
T. vivax 	 0.29 
 0.31
 
T. brucei 	 0.03 
 0.03
 

T. congolense and T. vivax 	 0.06 0.08
 
T. congolense and T. brucei 	 <0.01 (0.01

T. vivax and T. brucei 	 0.14 0.10 

T. congolense, T. vivax and T. brucei 0.02 <0.01
 

Total number of parasitaemic months 841 	 411
 

N'Dama and Baoule.
 
Crossbreds between N'Dama, Baoule and Zebu.
 

Other systematic factors, e.g. animal sex and female physio
logical status, had no apparent influence on susceptibility to
 
specific trypanosomes.
 

Intensity 	of trypanosome parasitaemia
 

At Network sites intensity of trypanosome parasitaemia measured
 
by a score, 1 to 6, was low with the mean generally below 3.
 
Exceptions were the village cattle and sheep populations in
 
Avetonou where parasitaemia scores in the village compared to
 
ranch cattle, were 3.2 and 1.9, respectively.
 

Breed groups could also be compared in Boundiali. Trypano
tolerant and crossbred groups had mean scores of 2.2 and 2.1 for
 
T. congolense and 2.9 and 2.7 for T. vivax parasitaemias, respec
tively, suggesting that the effect of trypanosome species was
 
greater than any effect of breed group.
 

The higher mean score of 7. vivax compared to T. congolense,

independent of animal age, is shown by the results in Table 13.
 
For the three age classes in Boundiali and the two age classes in
 
Mushie, the mean scores of T. vivax parasitaemias were higher

than those of T. congolense. Differences between age classes
 
were less consistent, but at both sites the mean score of T.
 
vivax parasitaemia decreased with age. At the two sites with
 
susceptible East African Zebu cattle, Muhaka and Ghibe, 
mean
 
scores were also around 2.5 with no difference between the two
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trypanosome species; 
in T. congolense animal age did not 
effect

the score.
 

Table 13. Mean scores of T. congolense and T. vivax parasitaemias

in three age classes.
 

Pre-weaners 
 Post-weaners 
 Adult females
 

T. congolense
 

Mushie 
 1.9 
 -
 1.5
Boundiali 

2.3
Avetonou village 

2.0 2.1
 
-
 2.1 
 2.2
 

Muhaka 
 2.2 
 2.8 
 2.5
Ghibe 
 2.4 
 2.4 
 2.4
 

T. vivax
 

Mushie 
 2.1 
 -
Avetonou ranch 1.8
2.4 
 1.9 
 1.5
Boundiali 
 3.3 
 2.4
Avetonou village 
3.0 


3.4 
 3.1 
 3.1
 
Ghibe 
 2.1 
 2.3 
 2.4
Muhaka 
 2.2 
 2.5 
 2.6
 

Duration and pattern of trypanosome parasitaemia
 

In order to measure 
duration of parasitaemias, the sequences
successive parasitaemic months of
 were evaluated at
sites: the two Network
Mushie and Idiofa. No 
systematic trypanocidal drug
treatments had been given, trypanosome prevalence was 
sufficiently high and monthly recording was sufficiently complete.
wqs eventually assumed that in cattle not 
It
 

receiving trypanocidal
drug, a sequence of 
successive parasitaemic months with the
trypanosome species reflects same

ongoing single infection;
an infection 

an such
would be preceded and followed by 
two nonparasitaemic months.
 

Table 14 shows 
the pattern of

N'Dama T. congolense parasitaemia in
calves 
and cows in Mushie. While 
calves and had
similar cows
patterns of parasitaemia,

parasitaemia in cows 

there wai a tendency for the
to last 

found for 

longer. The reverse tendency was
T. vivax parasitaemia, 
cows
of short having a higher proportion
duration parasitaemia than 
calves (Table 15). Comparable results were 
shown by the N'Dama cattle in the village herds
of Idiofa (Table 16). 
 In both management systems, 75%
the trypanosome infections in 
or more of
N'Duma cattle lasted only
month and one
only 3 to 6% of the infections lasted 4 or more


months.
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Table 14. Sequences and pattern.of parasitaemia in T. congolense

infections of N'Dama cattle not receiving therapeutic
 
treatments, Mushie.
 

Duration Calves Cows 
of infec
tions, 
months 

Pattern of 
parasitaemia 

No. of 
infec-

Propor-
tion 

No. of 
infec-

Propor
tion 

t4.ons of total tions of total 

1 --C-- 78 0.78 357 0.75 
2 -- CC-- 12 0.12 49 0.10 
3 --CCC-- 6 0.07 18 0.08 

-- C-C-- 1 22 
4 --CCCC-- 1 3 

--C-CC-- 5
 
--Cc-C--
 11
 

5 	 -- CCC-C-- 1 0.03 2 0.06 
-- CC-CC-- 1 
---C-C-C-- 1 

6 or more 	 1 
 4
 

Total 100 	 473
 

Table 15. 	Proportion of T. congolense and T. vivax infections 
with durations of 1, 2, 3 and 4 or more months in 
N'Dama calves (less than 1 year of age) and cows not 
receiving therapeutic treatments, January 1984 to 
Deuember 1986, Mushie.
 

T. congolense T. vivax
 
Duration of infection
 
months Calves Calves
Cows 	 Cows
 

1 0.78 0.75 0.79 0.85
 
2-3 0.19 0.19 0.20 0.13
 
4 or more 0.03 0.01
0.06 	 0.02
 

Total number of infections 100 473 170 184
 

In the Ghibe villages systematic Berenil treatments are
 
given when cattle are parasitaemic and their PCVs are bolow 26%
 
or when trypanosomiasis is suspected from clinical symptoms. With
 
these indications 85.5% of the parasitaemic months lead to
 
Berenil treatments.
 

Assuming that these treatments were effective, a sequence of
 
two or more parasitaemic months should represent a "sequence" of
 
infections, as 23% of the treated parasitaemias were followed by
 
a new parasitaemia the next month regardless of the trypanosome
 
species. These reinfactions or relapses occur with a very short
 
prepatent period as the intervals between two bleedings and the
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detection 	of parasitaemia are always one month. 
 The possibility
of trypanosome resistance to Berenil needs to be investigated.
 

Table 16. 	Proportion of T. congolense infections with durations

1, 2 or 3 and 4 or more months 
in N'Dama 	calves (less
than 1 year of age) and cows 
with ranch management,
Mushie 
 and in N'Dama cattle 
(all age 	groups) in
village herds, Idiofa. 
 Few therapeutic treatments were
 
given.
 

Mushie Ranch 
 Idiofa
Duration of infections, 
 Villagemonths 
 Calves Cows 
 Cattle
 

1 0.78 0.75 
 0.76
2-3 
 0.19 0.19 
 0.21
4 or more 
 0.03 0.06 
 0.03
 
Total number of infections 
 100 473 
 248
 

DISCUSSION AND CONCLUSION
 

The seasonal and annual variations of prevalence as well as its
large variation between herds located in the 
same region indicate
the need 	for further investigation to 
more accurately define
trypanosomiasis risk, this being necessary for designing livestock development strategies in the highly tsetse-infested areas 
of Africa.
 

Results 
showed the importance of animal age 
on the trypanosome species detected in parasitaemia. The proportion of T.
vivax infection decreased with age, 
with younger animals
generally 	having more 
T. vivax than T. congolense infections with

the reverse in adults.
 

The fact 	that 
non-gestating trypanotolerant 
cows were 
more
often parasitaemic than when gestating 
seems not 
to have
influenced their reproduction capability (Thorpe, see article
of these Proceedings), 21

confirming experiments at ILRAD
(Lorenzini, 
see article 18) . Therefore further investigationsare required to understand this difference in 
susceptibility
measured by prevalence during two different physiological states.
 

Trypanosome prevalence 
was regularly higher 
in cattle 	than
in sheep when both species were exposed 
to the same environment.
The frequency of T. congolense was much higher in 
cattle than in
sheep and 	T. vivax was evidently more requent in sheep than in
cattle. 
 The potential and eventual! comparative advantage of
small ruminants 
over cattle as an alternative 
for livestock
production in higher risk situations 
needs to be considered more
systematically in research plans.
 

Where trypanosusceptible breeds were 
maintained together
with tolerant breeds, their susceptibility was enhanced by a
higher trypanosome prevalence. 
 But there are very few
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situations where this comparison may be accurately considered.
 
In West and Central Africa only trypanotolerant breeds are main
tained under high trypanosomiasis risk. In East Africa, where
 
there was no introduction of tolerant breeds, trypanocidal drugs
 
are systematically used on trypanosuscept~ble breeds when under
 
high risk. If further comparative investigations are required,
 
it will be necessary to identify or create situations where both
 
types of animals are maintained together with appropriate inter
ventions to allow zebu cattle to survive and produce.
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11 
Anti-tr!panosomal antibodies in sequentially collectedsera of N'Dama cattle under natural trjpanosomiasis
isk in the The Gambia 

R.H. DWINGER, A.S. GRIEVE, P. JEANNIN, K AGYEMANG and J. FAYE 

INTRODUCTION
 

N'Dama cattle kept under 
village management conditions 
and
natural trypanosomiasis risk in The Gambia were 
examined for the
presence of anti-trypanosomal 
antibodies using 
an indirect
immunofluorescent antibody 
test (IFAT) (Wilson, 1969).
 
Serological investigations 
on trypanotolerant 
cattle using
the IFAT have been reported previously for cattle kept under
natural trypanosomiasis 
risk in Liberia (Luckins and Mehlitz,
1978) and 
in Burkina Faso (Bernard et al., 1980). The IFAT has
been successfully 
used for the diagnosis
trypanosomiasis (Sadun et 

of cattle
 
al., 1963; Wilson et 1967).
Zwart et al. al.,
(1973) reported difficulties in the 
identification
of pure infections 
with a single trypanosome species and 
considered the technique of limited 


in domestic animals. 
use 
for species differentiation
 

Toure et al. 
(1975) also communicated
cross-reactions 
between different trypanosome species limit
to
the value of the IFAT. However, recent improvements
preparation have in antigen
made the detection of species-specific antibodies possible (Katende et 
al., 1987).
 

The objectives of 
this study were threefold. Firstly, the
time of appearance and the persistence of antibodies was examined
in N'Dama cattle bitten by infected tsetse flies under controlled
conditions. 
 Secondly, serological investigations of village
animals exposed to natural trypanosomiasis risk were performed to
provide additional information 
on the disease status
animals. This of of the
was 
 particular importance since by direct
microscopical examination of blood using the phase-contrast microscopy method (Murray et al., no
1977), 
 low-grade trypanosome
infections 
(less than 200 parasites per ml)
(Paris et al., 1982). 
can be detected


Furthermore, chronically 
infected cattle
often show low parasitaemias, especially N'Dama cattle, which are
known 
for their trypanotolerance

1958). Thus, in 

(Stewart, 1951; Chandler,
addition to 
the regular blood examination
large numbers of village of
animals, serological techniques 
were
used to detect low-grade or past infections. 
 The third objective
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was to investigate the time of appearance and duration of anti
trypanosomal antibodies through the monthly collection of serum
 
samples from calves following birth.
 

MATERIALS AND METHODS
 

Cattle
 

The N'Dama cattle (Bos taurus) sampled were owned by Gambian
 
farmers and managed under traditional village conditions as des
cribed by Dunsmore et al. (1976).
 

Sampling areas
 

The herds sampled were kept in two villages situated in different
 
geographical areas with varying tsetse populations. Gunjur is
 
located in a low trypanosomiasis challenge area near the coast
 
where Glossina palpalis gambiensis are present. The village of
 
Keneba is situated 150km inland in an area moderately infested by
 
G. morsitans submorsitans. In 1986 the annual amount of rainfall
 
in Gunjur was 1135mm, while in Keneba only 598mm were measured.
 

Investigations
 

Investigation 1
 

Eighteen male N'Dama cattle of 2 3 years old were selected on the
 
basis of the absence of anti-trypanosomal antibodies. The
 
animals were kept tethered in an area at the coast (Kerr Serigne)
 
believed to be free of tsetse flies and were each fed ad libitum
 
on Andropogon gayanus supplemented with 6 kg daily of a mixture
 
of rice bran, groundnut dust, groundnut cake and salt. Tsetse
 
flies (G. palpalis gambiensis) were captured in a forested area
 
along the Gambia River. Single tsetse flies were transferred to
 
numbered plastic tubes, 6x3cm in size, with netting on one end.
 
The insects were allowed to feed on fourteen of the experimental
 
animals and following a completed feed were dissected. The
 
proboscis, salivary glands and the gut were microscopically
 
examined for the presence of trypanosomes (Lloyd and Johnson,
 
1924). Whenever both the gut and the proboscis were found to
 
contain parasites, the tsetse was considered to be infected by T.
 
congolense. If, on the other hand, trypanosomes were found only
 
in the proboscis, the tsetse was considered to be infected by T.
 
vivax. Four of the N'Dama were not bitten by tsetse flies and
 
served as contols.
 

Investigation 2
 

A total of about 1000 ear-tagged animals (600 in Gunjur and 400
 
in Keneba) were sampled monthly for the presence of trypanosomes
 
pathogenic to cattle. From the same animals serum was collected
 
every half year during 1985 and 1986 to investigate the presence
 
of trypanosomal antibodies.
 

Investigation 3
 

Following birth, calves were sampled every month to screen their
 
sera for antibodies against trypanosomes pathogenic to cattle.
 
Results were compared with the serological findings obtained for
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the respective dams in investigation 2.
 

Sampling techniques
 

Parasi tology
 

Blood samples were collected monthly 
(daily in investigation 1)
from the jugular vein and put into EDTA-coated vacutainer tubes.
These were transported on to laboratory for parasiice the

tological examination. 
Following centrifugation in 
a microhaematocrit centrifuge, the buffy coat 
was examined for trypanosomes using phase-contrast microscopy (Murray et al. 
1977).
 

Serology
 

Blood samples were collected 
into plain 10ml vacutainer tubes
every half year (investigation 2), 
 every month (investigation 3)
or 
twice weekly (investigation 1). 
 The samples were placed in a
cool box and transported to the laboratory. 
Following separation
by centrifugation, 
sera were 
stored at -200C until testing by

IFAT examination.
 

Indirect immunofluorescent antibody test 
(IFAT)
 

Antigens
 

The antigens used were:
 

T. congolense ILNat 
3.1, a cloned derivative STIB
which was a stabilate prepared after a single passage 
of 
in rats 

212,
 
of
an isolate made from 
a lion in the Serengeti region of Tanzania
in 1971 (Geigy and Kauffmann, 1973);
 

T. vivax ILDat 1.3, prepared from Zaria Y486 isolated from a
Zebu cow in Nigeria in 1973 (Leeflang et al., 1976); 
 and
 

T. brucei MITat 
1.2, a clone derived 

was isolated from a sheep in Uganda in 1960 

from LUMP 427, which
 
(Cross, 1977).
 

The trypanosomes were inoculated 
into rats and following
harvesting at peak parasitaemia were separated from the 
rest of
the blood elements and fixed in 
an acetone/formalin mixture 
as
described by Katende et al. 
(1987).
 

Conjugate
 

Sheep anti-bovine immunoglobulins were prepared using the method
described by McGuire et al. 
(1979) and conjugated to FITC isomer
1 (Sigma, London) using 
a method similar to that described by
Clark and Shepard (1963). The conjugate was stored at 40C in lml
aliquots and after titration was used at 
a dilution of 1:100.
 

Bovine lymphocyte lysate
 

The lysate was 
prepared according to 
the method of Goddeeris et
 
al. 
(1982) and stored at -800C in 4ml aliquots.
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Tes t 

Initially serum samples were titrated according to the method
 
described by Katende et al. (1987). Later a rapid screening

technique was developed by preparing a "cocktail" of the three
 
antigens (N. van Meirvenne, pers. comm.). The sera were screened
 
at a dilution of 1:40. Sa:6ples positive to screening with the
 
antigen cocktail were titrated against each of the three antigens

in dilutions of 1:40, 1:200, 1:1000 and 1:1500. 
 For each slide,

positive and negative control sera diluted at 1:40 were included.
 
The IFAT vas otherwise performed as described previously (Katende
 
et al., 1987).
 

RESULTS
 

Investigation 1
 

In order to get oiae, two or three infected tsetse bites per

animal, it was necessary to feed many uninfected tsetse flies on
 
each animal. The number of un4nfected complete feeds ranged from
 
five to fifty.
 

In only five out of the fourteen animals bitten by at least
 
one infected tsetse fly could trypanosomes be detected in the
 
bloodstream by microscopic examination. Two of the infected
 
animals showed a mixed infection of T. vivax and T. congolense,

while the remaining three N'Dama had either a T. vivax or a T.
 
congolense infection.
 

No antibodies against trypanosomes could be detected in the
 
uninfected animals using serological techniques. The time of
 
detection of species-specific antibodies in the infected animals
 
ranged from, 15 to 29 days after the infective tsetse bite and
 
followed between 4 and 17 days the initial detection of parasites

in the blood. Whenever parasites became non-detectable in the
 
bloodstream, species-specific antibody levels decreased to un
detectable levels within two months.
 

Figure 1. Figure 2.
 
Logarithmic titres of anti- Logarithmic titre of anti
trypanosomal anti-bodies to trypanosomal anti-bodies to
T. va by year of birth T. congolense by year of
 

(Nov 1985), birth (Nov 1985).
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Investigation 2
 

Antibody levels against T. vivax and T. congolense were detected
in animals of every age, but 
older animals 
had, in general,
higher antibody levels 
(Figures 1 and 
2). Only a few animals
younger than five years showed any evidence of antibodies against
T. vivax. 
In the case of antibodies directed against T.
congolense most of the calves born in 1984 and 1985 were seronegative (Figures 1 and 2). 
 No antibodies against T. brucei were
detected, although antibodies against 
T. vivax or T. congolense
did react with cross-reacting epitopes 
on the T. brucei antigen
but always at 
lower dilution levels. 
 Different levels
body activity were present in 
of anti

the cattle at different times of
the year. This was 
evident when 
titration level-
 of antibodies
directed against T. congolense in sera collected in November 1985
in Keneba were compared to 
samples collected in May 1986 and
November 1986 (Figures 3, 4 and 5). 
 It appears that within half
a year some of the sero-positive animals became sero-negative and
that titration levels in others decreased over 
the same period.
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Figure 3. 
Titration of anti-trypanosomal 
antibodies 
to T.
Congolense in Keneba in November 1985 (percent ofanimals reacting per dilution by year of birth). 
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Figure 5. 	Titration of anti-trypanosomal antibodies to T.
 
Congolense in Keneba in November 1986 (percent of
 
animals reacting per dilution by year of birth).
 

At Gunjur antibody levels against T. congolense were gener
ally lower than at Keneba. However, by November 1986 a large

percentage 	of the animals in each age group in Gunjur and to 
a
 
lesser degree in Keneba were negative fir antibodies against T.

congolense. This 
agrees with the results obtained from micro
scopical examination of blood samples for parasites: the try
panGsome prevalence rate was higher at Keneba than in Gunjur in
 
the beginning of 1986, while both rates dropped during the
 
remainder of the year (Figure 6).
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Figure 6. Prevalence of trypanosomiasis in N'Dama cattle by site.
 

In regard to the percentage of animals possessing antibodies

directed against T. vivax there was not a major difference 
between the Glossina morsitans infested area at Keneba and the
Glassina palpalis infested area in Gunjur in November 1985
(Figure 1) . However, a difference became apparent during the 
course of 1986, showing more animals to be sero-negative in
 
Keneba.
 

Investigation 3
 

Many of the calves were found to possess antibodies against T.
congolense and T. vivax during the first few months of their 
lives (Table 1). No trypanosomes were found in their blood by
microscopic examination. On the other hand, the antibody levels~
correlated very well with the antibody levels in their dams 
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(Table 1). Calves with high 
levels of antibodies were born 
out
of 
dams with high antibody levels, while the dams of calves with
low antibody levels had low levels. 
 Thus, the antibodies in the
young calves were 
very likely maternally derived. 
 The maternal
antibodies disappeared after 
the third month of age. During the
next months of sampling only four calves 
were found to be positive for T. congolense and 
none for T. vivax out of a total of
226 calves examined regularly in 1986 
and part of 1987 using
phase-contrast 
microscopy. Serologically the infected calves
showed only low levels of species-specific antibodies.
 

Table 1. 
Presence or absence of antibodies against T. congolense

and T. vivax in N'Dama females and their calves in
 
Keneba.
 

High titre 
 Low titre
 
Trypanosome ------------------N'Dama Antibody Number of Antibody 
Number of
species cattle titre 
 animals titre 
 animals
 

T. congolense females 
 >1/200 14 
 (1/200 15
 
calves >1/200 1 3a <1/200 
 1 3b
 

T. vivax females >1/200 13 <1/200 
 16
 
calves >1/200 iic 
 <1/200 14
 

Females 
were sampled before calving; their calves 
just after
birth and thereafter monthly.
aThe remaining calf was sero-negative.

bThe remaining 2 calves had titres of >1/200.
 
COf the remaining 2 calves, 
one was sero-negative, the other 
one
had a titre of 1/40.
 

DISCUSSION
 

The serological investigations on large numbers of N'Dama cattle
in The Gambia indicated that the 
animals were initially (in
November 1985) frequently exposed to tsetse flies 
infected with
T. vivax and/or T. congolense and consequently maintained high
levels of antibodies. Continuous 
surveying of the animals
revealed a decrease in antibody levels 
over time, which was
probably due 
to a decrease in challenge during 1986. This 
was
also reflected in diminished catches of tsetse flies (Snow and
Rawlings, pers. comm.) 
and in 
a lower number of animals found
be harbouring parasites. 
 Some of the animals found 
to
 

to be seropositive during 
one sampling became sero-negative at the
sampling six months next

later, suggesting that antibody levels
sometimes maintained for less than a half 

were
 
a year. In animals
infected under more controlled conditions using 
tsetse flies
caught in the wild, antibodies disappeared even more rapidly once
the N'Dama had self-cured. 
 Maternal antibodies were detectable
 up to three months after birth, which is 
in agreement with
findings by Mehlitz et 
al. (1983) who detected antibodies at
fourteen weeks after 
birth using an enzyme-linked immunosorbent
 

assay.
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It is surprising that the calves found to be positive for
 
parasites on microscopic examination, possessed only low levels
 
of antibodies. As the calves were found to be infected only
 
once, 4t is likely that they experienced a low-grade infection of
 
too short a duration to elicit high levels of antibodies.
 

In a large serological survey on trypanosomal antibodies in
 
Zebu and Baoule cattle in Burkina Faso, 87.1% of 519 cattle
 
investigated were found to be serologically positive (titre above
 
1:20) using an IFAT (Bernard et al., 1980). Only sixty of the
 
anip:als were trypanotolerant and of those fifty-one (85%) had a
 
titre above 1:20 in the IFAT. in the present survey of the 656
 
N'Dama examined in The Gambia in November 1985, 320 cattle
 
(48.8%) were found to possess antibodies against T. congolense
 
and 273 animals (41.6%) had antibodies a0ainst T. vivax (titres
 
were equal to, or above 1:40).
 

Desowitz (1959) described high antibody titres in N'Dama
 
born and bred in a tsetse area and attributed the tolerant nature
 
of the N'Dama to maternal antibodies and to continuous challenge.
 
The suggestion that N'Dama cattle can maintain high levels of
 
anti-trypanosomal antibodies for longer periods than zebu
 
(Desowitz, 1959) was confirmed later in other trypanotolerant
 
cattle (Akol et al., 1986). On the other hand, tolerant animals
 
were not found to have a more effective antibody response than
 
sensitive zebu cattle following experimental infection with a T.
 
brucei brucei clone (Pinder et al., 1984). In conclusion, al
though the mechanism of trypanotolerance in N'Dama cattle is
 
still largely unresolved (Roelants et al., 1983; Murray et al.,
 
1982), this study on anti-trypanosomal antibodies in trypano
tolerant animals indicates that once the size of the trypanosome
 
population has decreased to undetectable levels, antibodies dis
appear unless re-infection occurs. Moreover, maternal antibodies
 
were found to be passed on to offspring and to persist for a
 
period of three months. Finally, monthly sampling was found to
 
give a more accurate impression of changes in antibody levels in
 
village animals kept under natural trypanosomiasis risk than
 
half-yearly sampling due to the short persistence of species
specific antibodies.
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Isease interactios in cattle and sheep in northern 
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INTRODUCTION
 

Trypanosomiasis is 
diagnosed by the detection of 
trypanosomes in
the blood 
and by the presence of anaemia. 
 Other diseases also
produce anaemia and hence, when evaluding trypanosomiasis in the
field, it is essential to quantify the
anaemia-producing pathogens. 
importance of other
The Network protocol pro ,ides this
information by testing 
for trypanosomes, estimating anaemia and
monitoring other anaemia-producing endemic diseases.
 

Within the 
Network 
site at Boundiali 
in northern
d'Ivoire, anaemia-producing diseases Cote
 
other than trypanosomiasis
are sufficiently widespread 
in the village cattle 
and sheep to
permit the evaluation of 
their possible effects on 
animal health
and production. Interactions 
with tiypanosomiasis 
can also be
evaluated.
 

DESCRIPTION OF STUDY
 

As indicated 
in earlier papers, recording at Network sites includes the simultaneous 
collection 
of matching information
animal on
health and production. Sequential monthly blood samples
from all animals in study tested
other major 
the are for trypanosomes and
blood parasites. 
 All sheep sampled for blood,
regardless of age, also
are 
 sampled for faeces. 
 Cattle sampled
for blood are also sampled for faeces until two years of age.
this study In
some adult cattle were also 
sampled. The 
protocols
and methodologies have 
been described in detail 
in the Network
Manual (Murray et al., 1983).
 

The sequential monthly sampling of 
these village livestock
populations was not always complete, but sufficient records
obtained to were
 
sites and 

indicate the relative prevalence of the rajor parato give a first assessment

effect on packed red cell volume per 

of the magnitud, of their
 
cent (PCV), the Estimate of
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anaemia, and on the major production traits, particularly weaning

weights and weight changes pre-weaning, both in the dam and her
 
progeny.
 

RESULTS
 

Results mainly relate to six cattle herds and five sheep flocks

which were continuously recorded over 36 months, January 1984 to
December 1986. There were an average of 260 cattle per month and
 
some 100 sheep per month. Cattle were N'Dama, Baoule and crosses

between N'Dama, Baoule and Zebu, and sheep were mainly Djallonke

with some Djallonke x Sahelian.
 

Prevalences
 

The percentage of animals in which parasites were detected at the

monthly recording is the estimate of prevaleice. Table 1 pre
sents the average monthly prevalence of trypanosomes, other blood
 
parasites and internal parasites for cattle and sheep.
 

Table 1. 
 Mean monthly prevalence (%) of anaemia-producing

parasites in village cattle and 
sheep, January 1984
 
to December 1986, Boundiali.
 

Livestock Trypanosomes Other blood 
 Internal para-

Species 
 parasites sites
 

No.a Mean s.e. Mean s.e. No.a Mean s.e.
 

Cattle 258 2.16
13.9 51.3 2.89 i1 45.3 5.09

Sheep 183 
 9.1 2.17 31.0 3.28 143 53.3 4.24
 

aAverage number of animals recorded each month.
 

The prevalence of trypanosomes and o! er blood parasites was

higher in cattle than in sheep, while the prevalence of internal
 
parasites was higher in sheep than in cattle.
 

Strongyles and coccidia were most
the frequently occurring

internal parasites and were found in 32 
and 11% of monthly

samples, respectively, in cattle, and 31 
and 27%, respectively,

in sheep (Table 2). Levels of infestation were low, the one

exception being high strongyle egg burdens in 6.7% of the monthly

samples tested in sheep. Theileria spp., the only blood
common 

parasites other than trypanosomes, were found in 43 and 28% 
of

monthly samples in cattle and sheep, respectively. These para
sites, and Strongycides in sheep, 
were the ones chosen for
 
further study.
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Table 2. Percent of 
tested animal-months with 
detected
 
parasites.
 

Cattle Sheep


Internal
 

Strongyles 
 31.6 
 30.7
Strongyloides 
 3.3 
 7.1

Ascaris 
 4.1 
 1.5
Trematodes 
 2.6 
 1.0
Coccidia 
 11.2 
 27.1
Others 
 0.4 
 3.9
 

Blood
 

Theileria 
 43.2 
 28.3
Microfilariae 
 10.0 
 0.5
Babesia 
 2.0 
 0.5
Anaplasma 
 0.3 
 1.5
 

am 	 sheep. 
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Figure 1. 	Monthly prevalence of strongyle egg burdens in cattle
 
and sheep.
 

There 
was little variation between herds, but 
large variation between seasons 
for the presence of these parasites. Figure 1 presents the monthly prevalences of strongyles in cattle
and sheep from January 1984 to December 1986. The prevalences of
strongyles, trypanosomes and Theileria spp. were higher during
and after 
the rainy 	season. Seasonal variation of coccidia
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prevalence was less consistent. Variation between years was also
 
large for these species. For example, there was a four-fold
 
increase of Theileria prevalence in cattle and a three-fold
 
increase in sheep from 1984 to 
1986. During the same period,

coccidia prevalence doubled in both cattle and sheep.
 

Breed (Djallonke or Djallonke x Sahelian in 
sheep, and

N'Dama, Baoule and crosses between N'Dama Baoule and Zebu in
 
catle) did not have any apparent effect on the prevalence of the
 
ma prasites. Nor did animal 
age classes have any apparent

ef ect on the prevalence of strongyles, but coccidia were
 
detected more frequently in young animals. Theileria spp. 
were
 
detected infrequently in pre-weaner sheep but were common in all
 
age classes of cattle.
 

PCV and liveweight
 

Preliminary analyses of all animal-month PCV records were carried
 
out to calculate the mean PCV of cattle and of sheep in which
 
anaemia-producing parasites had 
or had not been detected.
 

Table 3. Mean PCV (%) of 
cattle infected or uninfected with
 
trypanosomes in the presence or absence of internal
 
and/or blood parasites.
 

Parasites Trypanosome infection Differ- Percent
 
ence
 

Internal Blood Negative Positive
 

- - 31.6 29.0 2.6 8.2 
- + 29.9 26.7 3.2 10.7 
+ - 30.8 26.8 4.0 13.0 
+ + 29.5 24.8 4.7 15.9 

Tables 3 and 4 show that trypanosome parasitaemia depressed

PCV: cattle with no trypanosomes or other parasites had 
a mean
 
PCV of 31.6%, while cattle with trypanosomes, other blood and

internal parasites, had a mean PCV of 24.8%. Sheep with no
 
detected parasites had a mean PCV of 27.8%, but for sheep with
 
the three classes of parasite it was 21.7%. These preliminary

results indicate the important effects of parasitaemia on PCV.
 

To estimate these effects with minimum bias from other
 
systematic genetic and environmental factors, for example, herd,

year/season of parturition/birth, breed, dam age, etc., PCV and
 
liveweights were analysed by least-squares (Harvey, 1977).
 

The effects of trypanosome parasitaemia and of the other
 
parasites were estimated 
by the number of parasitaemic months
 
during the period defined by the trait being analysed. The study

populations included some animals in which no 
parasites had been
 
detected during the defined period.
 

Linear models were fitted with main effects appropriate to
 
the animal 
species and character. The two-factor interactions
 
between trypanosome parasitaemia and the other parasites, and
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Table 4. Mean PCV (%) of 
sheep infected or uninfected with
trypanosomes in the presence or absence of internal
 
and/or blood parasites.
 

Parasites Trypanosome infection 
 Differ- Percent
 

Internal Blood Negative Positive 
 ence 

- - 27.8 
 23.5 

- 4.3 9.7+ 27.1 23.0 4.1 11.4+  27.1 
 22.1 
 5.0 9.8
+ + 25.8 21.7 4.1 16.4 

between all parasites and the other main effects were also fitted
as appropriate 
and possible. To facilitate the analyses, the
effect of 
a specific parasite was often fitted as a factor with
two classes, no months with the specific parasite detected or 
one
or more months 
with the parasite. Limited numbers of
observations in individual herds usually prevented the estimation

of herd x parasite interactions.
 

The PCV characters analysed were:
 

average dam PCV during gestation,
 
average dam PCV during lactation and
 
average progeny PCV pre-weaning.
 

Gestation was defined as nine and five months pre-partum and
lactation and weaning as eight and 
four months post-partum in
cattle and sheep, respectively.
 

Sheep
 

The liveweight characters analysed for sheep were:
 

ewe liveweight post-partum,
 
ewe liveweight at weaning,
 
ewe daily liveweight change during lactation,

lamb liveweight at weaning and

lamb daily liveweight change pre-weaning.
 

Table 5 presents the results for 
ewe PCV characters and 
ewe
weight change during lactation. Trypanosome parasitaemia of the
ewe 
significantly depressed PCV but did not significantly affect
weight change. 
 The PCV of ewes with other specific parasites
detected in 
one or more months was not different from the PCV of
ewes 
in ;,hich no parasites were detected. 
 The detection of
strongyle egg burden in one a
 or more months 
during the lactation
did significantly depress weight change, but other parasites had
 
no effect.
 

No interactions between the 
effect of trypanosomes
other parasites, or between the 
and of
 

other parasites, were
significant, 
nor were there any indications of possible
differential effects 
on PCV and liveweight in 
ewes for these
parasites at these low levels of infection.
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Table 5. 	Least-squares means of ewe average PCV during gestation

and lactation and weight change during lactation for
 
classes of parasite infection.
 

Average PCV dur- Average PCV dur- Weight change

ing gestation ing lactation during lac(%) 	 (%) tation (g/d)
 

No. Mean s.e. No. 
 Mean s.e. No. Mean s.e.
 

Overall 513 26.9 0.39 515 26.6 0.36 399 3 
 4.0
 

No. of months
 
with parasite
 
detected
 

Trypanosomes 0 27.8 0.31 27.6 0.35 7 3.9
 
1 27.6 0.55 25.6 0.55 -1 6.0 

2 or more 25.3 0.82 - - - -

Strongyles 0 26.7 0.54 26.6 0.51 9 
 5.4
 
1 or more 27.1 0.38 26.7 0.34 -2 3.8
 

Strongyloides 0 27.1 0.34 26.8 0.36 2 4.0
 
1 or more 26.7 0.59 26.5 0.47 4 5.2
 

Coccidia 
 0 27.0 0.42 26.8 0.39 3 4.3
 
1 or more 26.7 0.59 26.5 0.47 4 5.2
 

Theileria 0 27.1 0.44 26.7 0.44 3 5.0
 
1-2 26.6 0.41 26.3 0.41 2 4.4
 

3 or more 27.0 0.47 26.8 0.46 5 5.1
 

*P<0.05 ***P<0.001
 

Table 6 presents equivalent results for the lamb characters.
 
Trypanosome parasitaemia of the individual and of the dam depres
sed PCV, but lambs infected with other parasites had a similar
 
mean PCV to lambs in which none of these parasites were detected.
 
Again there were no significant interactions between the various
 
parasites nor any indication of possible interaction effects.
 
Neither did the parasites significantly depress lamb pre-weaning

daily gain nor the resultant weaning weight, although trypano
somes in 
the lamb did result in a lighter weaning weight. Con
trarily, in this sample the presence of Theileria gave a signifi
cantly higher weaning weight. Interactions were again non-:igni
ficant and had no apparent importance.
 

It appears that in this Djallonke-based population internal
 
parasites, as measured in this study, do not affect 
PCV. Pos
sibly, strongyles depressed ewe weight during lactation and try
panosomes depressed lamb growth, and the latter certainly depres
sed PCV in both young and adult sheep. However there were no
 
indications of any differential effects of one parasite in the
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Table 6. Least-squares 
 means of 	average PCV and daily
liveweight 	change 
and weaning weight of 
lambs for
classes of parasite infection.
 

Average PCV 	pre-
 Daily liveweight Weaning weight
weaning (%) 
 gain pre-weaning 
 (kg)
 
(g/d)
 

No. Mean s.e. No. Mean s.e. 
 Mean 	 s.e
 

Overall 
 298 28.5 0.78 213 75 6.1 
 11.4 	 0.61
 

No. of months
 
with parasite
 
detected
 

Trypanosomes 
 0 	 29.1 0.86 
 74 6.3 11.3 0.63
in the 	ewe 
 1 	 28.3 1.08 
 77 6.8 11.8 0.68
2 or more 28.1 
 0.87 
 74 6.9 11.1 0.69
 
Trypanosomes 
 0 	 29.6 0.58 
 77 3.4 12.0 0.34

in the 	lamb
 

1 or more 27.4 
 1.28 
 73 11.3 10.8 
 1.13
 
P<0.08
 

Other parasites
 
in the lamb
 

Strongyles 
 0 	 28.4 0.92 
 76 6.8 11.5 0.68
1 or more 28.6 0.89 
 74 8.3 11.3 0.83
 
Strongyloides 0 
 28.8 0.69 
 76 5.4 11.3 0.54
1 or more 28.2 1.09 
 74 8.4 11.5 0.84
 
Coccidia 
 0 28.5 	 0.83 
 75 6.8 11.2 0.68
1 or more 28.6 0.78 
 74 5.9 11.6 0.59
 
Theileria 
 0 28.3 	 0.87 
 70 7.9 10.6 0.79
1 or more 28.8 0.84 
 80 	 5.6 12.2 0.56
 

P<0.01
 

presence of 	another, at least when parasitic challenge and animal
responses were quantified as 
in this study and at 
the low levels
at which parasites were present in this population.
 

Cattle
 

The effects 	of trypanosome parasitaemias and infection with other
parasites 	on the PCV 
and growth of young cattle could be
estimated most precisely during the period March to October 1986.
March marked the beginning of 
the rainy season and, for the
period until November, cattle had sustained liveweight gains 
and
a high 	prevalence of trypanosomes, Theileria spp., 
strongyles and

coccidia.
 

Average PCV and daily liveweight gain (g/d) were calculated
from the monthly records, March to October, for 174 cattle which
were aged 26 months or 
less at March and for which at least four
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of the eight possible monthly weight and health records ware
 
available. Generally animals had six or more records.
 

Least-squares analyses estimated the effects of the number
 
of months with trypanosome parasitaemia, Theileria spp, strong
yles and coccidia on average PCV and daily liveweight gain. Herd,

breed, sex and age class and appropriate two-factor interactions
 
were also included as factors in the analyses.
 

During the study period all animals had at least one month
 
in which Theileria spp. were detected. In preliminary analyses

the number of months in which Theileria spp. were detected did
 
not affect PCV or growth, nor was the interaction with the number
 
of monthly trypanosome parasitaemias significant. Consequently

the factor (presence of Theileria spp.) was omitted from
 
subsequent analyses.
 

Table 7. 	 Least-squares means and standard errors of average PCV
 
and daily liveweight gain for trypanosome, strongyle
 
egg burden and coccidia classes of young cattle.
 

Average PCV Daily liveweight
 
(W gain (g/d)
 

No. Mean s.e. Mean s.e.
 

Overall mean 	 137 29.2 0.43 259 
 12
 

No. of months with
 
trypanosomes
 

0 	 52 30.6 0.55 258 15
 
1 	 41 29.5 0.58 257 16
 
2 	 32 28.1 0.57 245 16
 
3 or more 	 12 28.4 0.88 276 24
 

NS
 

No. of months and level of
 
strongyle egg burden
 

0 16 28.8 0.79 242 22 
1 30 29.2 0.64 265 18 
2 low burdensa 37 28.9 0.56 256 15 
3 19 29.9 0.73 256 20 

4 or more 19 28.7 0.70 269 19 

1 highb and 0 to 4 low 
burdens 16 29.6 0.81 264 22 

NS NS 

No. of months with coccidia 

0 52 29.3 0.54 265 15
 
1 57 28.2 0.50 250 14
 
2 or more 28 30.0 0.63 263 17
 

* 	 NS 

a<500 eggs per gram. b500 or more eggs per gram.

*P<0.05 ***P<0.001
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In the reduced population with five
for internal parasites, the presence of 
or more months tested
 

strongyles 
and coccidia
did not depress PCV or daily liveweight gain (Table 7). 
 Neither
were their interactions with trypanosome parasitaemia significant, nor were 
there indL:ations 
of important interactions.
The results 
in Table 
7 show that even animals with
strongyle egg burden had similar average 
a high


PCVs and growth to the
animals with no, or with infrequent, detection of
egg burden. a low strongyle
The presence of coccidia 
did not depress PCV 
or
growth.
 

Whereas the 
other parasites 
neither depressed
growth, PCV nor
trypanosome parasitaemi.a significantly affected PCV but
not growth. 
 PCVs of young cattle with two 
or more parasitaemic
months during the study period 
of ten months, was over
centage units two per(8%) lower than that of cattle with no trypanosomes
detected during the period. 
 No interactions between
of trypanosomes and other parasites, or 
the effect
 

of trypanosomes and other
main effects e.g. aniiimi 
did the 

- class, r6ched significance. Norinteraction 
sub-class 
means
ferential effects of 
suggest any important diftrypanosomes in the presence of
sites other paraor 
on any of the specific 
age classes included in these


analyses.
 

CONCLUSION
 

The growth of these predominantly trypanotolerant cattle, managed
in village herds 
was unaffected by the 
levels of infestation of
the most prevalent parasites 
 recorded in this
somes, but study. Trypanonot other parasites, depressed 
PCV but interactions
between the parasites were unimportant for
If one PCV and for growth.
can assume that 
the presence

infestation and levels of parasite
were accurately measured in 
these village cattle,
then under the environmental 
and management conditions 
of this
field study, parasites other than trypanosomes were not important
influences on health and production. Experimental prophylaxis to
quantify the effeces 
on livestock health and produc tion of
panosomes tryand other endemic parasites could be 
an efficient
method of confirming this conclusion.
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13 
7'rypanosomiasisin N'Dama cattle under village
 
management in Zaire
 

S. NGAMUNA, G.D.M. d'IETEREN, P. ITTYS. G.A. LEAK J.H.H. MAEHL,
M. MINENGU, S.M. NAGDA, R.W. PALING, J.M. RARIEYA, W. THORPE
 
and J.C.M. TRAIL
 

INTRODUCTION
 

The prevalence, species and intensity of trypanosome parasitaemia
 
over an eijhteen-month period, February 1986 to July 1987, are
 
reported for some 700 N'Dama cattle managed in twenty-five

village herds in forest and plateau areas of Idiofa, Zaire. The
 
cattle were kept under the metayage system. Tsetse challenge was
 
estimated over 
the same period in the two areas and its relation
ship to trypanosome prevalence examined. The duration of 
infec
tion, the pattern of parasitaemia and the effects of trypano
somiasis and other diseases on PCV are reported. Preliminary

performance data for these N'Dama cattle 
are also given. A
 
description of the 
site has been given by ILCA (1986) and in
 
article 3 of these Proceedings. The research protocol used was
 
that cf the ATLN (Murray et al., 1983).
 

RESULTS
 

Tsetse parameters
 

Two tsetse species were detected, G. fuscipes and G. tabani
formis, the latter only in the forest and at a relatively low
 
density but high infection rate (Table 1). Tsetse challenge and
 
trypanosome prevalence in 
cattle were highor in the forest than
 
in the plateau, and both parameters were low relative to most
 
Network sites (d'Ieteren et al., see article 10 of these
 
Proceedings). Most parasitaemias in cattle 
(over 90%) were 
caused by T. congolense, corresponding to the major infection 
type in G. fuscipes, but contrasting with the high percentage
(77%) of "vivax-type" in the forest tsetse (Table 1) . The high
proportion of "congolense-type" infections in G. fuscipes in the 
plateau area is unusual, as this tsetse species is not a good
vector of T. congolense. This species took a high proportion of 
feeds (45%) from suids which are usually reservoirs of T. 
congolense (Table 2).
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Table 1. Mean tsetse population parameters and related cattle
 

parameters, February 1986 to July 1987.
 

G. tabaniformis G. fuscipes
 

Parameter 
 Forest Forest 
 Plateau
 

Tsetse relative density (fly/trap/day) 0.1 
 2.5 2.3
Trypancsome infection rate 
(%) 6.4 
 0.9 0.5
 

Tsetse challenge (density x infection rate) 2.7 1.2
Trypanosome prevalence in cattle (%) 
 4.6 1.4
 

Proportion of total infections 
 0.86 0.77
in tsetse by major type 
0.75
 

vivax vivax cong.
 

Proportion of monthly trypanosome 0.91 0.96
parasitaemias in cattle by major species 
 congolense congolense
 

Table 2. 
Results of blood meal analysis for G. fuscipes.
 

Warthog Man Domestic Bushpig 
Cattle Monkey Negative
 
pig
 

Number 12.0 11.0 10.0 
 7.0 
 4.0 3.0 18.0
Percent 17.5 16.9 15.4 10.8 
 6.2 4.6 27.7
 

Total number of blood meals tested 
 65.0

Percentage of feeds taken on cattle 
 = 6.2
Percentage of feeds taken on 
suids = 44.6 

Trypanosome infection in N'Dama cattle
 

Mean monthly trypanosome prevalence 
was 2.9% in the total study
population, 4.6% 
for the cattle in the forest areas and 1.4% for
the plateau cattle. Location within the forest 
area also affected trypanosome prevalence 
(Table 3). There 
was no effect on
trypanosome prevalence of 
season (Figure 1), animal age or female
physiological status 
(lactating, dry/gestating, empty).
 

Over 90% of parasitaemic months resulted from 
T. congolense
infections, 5% from T. vivax and 2% from T. brucei. 
Less than 1%
were mixed infections. Neither area, 
age class nor female physiological status affected the species of 
infection, nor the
parasitaemia score of T. 
congolense infections 

2.4. 

which averaged
Table 4 shows the duration of T. congolense infections and
the pattern of parasitaemia. If a parasitaemia was preceded 
or
followed by two 
months with no detectable parasitaemia then it
was termed an infection. In 
these N'Dama cattle, which received
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few therapeutic treatments, a high proportion of T. congolense

infections (76%) were parasitaemias detected in a single month,

while 21% covered two or three months. 
 The short duration of T.
 
congolense 	parasitaemias, in the absence of therapeutic 
treat
ments, indicates the self-cure capabilities of this N'Dama popu
lation. Very similar results were found in N'Dama cattle at
 
Mushie Ranch, Zaire (Table 5).
 

Table 3. 	Mean monthly trypanosome prevalence and PCV of N'Dama
 
cattle in villages within the forest and plateau.
 

Area Village No.a Trypanosome prevalence PCV (M
 
(M
 

Mean Range of herd Mean Range of herd
 
means 
 means
 

Forest Itunda 
 94 7.4 6.4-7.5 33.3 31.6-34.7
 
Bushongo 71 5.0 4.3-5.6 
 34.3 33.4-35.2
 

Mwilambongo 185 3.0 0.0-8.3 34.7 
 32.1-40.7
 

Plateau 	Intswam/
 
Busongo 197 1.5 
 0.0-3.2 36.3 35.6-38.0
 

Ifwanzondo 	161 
 1.4 	 0.4-2.4 34.8 34.5-35.3
 

aAverage number of animals tested per month.
 

FOREST 
 PLATEAU
 

MEB 	 aKAR APR MAY ddN JUL AUG SEP OCT NOV D JAN FEB NAR APR MAY JUN JUL

1986 
 1987 

MONTHS 
Figure 1. 	Monthly trypanosome prevalence of N'Dama cattle in
 

the Forest and Plateau areas of Idiofa.
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Table 4. 	 Duration of T. congolense infectionsa and the pattern

of parasitaemia in N'Dama cattle.
 

Period of 	infec- Pattern of 
 No. of Pro
tion, months parasitaemiab infections portion
 

1 -- C -  188 0.76 

2 -- C C  - 27 0.11 

3 - - C - C - - 15 0.10 
- - C C C - - - 10 

4- - C C - C - - 1 0.01 
-- CC CC-- 1 

5-
-

-

-

C - C C C 
Ccc - C 

-

-

-

-
2 
2 

0.02 

6 C - C C - C-- 1 0.01 
- - CCC C C C - - 1 

Total 
 248
 

aTwo non-parasitaemic months preceding or following a parasi
taemic month define the limit of 
an infection.
bNo parasitaemia detected in monthly blood sample.
 
T. congolense detected in monthly blood sample.
 

Table 5. 	Duration of T. congolense infections in N'Dama cows and
 
calves 
under ranch and village management with no
 
therapeutic treatments.
 

Mushie Ranch Idiofa Villages

Duration of 	infection,
 
months 
 Calves 	 Cows Cattle
 

1 
 0.78 0.75 0.76

2 or 3 
 0.19 0.19 0.21

4 or more 
 0.03 0.06 0.03
 

Total number of infections 100 473 
 248
 

PCV
 

Mean monthly PCV for the total population was 34.9%, with some
variation 	between areas (forest 34.2%, plateau 35.6%) 
and large
variation 	between herds (31.6 to 
40.7%) (Table 3). Trypanosome

infection 	consistently depressed PCV. In the 
forest area the
 
average depression was 2.4 percentage units (7.0%) and in the

plateau area 2.6 precentage units (7.3%). Strongyle egg burden
 

122
 



and coccidia were common in pre-weaners and post-weaners but had
 
little effect on PCV whether present individually, together or in
 
animals infected with trypanosomes (Table 6).
 

Table 6. Mean PCV (W) of N'Dama cattle with and without a
 
strongyle egg burden while infected or not infected
 
by trypanosomes.
 

Trypanosome infection
 
a
Strongyle 

a 
egg burden No. Negative No. Positive Diff. %
 

6.9
 
Present 1719 35.0 81 32.6 2.4 6.9
 
Absent 3078 35.4 85 32.9 2.5 


Diff. 0.4 0.3
 
% 1.0 1.1
 

aNo. of animal-months.
 

Liveweights and viabilities of N'Dama cattle
 

Mean post-partum weight of N'Dama cows in this populati'.)n was
 
232kg, and mean calf weights at 8 and 12 months were 88 and
 
105kg, respectively (Table 7), lighter than the corresponding
 
weights of N'Dama cattle on well-managed ranches in Zaire (Feron
 
et al., see article 24 of these Proceedings).
 

Table 7. Liveweight and viability estimates of N'Dama cattle in
 

village herds in the Idiofa area.
 

No. Mean s.d.
 

Calf liveweights (kg)
 

8 months 149 88 24.4
 
12 months 
 86 105 31.3
 

Cow liveweight (kg)
 

Post parturition 325 232 42.4
 

Viability (M
 

Pre-weaner (0-8 months) 98.1
 
Annual post-weaner (9-36m) 96.3
 
Annual adult (>36 months) 99.3
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Neither a strongyle egg burden nor 
the presence of coccidia
depressed pre-weaner or post-weaner 
growth. Pre-weaner growth
was not affected by a trypanosGme infection, but post-weaner
growth was reduced by some 35%.
 

During the 18 months of this 
study, viability rates
pre-weaner, post-weaner and of the
adult N'Dama were low (Table 7) and
similar to 
the rates observed for 
the N'Dama ranch cattle in
Zaire (Feron et al., 
see article 24 of 
these Proceedings).
 

CONCLUSION
 

These preliminary results on 
the health and performance of N'Dama
cattle managed in village 
herds at trypanosomiasis risk
good illustration are a
of the trypanotolerance 
of the N'Dama. The
continued sequential recording of 
monthly 
tsetse parameters and
cattle health and pzoduction data will, 
in addition, rive estimates 
of N'Dama reproductive performance.

information These will provide
on which to evaluate factors 
including trypanosomiasis affecting N'Dama productivity in the metayage system.
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14 
Odour attractants for Glossing pallidilpes in 
south-western Ethiopia 

G. TIKUBET7 W. DUFFERA, T GIRMA, S.G.A. LEAK, W. MULATU 
and T. RICHARDSON 

INTRODUCTION
 

Trapping has several promising properties as a method of tsetse
 
control. These include cost effectiveness, low-level technology,
 
absence of environmental hazard and the potential for reducing

the fly population. Several studies of the use of odour attrac
tants to increase fly catches have been reported in recent years.

For example, Vale and Hall (1985) reported increased catches with
 
acetone and with octenol. As early as 1948, Chorley reported
 
responses to cow urine and dung and to the odour of hippopotami.

Trap design has also received attention. Brightwell et al.
 
(1987) showed increased catches with the Ngu trap compared to the
 
biconical trap (Challier et al., 1977). The present study was
 
carried out to compare the effectiveness of combinations of odour
 
attractants and the Ngu and biconical traps.
 

STUDY AREA
 

The study was carried out in the Ghibe River Valley which is 176
 
km south-west of Addis Ababa by road. The river valley's slope
 
is gentle and the terrain undulating. Altitude ranges from 1000
 
to ll00m.a.s.l. The climate is tropical with a short rainy
 
season from March to April and a main rainy season from late May
 
to October. Mean annual rainfall ranges from 500 to 900mm. Mean
 
annual maximum and minimum temperatures range from 300 C to 370 C
 
and from 100C to 150 C, respectively.
 

The broad-leaved deciduous forest in the Upper Ghibe valley

has experienced much less bush clearing and cultivation than the
 
open savanna woodland in the Lower Ghibe. Consequently the fly

density is much higher in the Upper Ghibe, which was chosen as
 
the site for these experiments.
 

125
 



--------------------------------------------------------

MATERIALS AND METHUDS
 

Combinations of 
the two trap designs (biconical and Ngu) and
odour attractant (acetone plus urine) were tested 
an
 

cow 
 using a
replicated 3x3 
latin square design 
(Table 1). Biconical traps
with three different odour attractants were compared 
to unbaited
biconical traps using a replicated 4x4 latin square design (Table
2). This trial was analyzed, however, 
as a Youden square
(Cochran ar 
 Cox, 1957) since virtually no flies were 
caught
during the 0600 to 0900 collection period and thus the data from
this period was dropped from 
further consideration. 
 In a third
trial the use 
of pig urine and acetone 
as odour attractants was
compared using biconical 
traps in a replicated 
4x4 latin square
design. 
 For this trial the trapping was carried out on four
successive days, the collection period being 
0600 to 1800 ho*rs
 
each day.
 

Table 1. 
Biconical vs. Ngu experimental design.
 

Time of Collection
 

Trap 0900-1200 
 1200--1500 
 1500-1800
 

1 A B C2 B C A3 C A B4 A C B5 C B A6 B A C 

A = Unbaited biconical trap.

B = Biconical trap baited with acetone and cow urine.
C = Ngu trap baited with acetone and cow urine.
 

Table 2. 
Odour attractants experimental design.
 

Time of collection
 
Trap 0600-0900 0900-1200 1200-1500 
 1500-1800
 

1 A B C D2 B C D A3 C D A B4 D A B C5 D A B C6 A B C D7 B C D A8 C D A B 

A = Biconical trap with acetone plus 
cow urine.
B = Biconical trap with acetone plus hippo dung.

C = Biconical, trap with acetone plus octenol.
 
D = Unbaited biconical trap.
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In each trial the numbers of flies caught varied widely.

For this reason, the data were transformed to a logarithmic scale

using the transformation y=ln(x+l) 
before being analyzed. The
detransformed mean number of male and female G. pallidipes caught
 
per trap was calculated for 
each treatment combination. In
addition, 	an index of increased catch was calculated as the ratio

of the detransformed mean to the comparable response for the
 
unbaited biconical trap.
 

RESULTS
 

The Ngu trap baited with acetone and cow urine showed significant

increases (4.8-fold for male flies and 7.5-fold for female flies)

over the unbaited biconical trap (Table 3). The biconical traps

baited with cow urine, hippo dung and octenol yielded higher

catches (1.3- to 2.6-fold increase 
for male flies, 1.4- to 4.6fold 
for females) than unbaited biconical traps (Table 4). Cow
 
urine, however, was 
the only one of these attractants that showed
 a significant increase in most instances. 
 Biconical traps baited

with pig urine and acetone showed a sig-ificant 2.6-fold increase
 
over unbaited biconical traps (Table 5).
 

Table 3. 	Detransformed mean catches of male and female G.
 
pallidipes with biconical and Ngu traps using 
acetone
 
and cow urine as attractants.
 

Time of collection
 
Trap/Bait ----------------------------------- Mean Index of 

0900-1200 1200-1500 1500-1800 Increase
 

A. Males
 

Bicon (no bait) 0.55 a 0.67 a 1.55 a 0.88 lx 
Bicon (+acetone
+cow urine) 1.08 a 1.13 ab 6.30 b 
 2.19 2.5x
 

Ngu 	(+acetone
 
+cow urine) 2.79 b 
 1.60 b 13.21 c 4.19 4.8x
 

B. Females
 

Bicon (No bait) 1.02 a 1.45 a 0.87 a 1.10 lx
 
Bicon (+acetone

+ cow urine) 1.72 a 4.96 b 3.94 b 
 3.31 3.Ox
 

Ngu 	(+acetone
 
+cow urine) 6.01 b 
 7.34 b 14.35 c 8.24 7.5x
 

Treatment 	and time effects significant (P<0.05).

Treatment 	in same columns followed by 
the same letter are not
 
significantly different.
 

Generally the Ngu trap, cow urine and 
acetone were more

effective 	at increasing the catch of female than :f male 
flies

(Tables 3 and 4). Time of day of collection also affected the
 
index of increase.
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Table 4. 	Detransformed mean catches of male and female G.
pallidipes with biconical 
traps using acetone, cow
urine, hippo dung and l-octen-3-ol as 
attractants.
 

Time of collection 
 Index
Mean 

Bait 	 oE
0900-1200 1200-1500 
 1500-1800 
 Increase
 

A. Males
 

No Bait 
 0.25 a 0.68 a 
 0.94 b 0.60 1.Ox
Cow urine 0.95 b 0.87 3.47 a
a 	 1.54 2.6x
Hippo dung 0.36 a 0.45 a 1.88 b 
 0.78 1.3x
Octenol 
 0.57 a 0.50 a 
 1.00 b 0.92 
 1.5x
 

B. Female
 

No Bait 0.30 b 1.06 b 
 0.87 c 0.71 1.Ox
Cow urine 
 2.57 a 3.28 a 4.12 a 
 3.28 4.6x
Hippo dung 0.43 b 1.03 b 
 1.65 bc 0.97 
 1.4x
Octeno] 0.89 b 
 1.01 b 2.31 ab 1.32 
 1.9x
 

Treatment and time effects significant (P<0.05).
Treatments 
i same columns fcllowed by the same letter are notsignificantly different. 

DISCUSSION
 

The trials denonstrated that odour attractants 
and an improved
trap design can significantly increase catches 
of G. pallidipes
in the study area, Increasingly intensive land 
use in the area
is causing increased contact between 
tsetse flies and human and
domestic animal populations. 
 Improved trapping, in conjunction
with other control strategies, could 
prove useful in increasing
fly mortality, reducing fly-host contact and thus reducing tsetse
 
challenge.
 

Table 5. 	Detransformed mean catches of male and fpmale 
G.
pallidipes with biconical 
traps using acetone and pig
urine as attractants.
 

Male 
 Females
 

Index of

Bait 	 Index of
Mean 	 Increase 
 Mean Increase
 

No Bait 
 4.23 
 l.Ox 
 3.90 
 l.Ox
Acetone 
 8.26 
 2.Ox 
 7.02 
 l.8x
Pig urine 8.33 
 2.Ox 
 6.39 
 1.6x
 
Acetone +
 

Pig urine 10.98 
 2.6x 
 10.02 
 2.6x
 

Treatment effects significant (P<0.05).
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15 
Trypano tolerance, its criteria and gentic

and environmntal influenes
 

M. MURRAY 

INTRODUCTION
 

In Africa, it has long been recognized that certain breeds of
 
cattle are able to survive in tsetse-infested areas where other
 
breeds rapidly succumb 
(Pierre, 1906; ILCA, 1979). Furthermore,

in many instances under these circumstance they also appeared 
to
 
be productive. This trait has been termed trypanotolerance and
 
is generally attributed to the indigenous taurine breeds of
 
cattle in West and Central Africa, namely the N'Dama and West
 
African Shorthorn. However, it was not clear whether survival
 
was due to the fact that such animals were less liable to become
 
infected or to 
the fact that they were more "tolerant" to the
 
effects of infection. Although it is not known whether trypano
tolerant animals are less liable to tsetse attack, it has now

been shown that where 
tsetse challenge is high, trypanotolerant

breeds such 
as the N'Dama are as likely to become infected as
 
trypanosusceptible breedq (Murray et al., 
1981a). Thus, while it
 
is of interest to deterv'ine what factors affect host attractive
ness to tsetse, in the context of trypanotolerance attention must
 
be focussed on the factor, that permit animals resist the
to 

effects of infection.
 

CRITERIA OF TRYPANOTOLERANCE
 

Major comparative investigations on the question of trypano
tolerance have been carried out on cattle throughout Africa, e.g.

in Nigeria (Desowitz, 1959; Roberts and Gray, 1973a,b), 
The
 
Gambia (Murray et al., 1981a; reviewed by Murray et al., 1982),

Senegal (Toure et al., 1978), Burkina Faso (reviewed by Roelants,

1986; Akol et al., 1986), Kenya (Njogu et al., 1985; Ismael et
 
al., 1985; Paling et al., in press) and in the ILCA/ILRAD

Trypanotolerance Network 
(1986a, b). The main breeds studied
 
included Ayrshire, Friesian, Holstein, Hereford and their
 
crosses, as well as indigenous African breeds such as Zebu,

Boran, West African Shorthorn and N'Dama. Their agep have varied
 
from one week 
to fifteen years and they were maintained in
 
villages, ranches or experimental stations where major

differences in nutrition must have occurred.
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In these investigations, cattle 
were infected by syringe
inoculation with bloodstream trypanosomes, exposed to field challenge, laboratory challenge with 
wild caught tsetse 
or
tsetse experimentally infected. with

Irrespective of the mode of
infection, the 
outcome of 
each study consistently confirmed the
superior resistance of 
the N'Dama (and the 
West African Shorthorn) and showed that the basis of this trait was associated with
the capacity of these 
animals to develop less
Anaemia is severe anaemia.
a well recognised and inevitable 
consequence of trypanosome infections in domestic animals in general and cattle in
particular (Hornby, 1921; 
 Murray, 1974; Morrison et al.,
Maasai 1981).
herdsmen recognize that cattle 
can "run in tsetse infested areas
out out 
of blood." 
 It has now been definitely
established that the measurement of anaemia gives a reliable
indication 
of the disease status (Murray, 1979)
performance (ILRAD, 1986; 

and productive

ILCA, 1986a, b) of trypanosome

infected cattle.
 

Furthermore, resistance of 
these breeds to
to be correlated with anaemia appeared
the ability to 
limit the intensity, prevalence and duration of parasitaemia (Dargie et
similar capacity to al., 1979). A
control parasitaemia and 
resist anaemia has
been shown by 
the Orma Boran cattle in Kenya (Ismael et
1985) and al.,
to an even greater extent by 
several species of
Bovidae (Murray et 
wild
 

al., 1981b).
 

A study which indicated that the height of parasitaemia per
se can influence the degree of anaemia was a dose reponse experiment in which groups of5 N'Dam% and Zebu were inoculated subcutaneously with 10 
, 105 or 10 bloodstream forms of Trypanosoma
brucei (Murray et 
al., 1979). 
 It was found that 
the number of
parasites inoculated influenced not only the prepatent period but
also the height of parasitaemia. 
 Thus, the N'Dama and Zebu
groups that received the largest doses had the shortest prepatent
period and the highest parasitaemia and, correspondingly, developed the most severe 
anaemia. In confirmation of
tolerant nature, their trypano-the N'Dama 
were better able 
to control parasitaemia and developed less 
severe anaemia than the Zebu which
received the same 
dose; thus, it was 
necessary to challenge the
N'Dama with 5log1 0 
more organisms to produce similar levels
parasitaemia of
and similar severity of anaemia as 
in Zebu. This
work, using T. brucei in cattle, is the only dose response study
of which we are 
aware. It 
has important implications both
relation to in
control of parasitaemia 
and development of
However, anaemia.
it is our impression with 
T. congolense infections 
in
cattle that while infective dose determines the prepatent period,
it does not 
affect the height of parasitaemia or
anaemia. the severity of
In the same way 
in mice, increasing
congolense (Morrison and Murray, 1985) 
doses of T.
 

or 
T. brucei (ILRAD,
unpublished data) resulted in shorter prepatent periods, but
there 
were no significant increases in the height of parasitaemia
or 
the time to death after the first peak of parasitaemia.
 

As parasitaemia wave remission is effected by antibodies
directed against 
the surface coat antigens 
of the trypanosome
(reviewed by Murray and Urquhart, 1977), 
it is generally assumed
that 
the superior capacity of trypanotolerant animals
parasitaemia to control
is associated 
with a better immune response,
though in cattle, at any rate, there 
al

studies are only a few preliminary
in N'Dama infected with 
T. vivax (Desowitz, 1959)
Baoule and
(West African Shorthorn) infected with T. congolense (Akol
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et al., 1966) which suggested that this might be the case.
 

Thus, available evidence now indicates that 
resistance to

trypanosomiasis is determined by 
at least three main charac
teristics, namely, the ability 
to control parasitaemia, the

ability to develop an effective immune response and the ability

to resist anaemia.
 

BASIS OF MECHANIShS OF TRYPANOrOLERANCE
 

Regulation of parasitaemia and irmune response
 

Considerable understanding of the relationship between suscepti
bility, parasite growth and the immune response has been provided

by the work of Dlack et al. (reviewed in 1985) on the mouse model
 
system. Mice vary in their susceptibility to T. brucei (Black et
 
al., 1983), to T. congolense (Morrison et al., 1978) and to T.

vivax (Mahan et al., 1986). Basically, it has been found that
 
the more resistant strains of mice such as the C57B1 
are better
 
able to control parasitaemia and produce a superior antibody
 
response. The differences in the 
immune response to infection

could not be attributed to inherent differences in the immune
 
response to the parasite, as no differences in antibody responses

occurred between different 
strains of mice when immunized with
 
non-dividing irradiated T. brucei (Black et 
al., 1983), T.
 
congolense (Morrison and Murray, 1985) 
or T. vivax (Mahan et al.,

1986). In T. brucei infections, it was concluded that the height

of parasitaemia is controlled 
by the availability of molecules

which maintain the parasites as dividing forms. When the
 
molecules reach a limiting concentration, the parasites cease

dividing and start to degenerate. In vitro analysis suggests

that T. brucei growth promoting activity is associated with serum
 
components of molecular mass greater than 1OOkD (Black et al.,

1985). The importance of parasite growth regulation in 
the

control of parasitaemia is further emphasised by the 
findings

which suggest that antibody responses against T. brucei are
 
stimulated by fragments derived from 
senescent non-dividing

organisms but not by actively dividing parasites (Sendashonga and

Black, 1982). 
 As with T. brucei, the elimination of T. vivax and
 
T. congolense from the blood is antibody-mediated. However,

there, would appear to be more important differences in the role
 
played by antibody responses in controlling T. brucei, T.

congolense and T. vivax parasitaemia. Antibody responses to T.

brucei (Sendashonga and Black, 19F2; Black et al., 1983) and T.
 
congolense (Mitchell and Pearson, 1986; 
 Whitelaw et al., 1983)

parasitaemia to
occur after most organisms have differentiated 

non-dividing forms, the stumpy form in the 
case of T. brucei and

hence when parasite population expansion in the blood is no
 
longer exponential. In contrast, antibody control of para
sitaemia in C57B1/6 mice infected with T. vivax occurred during

the exponential phase of parasite population increase in 
the
 
blood (Mahan et al., 1986). Thus, the capacity to control T.

brucei and T. congolense parasitaemia appears to lie in the
 
ability to regulate parasite growth followed by the induction of

the immune response, while in T. vivax infections it appears to

be directly dependent on the ability to mount an immune response.
 

Another aspect of the inability of susceptible C3H/He mice
 
to control parasitaemia following infection with T. brucei 
(Black

et al., 1986) 
or with T. vivax (Mahan et al., 1986) resulted from
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an impaired capacity of parasite-induced antibody-containing
cells 
to secrete immunoglobulin. 
 Such cells regained the ability
to secrete antibody within 24 hours after trypanosome elimination
by treatment with 
the trypanocidal drug Berenil (Black et
1986; Mahan et al., al.,
1986), suggesting that the block in antibody
secretion was maintained by living parasites or 
short-lived components of degenerating parasites.
 

It was also possible to manipulate population growth 
rates
in mice infected with 
T. congolense 
and T. brucei
Morrison, 1979) and with (Murray and
T. vivax (ILRAD, unpublished data).
Mice treated with 
heat-killed Corynebacterium parvum prior
infection were able to to
control parasitaemia and 
survive
longer. The effect was for
 most marked in strains of mice with the
greatest 
innate resistance 
to trypanosome infection, e.g.,
C57B1/6. Thus, sera the
from C. parvum treated mice contained a
group of hydrophilic molecules 
(OOkD-10ookD) 
which competitively
inhibited the capacity of foetal bovine

multiplication of 

serum (FBS) to support
T. brucei in vitro 
(ILRAD, unpublished data).
Similar molecules were 
released by macrophages 
of C. parvum
treated 
mice, by macrophages 
fed C. parvam in vitro and, at
4000 fold lower efficiency, by a
C. parvum incubated in vitro in
the absence of macrophages. 
 Synthetic muramyldipeptide also
competitively inhibited the capacity of 
FBS to support T. brucei
multiplication in vitro, suggesting that the C. parvum inhibitory
effect is 
mediated by fragments of peptidoglycan. The competitive interaction between the growth-promoting factors 
in FBS and
the growth-inhibiting factorci produced by C. 
parvum might
indicate a competitive interaction 
for a receptor site at the
level of the 
trypanosome, 
a receptor 
usually reserved
binding and uptake for the
of serum nutrients 
which regulate multi
plication.
 

The identification 
and characterization 
of the factor(s)
that promote and inhibit parasite growth, as well as 
the trypanosome-factors that inhibit immunoglobLlin secretion in trypanosusceptible animals, could lead to 
new therapeutic or immunological
approaches to prevent or 

prevention could result 

control parasite growth. Understanding

in a vaccine; better control might make
it possible to turn the trypanosome status of a Zebu into that of
an N'Dama and of 
an N'Dama into that of 
a wild Bovid.
 

As discussed, only limited data 
are available on
responses of trypanotolerant and trypanosusceptible 
the immune
 
cattle to
trypanosome infections. 
 Superior antibody responses to
infections have T. vivax
been reported in N'Dama 
(Desowitz, 1959) and in
Baoule cattle infected with T. congolense (Akol 
et al.,
Desowitz (1959) suggested 1986).


that the basis of this superiority was
a better innate capacity 
to mount a secondary immune 
response.
While no differences 
were 
found in antibody responses between
trypanotolerant 
and trypanosusceptible

congolense metacyclic 

cattle to infecting T.
parasites delivered

Zebu, Akol et al., 

by tsetse (Baoule v
1986; 
 N'Dama v Boran, Paling, ILRAD personal
communication) 
or 
to syringe inoculated forms of
(Baoule v Zebu, Pinder T. brucei
et al., 1984), Akol 
et al. (1986) showed
that the Baoule mounted 
a much greater neutralising antibody
response to 
the first 
peak bloodstream trypanosomes (Figure 1),
possibly reflecting an inherent ability 
to produce a superior
secondary response. 
 In the same way, the higher number
lymphocytes found in of B
N'Dama compared with Boran, prior
throughout the course to and
of infection with T. congolense (Ellis et
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al., 1987), might be 
due to the fact that the animals used in
 
that study had experienced a previous infection with an unrelated
 
serodeme of T. congolense, possibly giving the N'Dama the

opportunity to prime their superior immune system. In this
 
respect, Saror et al. 
(1981) found no difference in total blood
 
leukocytes in N'Dama and Zebu cattle with no previous exposure to
 
trypanosomiasis.
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Figure 1. 	Parasitaemia in Baoule (0 ) and Zebu (0) cattle infected with 
Trypanosoma conlense. Also shown are neutralising antibody

titres against blo0stream trypanosomes in the serum of 
two
 
Bauole (0 A) and two Zebu (0 A) . The bloodstream trypanosomes
were derived from the first peak parasitaemia of the respective
animals. Limit of detection (---). Reproduced from Akol et al.,
(1986) with permission of Elsevier Science Publishers.
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There is evidence to indicate that the macrophage could play
an important role in controlling parasitaemia. Thus, it was
found that wildebeest (Connochaetes taurinus) infected with T.
brucei were better able to control parasitaemia than their cattle
counterparts (Zebu x Charolais) and, 
unlike cattle, did not
develop anaemia (Rurangirwa et 
al., 1986). Both wildebeest and
cattle produced similar IgM, IgGl and IgG2 antibody responses to
the infecting trypanosome. However, it was 
found that serum from
infected wildebeest had 
a higher capacity than cattle 
to induce
adherence of trypanosomes to 
their own peripheral blood
leukocytes (PBL) and that 
this difference could be attributed to
the presence of IgM receptor(s) in wildebeest PBL, which were not
present in the PBL of the cattle studied. Such a mechanism could
account for the lower parasitaemia encountered in trypanotolerant
animals. The cattle in 
this study were trypano-susceptible Zebu
x Charolais and 
it is importzint that trypanotolerant N'Dama
cattle be investigated in the same way.
 

Haemopoietic responsiveness
 

There is little doubt that the 
intensity of parasitaemia has a
significant effect on 
the severity of the subsequent anaemia,
observation that has 
an


led to the general conclusion that the
superior resistance of trypanotolerant animals lies 
in their
ability to control 
parasitaemia rather 
than in an inherent
capacity to resist red cell destruction or mount a more efficient
erythropoietic response (Dargie et al., 
1979).
 

However, differences in the severity of anaemia have been
observed under circumstances where no difference in the intensity

or prevalence of parasitaemia occurs.
 

Thus, a number of workers have confirmed that calves of less
than one year old are 
more resistant than adults 
to the effects
of trypanosomiasis (Fiennes, 
1970; Maxie and Valli, 1979;
Wellde et al., 1981; Murray et al., 1982). 
 While Wellde et al.
(1981) concluded that parasitaemia was possibly less severe 
in
calves infected with T. congolense, in an experiment carried out
at ILRAD 
on Boran cattle aged six weeks and eighteen months, the
calves developed anaemia that 
was significantly less severe than
in adults, despite the fact that no significant differences could
be quantified 
either in the intensity or prevalence of the
parasitaemia. 
 These results might indicate that younger animals
have a superior erythropoietic response. 
 In this respect, it is
of interest that calves are 
more resistant than 
adults to
babesiosis (Callow et al., 
1976; Levy et al., 1982).
 

Certain species of wild Bovidae 
can develop high levels of
parasitaemia 
following trypanosome infection, e.g., waterbuck
(Kobus sp.) infected with T. brucei. Despite this, no significant changes in red cell numbers occurred, in contrast to the
severe 
anaemia in a trypanosusceptible 
cow with equivalent levels
of parasitaemia (Digure 2). 
 These findings might suggest that
the waterbuck red cells were more 
resistant to the destructive
 
effects of the trypanosome.
 

In probably the most 
informative experimental study to date
on the question of trypanotolerance, Paling 
et al. (in press)
presented results on N'Dama and Boran cattle which indicated that
the superior capacity of 
the N'Dama to control parasitaemia and
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resist anaemia are processes that are controlled genetically but
 
are not directly linked to each other. The eight N'Dama used in
 
the study were of Gambian origin and had been obtained by
 
intrauterine implantation of embryos into Boran female cattle at
 
ILRAD, Nairobi. The N'Dama along with corresponding Boran con
trols had been challenged on four occasions w.th Glossina mor
sitans centralis infected with clones of T. congolense belonging
 
to four different but equally virulent serodemes. To prevent
 
death, any infected animal with a PCV value of 15% or less was
 
treated with Berenil. In addition, all infections were termi
nated with Berenil on 164, 127, 149 and 133 days after each
 
challenge.
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Figure 2. 	 Parasitaemia and anaemia in a waterbuck I0) (Kobus sp.) and 

Ayrshire steer . 0) infected with Trypanosoma brucel. (T, treatment 

with trypanocidal drug). J.G.Grootenhuis, personal communication. 
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No N'Dama required treatment, but 77% 
of all infections in
the Boran (32 animals) did. Moreover, in 
contrast to 
the severe
weight losses experienced by trypanosome-infected Boran, compared
with uninfected controls, trypanosome infection did not appear to
affect body weight 
or liveweight gains 
in the N'Dama.
contrast Also in
to the Boran, infected female N'Dama 
continued 
to show
normal oestrus-cycle activity.
 

There were no 
significant differences between either the
breed groups 
or among the infections

clones of the four T. congolense
in the prepatent period 
or in the number of days 
to the
first peak in the parasitaemia. However, 
the average
parasites number of
per ml blood at the 
first parasitaemia
slightly but significantly peak was
lower in N'Dama than
overall mean in Boran. The
parasitaemia 
score 
of the N'Dama during the
infection periods four
was significantly lower 
than the overall
score of untreated mean
Boran. Within the N'Dama group,
animals individual
demonstrated 
significantly 
higher or lower
sitaemia levels and this trend was 

mean para
consistent throughout all 
four
infections.
 

The kinetics of the 
anaemia in
during each of 
the group of N'Dama cattle
the four infection periods
First, there was very similar.
was a short phase during the development
sitaemia from of paraday 10 to 15 when the average 
daily PCV value in
N'Dama and Boran dropped at the same 
rate. This
a period from day 15 

was followed by
to 35, during which 
the average PCV in
N'Dama decreased, but 
at a slower rate than that of
Might this suggest that N'Dama 
the Boran.


red cells 
are more resistant
destruction? to
From day 35-60, the average daily PCV value in
N'Dama remained at the 
same level but most of
treatment. the Boran required
The lowest average 
PCV value reached by
varied between 22.5 and 23% 
the N'Dama


during the first
between 25 and 27% two infections and
during the second two 
infections. 
 Next was
period of spontaneous recovery a
 
return to 

in the N'Dama, as assessed by a
an average PCV 
value of 30%. 
 In contrast,
taneous no sponrecovery occurred 
in the Boran. Most of the
quired treatment and Boran rethose that 
did not maintained a persistent
average 
PCV value of 22%. 
 The overall mean
N'Dama was 29.2% PCV value of the
during the four infection periods and this
significantly was
higher than the 
mean of 24.7% 
for the untreated

Boran.
 

While the mean 
PCV value of
27.9% during the first 
the N'Dama group increased from
infection 
to 31.2% during
infection, there the fourth
 was no corresponding decrease
parasite numbers in trend in the
measured during 
the four infections. 
 In the
same way, some N'Dama demonstrated consistently higher PCV values
during 
all four infections 
while others showed better
control. parasite
Thus, there 
was no correlation
the level of parasitaemia, expressed 

in the N'Dama between
 
score during the 

as the mean parasitaemia
period of infection and the 
level of anaemia
expressed as 
the mean PCV.
 

The superior resistance of
trypanosome infection was 
N'Dama compared with Zebu to
once 
again confirmed by this study and
the same general conclusion made, namely, that N'Dama exhibited a
superior capacity 
to control parasitaemia 
and resist anaemia.
However, when mean parasitaemia and PCV values of the .;'Dama were
computed over 
four infection periods, 
no direct correlation could
be established either at 
a group or individual level, indicating
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that both processes although controlled genetically are not di
rectly linked to each other.
 

While control of parasite growth would stiLl appear to be an
 
important component of trypanotolerance, other explanations must
 
be sought for the capacity of certain groups of cattle and indi
viduals within each group to resist anaemia. One interesting
 
possibility has been reported by Esievo et al. (1986) who
 
measured erythrocyte surface sialic acid concentrations in
 
uninfected N'Dama and Zebu with no previous exposure to trypano
some. The sialic acid concentrations in the N'Dama were about
 
seven-fold greater than in the Zebu, although no differences in
 
red cell surfaces of the N'Dama are stronger than the Zebu and
 
that, if the presence in trypanosomes of the sialic acid-cleaving
 
enzymes, sialidase (Esievo, 1983) or proteases (Londsdale-Eccles
 
and Grab, 1986) is significant, sialic acid concentrations on red
 
cell surface might play an important role in host resistance to
 
trypanosome-induced anaemia.
 

In addition, in the study of Paling et al. (in press), there
 
was evidence that the N'Dama had a greater inherent capacity to
 
make better tertiary erythropoietic responses. Thus, the lowest
 
average daily PCV values reached by the N'Dama group were 22.5,
 
23, 25 and 27% in consecutive infections, while the overall mean
 
of all PCV values covering each of the four infection periods was
 
27.9, 28.7, 29.1 and 31.2%. Both results show a significant
 
upward progression. This improved responsiveness was not
 
observed in the Boran subjected to four consecutive infections
 
and was not related to improvement in control of parasitaemia or
 
to a difference in virulence among the four clones of T.
 
congolense used.
 

Physiological adaptation
 

Another aspect of trypanotolerance which could be important and
 
must be considered is that trypanotolerant cattle are more
 
resistant to constraints in production because of superior phy
siological adaptation to factors such as food utilization, heat
 
tolerance and water conservation. Unfortunately, critical ob
servations concerning these qualities are not available at pre
sent. However, it is known from work on other breeds of cattle
 
that genetically determined differences in voluntary food intake
 
do exist. These have been ascribed to variations in fasting
 
metabolism and maintenance energy requirements (Vercoe, 1974;
 
Frisch and Vercoe, 1978). Where food intake is marginal, as it
 
is in many areas of Africa, breeds with an inherently high main
tenance requirement will suffer most, as demonstrated by weight
 
loss or reduced weight gains. Thus, it is possible that trypano
tolerant breeds such as N'Dama, especially when infected, are
 
better adapted to remain productive in the prevailing conditions
 
in Africa.
 

Little is known about water conservation and heat tolerance
 
in trypanotolerant breeds. Pagot (1974) has pointed out that
 
N'Dama can withstand higher levels of humidity than Zebu. In
 
addition, there is a considerable variation in the rectal
 
temperature of N'Dama during the course of the day in The Gambia,
 
with temperatures ranging from 34.4 0C at dawn to 41.1 0 C in late
 
ifternoon (Greig and McIntyre, 1979). The teleological argument
 
for such a phenomenon is that thermoregulation under cold condi
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tions, i.e., 
below 
200C, for tropical breeds of cattle 
requires
the use of body energy stores. 
 Thus, when caloric intake is low,
energy is conserved by allowing the body temperature to fall (D.
Robertshaw, personal communication).

regulation more With regard to thermois known about 
the zebu type breeds. Zebu are
more heat tolerant than imported Bos taurus, either because their
simple sac-like sweat glands and shallow hair follicle depth help
promote sweating (Jenkinson and Nay, 1973) 
or because their lower
maintenance requirements produce less heat load.
examined the histological Amakiri (1974)
skin structure of Nigerian breeds
cattle of
including N Dama, Muturu and White Fulani and found that,
on the basis of 
sweat gland size, 
the N'Dama were more
the exotic akin to
Bos taurus and, by inference, were
to the less well-adapted
tropical Nigerian environment. However,
rate is until sweating
actually measured, 
this conclusion 
is only speculative
(D. Robertshaw, personal communication). 
 The
teristics other characof the skin, namely follicle depth and
suggested that all hair length,
three of these 
indigenous African breeds
the skin type associated with had
successful habitation of 
warm
climates (Amakiri, 1974).
 

It has also been considered that the
in trypanotolerance by 
skin might play a role
affecting transmission. 
 Thus, in wild
Bovidae, chancres, thz! localised skin 
reactions that 
develop in
cattle following the successful feed of 
trypanosome-infected
tsetse, appeared less 
frequently 
and were smaller than in susceptible cattle subsequent 
to


longer and 
which the prepatent period 
was
the height of parasitaemia was
1981b). lower (Murray et al.,
Also, while Akol et al. (1986) reported possible 
differences in chancre reaction in Zebu and 
trypanotolerant taurine
cattle in West Africa, no difference in prepatent periods
occurred. Furthermore, 
no differences in chancre 
development or
in prepatent period 
occurred between N'Dama
infection with and Boran following
T. congolense transmitted by 
Glossina morsitans
centralis (ILRAD, 1985), demonstrating that the chancre cannot be
used as an 
indicator of trypanotolerance in cattle.
 

Studies 
in East Africa, where 
the indigenous breed is the
East African Zebu, have shown that its water requirement is about
half that 
of the Hereford and 
is similar 
to that of several
species of wild Bovidae, such as 
the eland (EAVRO, 1967) . Zebuwere also 
better 
able to conserve evaporative 
and faecal
than Hereford. water
Zebu deprived of water stopped eating and metabolized fat, with a resultant reduction of urinary and faecal water
losses. 
 Zebu could form faeces as dry as 
ll0g water
matter, to 100g dry
whereas Hereford 
were unable 
to form faeces containing
less than 300g water 
to 100g dry matter. This
conserving water capacity for
was inherited 
as a dominant trait in Zebu-
Hereford crosses. 
 It is likely that N'Dama 
have adapted
even greater extent than to an
Zebu because trypanosome-free
turn over N'Dama
less water 
than Zebu in terms 
of ml per kg bodyweight

(Dargie, 1980).
 

GENETICS OF TRYPANOTOLERANCE
 

It has now been definitively established

certain breeds of cattle such as 

that the capacity of

the N'Dama to resist the effects
of trypanosome 
infection 
and maintain essential physiological
functions is 
 innate trait, although, as 
an 

will be discussed
later, it can 
be affected by environmental influences. 
 However,
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no estimates of heritability of trypanotolerance are available
 
(Dolan, 1987). What results 
do exist suggest that trypano
tolerance is inherited as a dominant trait. Stewart (1951)

reported cross-breeding studies involving N'Dama, and
Zebu 

Ghanaian Shorthorn (a trypanotolerant genetic mix) in which he
 
produced a larger, more productive animal that retained its
 
resistance to trypanosomiasis. Similarly, Chandler (1952) found

that N'Dama/Zebu crossbreds retained 
a significant degree of

trypanotolerance when exposed to natural 
tsetse challenge. Nine
 
of twelve Zebu exposed died of trypanosomiasis, but only four of
 
twelve crosses died; all eight N'Dama were alive and in good

condition at the end of the experiment. In breeding experiments

in Cote d'Ivoire, involving large numbers of N'Dama and Jersey,

Letenneur 
(1978) found that the Fl cross produced an excellent
 
animal as regards growth and milk production. It was stated that
 
such crosses retained their tolerance, although no information
 
was given on the level of fly challenge or on the prevalence of
 
trypanosomes. However, crossbreds with greater than 50% Jersey

background appeared to be less hardy and gave equivocal results.
 

A series of studies have been carried 
out on a range of

inbred strains of mice, exhibiting a spectrum of susceptibility

to T. congolense (Morrison and Murray, j979; Pinder, 1984) and
 
to T. rhodesiense (Levine and Mansfield, 1981; et
Greenblatt 

al., 1984). The underlying genetic basis of susceptibility was
 
examined in F1 hybrids and backcrosses derived from mouse strains
 
of high and low susceptibility, while the inflience of H-2 haplo
type was evaluated using H-2 congenic strains of mice. The
 
general conclusions of these studies were that resistance was

inherited as a dominant trait, that it represented a polygenic

model of inheritance and that it was not under 
the influence of

H-2 haplotype. However, it should be 
emphasized that the mouse
 
infections with high parasitaemias and inevitable death may not

be a good model-system for cattle. In the same no
way, while 

critical studies have been done to 
compare the degree of anaemia
 
that develops in strains of mice of different susceptibility, it
 
is my impression that, unlike cattle, the differences are minor.
 

A major constraint to establishing estimates of heritability

of trypanotolerance in 
cattle has been related to the difficulty

of defining and measuring the character, i.e., what precisely is

trypanotolerance? However, in this 
respect there is convincing

evidence that 
the severity of anaemia, as measured by PCV, in
 
cattle in tsetse-infested areas is strongly correlated with pro
duction traits, such as reproductive performance and growth

(ILCA, 1986a, b) and this has now been confirmed under controlled
 
experimental conditions at ILRAD (ILRAD, 1986). Thus, PCV values
 
induced during the course of a trypanosome infection might 
serve
 
as a selection criterion for trypanotolerance. Nevertheless, the
 
availability of a genetic for
marker trypanotolerarice would be

ideal, as it would permit assessment without recourse to infec
tion. However, to date such 
a marker has not been identified.
 
Probably the best candidate at present is the major histocom
patibility complex (MHC). This functions to direct and control
 
immune responses and it is known that individuals with certain
 
MHC are more likely to suffer from certain diseases. Thus, an

investigation of the 
association between trypanotolerance and
 
particular MHC gene products might prove profitable.
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FACTORS AFFECTING THE STABILITY OF TRYPANOTOLERANCE
 

Several stress factors have 
been incriminated as affecting the
susceptibility of trypanotolerant cattle 
to the effects of trypanosomiasis. 
 Thus, it was believed by some 
that the resistance
of trypanotolerant breeds vas 
largely the result ol 
acquired
immunity to local trypanosome populations and 
that "tolerance"
would break down if cattle were moved. There 
is evidence to
confirm that trypanotolerant cattle, exposrd to tsetse challenge,
do become more resistant, either 
as 
a result of locally acquired
immunity (Murray et al., 
1982) or a primed erythropoietic
ponse (Paling et al., in press). 
res-


While exposure to Lew strains
of trypanosomes will undoubtedly lead to 
infection, the superior
genetic 
resistance of trypanotolerant breeds 
will ensure that
their chances of survival and 
Pcquiring resistance in
locations will be significantly greater than for 
new
 

trypanosusceptible breeds. This conclusion has been confirmed by 
several
reports which describe the movement 
of trypanotolerant cattle
over large distances (Stewart, 1951; 
 Ferguson, 1967) and their
successful introduction into tsetse 
areas where other breeds
cannot survive. 
 For example, the Dahomey (Lagune) breed was
first established in Zaire 
from West Africa in 1904 and the
N'Dama in 1920 (Mortelmans and Kageruka, 1976) 
and much more
recently N'Dama were 
introduced into 
the Central African

Republic, Gabon and Congo (ILCA, 1979).
 

Other stresses believed 
to be involved include, overwork,
intercurrent disease, 
repeated bleeding, 
as well as pregnancy,
parturition, suckling and 
lactation. Probably one 
of the most
important factors is nutritional status of the host. 
 Thus, in
arid conditions 
when fodder is in short supply, N'Dama cattle
have to trek many miles in order 
to obtain sufficient food.
Under these circumstances, infe'cted 
cattle even with only
moderate anaemia are 
less able 
to cope and their capacity to
forage and 
obtain sufficient food is compromised. However, 
it
has been found that when such village N'Dama in 
The Gambia were
supplemented 
even with only small amounts of groundnut meal, a
local by-product, 
not only was their growth rate improved
they were significa.tly but
 
less anaemic than non-supplemented
animals and did forage so widely
not 
 (W.I.M. McIntyre, per:onal
communication). These 
exciting observations need urgent ir.ves

tigation.
 

A major question to be addressed is 
to what extent
degree of tsetse-trypanosomiasis risk 
the
 

affects the performance of
trypanotolerance cattle. 
 Preliminary field observation3 indicate
that as the risk increases, production falls 
(ILCA, 1979). However, it is not 
known to what extent environmental/management

factors might have influenced these findings and critical studies
 
are required to address 
this question.
 

Another possibly important 
aspect of trypanotolerance
that it 
has been shown, at least in mice, 
is
 

that certain trypanocidal drugs, e.g., difluoromethylornithine, 
are more efficacious
in animals which 
are innately more resistant and whose 
immune
system is intact 
(De Gee et al., 1983; Bitonti et al., 1986).
Therefore, if trypanocidal drugs 
are being considered for use in
trypanotolerant cattle, 
it is interesting to speculate that
only would the number of treatments required be less but 
not
 

each
 treatment might be more 
effective.
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SUSCEPTIBILITY OF TRYPANOTOLERANT CATTLE TO OTHER DISEASES
 

While in most instances detailed critical evidence is lacking,
 
our discussions with workers in 
the field and our own experience

has convinced us that the taurine trypanotolerant breeds of West
 
Africa are resistant not only to trypanosomiasis but also to
 
several other important infectious diseases. Of major signi
ficance are the reports that 
both the N'Dama and West African
 
Shorthorn are resistant to streptothricosis (Stewart, 1937;

Coleman, 1967; Oduye and Okunaiga, 1971) . Furthermore, N'Dama 
appear to be more resistant to tick-borne diseases, including

heartwater (Cowdria ruminantium), anaplasmosis and babesiosis
 
(Epstein, 1971). These observations might indicate a greater

resistance to ticks per se. 
 N'Dama would also seem to possess
 
some degree of resistance to helminthiasis (A.A. Ilemobade,

personal communication). in this respect, the Red Maasai sheep

uf Kenya have been shown to be significantly more resistant than
 
other bceeds not only to trypanosomiasis (Griffin and Allonby,

1979a, b) but also to haemonchosis (Preston and Allonby, 1979).

On the other hand, N'Dama and West African Shorthorn are reputed

to be much more susceptible to rinderpest than Zebu (Stewart,

1937, 1951; Cornell and Evans, 1937; Ferguson, 1967). Van Hoeve
 
(1972) noted that Muturu, but not N'Dama, were highly susceptible
 
to footrot.
 

While the foregoing observations require confirmation and
 
more detailed investigation, it would appear that the N'Dama and
 
West African Shorthorn possess a unique genetic advantage that
 
makes them more resistant not only to trypanosomiasis but also to
 
some of the other major infectious diseases of Africa.
 

CONCLUSION
 

Through a process of rigorous natural selection, Africa has
 
provided her own answer to 
the problem of Jisease control in
 
domestic livestock. Breeds of cattle are now known to exist that
 
possess a significant degree of resistance to tsetse-transmitted
 
trypanosomiasis, as well as 
to several other important infectious
 
diseases. Moreover, it has been shown 
that these animals are
 
productive and, with proper management, have considerable poten
tial. Recognition that the degree of anaemia induced during a
 
primary trypanosome infection reflects the trypanotolerant status
 
of the host could allow estimates of heritability to be made and
 
rational breeding programmes to be instituted.
 

Major research priorities must be to identify the mechanisms
 
that regulate parasite growth, allow the development of an effec
tive immune response and prevent pathogenic degrees of anaemia.
 
An understanding of the mechanisms responsible might permit their
 
manipulation and lead to novel strategies for the control
 
trypanosomiasis by therapeutic or immunological means, 
or even
 
molecular genetics. At che same time, marker(s) might be iden
tified for genetic resistance, permitting the selection of
 
breeding stock without having to infect animals.
 

Such research must be strongly encouraged in view of the
 
poor prospects for the development of a vaccine or new trypano
cidal drugs.
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Comparative studies on the responses of NTDama

and Boran cattle to experimental challenge wth

tsetse-transmitted 
 7 anosom congolense 

L.L. LOGAN, R.W. PALING, S.K. MOLO0 and J.R. SCOTT 

INTRODUCTION
 

Genetic resistance to 
animal trypanosomiasis has been attributed
to certain breeds of livestock, most 
notably to the indigenous
West African N'Dama (Murray et 
al., 1979). This resistance is
manifested by the N'Dama's ability 
to withstand 
 the adverse
effects of trypanosomiasis by regulating parasite growth; 
 their
ability to prevent 
or reduce the rate and degree of development
of anaemia; their ability to 
sustain normal 
weight gains; and
their ability to maintain normal ovarian function (Paling et al.,
in press). A better understanding of the mechanisms 
involved in
trypanotolerance could aid in the search for genetic markers that
could be used for the selective breeding of resistant cattle.
 

A study was initiated at to
ILRAD compare changes in the
parasitaemia levels and 
haematological 
values of previously uninfected N'Dama 
and Boran cattle sequentially challenged with
four different serodemes of Trypanosoma congolense.
 

MATERIALS AND METHODS
 

Animals
 

Ten N'Dama (B. taurus), transferred as frozen embryos from The
Gambia and implanted into Boran heifers 
(Jordt et al., 1986) and
34 age and sex matched Boran (B. indicus) of Kenyan origin 
were
raised in a trypanosomiasis-free area of Kenya.
 

Experimental Design
 

Eight yearling N'Dama 
(Group 1) and eight yearling Boran (Group
2), were challenged with 
Glossina morsitans centralis infected
with T. congolense on five different occasions using eight infected fly bites per animal (Table 1). 
 The first four T. congolense
challenges were done using clones IL 1180, IL 2642, IL 1587 andIL 2079, respectively, belonging to four different serodemes of
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East African origin. The fifth challenge was with IL 1180, the
 
same clone to which the cattle in groups 1 and 2 had been first
 
exposed two years previously. Naive groups of eight Boran 
were

included in the second to fourth challenges (Groups 3, 4, 5) and
 
two naive Boran were included in the fifth challenge (Group 6).
 

Two naive N'Dama were maintained as controls throughout the
 
five challenges.
 

Table 1. Experimental design 
for the repeated challenge of
 
N'Dama and Boran cattle with Trypanosoma congolense
infected Glossina morsitans centralis.
 

Infection Infection Infection Infection Infection
 
1 2 3 4 
 5
 

Clone Il 1180 IL 2642 IL 
1587 IL 2079 IL 1180
 

a
Groups 1+2 1+2+3 
 1+2+4 1+2+5 1+2+6
 
Infection
 
date 6.5.85 11.11.85 19.5.86 17.11.86 27.4.87
 

Termination
 
date 17.10.85 18.3.86 15.10.86 31.3.87 18.8.87
 

Duration
 
(days) 164 127 149 133 105
 

aGroup 1 N'Dama 
 5 females 3 males
 
Group 2 Boran 5 females 3 males
 
Groups 3, 4 and 5 Boran 4 females 4 males
 

bGroup 6 Boran 1 female 1 male
 
Treatment with Berenil 7mg/kg
 

Trypanosomes
 

T. congolense clones, IL 1180, IL 
2642, IL 1587, IL 2079 from

four different serodemes were used to infect the cattle. T.

congolense IL 1180, a double-cloned derivative of 
STIB 212, was

isolated in 1971 from a lion in 
the Serengeti region of Tanzania

(Geigy et al., 1973; Nantulya et al., 1984). T. congolense IL

2642 was derived from IL 285 by 
two passages in irradiated mice.
 
T. congolense IL 285 was a derivative of 
EATRO 209, isolated in

1962 from a cow in Busoga, Uganda (Emery and Moloo, .981;

Dwinger et al., 1987). T. congolense IL 1587 was a double cloned

derivative of C24 (an isolate made in 
1976 from a dog in Nairobi)

(Dwinger et al., 1987). T. congolense IL 2076 was a clone
 
derived from IL 20 E-6 by two 
passages in irradiated nice. T.

congolense IL 20 E-6 was a stock derived 
from STIB 249 by two
 
passages in mice. T. congolense STIB 249 was originally isolated
 
in 1971 from a lion in the Serengeti region of Tanzania (Geigy et
 
al., 1973) and was known to be antigenically different from STIB
 
212 (Schlappi and Jenni, 1977; Nantulya et al., 1980).
 

The three T. congolense clones, IL 1180, IL 2642 and 
IL
 
1587, 
were known to belong to different serodemes and to produce

chancre reactions when transmitted by tsetse flies (Emery and

Moloo, 1981; Akol and Murray, 1983; Dwinger et al., 1987).
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Infection
 

Glossina morsitans centralls from the ILRAD colony were 
infected

by feeding on flanks of 
goats infected with one of the above T.
congolense clones. 
 Infected tsetse flies were identified by the
standard warm-probe method and eight infected tsetse were 
allowed
to feed on 
the left flank of each animal (Emery and Moloo, 1981;

Dwinger et al., 1986).
 

Jugular blood samples were 
collected into EDTA-coated 10 ml
vacutainer tubes. Samples collected daily for the first 31
were 

days following each of the four challenges and thereafter twice
weekly. During the five infection periods the following parameters were 
measured: development of parasitaemia by the dark
ground method (DG) (Paris et al., 1982); anaemia as judged by
the per cent blood packed cell volume (PCV); total erythrocyte

counts and reticulocyte counts; 
 total leukocyte counts; and
 
weekly animal weights.
 

When the PCV of an animal dropped to 15% it was treated with
Berenil (7mg/kg) by deep intramuscular injection. At the end of
each experimental time period, all the animals were 
treated with
Berenil. 
 A detailed study of leukocyte changes was made during
the second challenge (Ellis et al., 1987). 
 Observations on
oestrus behaviour N'Dama
of heifers 
started after treatment of
the second T. congolense infection and continued through the
third challenge. Progesterone profiles 
were determined
 
(Lorenzini et al., in preparation).
 

Statistical analysis
 

Differences between 
breeds in treatment requirements, parasitaemia and PCV and between reactions to different parasite
clones as well as differences between individual animals 
were
tested for significance at probability levels of 0.05 
or less.
 

RESULTS
 

None of the eight N'Dama required drug treatment during the
course of 
five challenges with T. congolense. By contrast, the
eight Boran 
(Group 2) that received five sequential challenges
required Berenil treatment in 30 out of 40 
(75%) T. congolense
infections. The overall number of 
treatments required by all the
Boran groups was 48 out of 66 infections or 73% (Table 2).
 

During the first four sequential infections in Group 2
Boran, there were no significant differences between 
numbers of
animals requiring treatment during each trypanosomiasis infection
 or the average time 
(days) between the initial infections and
 
treatment time, 42 
(s.d. 10) days. Likewise of the four groups
of naive Boran experiencing primary infections with T.
congolense, treatment 
was required in 23 of 32 infections on an
 average of 
49 (s.d. 13) days following infection. Again there


significant difference in
was no the number of animals requiring
treatment between each of the four infection periods (Table 2).
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Table 2. 	 Requirements for trypanocidal drug treatmentsa of
 
N'Dama and Boran infected by four antigenically dif
ferent tsetse-transwtted clones of Trypanosoma
 
congolense.
 

T. congolense clone
 

Breed 	 Group IL 1180 IL 2642 IL 1587 IL 2079 IL 1180
 
No. 
 Rechal

lenge
 

N'Dama 1 0/8b 0/8 0/8 0/8 0/8 
Boran 2 6 /8 (4 1 )c 8/8(40) 5/8(39) 7/8(47) 4/8(63) 
Boran 3 - 5/8(59) - -
Boran 4 - - 6/8(44) -
Boran 5 - - - 6/8(53) -
Boran 6 	 .-
 - 1/2(84) 

aBereLhil (7mg/kg) was given when a PCV level of 15% was reached.
 
bNumber of animals treated over number of animals infected.
 
CAverage number of days post-infection (in brackets) after
 
which treatment was required.
 

During the first exposure of the Boran to XL 1180 (Group 2)

in May 1985, six of eight animals required Berenil treatment.
 
Two years later this same group of cattle exposed to the same IL
 
1180 resulted in four of the eight requii-4ng treatment. The
 
average number of days to treatment in the first challenge was 41
 
days and 63 days in the second.
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Figure 1. 	Parasitaemia score of N'Dama and Boran following
 
challenge with four different Trypanosoma congolense
 
clones.
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During four challenges with different serodemes 
of T.
congolense, trypanosomes were detected in the blood of all N'Dama
and Boran 11.1 days on average (10.0-12.7) after infection.
There was no significant difference in the prepatent periods
infections between the two of

breeds of cattle or 
between the four
challenges (Figure 1). 
 Similarly, there was 
no significant difference in the average number of days 
to the first peak of parasitaemia 
(average 14.3 days, range 13.9-16.0 days).
 

The average number of parasites per ml blood during the
first parasitaemia peak 
was significantly lower 
(P<0.05) in
N'Dama than in Boran 
(score average 4.00 
versus 4.32, equivalent
to approximately 2.5 and 7.8x10 
 trypanosomes/ml, respectively).
The pattern of parasitaemia during each of the four 
infection
periods in 
N'Dama was similar 
and could be divided into three
phases (Figure 1). 
 During the first phase (day 1-34),
of parasitaemia was followed by 
the onset
 

the first and highest peak
thereafter the parasitaemia gradually dropped 
to 5.5xl0
trypanosomes/ml (score of 
2). A similar reduction in the level
of pdrasitaemia took place in 
the Boran during this period.
During a second phase 
(day 35-140) the six out 
of 32 Boran that
did not receive treatment contiNued to have 
an average parasitaemia of approximately 
5.5xl0 trypanosomes/ml (score 2)
During the second phase 26 
of 32 Boran required treatment (day
42, s.d. 10). In contrast, the N'Dama 
entered a second phase
(day 35-80) in which 
a further decline in parasitaemia occurred.
By day 80, parasitaemia in N'Dama had dropped to
(score below one) very low levels
and intermittent parasitaemia continued until
final treatment. Over the four 
infection periods, 
the overall
mean parasitaemia score for the N'Dama was 
2.10. This was significantly lower (P<0.05) 
than the score of 
the three untreated
Boran in Group 2 (2.72). 
 Within the group of N'Damas, there were
individual animals 
which consistently had significantly lower
mean parasitaemia levels than the 
rest of the group. During the
second IL 1180 challenge five of eight N'Dama became parasitaemic
on 
day 18, peaked on day 22 post-infection and thereafter parasites were sporadically detected in the blood between days 22-67
(Figure 3). BeLween day 67 
- 105 no parasites were detected inany of the N'Dama cattle. 
 Six of eight Boran (Group 2) that were
rechallenged with IL 1180 
and both naive Boran (Group 6) became
parasitaemic on day 12 
and peaked on day 
20. Four of the
rechallenged 
Boran required treatment and 
two became aparasitaemic from day 87 onward. 
 In the naive Boran group one animal
was treated at 
day 80 and the second remained parasitaemic until
the end of 
the 105-day period. The parasitaemic levels of the
Boran in both challenges were not significantly different.
 

The fall in PCV in the N'Dama cattle during each of the four
infection periods followed a similar 
pattern (Figure 2) which
could be divided into five phases. Initially there was a short
phase from 
day 10 to 15 during which the average daily PCV in
N'Dama and Boran dropped at 
the same rate. In a second phase,
from day 15 to 35, 
the average PCV in N'Dama decreased at a
slower rate than that of 
the Roran. 
 During the same period, the
parasite levels of both 
 ,r- were decreasing at a similar rate.
During a third phase, frum day 35 to 60, 
the average daily PCV in
N'Dama remained static. 
 By this time, most 
of the Boran had
already required treatment. Phase 4 was 
the period in which the
PCV level of N'Dama spontaneously rose to 
30%. The average PCV
of N'Dama had dropped to 22% during the first 
two infections and
in the last two infections to 24 and 25%. 
 The final time period
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Figure 2. 	Packed cell volume (PCV): changes in N'Dama and Boran
 
folowing challenge with four different Trypanosoma
 
congolense clones
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Figure 3. Comparison of parasite members and packed cell volume
 
(PCV) for N'Dama and Boran for the first and fifth 
challenge with T. congolense IL 1180 clone.
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(phase 5) was 
the period during which PCV values over 30% were
recorded 
for all the N'Dama. This period started on day 120
during the first infection and on day 80 
(s.d. 7 days) during the
three infections that followed and it lasted until each infection
 
was terminated with treatment.
 

A comparison of the PCV values of the first and fifth challenge (Figure 3) show ftat 
in the second IL 1180 challenge the
N'Dama began with a PCV of 37% 
and remained stable over the 105day period with the lcvest level reached being 29%. Six of eight
Boran in Group 
2 requited treatment 
when their PCV dropped to
 
15%.
 

The observations made on parasitaemia level 
and PCV during
the first four phases 
were used to calculate the individual and
group means during each of the infections in the N'Dama; observations recorded 
after the groups daily average PCV reached
30% were not included. For the 
Boran the same time periods as
for the N'Dama were used to calculate the means.
 

The overall mean PCV during the 
four successive infections
with T. congolense was compared between 
the eight N'Dama (29.2%)
and the three of eight Boran of 
Group 2 (24.7%) which on six
occasions did not 
require treatment. 
 The PCV of the N'Dama was
significantly higher (P < 0.05) than that of the Boran.
 

DISCUSSION
 

The lack of a vaccine and the expense 
as well as practical
difficulties of implementing control 
measures for the control of
African trypanosomiasis in livestock has 
in recent years generated considerable interest 
in the exploitation of trypanotolerant breeds of cattle such as 
N'Dama and West African Shorthorn. N'Dama cattle have been shown to 
possess a marked degree
of resistance 
Uo African trypanosomiasis (Roberts and Gray,
1973). This resistance is manifest 
in the N'Dama cattle's ability to control parasitaemia and their ability to recover from
anaemia without total parasite clearance.
 

Our studies, conducted under 
controlled conditions, demonstrate that naive yearling N'Dama are 
able to control and recover
from tsetse-transmitted 
T. congolense infections without 
treatment and are able to 
gain weight and maintain normal ovarian
functions during trypanosome infection. None of 
the N'Dama required treatment during five successive challenges 
with T.
congolense. 
Three quarters of the Group 2 Boran required treatment to avoid possible death. 
 Following each sequential infection the N'Dama controlled their parasitaemias and recovered from
anaemia in shorter intervals. This capacity to rapidly recover
from anaemia was not related to 
an improvement in the control of
the parasitaemia nor 
to a difference in virulence of 
the T.

congolonse clones used.
 

The rate of development and the degree of 
anaemia in N'Dama
compared to zebu following trypanosome infection is considered to
be related to 
a better control of the mean number of parasites in
circulation by the N'Dama breed of 
cattle (Murray et al., 1981).
The same general conclusion can be drawn from our study. 
 However
when comparing mean parasitaemia and PCV level of the N'Dama
group during the subsequent infections, no direct correlation
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between the parameters was evident. Similarly, there was 
no
 
direct correlation between the mean parasitaemia and PCV levels
 
of individual N'Dama measured during a total of 32 infections.
 
Some N'Dama demonstrated a consistently better ability to control
 
the development of anaemia than others during the four infec
tions, while others demonstrated a better parasite control. Thi.
 
might indicate that both processes are genetically controlled but
 
are not directly linked to each other. Packed cell volume levels
 
of trypanotolerant livestock in tsetse infested areas are con
sidered to be positively correlated with production traits like
 
reproductive performance and growth (ILCA, 1986). Based on these
 
preliminary studies, N'Dama with the highest mean PCV during

primary trypanosome infection could probably be regarded as the
 
most tolerant and therefore also the most productive when exposed
 
to trypanosomiasis risk.
 

The superior response of N'Dama to trypanosomiasis may be
 
the result of a superior erythropoietic response, more resistant
 
erythrocytes, or differences in their monocytic phagocytic system

in terms of parasite and cell clearance mechanisms. Comparative

studies of N'Dama and Boran conducted in each of these areas may

reveal some of the genetic characteristics that constitute try
panotolerance and may lead to the identification of genetic

markers that could be used for selective breeding of trypano
tolerant livestock.
 

As suggested earlier (Paling et al. , in press), under 
controlled experimental conditions the mean PCV of an animal 
within a group of age matched N'Dama, measured during primary
infection with T. congolense, might serve as a selection 
criterion for trypanotolerance. 
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Tr7panosome infections and other factors influencing 
PCV in livestock 
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M. MULUNGO, S.M NAGDA, C. VANKODAB4, S. NGAMUNA, G. ORDNER, 
R.f PALING, J.M. RARIEYA, A. SCHUETTERLE, M. SHERIA, K. THORPE, 
G. TIKUBET, J.C.M. TRAIL and G. YANGARI 

INTRODUCTION
 

Anaemia is one of the most important clinical signs of trypano
somiasis. It has now been definitely established that the
 
measurement of PCV gives a reliable indication of the disease
 
status of trypanosome infected cattle (Murray, 1979). PCV has
 
also been shown to be a reliable index of anaemia as no evidence
 
of haemodilution has been found in trypanosome infected cattle
 
(Dargie et al., 1979). Therefore PCV has been widely used in the
 
research protocols within the ATLN (ILCA, 1986a). Feron et al.
 
(in press) suggested from their preliminary results that PCV may
 
also be a useful indicator of livestock performance in trypano
somiasis infection.
 

Resistance to trypanosomiasis is dettrmined by at least
 
three main characteristics, namely, the ability to control
 
parasitaemia, the ability to develop an effective immune response
 
and the ability to resist the development of anaemia (Murray,
 
see article 15 of these Proceedings).
 

A significant linkage between parasitaemia and PCV in
 
cattle, sheep and goat populations has been reported by ILCA in
 
22 species/breed/site situations studied. These data show an
 
average 1.3% increase in trypanosome prevalence for each 1% drop
 
in PCV (ILCA/ILRAD, 1986b). Preliminary findings from ILCA
 
(1986b) also indicated that the repeatability of the monthly PCV
 
in cattle ranged from 0.25 to 0.39, justifying further work to
 
estimate the heritability of PCV. Trail et al. (see article 41 of
 
these Proceedings) are evaluating the phenotypic relationships
 
between parasitaemia, anaemia control and daily liveweight
 
change. The many factors influencing PCV need to be identified
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and their effects evaluated within the environments where 
these
studies are conducted. 
 This paper updates and reviews some of
the important factors 
influencing PCV value in 
livestock in six

Network sites.
 

MATERIALS AND METHODS
 

A comprehensive description of the sites where these results were
obtained (Avetonou, Togo; 
Boundiali and Tengrela, Cote d'Ivoire;
OGAPROV, Gabon; and and
Kolo Mushie, Zaire) been given by
ILCA/ILRAD (1986a). 
has 


Each month the darkground/phase contrast,
buffy coat technique was used to 
detect the presence of trypanosome and for quantification of parasitaemia, while the 
anaemia
situation was 
indicated by measuring PCV. 
 Other genetic and
environmental factors which may interact 
with trypanosome infections and affect PCV were considered, including other
producing diseases. anaemia
Protocols and methodologies have been
described in detail 
elsewhere (ILCA/ILRAD, 1986a). 
 The analyses
used data from 
the period January 1984 to December 1986; in
Boundiali most data came from the latter part of 
that period.
 

The PCV values were measured on dams and 
their progeny and
relate 
to defined periods around a parturition: dam average PCV
during gestation, average 
PCV during lactation, progeny average
PCV pre-weaning, average PCV post-weaning. Gestation was defined
as 
nine and five months pre-partum, and lactation and weaning as
eight and four months post-partum in cattle and sheep,

respectively.
 

The effect of trypanosome infection was 
estimated by
panosome species and the try
number of months in which trypanosomes
were detected. 
 Other factors included in models
the were the
fixed effects 
of herd, breed, year/season of parturition/birth,
dam age and birth type, as appropriate to the trait and the
animal group being 
studied. In preliminary analyses, 
two factor
interactions 
between trypanosome infection


effects were 
and the other major
fitted and retained if they approached significance.
 

RESULTS
 

Effect of trypanosome infection on PCV
 

Sheep
 

Table 1 presents results from Boundiali. 
 PCV levels of Djallonke
sheep with one, two, 
or more parasitaemic months 
 during gestation or lactation had significantly lower PCV levels than those
of uninfected ewes. 
 Note that the PCV mean of lactating ewes was
lower than that 
of gestating ewes 
and that during gestation two
or more infections 
were necessary 
to induce a marked PCV

decrease.
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Table 1. 	Effect of 
 number of months with trypanosome

parasitaemia on PCV in Djallonke sheep, Boundiali.
 

No. of parasi- Ewe average PCV Ewe average PCV

taemic months during gestation (%) during lactation (%)
 

No. Mean s.e. No. Mean s.e.
 

0 	 263 27.5 0.32 190 26.0 0.46

1 	 82 27.3 0.46 74 24.7 0.54

2 or more 	 38 25.7 
 0.63 68 23.8 0.54
 

Significance 	 •
 

*P<0.05 ***P0.001
 

Similar results were reported by Defly et al. (see article
25 of these Proceedings) for Diallonke sheep maintained under 
village conditions around Avetonou. In the Boundiali sheep popu
lation, one T. congolense parasitaemia depressed PCV during

gestation more than one or two 
T. vivax or mixed parasitaemias,

but the reverse was true during lactation (Table 2). During both

gestation and lactation, three parasitaemic months resulted in
 
the lowest PCV. A further analysis showed that a high compared

to 
a low mean score of a single T. vivax parasitaemia did not
 
depress PCV further.
 

Table 2. 	Effect of period of parasitaemia and trypanosome
 
species on PCV in ewes, Boundiali.
 

No. of Average PCV during Average PCV during

parasi- Trypano- gestation (%) lactation (W)

taemic some
 
months species No. Mean s.e. No. 
 Mean s.e.
 

0 	 222 27.7 0.39 219 27.3 0.36
 

1 T. congolense 11 25.2 0.91 18 26.7 1.54
 
1 T. vivax 41 26.5 0.52 25.9
44 	 0.76

1 Mixed 	 17 26.8 0.76 25.7
18 	 0.97
 

2 T. vivax 6 26.1 1.21 18 25.8 1.54

2 Others 15 25.7 
 0.80 38 25.4 1.10
 

3 	 10 24.6 0.94 30 23.1 1.10
 

Significance 
 *** ** 

•*P<0.01 	 ***P<0.001
 

In the analysis of PCV in both the Avetonou and Boundiali
sheep populations, two factor interactions between trypanosome
infection 	and other effects were not significant.
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Table 3 shows an interaction which did not reach statistical
significance but which illustrates the approach to estimating any
residual effects 
of trypanosome infection. 
 The ewes uninfected
pre-partum but 
infected during lactation suffered twice the depression 
of PCV of the ewes that had been 
infected pre-partum.
PCV was highest for those 
that were uninfected both pre- and
 
post-partum.
 

Table 3. 
 Effect of number of months with trypanosome parasitaemia pre- and post-partum on ewe average PCV

during lactation, Boundiali.
 

No. of para- Number of parasitaemic months during gestation

sitaemic

months 
 0 
 1 
 >1
 
during

lactation 
 No. Mean s.e. 
 No. Mean s.e. 
 No. Mean s.e.
 

0 
 147 26.8 0.41 
 31 25.6 0.61 
 12 25.5 0.90
1 48 25.0 0.55 15 24.7 0.82 11 24.4 0.98
>1 35 22.9 0.63 
 23 24.3 0.72 10 
 24.2 1.00
 

Significance 
 P<0.09
 

Cattle
 

The trypanotolerant 
cattle breeds, N'Dama and Race 
Locale (West
African Shorthorn) maintained in Avetonou had significantly depressed PCV when 
infected with 
T. vivax, while 
a higher parasitaemia score generally resulted in 
a lower PCV (Defly,
article 25 see
of these Proceedings). The 
two breeds had 
the same
PCV and gave the same response to trypanosome infection.
 

A more comprehensive comparison 
of the effects of trypanosome parasiLaemia on 
PCV in cattle was 
possible in Boundiali
where infections of 
T. vivax and T. congolense were frequent.
Table 4 shows that in Boundiali, one parasitaemic month depressed
the PCV of cows and post-weaners, 
but not pre-weaners, by
percentage 1.5
units. Additional parasitaemia did depress PCV in
pre-weaners 
and caused further depression of 
PCV in the older

animals.
 

Table 4. Effect of number of months with trypanoome parasilaemla on PCV of cattle, Boundiall. 

Cow average PCV during Cow average PCV durlngNo. of par- i s tloi () Calf average PCVlactation () prewoanlng(96) 
Calf average PCV from

9 to 15 months (96) 
months No. Mean i.e. No. Mean &.a. No. Mean i.e. No. Me, e. 
0 113 32.3 0.32 64 31.1 0.55 66 31.1 0.5444 30.8 0.54 91 29.7 (.4333 29.6 0.742 24 25 31.2 0.69 3329.5 0.69 28.2 ;,.7423 28.4 0.76 
 17 29.8 0.89
>2 
 - - 37 26.9 '..62- 12 25.0 1.26 is 28.8 0.90 - - -
Significance ... 
 .. 
 P < 0.08 ...
 
Mean 
 lot 30.9 0.34 
 132 28.5 0.46 
 123 30.2 0.48 161 
 28.3 0.38
CV(96) 
 10.! 
 9.9 10.2 12.9 

A"*P0.001
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The independent comparison of number and species of trypano
some parasitaemia was also possible in Boundiali. T. congolense

depressed the average cow PCV during lactation more than T.
 
vivax, but in a subsequent analysis there was no indication that
 
a high score (mean 3.3) depressed PCV more than a low score (mean

1.5) for T. congolense parasitaemia nor for T. vivax (4.4 and
 
3.3, respectively).
 

These results were confirmed in Mushie where the PCVs of
 
N'Dama cows and pre-weaning calves were depressed more by T.
 
congolense than by T. vivax 
(Table 5). Further T. congolense

parasitaemic months did not depress PCV more than the first
 
parasitaemia. The effect of 
intensity of infection could not be
 
estimated as the majority of the parasitaemia scores were low
 
(less than 3).
 

Table S. Effect of speciesand number of trypanosome parasitsemia months on PCV of N'Dama cattle, Mushle. 

Species and number Cow average PCV Cow averae PCV Species and number Calf average PCV
S du g gestation Mof parasitseic during lactation (96) S l pre-weaning ()of parasitaemicmonths No. Mean i.e. No. Mean %.e. months No. Mean S.S. 

0 183 34.5 0.28 182 34.3 0.35 0 178 35.3 0.29
 
I 1. fulnago 55 31.9 0.49 55 31.2 0.SI cmgoens 33.4
IL . 26 0.89
1I i ax 26 34.1 0.69 34 33.6 0.63 I IL. a 46 34.7 0.482omore1. . e 25 31.5 0.70 51 30.1 0.53 2ormoreIL £ I gs 13 33.2 0.992 or more others 16 31.8 35 0.63 2 o vI.0.88 30.! XLM 20 34.1 0.74 

2 or more I.calWag+n 11 33.6 1.02 

Significance .. .. 
 P < 0.08 

Mean 305 32.8 0.32 3S7 32.1 0.36 294 34.1 O.3S
 
CV(M} 13.3 
 10.2 

***P<0.001
 

Clearly trypanosome infection from natural tsetse challenge

depressed PCV in cattle and 
in sheep in these field studies,
whether the infection was T. vivax in trypanotolerant cattle and 
sheep in Avetonou, or T. congolense and T. vivax in N'Dama cattle 
in Zaire or in trypanotolerant cattle and sheep in Cote d'Ivoire. 
T. congolense depressed PCV more 
than T. vivax, but responses to
 
a higher intensity of infection were variable. 
 One parasitaemic

month did not depress the PCV traits used in this study, but two
 
or more parasitaemic months did.
 

Other factors affecting PCV
 

Several factors were significant sources of variation. For
 
example, sex of progeny affected its PCV pre-weaning (Table 6),

with female progeny consistently having higher PCV.
 

Table 6. Average PCV pre-weaning of male and female progeny at threo Network sites. 

Sheep Cattle 

Progeny sex Boundiall Avero .!, Boundiall Musie Kolo 

No. Mean s.e. No. Mean s.e. No. Mean $.e. No. Mean se. No Mean s.a. 

Male ISO 28.0 0.78 90 28.2 0.56 52 29.8 163 34.2 0.29 211 34.3 0.19Female 148 29.0 0.82 88 28.6 0.57 71 30.6 136 34.9 0.31 221 35.5 0.18 

Significance NS NS C CCC 

*P<0.05 "*P<0.01 -*-PO. 010
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- - - - - - - - - - - - - - - - - - - - - - -

Lambs born as singles rather than as 
twins had a higher
average pre-weaning PCV.
 

Cows failing to 
wean a calf had a higher average PCV during
the lactational period (Table 7), 
 a result consistent with lactation causing a depression in PCV and the reported lower PCV of
lactating compared to gestating cows.
 

Table 7. 
Average PCV during lactation of cows weaning or not
 
weaning a calf.
 

Boundiali 
 Mushie
Weaning Kolo
 
status - - -
No. Mean s.e. 
 No. Mean s.e. 
 No. Mean s.e.
 

No calf.
 
weaned 
 25 28.8 0.69 
 54 33.1 0.53 
 98 38.6 0.30 
Calf
 
weaned 
 .07 28.2 0.48 307 
 31.0 0.26 455 37.2 
 0.15
 

Significance NS ***
 

***P<0.001.
 

Where more than 
one breed was muintained in the 
same environment, breed comparisons were possible. N'Dama and West
African Shorthorn in Avetonou 
and N'Dama, Baoule 
and crossbreds
in Boundiali all 
 had similar mean PCV values.
 

Coulibaly et al. 
 (see article 12 
of these Proceedings) did
not find evidence that 
other parasites depressed
significantly in cattle and sheep in 
PCV values
 

the Boundiali area, whereas
trypanosomes did. Interaction between the parasites 
was unimportant for both PCV and growth.
 

There was 
a large variation in 
PCV between year-season and
between herds. 
 No biologically consistent 
pattern of seasonal

variation emerged.
 

Despite the large year-season and herd variations, interactions between trypanosome infection and 
these effects were not
significant, perhaps because the proportion of 
animals with infection was 
too low for any to be detected.
 

CONCLUSION
 

Statistically significant 
interactions 
between parasitaemia
cther environmental and genetic fuctors were 
and
 

not found. Further
data will have to 
be built up to evaluate their possible

importance.
 

Within a particular situation it 
is clear that several
factors must be simultaneously taken into consideration when
analysing 
the effects of trypanosome infection 
on PCV. If PCV
levels 
are to be used as 
a criteria for trypanotolerance, 
then
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the data on which to base decisions must be derived from 
con
temporary comparisons, i.e. in the same 
place, at the same time

with the same management and must be adjusted for 
the factors
 
identified as important. 
 Individual factors have not necessarily

the same importance in all situations; thus each situation needs
 
to be considered separately.
 

Trail et al. of
(see article 43 these Proceedings) have
 
indicated from their preliminary investigations that there are

promising possibilities for PCV traits to be 
used in selection
 
programmes. 
 This justifies the further work being undertaken on

the identification and quantification of the effects of en
vironmental factors on PCV in given situations.
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18 
The effects of Ylmmanosoma conqolense infection on thereproductive cycle of NDam a and Boran heifers 
E. LORENZ!NI, J.R. SCOTT, R. W. PALING and T. JORDT 

INTRODUCTION
 

Trypanotolerance, 
as a characteristic 
in certa'in breeds of
cattle, continues to generate considerable interest
combating as a means of
the effects of trypanosomiasis 
in Africa (Murray et
al., 1984). One cattle breed 
in particular, the N'Dama 
of West
Africa (Bos taurus), 
shows a high degree of trypanotolerance
(Murray et 
al., 1982) which is expressed by its ability to control the number of trypanosomes in circulation and the resultant
anaemia better than the more susceptible breeds. 
 Thus the N'Dama
is able to sustain a level of productivity in circumstances under
which the susceptible Boran 
(B. indicus) cattle would die 
(Murray
et al., The
1981). factors associated with 
this tolerance
currently under investigation are
 
at ILRAD. Research on 
the effect
of trypanosomiasg.s 
on fertility Boran
in cows has demonstrated
conclusively its negative effect on 
both ovarian activi:y and on
established pregnancy (Llewelyn 
et al., 1987; Ogwu et al.,
1984; Ogwu et 
al., 1985),


the 
while other reports have shown that
semen quality in Boran bulls infected with trypanosomiasis is
negatively affected, 
 (Grundler and Djabakou, 1985).
 

The purpose of this experiment, which was part of
series of experiments comparing an ongoing

N'Dama 
and Boran cattle, was to
observe the effects of Trypanosoma congolense infection
growth, regression and function of 

on the

the luteal tissue during the
oestrus cycle of the 
trypanotolerant N'Dama.
 

MATERIALS AND METHODS
 

Experimental animals
 

Five N'Dama heifers, which were part of 
the 
group of N'Dama
cattle brought to Kenya by embryo transfer from The Gambia 
(Jordt
et al., 1986) and nine Boran heifers, from Kapiti Plains estate,
Kenya, were used. All cattle were two years of age 
at the start
of the experiment and had been reared 
in an area of Kenya free
from trypanosomiasis. The N'Damas and five of the Boran had previously been infected 
on two separate occasions with different
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serodemes of T. congolense (Paling et al., in preparation; Ellis
 
et al., in press). In these previous experiments the majority

of the Boran heifers had required treatment when their PCV

reached 15%, whereas the N'Damas required no treatment since

their PCV shoued an insignificant and transient drop. At the

termination of each of these experiments, all cattle were treated
 
with diminazene aceturate (Berenil, Hoechst). 
 The results,

recorded in this paper represent the third challenge for these

animals and a new group of four age-matched naive Boran heifers
 
was included. 
 One naive Boran heifer continued to act as a
 
control.
 

Each animal was infected with T. congolense serodeme IL 1587

(Dwinger, 1986) transmitted by Glossina morsitans 
centralis and

the infections were terminated by treatment with Berenil 
(7rig/kg)

after 149 days or when individual animal PCV levels reached 15%.
 

Kamar heat moint detectors (Kamar Inc., Steamboat Springs,

Colorado) were employed 
to help detecting commencement of
 
oestrous behaviour in the N'Dama heifers and were used during the
 
45-day pre-infection period.
 

Progesterone saimpling and analysis
 

For a period of 45 days prior to infection, the N'Dama were bled
 
daily while after infection all animals were bled three times a

week until the end of the experiment. All blood samples were

collected in 10ml vacutainer tubes coated with EDTA and, after

separation, the plasma samples 
were stored at -200 C. P".asma
 
progesterone was estimated using a commercially available enzyme-
amplified immunoassay (AELIA) kit (Enzygnost, Hoechst) 
with a

total of 34 kits being used. Each of the kits was supplied with

standards containing 0, 1, 5, 10 and 30ng progesterone/ml, but a
 
15ng/ml 
standard was produced and added to the test in order to

satisfactorily cover the All were
range. the samples tested at

least in duplicate and were carried out according to the manufac
turer's instructions. Colour intensity 
in each well was esti
mated both visually and using a MICROELISA auto reader at 492nm.
 
(DynatecMR 580).
 

RESULTS
 

Plasma progesterone measurements were made on 
45 cycles in total

for the five N'Damas, each of which had completed at least two
 
oestrus cycles prior to infection with T. congolense. They

continued to cycle throughout the infection period, completing at

least six oestrus cycles, during which trypanosomes were consis
tently dete, table in the blood. Furthermore, none of the N'Dama

showed impaired luteal function at any time during 
the
 
experiment.
 

The average oestrous cycle length for the N'Dama was 20.34
 
(s.d. 2.16) days with the average luteal phase being 12.42 (s.d.

2.40) days and the follicular phase lasting 7.79 (s.d. 2.17) days

(see Table 1). Of the 45 cycles examined the minimum oestrous
 
cycle length was 15.5 days and the maximum was 25.5 days.
 

169
 



----------------- --- -------------- ------------------

30.01 
N'Dama 2 

*c.27.5. 
E 

25.0. 

22.5
 
20.0 
17.5. 

o' 	 15.0 
S12.5 

S10.0. 
0 
a: 7.5' 

5.0 

XE 2.5 

0.0-56 -28 0 2 36 84 112 140 168 
DAYS POST INFECTION 

Figuie 1. Progesterone prolile of a N'Dama heifer. 

Comparison of the pr.. ales before and after infection indicated no apparent difference in either the average duration of
the oestrous cycles or the progesterone levels in these animals.
Figure 1 shows a typical progesterone profile of one of the

N'Dama heifers,
 

Table 1. Length of 
oestrous cycle and the luteal and follicular
 
phases of N'Dama and Boran heifers.
 

Period Luteal Follicular phase
 

Mean s.d. Mean s.d. 
 Mean s.d.
 

N'Dama 1 19.39 1.93 
 11.33 2.24 7.90 
 2.56
N'Dama 2 21.19 1.79 12.25 
 2.60 8.56 3.00
N'Dama 3 21.75 2.02 13.50 2.39 8.00 
 2.06
N'Dama 4 20.28 2.21 13.33 2.65 
 6.90 1.37
N'Dama 5 19.50 2.14 11.88 1.86 7.44 1.71
 

Overall 20.34 2.16 
 12.42 2.40 7.79 
 2.17
 

Boran
 
C715 20.50 0.71 12.00 1.41 8.67 
 1.51
C727 18.50 1.87 7.00 
 2.16 11.60 0.55
 

Overall 19.17 1.81 8.67 3.14 
 10.50 1.69
 

Seven of the nine Boran required treatment when their indi
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vidual PCVs dropped to 15%. Only three Boran showed oestrus
 
activity prior to infection, of which two had previously been
 
exposed to trypanosomiasis, while the other six heifers remained
 
sexually inactive. Of the three showing activity, only one was
 
fully cycling and three cycles in total were recorded. Table 1
 
shows the details of the oestrous cycle of this Boran while
 
Figure 2 shows its progesterone profile. Once infected the Boran
 
heifers ceased to show any sign of cycling by day 28 post-infec
tion. They were treated 31, 42 and 45 days post-infection and
 
showed renewed ovarian activity 30, 31 and 10 days later,
 
respectively.
 

Boron 715 
30.0 

27.5 

', 25.0 
S 

"-' 22.5 

S20.0 

17.5 

o 15.0 
S12.5 

~, 10.0 
0
W 7.5 
a. 

.5.0
 

2 2.5 
0.0 ,--,----,---0 
-28 0 28 56 84 112 140 168 

DAYS POST INFEC11ON 
Figure 2. Progesterone profile of a Boran heifer.
 

Those animals not showing ovarian activity before challenge
 
remained inactive during the 149 days of the experiment. All of
 
the non-cycling heifers had progesterone levels below 5ng/ml.
 

DISCUSSION
 

Although the sample size of cycling Boran heifers was small, the
 
same general trend as shown by Llewelyn et al. 1987 was observed;
 
that is Boran heifers infected by T. congolense ceased to cycle
 
within 28 days of infection and when treated with Berenil ovarian
 
activity resumed.
 

The N'Dama's trypanotolerance was expressed in their
 
capacity to withstand the possible negative effect of T.
 
congolense infection on their ovarian activity under the condi
tions of this experiment. All of the N'Dama continued cycling
 
throughout the infection period and the length of the oestrous
 
cycle was 20.34 (s.d. 2.16) days, similar to uninfected European
 
E. 	taurus breeds (Peters, 1986). Progesterone levels peaked at
 
oncentrations over 15ng/ml consistently, which was higher than
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expected when compared with 
levels determined by radioimmunoassay. Though cycling 
was found to continue under infection,
recent findings (ILCA, 
1986) have highlighted that successive
infections, under 
certain fie*d 
conditions, can 
have a detrimental effect 
on both the calving rate 
and the calving interval

of N'Dama cows.
 

It has been shown in this experiment that N'Damas 
are capable of controlling the adverse effects 
of trypanosomiasis
their reproductive cycle 
under circumstances 
on
 

of adequate nutrition, 
a finding carrying great importance for 
their economic
exploitation in 
tsetse infested areas.
 

The Enzygnost test kit for 
estimating progesterone levels
has considerable potential for the monitoring of 
luteal activity
in heifers. Within three hours 
a 96 well plate can be prepared
and estimates of plasma progesterone obtained without recourse to
expensiv., equipment. It was found that the assay could detect
the physiologically important changes 
in the circulating levels
of progesterone, namely, low levels 
during the follicular phase
and subsequent rise and fall during the luteal phase, in addition
to the persistently low levels in animals which become acyclic as
a consequence 
of the trypanosome infection. Previous studies
(Eckersall and Harvey, 1987; 
 Stanley et al., 1985) have 
shown
that results of plasma progesterone samples assayed by AELIA and
radioimmunoassay techniques 
are similar and 
that the former
method can give reliable results based on a visual interpretation
of 
the sample without recourse to a spectrophotometer. This was
also found to be correct during 
this trial. Mean progesterone
levels determined by both visual and 
spectrophotometer 
were not
significantly different from one another.
 

Use of 
the Kamar heat detectors was abandoned during the
infection period 
as they resulted 
in a high number of false
positives. 
 They were, however, useful in indicating the 
onset of
ovarian activity.
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19 
Reproduotiva performanoe of N'Dama oattle
kept under village management in The Gambia
 

P. JEANNIN, A.S. GRIEVE, K. AGYEMdANG, D.J. CLIFFORD,
C.D. MUNRO and R.H. DWINGER 

INTRODUCTION
 

Herd reproductive performance determines

lacement and offtake rates. 

herd growth, herd rep-

The age at first calving, the length
of the reproductive life of 
the breeding female
interval are the 

and the calving
key parameters 
involved in 
herd reproductive

efficiency.
 

The cattle population in the Gambia is approximately 300,000
hcad. 
 (Shaw and Hoste, 1987). 
 The high density of about thirty
cattle per square kilometre 
land illustrates 
the cattle keeping

tradition.
 

The study was 
undertaken to determine reproductive efficiency in the village herds of N'Dama cattle
relationships in the Gambia. The
among reproductive 
efficiency, environmental
disease factors were investigated. and
 
on the onset of 

To assess effect of nutrition
ovarian activity in the 
post-partum period,
study was conducted on a
twenty-four first-calving N'Dama cows 
kept
under improved nutritional conditions.
 

MATERIALS AND METHODS
 

Reproductive performance under village management
 

Villages
 

The data presented in this study were collected on
of the Gambia River in the Kiang West 
the south bank
 

District, in 
the villages
of Keneba and Nioro Jattaba which are 
80 and 100km, respectively,

inland from the sea.
 

These two villages are in 
 savanna
an. area of and riparian
woodland, long-term fallows and fallow fields with low bush.
Seasonally, high densities of Glossina morsitans submorsitans may
occur in this area 
(Snow and Rawlings, personal communication).
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Climate
 

In the Kiang West District, the rainy season lasts from 3 to 5
 
months, between June and October. The rainfall varies
 
considerably from year to year in quantity and distribution. The
 
highest precipitation is usually in August. The remaining seven
 
months of the year are hot and very dry, except for two
 
transitional periods, cold and dry from November to January and
 
hot and damp but rainless from May and June. The severity of the
 
long dry season is accentuated by diurnal ranges of temperature
 
through 250C (Giglioli and Thornton, 1965).
 

Herd management
 

The Gambian cattle are tethered individually overnight. From
 
January to June, village herds are not herded. From early

morning to late in the evening the animals trek long distances in
 
search of feed and water. They maintain themselves on standing
 
dry grass if available and woody browse. During the cropping

period from July to December, the cattle are herded to graze
 
extensively on communal grazing land. During this time, although

there is an abundance of natural forage and crop residues,
 
grazing time never exceeds 6 hours a day. Major aspects of herd
 
management were similar to those described by Dunsmore et al.,
 
(1976).
 

Data collection
 

The village herds were identified and animals ear-tagged in
 
October 1985 and in February 1986 in Keneba and Nioro Jattaba,
 
respectively. At ear-tagging, the dam number, the sex, the
 
estimated year of birth, the rank of calving and the number of
 
calvings were collected for each animal. Frequent herd visits by

livestock assistants stationed in each village provided
 
information on the subsequent entries and exits. Monthly weigh
ing of all animals using crushes and portable electronic scales
 
(Barlo) was performed.
 

Blood and faecal samples were collected every month. Each
 
month, the PCV was determined using the microhaematocrit method.
 
Subsequently the haematocrit tube was cut and the buffy coat
 
examined for the presence of trypanosomes using the dark ground
 
method (Murray et al., 1977). Thin bliodsmears were made from
 
all animals with PCV below 20% to investigate the presence of
 
other protozoan parasites. Faecal samples were examined for
 
coccidia, oocysts and helminth eggs using the McMaster technique,
 
as well as for liverfluke eggs using a zinc sulphate method
 
(Murray et al., 1983). Serum samples of all the animals were
 
collected every six months. Investigations on antibodies against
 
trypanosomes and Brucella were performed.
 

Onset of ovarian activity in first calving N'Dama cows kept under
 

improved nutritional conditions
 

Animals and management
 

The animals were kept at the headquarters of the ITC. Although
 
grazing, the animals had supplementary feed from 12 months before
 
calving and onwards. Each cow was given 4kg a day of a mixture
 
of rice bran and sesame or groundnut cake (ratio 8 to 1). All
 
cows calved between January and March 1987.
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Data collection
 

Twenty-four cows from this herd were bled daily from early postcalving until pregnancy was established, or until 130 days postpartum. For plasma progesterone estimations blood samples 
were
collected by jugular venipuncture into 5ml EDTA vacutainer tubes.
The samples 
were carried on ice to the laboratory, centrifuged
within two 
hours after collection and stored 
at -200 C until
 
assayed.
 

Procresterone assay
 

The *rogesterone assays 
were carried out 
using a modification of
the Enzygnost Serum Progesterone Test Kit 
(Hoechst) and the
assays read using a microelisa plate reader 
at 492mm (Titertek
Multiskan). The test 
was modified by using plasma 
from a dexamethazone suppressed N'Dama ox to reconstitute the kit progesterone standards. Unknowns 
were predicted from 
a linear regression
equation based on 
the log transformed 
optical density readings.
Quality control samples 
gave an interassay coefficient of variation of 21%. 
 Active ovarian function was supposed to have
resumed when levels of 
plasma progesterone were equal to or
 
greater than 2ng/ml.
 

RESULTS
 

Reproductive performance of N'Dama village herd
 

Herd composition
 

Table 1. Composition of 
Keneba and Nioro-Jattaba village herds
 
on 1/01/1987.
 

Age Group 
 Number of animals Percentage/Total herd
 

(%)
 

Keneba N. Jattaba 
 Keneba N. Jattaba
 
Suckling Calves (SC) 96 
 217 24.4 22.2
female SC 
 44 113 11.2 11.5
male SC 
 52 104 13.2 10.7
 

Weaned Calves (WC) 113 100 
 28.7 20.3
female WC 
 49 123 12.4 12.6
male WC 
 60 67 
 15.2 6.8
castrated male WC 
 4 
 9 1.1 0.9
 

Adults (A) (3 yrs old) 185 563 
 46.9 57.5
A female 
 148 
 467 37.6 47.7
A male 
 16 
 53 4.0 5.4
A castrated male 
 21 43 
 5.3 4.4
 

Keneba herd size 
 = 394 animals
 
N. Jattaba herd size 
 = 979 animals
 

Table 1 summarizes the herd composition on 1/0!/1987 in Keneba
and Nioro Jattaba, respectively. 
 The higher percentage of adult
bree 4ing females in Nioro Jattaba 
than in Keneba was associated
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with a lower percentage of suckling and weaned male calves. 
 The

ratios, adult entire males per adult breeding females, were high,

10.8 and 11.3% in Keneba and Nioro Jattaba, respectively.
 

Age at first calving
 

Although a few animals are able to calve between 3 and 5 years of
 
age, the mean age at first calving is between 5 and 6 years.
 

Calving interval
 

The second calf is produced at 7 years, the third between 8 and 9
 
years and 
the fourth between 10 and 11 years. However, the
 
annual calving rate in 1986, calculated as the ratio of number of

calvings per average number of adult breeding females kept during

the year, was 52 and 47% in Keneba and Nioro Jattaba,

respectively. These calving rate figures 
would correspond to a
 
calving interval of 23 to 25 months.
 

Productive life time
 

The number of breeding females is constant from 3 to 7 years. In
 
1986, the 	exit rate for that age group was 5.3%. From 7 to 
10,

the number of breeding females was reduced by 50%. In 1986 the
 
exit rate for that age group was 14%. From 10 years onwards, the

number decreases rapidly. In 1986 the exit rate for that age

group was 37%. Details on exit 
type for these age groups of
 
breeding females are summarized in Table 2.
 

Table 2. 	Exit types and rates of adult breeding females per age
 
category in 19B6 in Keneba and Nioro-Jattaba.
 

Age Category Mortality Disposal Total Exit
 
(years) Rate (%) Rate (%) Rate (%)
 

3-7 	 0.9 4.4 
 5.3
 
7-10 	 4.2 
 9.7 	 13.S
 
>10 	 5.6 
 31.5 	 37.1
 

Calving distribution
 

Although large numbers of mature bulls are in the herd throughout

the year, 	there was 
a marked seasonal block calving, with 86% of

all calvings occurring between August and December 1986. The
 
inferred natural block conception period, November to March, 
is
 
the early part of the dry season.
 

Monthly liveweight changes
 

Figure 1 shows the pattern of mean monthly liveweight for both
 
dry and lactating adult females 
in Keneba 	from December 1985 to

September 	1987. 
 During that period, 60% of the breeding females
 
were lactating while 40% were dry.
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The overall mean liveweight for 

was 213 (s.d. 29.3) kg. 	

all adult females (n=2813)
 
s.d. 29.0) 	

The mean body weight for dry cows (223,
was significantly higher 
(P<0.03) than the mean body
weight for lactating 

losses, 15 to 25% 

cows (207, s.d. 27.8). Severe liveweight

of the mean, in both lactating
coincided with the later part of 	

and dry cows

the dry season in both 1986 and
1987. 
 The rains 	started later in


early June. 	
1986, mid-July, than in 1987,
Accordingly, the liveweight losses during
dry season the late
were more 	severe in 1986 
than in 1987. The mean
monthly liveweight of lactating 
females at month 
of conception
and conception rate were 
positively 	correlated, (r=0.73, P<0.1,
n=13). 
 Moreover the mean liveweight for all
January (221, s.d. 27.2) 	

cows in December and
 was significantly higher 
(P<0.01) than
the mean liveweight 
for all cows in the remaining months (211,

s.d. 29.4).
 

1r.ctating
cows 
 dry cows
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Figure 1. 	Mean monthly liveweights for dry and lactating cows in
 
Keneba (in 1986/87).
 

Monthly PCV changes
 

Figure 2 shows the pattern of mean monthly PCV for both dry and
lactating adult females in Keneba from December 1985 to September
1987. The overall mean 
PCV for all adult females (n=2813) was
26.4, s.d. 	4.5. 
 The overall mean 
PCV for dry cows (27.6, s.d.
4.8) was significantly (P<0.01) higher than the overall 
mean PCV
for lactating cows (25.8, s.d. 

all 	

4.1). Moreover the mean PCV for
cows in December and January (28.8, s.d. 4.3) 
was significantly higher (P<0.01) than the mean PCV for 
all cows in the
remaining months 
(25.9, s.d. 4.3). Furthermore, mean monthly PCV
of dry cows was positively and significantly correlated with mean
monthly liveweights (r=0.63, P<0.001, n=22).
the 	 The same applied to
mean monthly PCV 
of lactating cows, which 
were correlated
with mean monthly liveweights (r=0.74, P<0.001, n=22).
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Figure 2. Mean monthly PCV for dry and lactating cows in Keneba
 
(in 1986/87).
 

Diseases
 

Blood microscopic examinations revealed a low trypanosome pre
valence in village herds, 2 and 0.5% in Keneba and Nioro Jattaba,
 
respectively, throughout the study period. This result was con
firmed by the serological results. In Keneba, high titres of
 
antitrypanosome antibodies at ear-tagging decreased dramatically

confirming that tsetse challenge had fallen.
 

Other blood parasites, such as Babesia and Anaplasma, were
 
never diagnosed. Strongyles and coccidia were mainly found
 
during the rainy season and in the young animals. Liver fluke
 
and other trematodes were never encountered.
 

Brucellosis was identified as a major problem in Nioro
 
Jattaba. The abortion rate was 5%. Of 436 serum samples collec
ted in May 1987, 14% were found to be positive after Rose Bengal

and seroagglutination tests. Although a few light calves, less
 
than 10kg, were born in Nioro Jattaba, birth weight was not
 
significantly lower in Nioro Jattaba than in Keneba. Male and
 
female birth weight in Keneba and Nioro Jattaba were 16.6 (s.d.

3.0), 16.2 (s.d. 2.8), 17.0 (s.d. 3.1) and 15.7 (s.d. 2.8),
 
respectively.
 

Onset of ovarian activity in the post-partum period of 24 
supplementary fed N'Dama cows 

All 24 animals succeeded in rearing their calves up to weaning.

By 60 days post-partum, 12 of the 24 animals showed an increase
 
in plasma progesterone levels (P4>2ng/ml), indicating resumption

of ovarian cyclicity. For 4 out of the 24 animals, the record of
 
service was not collected. In the other 20 animals, the mean
 
calving to first service interval was 69 days, ranging between 19
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and 194 days. At the 
end of October 1987,
calving, four cows were 
8 months after
not pregnant.


without any service date 
Two cows were pregnant


information. 
 Of the 18
animals, conception occurred 26 remaining

to 
194 days post partum with
average calving-to-conception interval of 80 days. 

an
 

DISCUSSION
 

Existing knowledge of cattle reproductive performance in The
Gambia 
is based largely on the 
results from 
the Gambia/Glasgow
University collaborative trypanosomiasis research programme,
continuing under now
the ITC (Shaw and Hoste, 1987).
gave the estimated The results
age at first calving as between
months and estimated calving rates 
40 and 60
 

were 50 to 60% and 35 to
in areas of 43%
low and high tsetse

(Clifford, 1986). 

challenge, respectively,

Dunsmore 
et al. (1976) believed that
rate varied substantially from year 

calving

to year, from
trypanosomiasis challenge high to low
 areas,


only 41%. 
but estimated the mean to be
Although slightly different,
literature and both estimates from
from this study indicate 
a poor reproductive
efficiency of N'Dama cattle kept under village management in The
Gambia. 
 The results of


effects of 
this study suggest the importance of the
various 
environmental 
and disease factors on
reproductive performance.
 

Undernutrition and reproductive performance
cattle are interactions in
well documented (Haresign, 1983;
Gauthier et Holness, 1983;
al., 1984; Spitzer, 1986). 
 One of the major difficulties in interpreting nutrition-reproduction interactions
that of measuring nutritional status. is
 
Nutritional status
defined in can be
terms 
of requirements (physiological status) 
and
supply of energy, protein and other dietary components.
nately, Unfortuit was not possible under 
these
characterized by extensive grazing 

village conditions,

and browsing,
intake. Liveweights, used in the 

to assess feed
 
current study, 
were the best
estimate of the nutritional status of the animals.
ments Such measuredescribe long-term nutritional 
status
the components of only, while many of
the reproductive process 
in
ovulation, fertilisation, implantation) 

the female (e.g.

take place
tively short time-period (Haresign, 1983). 

over a rela-

However, even 
if the
small number of pairs of values
confidence interval, 

(n=13) was responsible for a poor
the mean liveweight of lactating females at
month of conception 
was positively correlated 
with conception

rate.
 

In this study, the liveweight of5
varied considerably throughout the year. 
the adult breeding females
 

Liveweight losses coincided with 
the 
mid and late 

coincided with 

dry ieason, while liveweight gains
the onset 
of the rains and consequent growth
grass. Animals reached their of
best body condition in
part of the early
the dry season 
after they had benefitted 
from the green
forage during the rains and from crop residues after harvest.
was mainly during this period of It
 
conceived, probably because of 

the year that cows successfully

the influence of
body condition. feed intake on
Similar findings in dairy cows 
in Europe showed
that actual 
feed levels, body condition and interadtion
these two parameters around between


the time of 
mating were positively
correlated with reproductive performance (Youdan and King, 1977).
 
In spite of much information on 
the observational components
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of the nutrition-reproduction relationship, relatively little is
 
known of the underlying physiological mechanisms involved
 
(Haresign, 1983). However, it has been demonstrated that the key
 
to early return to oestrus after calving were adequate pre-partum
 
levels of nutrition, a consequent good body-condition score at
 
calving and adequate levels of nutrition after calving to prevent
 
important liveweight losses (Holness, 1983; Gauthier et al.,
 
1984). The relationships between nutrition and both ovulation
 
rate and length of the calving to the conception interval are
 
well established (Haresign, 1983). A recent study carried out on
 
N'Dama cattle in village herds in The Gambia demonstrated that
 
post-partum anoestrus was a major factor responsible for extended
 
calving intervals. Of 176 cows, only 6.8% started cycling within
 
110 days post-partum (Gyawu, in press).
 

The preliminary results from the 24 supplementary fed N'Dama
 
cows at ITC already demonstrate that calving to resumption of the
 
ovarian-cyclicity interval could be shortened by improved
 
feeding.
 

In addition to its effect on ovulation, resumption of post
partum cyclic activity and fertility, underfeeding can delay
 
puberty in both males and females and therefore delay age at
 
first calving (Gauthier et al., 1984). In 14-month-old creole
 
heifers, the percentage oi cyclic females was a function of the
 
mean daily weight gain (Gauthier and Thimonier, 1982 cited by
 
Gauthier et al., 1984).
 

The mean PCV throughout the study period was lower than PCV
 
values for N'Dama cattle reported by othier workers (Walshe and
 
Gilles, 1962; Roberts and Gray, 1973; Toure et al., 1978;
 
Poivey et al., 1983). This low mean PCV value indicates that
 
N'Dama cows in the two villages studied suffer from chronic
 
anaemia. However, the prevalences of helminthiasis, trypano
somiasis and other blood parasites were low. Therefore these
 
infections could not account significantly for this anaemic
 
status. Moreover mean monthly PCV was highly and positively
 
correlated with mean monthly liveweights in both dry and
 
lactating adult breeding females.
 

Consequently PCV and liveweight changes may only reflect the
 
underfed status of the N'Dama cow in the two study villages.
 
This emphasizes the need to improve the nutrition of the cows to
 
enhance the reproductive efficiency of the N'Dama kept under
 
village conditions. Moreover, it shows that, when evaluating the
 
importance of trypanosome infection through its effect on PCV, it
 
will be essential that other anaemia producing factors such as
 
poor nutrition are identified and their effects estimated.
 

Unfortunately, because the trypanosomiasis challenge was low
 
it was impossible to assess the effect of this disease on herd
 
reproductive performance. Brucellosis was identified as a major
 
problem in Nioro Jattaba. Although the study of the effects of
 
brucellosis on reproductive performance is difficult (Plommet,
 
1971), its importance should not be neglected in the village
 
herds of The Gambia.
 

Little is known about the effects of climatic factors on the
 
reproductive pro:ess of both the N'Dama cow and the N'Dama bull.
 
In this study the successful conception period coincide% with
 
major seasonal cli.matic changes. November to March are the
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months with the lowest mean monthly humidity rates. 
 This period
also coincides with the lowest mean monthly minimum temperatures
and with the lowest mean monthly temperatures recorded throughout
the year (Figure 2).
 

Suppression of conception rates during hot months of
year has 
been the
well documented 
for Holstein 
cows.
with reduced sexual activity, reduced length 
They respond
 

heats. Moreover heat and intensity of
stress
(Thatcher, 1983; 
may lead to embryonic death
Zonty, 1983; 
 Thatcher and Collier, 1986). 
 The
N'Dama may differ from the Holstein cow, but the need for further
research in that field becomes more
trypanotolerant trait 

important at a time when the
of the N'Dama cattle is to
How the spermatogenesis, be developed.
libido and
N'Dama bulls sexual behaviour of
are affected by the
climatic 
factors 
are also areas
needing further research.
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Biological productivity
 



20 
Factors influencing the production potential
 
of tpranotolrant livestock
 

W FERGUSON 

INTRODUCTION
 

Subsequent papers in this deal with
section will production

performance, of trypanotolerant livestock. This review paper will
 
therefore attempt to focus mainly on of the wider
some issues
 
which can be e~xected to bear heavily on the potential role of
 
these animals in agricultural development.
 

Many of the major determinants are those which would influ
ence the production attainment of 
any breed, trypanotolerant or
 
otherwise. Paramount among these is the vegetative growth

potential of the area in question.
 

As Jahnke (1974) concluded, the tsetse and trypanosomiasis

problem must be viewed as a problem of land use. Few would argue

with his assertion that the choice of economic policy for miti
gating the impact of trypanosomiasis should vary according to the
 
natural potential, the trypanosomiasis challenge and other
 
characteristics of the area in question. It is therefore necess
ary at the outset to define the area in which production is
 
envisaged and to examine its resource potential.
 

The next factor requiring clarification in determining

potential for trypanotolerant livestock concerns the manner of
 
utilization of the resource attributes. Farming systems in much
 
of tsetse-infested Africa have entered the phase of rapid change.

Being subject to so many technical, economic, social and poli
tical variables the precise rate at which changes in land-use
 
practice will progress is difficult to predict for each of the
 
thirty-eight tsetse-infested countries. However the direction of
 
these changes can be discerned by recalling some of the key

changes which have emerged in recent decades and some of the
 
associated adjustments in research and development priorities

which have resulted. Governments may influence the trends by

ensuring the adequacy of price incentives and other supports, but
 
it is the farmer who makes the ultimate decisions which shape the
 
pattern of livestock development.
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The factors which influence the potential of trypanotolerant

livestock are divisible into two cateogories:
 

i) Those which tend to be relatively static or "fixed" over the
medium-to-long term i.e. most of the biological factors such
 as climate, natural 
resource 
base and physiological

attributes of breed; 
 and
 

ii) those which are "dynamic" in that they may be 
subject to
significant change 
over the short-to-medium 
term e.g.
disease risk, management systems, 
production incentives,
effectiveness 
of extension services, land 
tenurial adjustment and other socio-economic factors.
 

It is beyond the scope of 
this paper to examine all of these
factors in detail. An attempt is made 
o concentrate on 
aspects
which seem particularly ieie.vnt to 
the present stage of research
on livestock productivity and trypanotolerance and ultimate
 
development objectives.
 

THE FIXED FACTORS
 

Relevant resource attributes
 

It 
is assumed here that significant extension of trypanotolerant
livestock beyond the 
areas of tsetse distribution is

currently envisaged. 

not
 

Reference 
to the FAO Agro-Ecological 
Zones Project data
(FAO, 1978) confirms that much of 
the land infested by tsetse
(Fig. la) has, by African standards, relatively high agricultural
potential. This is adequately confirmed by the positive 
correlation with suitability for growing cassava 
(Fig. lb), sorghum
(Fig. lc) and maize 
(Fig. ld). This is 
not to imply homogeneity
of tsetse distribution or 
cropping potentials of course. As
indicated by Jahnke 
(1974), detailed resource inventory and landsuitability classification 
would be necessary at a scale compatible with project planning. However, 
the aggregated
information portrayed in 
the figures serves 
to illustrate
only three important tsetse areas 
that
 

are generally characterized by
insufficient length of growing period for reliable rain-fed crop
production. 
 These are the Zambezi Valley, Somalia and the
Okavango Delta in Botswana. 
Since they do not contain recognized
populations of trypanotolerant livestock and 
are not encompassed
in the ATLN as 
currently designed, they are not considered
further here. 
 This paper focusses mainly on 
the humid and subhumid zones 
having a growing period in excess of 180 days and
existing livestock populations identified as 
trypanotolerant.
 

Von Kaufmann (1986) 
and Bourn et al. (1986) have
convincingly exposed 
as a fallacy 
the belief that the expansion
of crop production involves 
a decline in 
ruminant livestock
population in 
the higher rainfall areas. They have also
indicated the high potential 
for both crop and livestock
production in the sub-humid zone (180 t-
 270 da~s growing
period). 
 This zone, which occupies some 5 million km' or 23% of
Africa, has 
a lower population density than its neighbouring
humid and semi-arid zonos. Although subject to 
accelerating
spontaneous qolonization it still offers 
an important op3ortunity
for timely and effective 
research and development contributions
 

188
 



to agricultural and livestock production (von Kaufmann, 1986; 
Mohamed-Saleem 1986a). 
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Figure 1. Area, of tsetse distribution and suitable agro
ecological zones for three major crops.
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The 	relief, soils 
and vegetation of the 
sub-humid zone
West 	Africa hL of
 
purposes of 

e been the subject of review by ILCA (1979a). For
in, icating appropriate development directions it suffices to recall the following facts:
 

(a) 	it is the availability of nitrogen and not moisture which is
the main factor limiting plant growth and animal 
nutrition
in tropical grasslands with a growing season of 150 days 
or

longer; and
 

(b) pasture and forage legumes, with their well-known ability to
convert atmospheric nitrogen into nitrates which can be 	used
directly by other plants, 
can play a crucial role in achieving sustainable crop/livestock production systems.
 

Breed adaptation
 

Resistance to locally endemic diseases
 

By the middle of the present century the 
relative tolerance of
N'Dama and West African Dwarf Shorthorn cattle to trypanosomiasis
and the field indications 
that this was probably innate rather
than acquired 
were well recognized, 
as was the need for
investigation 	 fuller
of the 
nature and specificity 
of this aspect of
breed adaptation (Stewart, 1937 and 1951; 
 Mulligan, 1951).
 
Although at least 
one institutional 
zebu herd
established under light Glossina palpalis challenge in 	

had been
 
the humid
zone (Hill, 1956) this was not 
seen as a realistic
cattle development in 	 basis for
tsetse areas.


considered 	 At this stage the chcice was
to lie between 
raising tr panotolerant cattle
having no resident cattle 	 or
within the tsatse areas. 
 A need for
further comparative study of 
the N'Dama and West 
African Dwarf
Shorthorn breeds 
wao 	seen as 
a research priority. Since that
time some progress has 
been made towards understanding the
nature of trypanotolerance 
 (Murray, see article 15
Proceedings). However the fact of 	
of these
 

superior innate and apparently
highly heritable resistance within 
the 	N'Dama 
and 	West African
Dwarf Shorthorn breeds has, 
for 	practical purposes, been
established 	 well
(Hill and Esuroso, 1976; 
Murray and Trail, 1984;
Roberts and Gray, 1973). 
 In the case of small ruminants, general
field observation confirms the 
capability 
of West African Dwarf
breeds to develop a useful degree of tolerance to trypanosomiasis

(ILCA, 1979b).
 

Although trypanotolerance may prove to 
be classifiable as
relatively 	 a
fixed factor, it is necessary for purposes of
stock development planning 	 live
to recognize that its
ficance 	 economic signican 	alter with 
time when other factors such
distribution, 	 as tsetse
husbandry practices, livestock values 
and 	effectiveness of veterinary cover undergo change.
 

The evidence for resistance of trypanotolerant livestock
cutaneous streptothricosis 	 to
(Coleman, 1967; Abu-Samra, 1980; ILCA
1979a) appears more substantial than that for resistance of these
animals 
to helminth infections

1982); 	 and tick-borne diseases (Ikede
their very high susceptibility 
to rinderpest 
is well
recognised particularly in the 
case of the West 
African Dwarf
Shorthorn breed (Ferguson, 1967a).
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The streptothricosis factor influences the potential of

trypanotolerant livestock 
in much the same way as does trypano
somiasis. For the present it effectively precludes the use of
 
temperate zone exotic breeds which might otherwise be 
introduced
 
on a larger scale than the existing tentative trials for im
proving milk production by crossbreeding in Nigeria (Ibu et al.,

1987) and elsewhere (Vargas and Mendoza, 1984). A difference has
 
been the lack of effective prophylactic or curative chemotherapy

for streptothricosis to date. However this could change in the
 
short-to-medium term.
 

Since the advent of rinderpest tissue culture vaccine i.n the

early 1960's, an effective protection which can be safely applied

to the highly susceptible trypanotolerant breeds has been, tech
nically speaking, available. Given the lessons learned during

the resurgence of this disease in the early 1980's and the re
habilitation of vaccine production and increased attention to
 
quality control which followed, there is justification for con
fidence that rinderpest will be held within the limits of accept
able risk.
 

Rinderpest tissue culture vaccine 
can be used to confer
 
effective protection of sheep and goats against endemic peste des
 
petits ruminants which is a major cause of mortality in West
 
Africa, so that there 
is some reason for confidence that this
 
risk can also be contained.
 

Heat tolerance and grazing behaviour
 

A useful degree of trypanotolerance is of course only one of tha
 
economically important components of adaptation of the so-called
 
trypanotolerant breeds.
 

Their high heat 
tolerance may be partly attributable to

their relatively small size and therefore larger surface area:
 
body-weight ratio, particularly in the case of forest-zone
adapted strains of West African Dwarf Shorthorn. The latter have
 
a higher susceptibility to direct solar radiation and therefore a
 
higher level of shade dependence than have zebu cattle or N'Dama.
 
This is evidenced by elevated rectal temperatures when deprived

of shade (Ferguson, 1967b) and by pronounced shade-seeking be
haviour during the hottest hours of the day. Coupled with marked
 
path-forming behaviour which persists 
on improved pastures, this
 
would indicate satisfactory adaptation to the 
rain forest
 
environment rather than to the open savanna. 
 It also might imply

suitability for village herding, oil-palm intergrazing or stall
 
feeding rather than for ranching in open treeless situations
 
(Ferguson, 1966). West African Dwarf Shorthorn found in the more
 
northerly latitudes of the Guinea savannas tend to have different
 
coat characteristics and show more grazing activity during the
 
hours of maximum solar radiation. This is in general agreement

with the findings of Pagot (1974) who reported a positive

correlation between cattle size and the surface area of respec
tive climatograph for the area of breed distribution.
 

Cadot (1966) recorded a mean grazing time of 11 hours 5
 
minutes in the dry season and 9 hours 
13 minutes in the rainy
 
season for N'Dama cattle in Cote d'Ivoire and reported 57 minutes
 
and 1 hour 32 minutes spent in the shade in the dry and wet
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seasons, respectively. Ferguson's (1966) study of 
West African
Dwarf Shorthorn was conducted in the early dry season and showed
that these animals, given continuous 
access to pasture,
shade/shelter and water would graze for apploximately 9 hours in
24 but might spend as long as 4 hours 30 minutes (1045-1545)resting or ruminating 
in the shade and might graze 
for about 3
hours during the night.
 

Although the N'Dama 
breed is subject
size and coat to much variation in
characteristics 
(Toure, 1976)
whether this it is not clear
is associated with differences in daytime grazing

efficiency.
 

Production Performance
 

Meat
 

The meat production potential 
of trypanotolerant 
livestock
well established. is
By the middle of 
this century an earlier view
that the 
small, indigenous breeds 
of cattle 
in West Africa were
uneconomical 
or had deteriorated 
was already being
Recognition of the beef refuted.

production potential of 
the N'Dama breed
had led, in Nigeria, to the establishment of one parastatal ranch
and another regional multiplication and selection centre for
breed. A policy of this
upgrading indigenous village herds of West
African 
Dwarf Shorthorn 
to N'Dama


advanced had become sufficiently
to generate concern 
for preservation of
Several years of the breed.
 
village and 

study of the West African Dwarf Shorthorn under
investigation-centre 
conditions 
had confirmed 
its
beef production potential and by 1958 
a "reserve"
created for that breed in the 
area had been


southern half of Nigeria's present
day Ondo state (ILCA, 1979a).
 

Table 1. Levels of production of selected breeds of African cattle, sheep and goatsoccurring in association with trypanosomiasis risk. 

Species Breeding ProgenyBreed female Progeny Breed- Producper breed- Progeny PoeyBed rdcvieceseailit ig fem e viability weight ing fe- tivityviability(96) ing female at 5moper year male index1(kg) wt (kg) 

Cattle Zebu and 98 0.81 89.0 189.02 371.0 4.1 
Sanga
 
N'Dama and 98 0.80 92.0 109.0' 219.0 3.7
W.African 
Shorthorn
 

Sheep Dwarf 86 1.79 68.0 11.5 23.6 6.4
W. African 

Goats Small 95 1.18 70.0 10.5 30.2 2.9

E. African
 
Dwarf 88 
 2.24 77.2 7.5 21.3 6.9
W.African 

I The productivity index is the weight of progeny produced per 10 kg. of breeding
female maintained per year.2 The progeny weight of cattle is at 12 months of age.
Source: Caries, A.B. (1981). 
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More recently data on the performance traits of trypano
to:erant livestock in West and Central Africa have been exten
sively surveyed by ILCA (Trail and Wissocq, 19821 and FAO (1980).
 
The production potential of large and small trypanotolerant rumi
nants in different ecological zones and under different levels of
 
management and trypanosomiasis risk is currently being studied by
 
ILCA and ILRAD in collaboration with national research teams a
 
13 sites in 10 African countries. Table 1 summarizes some of the
 
resultant data. Of particular note is the relatively high
 
productivity of Dwarf African sheep and goats.
 

Milk
 

Trypanotolerant cattle are milked to provide for human con
sumption in several parts of West Africa, but it is generally
 
acknowledged tha. they have lcw milk-production potential.
 

Starkey (1984) describes the N'Dama as a beef breed with
 
very low milk production. He reports yields of around 70 to
 
100kg per year where milking for human consumption is carried out
 
and states that full lactation yields are considered to be about
 
500 to 60Gkq. Toure (1976) reports that the N'Dama is not a good
 
milker even when well fed and proposes crossing to improve their
 
lactation.
 

'he first FAO Expert Consultation on Research on Trypano
tolerance and Breeding of Tryp-.iotolerant Animals, held in 1976,
 
reported that milk production cf these animals is low and rpilk
 
for human consumption only available at the expense of the calf.
 
'his group concluded that development of urban milk supplies
 
would have to be based on high-yielding animals managed on an
 
intensive basis, which would practically eliminiate the risk of
 
trypanosomiasis and thus make it possible to dispense with try
panotolerant breeds for this purpose. However milk production by
 
smallholder farmers in tsetse areas and procurement of urban milk
 
supplies are often quite separate issues.
 

Since milk production is likely to have a growing influence
 
on a farmer's breed preferences, the evaluation of N'Dama milk
production potential being made by ILCA and ILRAD in collab
oration with the ITC in the GambiA and that of the East African
 
Zebu in Ethiopia and Kenya (ILCA, 1986a) deserves close attention
 
and support.
 

Traction
 

The first FAO Consultation on Research on Trypanotolerance and
 
Breeding of Trypanotolerant Animals (1976) expressed the view
 
that trypanotolerant cattle can be introduced into the agricul
tural system without much risk and without straining the tech
nical competence of the smallholder farmers, but did not comment
 
on their draught potential or compare it with that of zebu
 
breeds. As Starkey (1984) reports, N'Dama cattle are often used
 
for traction within their natural area of distribution and even
 
the females of the breed are sometimes used successfully. Toure
 
(1976) on the other hand dismisses trypanotolerant cattle as
 
being of limited usefulness because of their small size. Judging
 
from the tendency of West African farmers to employ crossbred
 
zebu x trypanotolerant cattle for draught purposes wherever the
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tsetse challenge is 
light enough to permit this, his 
view is
widely shared.
 

There is little doubt that the
provide more draught 
larger breeds will usually
force per animal unit than 
the smaller
breeds. Lawrence 
(1987) who compared 
the draught qualities of
American Brahmans and two Criollo breeds in Costa Rica found that
the distance travelled, work done, speed 
and power all followed
predictable trends 
whereby the values 
were greatest
heavier Brahmans and for the
least for the 
lighter of the
breeds. two Criollo
This is 
not to imply that small animals cannot be used
successfully for draught. 
 Farmers who wish to 
employ animal
traction will make 
use of whichever competent animals 
are available locally and efficiency of operation will probably be determined at least as 
much by the design and quality of harness and
equipment as 
by the breed of cattle used.
 

THE DYNAMIC FACTORS
 

Disease risk
 

Disease risk is 
a dynamic factor in that it is subject 
to change

which can be brought about by the following:
 
a) advances in veterinary research 
bringing new vaccines and
drugs, better understanding of 
the epidemiology 
of animal.
diseases and improved control of parasite vectors;
 
b) adoption of 
new production systems with 
consequent changes
in environmental 
stress and inter-animal 
contact frequency;
also changes in nutritional status;
 

c) demographic change which alters vector habitat 
(agricultural
expansion; 
 fuel wood removal);
 

d) socio-economic change 
such as alteration 
in animal values,
efficiency of 
livestock production support services and
government sectoral priorities, etc..
 

Change in disease risk may be relatively gradual,
advance as in the
or retreat of 
tsetse populations, 
or sudden as with
advent of rinderpest tissue-culture vaccine. 
the
 

In considering the disease factor it is 
necessary
nize the strategically important diseases which 
to recog

sequential barriers constitute the
to 
progressive livestock development 
and to
consider the reappraisals in breed preferences which may occur as
each barrier is breached. 
 Until the advent of 
a safe and effective rinderpest vaccine this disease constituted the primary
threat 
to survival of trypanotolerant cattle. 
 At the present
juncture trypanosomiasis, closely 
followed by streptothricosis,
constitute the main impediments 
to
investment livestock production and
at farm level. Effective control of 
these diseases
will open up the possibility of using dual or triple purpose zebu
breeds 
and possibly wider adoption 
of their crosses, throughout
the humid and sub-humid zones. 
 At this stage other formidable
disease barriers, and in particular the tick-borne diseases,
would still confront any initiatilre 
to move forward with 
introduction of temperate zone breeds except under 
closely monitored
 
controls.
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Trypanosomiasis
 

Thirty years ago tsetse control technology had reached the stage

of large-scale, selective ground spraying of tsetse resting

places within their dry-season retreat areas (MacLennan and
 
Kirkby, 1958) but was still largely confined to the relatively

dry Sudan zone. The strategy was to achieve eradication in areas
 
which were or would become contiguous with adjacent fly-free

barriers large enough to minimize risk of re-invasion. Since
 
that time important advances in tsetse-control technology have
 
occurred.
 

Newly developed tsetse-control techniques are based on low
to-nil environmental contamination risk and are attracting in
creasing donor agency interest and support. They include ultra
low volume spraying of insecticide, insecticide-impregnated
 
screens and traps used with or without olfactory attractants and,
 
more recently, deltamethrin-treated bait cattle (Hursey et al.,

in press; Thomson, 1985). The use of artificially reared and
 
sterilised males has 
also been developed and used in integrated

operations in limited areas (Lyndquist, 1987; Oladunmade et al.,

1985) but has yet to be fully costed for comparison with
 
alternative mopping-up methods.
 

Prospect3 for reducing tsetse challenge over wide areas and
 
for involving community self-help in this have greatly improved

with the development of effective lethal screens and traps and
 
may improve further with the advent of economical and effective
 
use of insecticide-treated bait cattle. As this technology is
 
being refined, tsetse habitats are being progressively reduced in
 
many areas as a result of agricultural expansion. This is parti
cularly evident in the sub-humid zone of West Africa (Bourn et
 
al., 1986). Consideration of the potential role of trypano
tolerant livestock would therefore seem to call for study, and 
so
 
far as possible, monitoring on a geographical basis, of the rate
 
at which trypanosomiasis risk may be disappearing or coming

within economically acceptable chemotherapy requirement levels.
 
On this subject there appears to be, at first sight, some con
flict of opinion in the published literature.
 

Jordan (1979) describes the rapidly accelerating disappear
ance of Glossina morsitans from vast areas of West Africa and
 
attributes this mainly to expanding cultivation and tree removal.
 
Putt et al. (1980), referring specifically to Nigeria, conclude
 
that Glossina morsitans populations are in general declining.

Bourn et al. (1986) referring to Nigeria's sub-humid zone, des
cribe a general ccntraction of Glossina morsitans which they

predict will lead to local extinction of this species and be
 
followed by dwindling and ultimately the disappearance of the
 
riverine species as the remaining riverine forest is progress
ively encroached on by cultivation, logging, palm-wine collection
 
and fire. Murray and Gray (1984) on the other hand conclude that
 
the net effect at the continental level of agricultural expansion

and tsetse control has been small and that the problem of African
 
animal trypanosomiasis is escalating and will continue to
 
escalate over the next decade unless more active steps are taken
 
to control the disease. Citing MacLennan (1980) they list signi
ficant tsetse advances in Nigeria, Cameroon, Botswana, Zimbabwe,
 
Uganda, Tanzania, Sudan, Ethiopia, Eastern Senegal and Western
 
Mali. The latter authority, who considers it necessary to take a
 
perspective longer than 20 years, expresses the view that
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although population pressures can lead to changes in the Glossina
species present, this will 
in many circumstances 
ensure
perpetuation of the
the trypanosomiasis problem except where specific
measures 
are successfully applied to 
eliminate infestation and
maintain tsetse-free areas.
 

The above conclusions 
are not necessarily at variance. Although generalizations by country are misleading, the facts which
 seem to emerge clearly are:
 

a) 
 land which remains undeveloped after is
tsetse eradication
likely to be vulnerable to re-invasion; 
as in the Nigerian
and Cameroon situations referred to by MacLennan 
(1980);
 
b) land abandoned by farmers during periods of civil strife 
or
for other reasons, will become vulnerable to invasion by
tsetse if adjacent to an 
infected area as 
happened in
Zimbabwe, Uganda and to 
some 
extent in Zambia and probably


in Mozambique; and
 

c) tsetse infested land 
which is of good agricultural potential, is adjacent to areas of 
high population density and
subject to spontaneous or 
organized colonization and intensification of 
cultivation, will become increasingly unsuitable for 
tsetse and therefore less 
hostile for trypanosomiasis-susceptible livestock 
 (as is happening in the subhumid zone of West Africa).
 

Streptothricosis
 

If trypanosomiasis risk did not 
exist in West Africa, streptothricosis 
would still militate heavily against zebu 
cattle in
the wetter areas. 
 It would also preclude the successful
purebred exotics use of
or their crosses with zebu 
cattle except under
closely controlled husbandry conditions.
 

The promise offered by 
the live intradermal dermatophilosis
vaccines has not 
been fulfilled 
to date and study is now made of
the possible need 
to relate 
the antigenic composition of
vaccinal strains used to 
the


those predominating in the field 
in any
particular region (Lloyd, 1984).
 

There 
is good evidence that effective 
tick control can
reduce if 
not prevent the occurrence of 
this disease but,
pointed as
out by Ilemobade (1984), the regimentation necessrry for
tick control by dipping would 
be difficult to apply in West
Africa and would probably be unwarranted.

tolerant breeds enjoy a high degree of 

Both zebu and trypano
resistance to 
endemic
piroplasmosis 
and anaplasmosis. However the advent
acaricides (deltamethrin and flumethrin) opens 

of pour-on
 
new possibilities
and 
the prospect of controlling streptothricosis by this 
method
is now being examined. Morrow 
(1987) has reported the apparent
disappearance 
of the clinical diseases 
from the island of St.
Lucia following use of pour-on flumethrin.
 

Traditional Management
 

By the mid-1950's good progress had been made in research and onstation develobment of 
improved pastures. Large-scale expansion
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of commercial ranching was 
envisaged in national development
plans. Village livestock on the other hand were for 
the most
part free-roaming or confined 
overnight and herded 
in daytime.
Production of forage 
on fallow land was a subject of technical
discussion, but the reality seemed fraught 
with insurmountable
problems of distance, time-budgeting and fragmentation of land
holdings. 
 Shifting cultivation 
with long bush fallows was
universal. 
 The management factors which predispose to 
occurrence
of clinical trypanosomiasis in trypanotolerant breeds 
i.e. low
plane of nutrition, overwork, intercurrent disease, change of
environment, systematic reactions 
to certain vaccines etc., were
well recognized thirty years 
ago (Littlewood, 1958). They were
not of major concern in village herds. 
 No strategies had yet
evolved for intensifying management other than provision of 
confinement and herding to 
reduce the social conflicts 'esulting

from crop damage by free-roaming livestock.
 

A comprehensive and competent review of 
current management
of trypanotclerant livestock in West and Central Africa has been
provided by Wissocq (1981). 
 Insufficient reliable 
information
existed to enable quantitative economic assessment of the importance of these animals in either the agropastoral, ranching
crop-farming sectors. 
 However, as 
or
 

his review clearly indicates,
their eccnomic role in commercial terms, is lowest among the
small farming communities in the high rainfall areas. A few of
the salient factors which still 
influence the performance of
trypanotolerant livestock 
in the high rainfall areas will be
 
outlined briefly here.
 

Restriction of grazing opportunity
 

Mack et al. (1984), 
in the case of West African Dwarf goats, and
Ferguson (1967), 
in the case 
of West African Dwarf Shorthorn
cattle, observed that trypanotolerant livestock in village situations usually perform best when not managed at all. 
 This information can useful
be if it indicates where management improvements may be achieved within the frarework of production priori
ties and resources of local livestock owners.
 

In many villages typical management systems still 
involve
confinement or tethering on bare ground from dusk until around 9
a.m. thus providing only 
9 hours or so of grazing time for
animals that 
would spend several of 
these hours resting and
ruminating in the shade under free-choice conditions. This restriction constitutes more of 
a problem when herdsmen are
employees having only limited proprietary interest in performance
other than milk yield. 
 It is often a major factor responsible
for poor condition and low performance of village herds. 
 Rotational night grazing paddocks could, 
in theory, compensate for
restriction of daytime grazing but 
they are costly to establish
and maintain and consequently 
are seldom adequate in size 
or
 
number.
 

Fragmentation of village grazing
 

In the rain forest environment particularly, village grazing
tends to consist of small isolated areas of derived 
grassland
resulting from land clearing around village schools, playing
fields, churches etc., or where roadside verges have beei. clear
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felled and kept open. Unhusbanded herds utilize all 
corners of
such 	secondary grassland effectively by dispersing widely during
grazing. Herds which are 

to 

kept intact by herdsmen are restricted
the few grassed areas large enough to accommodate the entire
herd 	at one time. 
 This 	aggravates risk of overgrazing. Coupled
with the effect of restricted grazing time, 
it can account for
deterioration of both cattle and available pasture.
 

Pasture management
 

Lignification and protein dilution in 
rapidly growing, tall
grasses during the rains is 
a frequent 
cause of poor nutritional
status of trypanotolerant cattle in 
the high rainfall areas. It
can 	occur alongside areas 
which are heavily overgrazed. If
herding is inefficient or stocking density 
too 	light during the
rains, grazing will be concentrated on limited areas 
while grass
growth proceeds unchecked elsewhere. This lead to a situcan

ation where animals are 
unable to consume sufficient dry matter
to 
obtain nutritional requirements for maintenance and 
can be an
important factor in 
increasing susceptibility of trypanotolerant

breeds to trypanosomiasis. It was 
a prominent aspect (personal
observation) of 
the 	poor standard of management alluded 
to,
not 	specified, by Godfrey 

but
 
et al. (1964) in their account
high incidence of trypanosomiasis in 	

of a
 
a herd comprising trypano

tolerant breeds.
 

Intensification Trend
 

As 
surely as shifting cultivation is giving way 
to more
continuous cropping, so livestock management systems are becoming
more static and more closely 
linked with crop farming in areas
which have good crop production potential 
(FAO, :984). The main
factors associated with this 
trend over recent years can be

summarized as follows.
 

1. 	 Increase in population pressure which leads to:
 

(a) 	expansion of agricultural activity both within and
 
outside the sub-humid zone 
(Putt et al., 1980);
 

(b) 	reduction of fallow periods 
 (Ruthenberg, 1980);
 

(c) 	accelerated removal of fuelwood;
 

(d) 	reduction of traditional grazing land (Powell, 1986);
 

(e) 	demographic shift, both spontaneous 
and 	assisted, into
the 	higher rainfall tsetse areas 
 (Ikede and Taiwo,

1985);
 

(f) 	a gradual disintegration of the ethnic division between
herding and cropping, i.e. progressive transition from
transhumant pastoralism to 
settled or semi-settled

agro-pastoralism accompanied by increasing acquisition

of cattle by indigenous crop farmers (Shaw and
Colville, 1950; 
Van 	Raay, 1975; Oxby, 1982; Waters-

Bayer and Taylor-Powell, 1986);
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(g) 	contraction of savanna tsetse habitat 
over 	large areas
 

(Bourn et al., 1986);
 

(h) 	increased demand for livestock products;
 

i) 	closer integration of crop and livestock liroduction
 
(FAO, 1984);
 

(j) 	increasing need for measures 
to sustain soil fertility,

linked with increasing farmer need for improved cash
 
flow to meet operational costs as land use becomes more
 
intensive; and
 

(k) 	rehabilita n of ,-accine production and veterinary

diagnostic facilities throughout Africa and improvement

in vaccine quality control. (FAO has targeted African
 
self-sufficiency in production of vaccines against the
 
major epidemic animal diseases, but not including

trypanosomiasis or streptothricosis, by the year 2000).
 

2. 	 Increase in allocation and improvement in delivery of
 
external assistance for livestock production and farming

systems research and development which is now yielding

guidelines and direct assistance for improving the
 
following:
 

(a) 	sustainability of soil fertility and thus of food crop

production by interplanting food crops with leguminous
 
tree crops (ILCA, 1986b, 1987);
 

(b) 	supp2y of dry season animal feed and improvement in
 
food crop yields by replacing bush fallows with forage

legume leys in the sub-humid zone (Mohamed-Saleem,
 
1986b);
 

(c) 	efficiency of utilization of crop residues as animal
 
feed; and
 

(d) 	consultation with and participation by farmers and
 
livestock owners on farm livestock research 
(McIntire,

1985; Atta-Krah, 1985).
 

3. 	 Reaffirmation by most African governments and donor agencies

of the crucial role of the traditional sector in
 
rehabilitation of African agriculture which should lead
 
to:
 

(a) 	improved production incentives for crops, livestock and
 
livestock products;
 

(b) 	revival or initiation of farmer associations concerned
 
with improving marketing and procurement of essential
 
farming inputs, e.g. seeds, fertilisers, breeding

stock, veterinary supplies; and
 

(c) 	improved delivery of such supports as credit, veteri
nary, extension, and where appropriate, artificial
 
insemination services, possibly involving establishment
 
of cost-recovery arrangements linked with 
(a) and (b)

to help achirve sustainability of these services at 
an
 
effective level.
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DISCUSSION
 

The important meat production potential of 
trypanotolerant sheep
and goats is clear. Most 
farmers own 
a few of
They are these animals.
capable of high productivity, already have wide distribution throughout 
the humid 
and sub-humid 
zones, involve less
capital risk than cattle and can provide more regular income than
small-scale beef production.
 

A major 
factor holding back 
development of
production in the sheep and goat
more humid areas has
association been the traditional
of these animals with 
homesteads
farms. rather than with
This separation from farming activities is now conceptual
as 
well as geographical.
 

The programme being developed by ILCA in collaboration with
IITA, Ibadan, is designed 
to promote small ruminant meat production in combination with legumes grown in alley cropping systems
in small farms. 
 If the participating farmers succeed in adjusting their allocation of labour and animal management practice
make optimal use to
of available 
feed supplies, then the 
prospect
for progressive development of both breeding and fattening enterprises will 
have improved.

risk eventually diminishes 

In the event that trypanosomiasis
 
or disappears,
likely to retain these animals are
favour on 
the basi: of
highly competitive general adaptation and
meat 
production performance vis-a-vis
breed alternatives in the high rainfall tropics. 

other
 

It is the potential 
role for trypanotolerant cattle
may be subject to \yhich
some uncertainty, being 
more
fluenced by changes likely to be inin disease risk 
and farming practice.
is not to imply agreement with the This
 
cattle are view that trypanotolerant
about 
to become obsolete.
continue On the contrary they must
to 
play an important and 
many years probably expanding role for
to come. 
 But the question should be asked "for how
many years to come."
 

area-
Trends in tsetse population density and distribution are
and time-specific and generalizations on a regional or even
a national basis can be 
misleading. 
 Until more precise monitoring of these trends becomes possible, judgement must be based
on 
existing evidence. 
This indicates that Glossina morsitans may
be retreating rapidly from extensive 
savanna areas, 
particularly
in West Africa, 
but tsetse 
fly, and especially the
species, will be with riverine
us 
for very many years. Whether this will
be associated with a sustained or 
an increased need for trypanotolerant cattle will 
depend in 
large measure
economics of on the comparative
the other options, i.e. 
on the relationship between
breed productivity, market prices for cattle-derived products and
cost of 
maintaining satisfactory control
without of trypanosomiasis
incurring 
serious increase 
in risk of generating drug
resistance.
 

In some tsetse-infested countries
improve crop the price incentive to
and livestock production remains
services are low and support
seriously handicapped by lack of transportation and
other essential inputs such as 
trypanocidal drugs and acaricides.
It is where these 
circumstances 
coincide 
with light-to-medium
challenge that trypanotolerant cattle will continue to have their
most successful application.
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As challenge increases beyond the limits of effectiveness of

trypanotolerance, so dependence on chemotherapy 
and/or vector
 
control increases and advantage over non-trypanotolerant breeds

is, to some extent at least, eroded. At the other end of the
 
scale, i.e. as trypanosomiasis risk diminishes, this comparative

advantage again recedes until, in the absence of this risk, it
 
becomes discountable in comparative breed evaluations. In the
 
same way the advantage of resistance to streptothricosis could
 
become heavily discountable, given the advent of an effective
 
prophylactic agent and the right relationship between the cost of
 
this and livestock values. For so long as effective control has
 
to be based orn widespread use of trypanocidal and/or insecticidal
 
agents the danger of generating drug resistance 
must be addres
sed. However the present indications are that availability of
 
effective tools for controlling streptothricosis and trypano
somiasis will become increasingly available over the next decade
 
and that techniques for the integrated use of these will undergo

significant development during that pe.iod.
 

The beef production potential of trypanotolerant cattle is
 
well established but how this is 
to relate to ILCA's two priority
 
groups, i.e. pastoralists and small farmers, is less clear.
 

The trend from extensive pastoralism to settled or semi
settled agro-pastoralism is already well-advanced and will con
tinue. However the majority of this community will retain exten
sively managed breeding herds for so long as they have access to
 
communal grazing land as a no-cost resource. Milk will remain
 
high among their production priorities and the majority's pre
ference for zebu breeds and their crosses is likely to persist.
 

With the exception of such countries as Guinea, The Gambia,

Senegal and Sierra Leone, which have substantial and well distri
buted populations of N'Dama cattle, it is difficult to 
foresee
 
the significant development of smallholder fattening schemes re
ceiving regular supplies of trypanotolerant feeder animals on a
 
continual basis. Trypanotolerant cattle resources are not suf
ficiently developed or 
organized for this to be established on a
 
significant scale.
 

The N'Dama breed has proved to be well suited 
to beef
 
ranching, but this type of enterprise, whether para-statal or
 
private, has had a disappointing record in West Africa. Further
more Trail and co-workers in East Africa have confirmed that with

good management and an efficient trypanosomiasis monitoring pro
gramme, chemoprophylaxis 
can be highly effective in maintaining

zebu beef cattle in areas of even high tsetse challenge (Trail et
 
al., 1985). In this work they showed that the use of 
Samorin
 
every 80 days on average in an area of high tsetse challenge

enabled attainment of 35% superiority in herd productivity over
 
that of the N'Dama breed reared in moderate-to-light chllenge in
 
West Africa.
 

The N'Dama breed seems particularly suited t.o rarchig con
ditions in the relatively open derived savann:! antd the West
 
African Dwarf Shorthorn to traditional level r,'1uct.iCn in the
 
more humid 
areas, according to Pagot (1974). Field experience

has confirmed that both 
are eminently suited to grazinq within
 
plantations of, for example, oil palms which offer 
constant
 
access 
to shade but enough light for successful pastur-legume
 
establishment.
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Pagot et al. (1975) in their review of 
the use of trypanotolerant breeds concluded that the slow pace of livestock production in the humid areas was as 
much due to lack of interest as to
disease factors. It is doubtful whether 
this conclusion remains
valid today, yet it is 
still not clear how transition from
village traditional methods 
to more advanced management systems

can best b? achieved. 
 As in the case of small ruminants in the
high rainfall 
areas and in contrast to agro-pastrolists' herds in
the savanna regions, they are 
still closely associated with the
village envizons and so far as 
possible, geographically separate
from farming operations to which they 
are generally considered a
threat rather than a complementary adjunct. Some exceptions
exist in the form of draught oxen and of 
course the complementarity between pastoralists herds and 
 fallow land is traditional

in the sub-humid zone. However it 
is by no means clear how communally owned herds 
are to be further developed or incorporated
into local farming systems. The prospect of continuing expansion
of village herds 
on communal pastures is unattractive in the
light of pan-African experience of the situation to which this
 
leads.
 

It seems certain that land use in the 
sub-humid and humid
 zones must continue to 
intensify in the foreseeable future.

biological resource base will be 

The
 
able to support this trend


within the zones which are 
currently tsetse infested 
for many
years at least. As intensification proceeds, livestock are
assuming a new importance and breed selection criteria must
evolve in line with their changing role.
 

Current economic and socio-political indications are
most African governments are backing 
that
 

away from a policy of dependence on 
S':ate or parastatal farms and refocussing priority on
the traditional sector. 
 It seems very likely that the require
ment will be for multipurpose animals which 
can best fulfil,
under the 
locolly prevailing conditions, the functions which

Jahnke (1982) his listed as 
follows:
 

(a) the output function (subsistence income and nutrition);
 

(b) the input func :ien 
kcrop inputs and farm integration);
 

(c) the asset an security function; and
 

(d) 
the social and cultural function.
 

As competition for land continues 
to increase and production
systems to intensify, the input function of livestock will become
 more 
crucial but more heavily dependent on successful generation
of income for the purchase of seeds, fertiliser, fencing, veterinary treatment, etc.. 
 The sporadic income which smallholders
could derivo:from widely spaced 
sales of live animals does not
meet this requirement. Meat production from small ruminants

would come closer to 
providing the necessary improvement in dayto-day 
cash flow but would be less effective for this purpose
than production of marketable 
milk surplus even on a seasonal
 
basis.
 

The catalytic role of milk sales in 
boosting smallholders'
 
crop production has been eloquently expounded by Brumby 
(1983)
and forms the 
basis for a proposed ILCA initiative to establish a
milk production research network in West Africa 
(ILCA, 1986c).
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Milk production will become more attractive to farmers when
 
trypauosomiasis and streptothricosis are, like rinderpest,
 
brought within the realm of acceptable risk. This could happen
 
over large areas in the short-to-medium term, say 3 to 15 years.
 
When it does it will reinforce the existing tendency to replace
 
trypanotolerant purebreds with zebu crosses for milk and possibly
 
draught. This could well be followed by an increasing demand for
 
Jersey x trypanotolerant crossbreds for example. The production
 
of these animals would justify the investment of additional
 
labour and money in establishment, management and utilization of
 
legume leys, fodder banks or forages from alley cropping and
 
result in improved handling and utilization of crop residues and
 
improved veterinary and other support services on a cost-recovery
 
basis.
 

Whether development of milk production could be satis
factorily achieved with trypanotolerant purebreds in the short
to-medium term is highly improbable. However since pockets, at
 
least, of tsetse are expected to persist into the foreseeable
 
future, genetic improvement for milk production is likely to rely
 
into the long term on a strategy of crossing trypanotolerant
 
breeds in many areas.
 

Over the last decade, at the many international meetings
 
which have been devoted to the subject of trypanotolerant live
stock, it has become routine to express concern at the shortage
 
in availability of these animals. This alleged shortage has
 
become the subject of numerous proposals for costly projects to
 
provide a solution in the form of more multiplication and selec
tion centres for trypanotolerant breeds. However this shortage
 
is theoretical until it is established that an unfulfilled demand
 
really exists. The fact that senior technicians from tsetse
affected countries have subscribed to these proposals may be
 
taken as adequate confirmation of their justification. On the
 
other hand it could be argued that measurement of such demand has
 
to involve farmers, since it is they who will ultimately decide
 
whether multiplication or incorporation into their farming op
erations will materialise on a significant scale. A recent stu'dy
 
of international supply and demand tor trypanotolerant cattle
 
(Shaw and Hoste, 1987) focussed on expressed interests of some
 
national institutions. This needs to be followed by an exami
nation at farm-level of such demand and of the factors which
 
determine this.
 

Since the role of trypanotolerarit livestock in the agricul
tural development of the sub-hurid and humid zones will
 
ultimately be decided by the farmers and agropastoralists who now
 
constitute ILCA's priority target groups, close monitoring of
 
their evolving livestock production requirements and associated
 
breed preferences is more essential than ever. More detailed
 
study of the distribution of trypanotolerant livestock by sector
 
and production objective is also needed to ensure continuing
 
relevance of research and development assistance to adjustments
 
in producers' priorities. Wissocq (1981) has provided a good
 
baseline for further studies in this direction.
 

Since Wissocq drew attention in 1981 to the lack of factual
 
information necessary for formulation of livestock production
 
strategy in areas of tsetse challenge, ILCA's ATLN has made good
 
progress towards correcting this deficiency. Being more
 
comprehensive than its title implies, this research network
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assembles the technical information needed on non-trypanotolerant
as well as trypanotolerant breeds under a range 
of management
systems and degrees of 
trypanosomiasis risk.
programme in Africa having the 
It is the only


capability
technical basis for selection from among 
to provide the
 

available to the several key options
the livestock producers 
or mixed-farmers
areas in tsetse
or 
to the governments 
charged with responsibility for
delivering appropriate support.
 

ILCA's 
proposal to establish a milk-production research
network in West Africa is 
timely in relation 
to the accelerating
trend towards 
more intensive farming systems
proved cash and need for imflow on small farms. This 
proposed network 
should
operate in very close collaboration with the ATLN in 
the tsetseaffected areas of West Africa and could share resources with this
programme in the latter areas.
 

A better understanding of
is required. the genetics of trypanotolerance
This would facilitate policy 
decision-making 
in
relation to crossbreeding for the improvement of milk production.
 

Current studies 
of milk-production
tolerant and potential of trypanonon-trypanotolerant cattle maintained 
under tsetse
challenge and chemotherapy should, 
so far as possible, be extended to secure sufficient data 
for comparative economic evaluation of alternative 
systems operative 
under similar environmental conditions.
 

Long Term
 

A recent report on 
the genetic basis for trypanotolerance in
N'Dama cattle 
(Soller and Beckman, 1987) 
offers the exciting
prospect of achieving rapid introgression of desired traits from
other breeds into 
the N'Dama, while 
or, conversely, retaining trypanotolerance
the rapid introgression of trypanotolerance from
the N'Dama to other breeds.
 

The aforementioned report 
shares 
the view 
that the N'Dama
cannot fill all the agro-ecological niches in the tsetse-infested
areas. 
 It recognizes a need to 
develop trypanotolerant
having higher types
milk production

size for 

and other types with larger bodyuse as draught animals. It also recognizes that genetic
improvement by 
selection for these characters
proposes instead the mapping of 
would be slow and
the trypanotolerance loci of the
N'Dama and the tagging of 
these with genetic markers so that they
could be conveniently 
followed in breeding 
programmes.
research proposals indicate that at 

Their
 
the end of 
nine years there
would be available, probably in The Gambia, the knowledge, organizational framework, trained 
technical
field facilities required for 

manpower, laboratory and
 a major endeavour 
to increase
trypanotolerance and productivity of the N'Dama. 
the
 

Assessment 
of the implications 
for development
search proposal requires of this rerealistic appraisal
economic of the technical,
and institutional 
arrangements 
for implementing timely
transference of trypanotolerance by this method to
populations the scattered
of nomadic and sedentary cattle
of sq. within the millions
km of tsetse-infested Africa. 
 In this context
difficult to derive optimism from the present status of 
it is
 

artificial insemination programmes the many

which have been 
initiated
Africa over in
the past twenty or so years.
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21 
Factorsinfluencing reproductive performance in rangea 

of Network situations
 

W THORPE, L. COULIBALY, A. DEFLY, G.D.M. d/IETEREN, A. FERON,
C. GRUNDLER, P. HECKER, P. ITTY, J.H.H. MA EL, K. MAWUENA,
G. MORKRAMER, M. MULUNGO, S.M. NAGDA, R.X PALING, M. PELO,

JM. RARIEYA, A. SCHUETTERLE and .C.M. TP-L
 

INTRODUCTION
 

Reproductive performance is 
often the major determinant of biological and economic efficiency of livestock production in the
tropics. Tn tsetse-affected areas 
a factor contributing to poor
reproductive performance 
is said to be trypanosomiasis. Preliminary analyses of parturition intervals of N'Dama cattle and
Djallonke sheep recorded during the early stages of 
the Network
research indicated that 
trypanosome infection post-partum may
depress 
reproductive performance of trypanotolerant livestock
(ILCA, 1986). The depressed reproductive performance 
was not
associated with any important liveweight loss caused by trypano
some infection.
 

Continuing data collection in the Network has provided additional information on which to 
estimate more accurately any

effect of trypanosome infection 
on parturition interval, the
 measure of 
reproductive performance. However, the coefficient
of variation of parturition interval, ab.iut 35%, is high relative
 
to the coefficients of variation of 
other health and production
traits measured in the Network. 
 This, combined with the smaller

number of records available, means that the effect of trypanosome
infection on parturition interval will be 
estimated less
accurately than, for example, its effect on 
PCV traits (d'Ieteren

et al., see artiple 17 of these Proceedings) or on liveweights

(Maehl et al., 
see article 22 of these Proceedings).
 

MATERIALS AND METHODS
 

The effects of trypanosome infection and of other factors 
on
parturition interval 
were evaluated using for
records parturitions which occurred between 
January 1984 and December 1986 at
the Network sites of Avetonou, Boundiali and Mushie. 
 For Mushie
 some intervals, calculated using parturitions occurring in early
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1987, were also included. These sites were chosen because of the
 
availability of three years' records for reproductive perform
ance, their relatively high mean trypanosome prevalence and their
 
contrasting combinations of trypanosome species, livestock
 
species, breeds and management systems. Summary descriptions of
 
the Avetonou, Boundiali and Mushie sites are given in Table 1,
 
(see also article 3 of these Proceedings).
 

Table 1. 	 Summary description of Network sites contributing to
 
the analyses of reproductive performance.
 

Site Trypanosome Livestock
 
species
 

Species Breed Management system 

Ranch Village 

Avetonou T. vivax Cattle N'Dama X X 

Race Locale X X
 

Sheep 	 Djallonke X
 

Boundiali 	 T. congolense Cattle N'Dama X
 
and Baoule X
 
T. vivax 	 Crossesa X
 

Sheep 	 Djallonke X
 
Sahelian x
 

Djallonke 	 X
 

Mushie 	 T. congolense Cattle N'Dama X
 
and T. vivax
 

acrosses between N'Dama, Baoule and Zebu.
 

The number of months in which trypanosomes were detected was
 
the measure of trypanosome infection. The periods considered
 
included 3, 6 and 9 months pre-partum and 3, 6 and 8 months pose
partum for cattle and 5 months pre-partum and 4 months post
partum for sheep. The pre-partum periods were parts or all of
 
the gestation. The post-partum periods were parts or all of the
 
lactation, up to a nominal weaning at 8 months in cattle and 4
 
months in 	sheep.
 

Analyses were carried out using least-squares f'ixed-model
 
procedures (Harvey, 1977) including in the model the number of
 
trypanosome months and other systematic genetic and environmental
 
factors appropriate to the specific Network site, study popu
lation and study period. Generally models included the effects,
 
year-season of parturition, herd or flock, dam age, number of
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trypanosome months, 
dam liveweight post-partum, dam 
liveweight
change pre-weaning and 
two factor interactions. 
 Subsequent analyses estimated the relationship between PCV and parturition
interval by substituting classes of average PCV (during a specified period) for the number of trypanosome months during the same
period. In sheep, the effect of 
trypanosome infection 
on litter
size was 
also estimated.
 

RESULTS AND DISCUSSION
 

Sheep
 

Litter size of sheep
 

Mean litter sizes at 
Avetonou 	and 
Boundiali 	were 
very similar,
1.15 and 1.18, respectively (Table 2). 
 At neither site 
did try-panosome 	infection 
during the getation have 
any effect on
litter size, 	 mean
nor was 
there any 	t-und suggesting a depression of
prolificacy 
caused by 	trypanosome infection. 
 Neither was there
any relationship between mean litter size and average PCV during

gestation.
 

Table 2. 	Least-squares means and standard errors for litter size
of sheep at trypanosomiasis risk in Avetonou and
 
Boundiali.
 

Site 
 No. 
 Mean 
 s.e.
 

Avetonou 
 227 
 1.15 
 0.042
Boundiali 
 513 
 1.18 
 0.046
 

In Boundiali, Djallonke 
and Sahelian x Djallonke ewes had
the same 	mean litter size, but litter size was 
significantly
affected by flock, year-season of parturition and dam age. 
 Table
3 presents the results 
for the effect of dam age, showing that
older ewes had significantly 
larger litters than younger ewes
(P<0.001). 
 At these 	sites some environmental factors, but not
trypanosome infection, were important 
influences on prolificacy

of Djallonke sheep.
 

Table 3. 	Least-squares means and standard errors for litter size
by ewe year of birth classes, Boundiali.
 

Dam year of birth 
 No. 	 Mean 
 s.e.
 

1979 and earlier 
 168 	 1.27 0.051
1980 and 1981 
 153 
 1.19 0.051
1982 and later 
 192 
 1.07 0.054
 

Significance
 

***P<0.001.
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Parturition interval
 

In Boundiali, but not in Avetonou, lambing interval is affected
 
significantly (P<0.05) by trypanosome infection post-partum

(Table 4). Trypanosome infection pre-partum did not affect
 
lambing interval at either site. The two-factor ihteractions
 
between trypanosome infection pre- and post-partum and between
 
trypanosome infection post-partum and other effects did not reach
 
statistical significance, nor were there trends suggesting that
 
interactions might be important.
 

Table 4. 	 Least-squares means and standard errors for lambing

interval (days) of ewes uninfected or infected with
 

1
trypanosomes during 4 months pos .-partum, Avetonou
 
and Boundiali.
 

No. of trypanosome Avetonou Boundiali
 
parasitaemias, 0-4
 
months post-partum No. Mean s.e. No. Mean s.e.
 

0 134 248 9 112 228 12
 
1 or more 18 255 
 18 69 259 15
 

Significance 	 NS
 

*P<0.05
 

Post-partum infections were few in Avetonou but frequent in
 
Boundiali where the mean lambing intervals of ewes having none,
 
one, or two or more parasitaemic months post-partum could be
 
estimated for Djallonke ewes (Table 5). Two or more months with
 
detectable trypanosomes did not delay subsequent lambing more
 
than one month with detectable trypanosomes.' The independent

effects of trypanosome species and nurber of parasitaemic months
 
could not be estimately accurately as the numbers of ewes with
 
one or two months with detectable parasitaemia caused by T.
 
congolense or by T. vivax were small.
 

Table 5. 	 Least-squares means and standard errors for lambing
 
intervals (days) of Djallonke ewes with no, one, or
 
two or more trypanosome parasitaemias during 4 months
 
post-partum, Boundiali.
 

No. of trypanosome parasitaemias
 
0-4 months post-partum No. Mean s.e.
 

0 112 228 13
 
1 34 265 17
 
2 or more 	 35 250 18
 

Significance
 

*P<0.05
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Apart from the effect of year-season of parturition in
Boundiali, other systematic environmental effects were not significant 
sources of 	variation affecting lambing interval. However
in Avetonou, but not in Boundiali, there was a tendency for ewes
with heavier post-partum weights and for 
ewes gaining weight
post-partum to 
have the shortest lambing intervals (P(0.09).

There was also a non-significant but consistent trend for ewes
with higher average PCVs during the lactation to have shorter
 
lambing intervals (Table 6).
 

Table 6. 	 Least-squares means and standard errors for lambing

interval (days) of classes of average PCV during

lactation in Djallonke ewes.
 

Average PCV Boundiali 
 Average PCV Avetonou
 
during lac---------------- during lactation (%) No. Mean 	s.e. tation (W) No. Mean s.e.
 

<22 28 267 25
 
22-24 67 
 258 17 <24 45 253 12
25-26 
 69 244 16 24-26 59 249 1127-29 75 15
238 >26 48 244 13
 
>29 53 218 42
 

Significance NS 
 NS
 

In summary, for sheep it 
can be concluded that neither
lambing interval nor litter size of Djallonke ewes was depressed
by T. vivax infection in Avetonou, whereas 
lambing interval but
not litter size was depressed by trypanosome infection in
Boundiali. The relative effects 
of T. congolense and T. vivax

infections 	on lambing interval 
 in Boundiali have still to 
be
quantified. There were indications that for Djallonke ewes at
trypanosomiasis risk, average PCV post-partum may be 
related 

subsequent 	lambing interval. 

to
 

Cattle
 

Parturition interval
 

The least-squares means 
for calving interval varied considerably
between sites, with cattle 
in Avetonou having the shortest
calving interval, 
424 days and in Mushie the longest, 515 days,
with the 
Boundiali population having an intermediate value 488
days. 
 At each of 	the three sites cows with trypanosome infection
post-partum had calving
longer intervals than uninfected cows
(Table 7). The difference 
was some 50 days at each site, but
only reached statistical significance 
(P(O.05) in Avetonou. At
 none of the sites was there 	 on
any effect subsequent calving
interval of trypanosoine infection pre-partum and 
no interaction

between trypanosome 
infection pre- and post-partum. The interactions between trypanosome infection post-partum aind 
other

effects were not statistically significant.
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There were sufficient records at Muohie to investigate fur
ther the apparent depressive effect of trypanosome infection by

estimating the mean calving intervals of cows which had none,
 
one, or two or more months with detectable trypanosome parasi
ta(-ra during the first 8 months post-partum (Table 8). One, but
 
not two or more, parasitaemic months depressed calving interval
 
suggesting that factors other than trypanosome infection were
 
involved in the depression of reproductive performance. Exami
nation of the records of cows having very long calving intervals
 
(if still empty one year after weaning a calf) suggested that
 
these long intervals were not a result of trypanosome infection.
 
These records were therefore deleted from the study population
 
to produce a sample of cows that was more representative of ranch
 
populations maintained under a normal culling regime. The
 
analysis of the culled population showed that under field condi
tions trypanosome infection post-partum had no effect on the
 
calving interval of N'Dama cows (Table 3).
 

Table 7. Least-squares means and standard errors for calving
 
intervals (days) of cows uninfected and infected with
 
trypanosomes post-partum in Avetonou, Boundiali and
 
Mushie.
 

No. of trypanosome Avetonou
 
parasitaemias 0-6 months
 
post-partum
 

No. Mean s.e.
 

0 116 397 20
 
1 or more 29 452 24
 

Significance
 

No. of trypanosome Boundiali Mushie
 
parasitaemias 0-8
 
months post-partum No. Mean s.e. No. Mean s.e.
 

0 44 465 30 113 489 25
 
1 or more 38 512 28 75 542 24
 

Significance P<O.17 P<0.09
 

*P<O.05
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Table 8. Least-squaren 
means and standard errors 
for calving

interval 
(days) of N'Dama cows uninfected or infected
 
post-partum with trypanosomes, Mushie.
 

No. of trypanosome No culling 
 With cullinga

parasitaemias 0-8
months post-partum 
 No. Mean s.e. No. Mean s.e.
 

0 
 113 492 
 25 111 481 241 
 36 574 31 
 30 475 30
2 or more 
 39 509 30 
 36 457 26
 
Significance 
 P<0.06 
 P<0.88
 

aoriginal population reduced by retrospective culling of 
all
 
intervals greater than 799 days, 
i.e. those cows still empty 1
 
year after weaning a calf.
 

The absence of an effect of 
trypanosome infection postpartum on 
the calving interval of N'Dama 
is consistent with
result,, of 
the study of Lorenzini et 
the
 

al. (1988) reported in
article 18 of these Proceedings. 
 In their experiment, under
controlled conditions, N'Damna maintained their reproductive cycle
despite being infected with 
trypanosomes, whereas Boran (zebu)
females ceased cycling within 28 days post-infection.
 

A disadvantage of calving interval 
as 
a measure of reproductive performance is 
that, by definition, only fertile cows are
considered. 
 For example in 
this study only those cows
included which were
had 2 or more calvings between January 1984 and
early 1987. The 
analysis therefore ignored the possibility that
trypanosome infection affected reproductive performance by 
causing long-term infertility in 
some cows. However, within the
study population, there 
were few cows, 
18 out of 263 (6.8%),
which did not calve or calved only once during the study period.
These infertile 
cows (0 or 1 calvings) were compared 
to the
fertile 
cows (2 or more calvings) 
for their relative trypanosome
infection rates when non-gestating. 
Both groups had very similar
infection rates indicating that 
there was no association between
trypanosome 
infection and infertility, confirming 
that trypanosome infection dia not depress the fertility of these N'Dama cows
receiving good ranch management.
 

Sor other environmental factors did 
have statistically
significant effects on calving interval. 
 For example, yearseason of parturition 
was a significant effect 
in Avetonou,
although not in Boundiali or Mushie. 
 Location of herd and herdwithin-location did not 
affect calving interval in Mushie; 
but,
in Avetonou, ranch 
cows had significantly shorter 
calving
intervals than village cows and in
cows "traditional" herds
(those herds whose 
owners were 
dependent upon. agriculture) had
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significantly shorter intervals than cows in "modern" herds
 
(those herds whose owners had additional sources of income). In

Avetonou there was no effect of the weaning status of the 
cow on

her calving interval, but, surprisingly, those cows in Boundiali
 
and Mushie not rearing a calf to weaning had significantly longer

calving intervals 
than cows rearing a calf. Cows in Avetonou
 
losing weight post-partum had significantly longer subsequent

calving intervals than cows maintaining or gaining weight. Cows
 
in Mushie had 
the same tendency. The effect of liveweight and

weight change on calving interval could not be estimated in

Boundiali where cows were not weighed regularly until mid-1985.
 

The effect of the cow's average PCV post-partum on her

calving interval was also evaluated. At each of the four sites
 
there was a trend for shorter calving intervals with higher PCV.
 
The effect reached statistical significance (P<0.01) at Mushie
 
where the N'Dama cows are at high trypanosomiasis risk. At Kolo,

where trypanosomiasis risk is 
zero to very low, N'Dama cows with
 
the lowest PCV had the longest intervals and those with the

highest PCV had the shortest intervals. PCV may therefore be 
a

useful indicator of performance, regardless of the level of
 
trypanosomiasis risk. 
 More precise estimations of these
 
relationships are required.
 

CONCLUSION
 

It can be concluded from the cattle analyses 
that the fertility

of N'Dama cows in Mushie was not depressed by trypanosome

infection post-partum, but that infection may have depressed the
 
fertility of cows 
in Avetonou and Boundiali. Further inves
tigation of the effect of trypanosome infection and of other
 
factors on cattle fertility is required at these sites and any

differential effect of T. congolense and T. vivax infections has
 
still to be quantified.
 

In addition, within the Network, the study of the effects of
 
trypanosome infection on the reproductive performance of trypano
tolerant livestock needs to evaluate possible long-term cumula
tive effects on dam performance and any effects on male reproduc
tion. The estimation of trypanosome infection x breed and nutri
tion interactions should also form important components of future
 
Network research. 
 These studies should include the crosses of

susceptible breeds with trypanotolerant breeds and, where practi
cal, the susceptible breeds.
 

To achieve these objectives livestock populations are re
quired which are at high trypanosomiasis risk and which will
 
therefore provide 
large numbers of animals infected naturally

with trypanosomes. These naturally infected animals can then be
 
compared with contemporary controls.
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Netwrk situations 

J.H.H. MAEHL, L. COULIBALY, A. DEFLY, G.D.M. dWE7'REN, A. PWROM 
G. GRUNDLER, P. HECKER, P. 17Y, K MAWUENA, G. MORKRAMER, 
M. MULUNGO, S.M. NAGDA, R.W PALING, A. PELO, J.. RARIEYA, 
A. SCHUETTERLE, M. SHERIA, W. THORPE and J.C.M. TRAIL 

INTRODUCTION
 

Liveweight traits are important components of the productivity of
 
livestock. Yet, for livestock populations in the tsetse-affected
 
areas of Africa, there are few estimates of the effects of try
panosome infection and its interaction with other environmental
 
factors, on liveweight. The research of the ATLN is aimed at
 
estimating the effects of trypanosome infection and other con
straints on the health and performance of mainly trypanotolerant
 
populations of cattle and sheep. Results on liveweight perform
ance are presented here.
 

MATERIALS AND METHODS
 

The health and performance records of cattle and sheep used for
 
this paper were collected over a three-year period, 1984-1986, at
 
four Network sites. Three of the sites, Avetonou (Togo),
 
Boundiali (Cote d'Ivoire) and Mushie (Zaire) were chosen because 
of their high mean trypanosome prevalence, and the fourth site, 
Kolo (Zaire), was chosen to give estimates of the liveweight 
performance of trypanotolerant cattle at zero trypanosomiasis 
risk. The four sites represent contrasting combinations of live
stock species, breeds and management systems (Table 1) . Site 
descriptions have been given in detail by ILCA (1986) and are 
summarized in article 3 of these Proceedings.
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Table 1. 
Summary description of 
Network 
sites contributing to
the analyses of liveweight performance.
 

Mean 
 Livestock 
 Management
Trypano-
 Trypanosome
 
some species System
 

preval-Site once Species Breed Ranch Village
 

Avetonou 
 6.0 
 T. vivax 
 Cattle 
 N'Dama 
 X X 

Race 
Lccalc X X 

3.0 
 Sheep Diallonke 
 X
 
Boundiali 13.9 
 T. congo- Cattle 
 N'Dama 
 X
lense and 
 Baoule 
 X
T. vivax 
 Crossesa 
 X
 

9.2 
 Sheep Diallonke 
 X
 
Sahelian x
 
Diallonke 
 X
 

Mushie 
 10.1 T. congo- Cattle 
 N'Dama 
 X
 
lense and
 
T. vivax
 

Kolo 
 0.0 
 Cattle 
 N'Dama 
 X
 

aCrosses between N'Dam&, Baoule and Zebu.
 

The standardized Network protocol 
was used at 
all sites for
the sequential recording at monthly intervals of body weights and
health parameters (Murray et al., 
1983).
PCV, as Health records included
a measure of anaemia level 
and the species
of trypanosome infection and intensity
detected by the dark/ground (DG) buffy
coat method. 
 Other 
systematic environmental 
factors 
were
recorded as appropriate.
 

The liveweight traits on which the analyses were carried out
were measured on dams and their pre-weaner progeny.
traits The six
were dam liveweights at parturition and weaning, dam
liveweight change between parturition and weaning, progeny liveweights at birth and weaning and progeny pre-weaning daily gain.
Weaning was defined 
as occurring at
partum in sheep 
four and eight months postand cattle, respectively. 
 Comprehensive
weight records were available live

on dams and pre-weaning progeny at
all four sites, while post-weaner cattle 
were recorded
Boundiali. only at
Some results on cattle post-weaning liveweight traits
are presented in article 
12 of these Proceedings.
concentrates on dam and pre-weaner progeny performance.
This paper
 

Each site was 
analyzed separately by least-squares procedures (Harvey, 1977). 
 Fixed-effect models 
included the factor
of trypanosome infection which was 
quantified
months during as the number of
a defined period in which trypanosomes
ted. The independent estimation of 
were detec

the effects of number and
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species of trypanosome 
infection was possible in some analyses.

Infections in the dam during the gestation (five and nine months
 
pre-partum in sheep and cattle, respectively) were evaluated for

their effects on dam parturition weight and progeny birth weight

and infections in the dam and her progeny during the pre-weaning

period (four and eight months post-partum in sheep and cattle,

respectively) were evaluated for their effects on dam and progeny

liveweights at weaning 
and weight changes pre-weaning. Other
 
factors included in the models were year/season of
 
parturition/birth, dam breed, herd or location, dam age, 
off
spring sex and the two factor interactions appropriate to a

specific analysis in a given site. Possible relationships

between liveweight and levels 
of anaemia were subsequently

evaluated by substituting the effect of the number of 
trypanosome

infections during a specific period by classes of mean PCV for
 
the same period.
 

RESULTS AND DISCUSSION
 

Cattle
 

The least-squares means for the six liveweight traits at 
the four
 
Network sites; are presented in Table 2. Liveweights of these
 
predominantly trypanotolerant cattle populations varied 
con
siderably between sites. For example mean 
cow liveweight post
partum and at weaning ranged from 
an average 228kg for village

cattle in Boundiali to 330kg for ranch N'Dama at Kolo; 
 the

corresponding calf weaning weights 
were 86kg and 129kg, respec
tively. At Kolo, Mushie and Boundiali, cow weight change 
was
 
only 2% or less of the mean parturition weight, while at Avetonou
 
cows gained on average 7% of their parturition weight.
 

Table 2. Least-squares means and standard errors forsix lEveweight traits of trypanotolerant cattle at four Network sites. 

Avetnou Boundlall Mushie Kolo
 
Trait 
 No. Mean s.e. No. Mean s.e. No. Mean i.e. No. Mean i.e. 

Cow 
Weight post-partum (kg) 179 261 4.6 102 224 4.9 305 301 1.8 436 328 1.6Weight at weaning (kg) 173 271 5.1 142 231 5.3 361 274 2.5 553 332 1.8Weight change during lactation (g/di 173 74 14.1 91 17 21.0 361 -18 9.2 553 15 6.3 

Calf 

Birth weight (kg) 195 20.4 0.48 n.a. 405 2.9a 0.48 399 26.6a 0.29Weaning weight (kg) 112 117 2.9 96 86 3.5 299 113 1.4 432 129 1.2Pre-weaning growth (gd) 112 394 14.6 96 179 15.0 299 386 5.8 432 44S 6.0 

aAt mean age of 10 days. 

The statistical significance of the effects of trypanosome

infection on these cow and calf liveweight traits are summarized
 
in Table 3. Trypanosome infection significantly depressed the
 
liveweight performance 
of N'Dama cattle at Mushie, but the

effects at the other sites, 
although generally in the same
 
direction as those at 
Mushie, did not reach statistical
 
significance (P>0.05).
 

221
 



Table 3. Significance levels for the 
effect of trypanosome

infection on cow and 
calf liveweight traits at

Avetonou, Boundiali and Mushie.
 

Period of
 
trypanosome

infection Trait 
 Avetoncu Boundiali Mushie
 

In cow during Calf birth weighta NS - •
gestation Cow weight post-partum NS NS NS
 

In cow during Cow weight at weaning NS NS 
 NS

lactation Cow weight change during
 

lactation 
 NS NS ** 
Calf weaning weight NS 
 NS

Calf pre-weaning growth NS NS 
 * 

In calf Calf weaning weight NS 
 NS NS
pre-weaning Calf pre-weaning growth 
NS NS NS
 

aPeriod of infection 3 months pre-partum.
 
NS - not significant.
 

• - P<0.05
 
•* - P<0.01
 

- P<0.001
 
(P values apply to all tables in this 
article unless otherwise
 
indicated)
 

Table 4. Least-squares means 
and standard errors for birth
weighta (kg) of calves born to N'Dama 
cows uninfected
 
or infected with trypanosomes during three months pre
partum, Mushie.
 

No. of trypanosome
 
parasitaemias, 0-3 months
 
pre-partum 
 No. Mean s.e.
 

0 
 349 26.8 0.52

1 or more 
 56 22.9 1.71
 

Significance
 

aAt 10 days of age.
 

At Mushie trypanosome infection of the N'Dama cow during
gestation did 
not affect her parturition weight, but 
if the
infection occurred during the 
last three months pre-partum thenthe birth weight of her calf was depressed significantly by about4kg or 15% (Table 4) . A similar effect on calf birth weight,
although less pronounced, was observed at 
Avetonou. Calf birth
weights were not available for the Boundiali village cattle
populations. No effect was 
observed when considering infections
during the whole gestation. The lighter birth weight may reflect
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a depression of late foetal growth and/or result from premature
 
birth. Records of conception dates are required to confirm the
 
latter. Estimates of any effects on calf survival and pre- and
 
post-weaning growth are also required.
 

The effect of the number of trypanosome infections during
 
the eight month post-partum period on the liveweight performance
 
of N'Dama cows is presented in Table 5. Uninfected cows could
 
maintain liveweight but infected cows and especially those with
 
two or more months with detectable parasitaemias, lost weight.
 
These liveweight responses to infection post-partum were not
 
affected by trypanosome infection during the preceding gestation.
 

Table 5. 	Least-squares means and standard errors for weaning
 
weight (kg) and weight change (g/d) during lactation of
 
N'Dama cows uninfected and infected post-partum with
 
trypanosomes, Mushie.
 

No. of trypano- Cow weight Cow weight change
 
some parasitaemias, at weaning during lactation
 
0-8 months (kg) (g/d)
 
post-partum
 

No. Mean s.e. Mean s.e.
 

0 182 279 3.0 9 11
 
1 89 274 3.4 -10 13
 
2 or more 90 272 34 -44 13
 

Significance 	 P<0.11
 

Table 6. 	Least-squares means and standard errors for cow weight
 
change (g/d) during lactation of N'Dama cows uninfected
 
by trypanosomes or infected by specific trypanosomes,
 
Mushie.
 

Number and species of trypanosome
 
parasitaemias, 0-8 months post
partum No. Mean s.e.
 

0 	 182 11 11
 

1 T. congolense 55 -12 16
 
1 T. vivax 34 -2 19
 

2 or more T. congolense 55 -39 16
 
2 or more T. vivax and mixed 35 -50 19
 

Significance 	 ** 

223
 



For these N'Dama cows at Mushie it 
was also 	possible to
estimate the independent effects 
of number and species of trypanosome parasitaemias on 
weight change during lactation (Table
6). There ias 
no consistent effect of trypanosome species within
the classes of 
one and two or more parasitaemias suggesting that
the number rather 
than the 	species of parasitaemia was the
important 	factor affecting 
cow weight change.
 

Whereas the weight change during lactation of N'Dama cows in
Mushie was 
affected by trypanosome infection, detectable trypanosome parasitaemia in the 
calf did 	not affect its pre-weaning
growth (Table 7). 
 However repeated 
trypanosome parasitaemia in
the calf's 
dam during lactation did significantly depress the
pre-weaning growth of 
the calf and the resultant weaning weight.
Compared to the performance of 
calves reared by uninfe, Led
three or more 	 cows
detectable parasitaemias 
in the dam depressed calf
pre-weaning growth by 
11% and calf weaning weight by (Table
7). 
 In Avetonou trypanosome parasitaemia in the cow 
7% 


also tended
to depress the weaning weight of 
its calf. At neither site was
there a significant, nor apparently important, 
interaction
between parasitaemia in the cow and in 
the calf.
 

Table 7. 	Least-squares means and standard errors for preweaning growth (g/d) and weaning weight (kg) of N'Dama
calves uninfected 
or infected with 
trypanosomes

and reared by dams uninfected or infected with trypano
somes during lactation, Mushie.
 

No. of trypanosome 
 Calf pre-weaning 
 Calf weaning
parasitaezias, 0-8 
 growth (g/d) 
 weight (kg)

months post-partum
 

No. Mean s.e. 
 Mean s.e.
 

In the calf
 

0 178 390 6.8 115 1.6
i 72 381 10.7 112 
 2.5
2 or more 
 49 387 11.6 
 114 2.7
 

Significance 
 NS 
 NS
 

In the cow
 

0 
 139 401 
 8.6 116 
 2.1
1 
 77 403 9.4 
 118 2.2
2 45 382 12.4 11i 2.9
3 or more 
 38 357 13.4 108 3.2
 

Significance 

*
 

In summary the results presented above 
would suggest
trypanosome infection is 	 that
not a major factor affecting the liveweight performance of trypanotolerant cattle, but that whendoes affect performance it does so 
it 

in two ways. First, trypanosome infection of cows during the late 	 gestation reduced calfbirth weights. Whether 
these lighter birth weights were caused
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by reduced pre-natal growth within a normal gestation or were the
 
result of premature births after a reduced gestation needs to be
 
investigated. Second, it has been shown that cows infected
 
during lactation weaned lighter calves, although parasitaemia in
 
the calf did not directly affect the calf's own performance.
 
This suggests that trypanosomiasis was affecting the dam's milk
 
production. At the same time it was observed that cows infected
 
during lactation not only weaned lighter calves but also lost
 
body weight during that period, while uninfected cows were able
 
to maintain weight, despite weaning heavier calves. This could
 
suggest that the slower growth of calves reared by infected cows
 
might be a result of a reduction in the availability of milk from
 
infected cows, not necessarily because of reduced milk production
 
per se, but perhaps due to poorer mothering behaviour.
 

These results tor N'Dama cattle at Mushie, which were
 
supported by similar trends at the other sites, need to be con
firmed on large data sets. More also needs to be known about
 
any cumulative effect of trypanosome infections on the live
weights of trypanotolerant and susceptible cattle types. Care
fully designed studies will be reqvired to quantify these effects
 
and their interactions with breed and environmental factors,
 
especially nutritional level.
 

Table 8. Significance levels for the effect of PCV class on cow and calf liveweight traits at four Network sites. 

Period of average PCV Trait 	 Avetonou Boundlall Mushle Kolo 

Incow during gestation 	 Calf birthwelghta *.(+)b - *(+ *
 

Cow weight post-partum NS(-) NS NS() NS
 

In cow during lactation 	 Cow weight at weaning NS(+) NS(+) NS ***(+) 
Cow weight change during lactation NS(+ INS *(+) **(+) 
Calf weaning weight 	 NS(+) NS NS (-) 
Calf pre-weaning growth NS+) NS NS (-) 

In calf pre-weaning 	 Calf weaning weight NS(-) P < .08(+) NS(+) P <.07(+)
 
Calf pre-weaning growth NS( *(+) *(+) NS(+)
 

a Period of average PCV: 3 months pre-parturn
 
b Bracket indicates consistent positive or negative relation between PCV and Ilveweight.
 

Relationships between PCV and liveweight performance in cattle
 

Table 8 summarizes the results relating PCV and liveweight traits
 
at the three sites, Avetonou, Boundiali and Mushie, where cattle
 
were exposed to trypanosomiasis risk and at Kolo where N'Dama
 
cattle were at no trypanosomiasis risk. Generally a low PCV was
 
associated with poor liveweight performance and a high PCV with
 
better peiformance. Table 9 presents the results relating mean
 
PCV in the cow during the last three months pre-partum with calf
 
birth weight. At Avetonou cows with PCVs of 33 or less gave
 
birth to calves 2kg lighter than cows with higher PCVs. Com
parable results were obtained for N'Dama cattle at Mushie,
 
whereas at Kolo there was no consistent relationship.
 

That PCV and liveweight performance may be related even in
 
the absence of trypanosomiasis is illustrated in Table 10. Cow
 
weight change during lactation was significantly related to mean
 
PCV at both Mushie and Kolo, where cows with a PCV of over 30
 
and over 35%, respectively, were able to maintain or gain weight
 
during lactation. The same trend was also observed in Avetonou,
 
but at Boundiali the results were inconsistent.
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Table 9. Least-squares means and standard error%of calf blrthwelght (kg for classes of average PCV in the cow during the 

last three months of the gestation at three Network sites. 

Avetonou Mushle Kolo 

PCV No. Mean s.e. PCV No. Meana $.a. PCV No. Meana 9.0. 

<31 
31-33 
34-35 

65 
61 
38 

20.3 
19.7 
22.0 

0.54 
0.53 
0.70 

429 
29-30 
31-32 

90 
63 
51 

25.5 
25.2 
26.0 

0.70 
0.76 
0.78 

<35 
35-36 
37 

63 
71 
44 

26.3 
26.9 
27.7 

0.54 
0.52 
0.62 

>35 37 22.1 0.72 33-34 58 26.0 0.77 38 39 26.9 0.68 
3S-37 el 27.4 0.68 39 40 26.9 0.64 
>37 62 27.7 0.73 40 42 26.2 0.64 

>40 100 25.3 0.43 

Significance , 

at mean age of 10 days. 

Table 10. 	Least-squares means and standard errors of cow weight

change (g/d) during lactation for classes of average

PCV during lactation in N'Dama cows, Mushie and Kolo.
 

Mushie 	 Kolo
 

PCV No. 
 Mean s.e. PCV No. Mean s.e.
 

<27 43 -57 18 (35 92 -21 12
 
27-28 61 -27 17 35 58 
 -7 14
 
29-30 61 -16 15 36 	 16
69 	 13
 
31-32 50 0 1837 
 74 17 12
 
33-34 62 10 
 17 38 68 14 13
 
35-37 49 3 32 39 61 
 7 13
 

>37 
 37 82 53 40 54 25 14
 
>40 77 67 12
 

Significance * 

Results from three sites showed a positive relationship of
 
mean PCV in the calf pre-weaning with pre-weaning growth and
 
weaning weight (Table 11).
 

No consistent positive relationship was found between cow
 
PCV during lactation and calf liveweight traits, although as
 
shown earlier in Table 7, trypanosome infection in the cow during

lactation did depress calf liveweight traits.
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Table 11. Least-squares means and standard errors of calf pre
weaning growth (g/d) and calf weaning weight (kg) for
 
classes of average PCV in the calf pre-weaning at
 
Boundiali, Mushie and Kolo.
 

Calf pre-weaning growth Calf weaning weight
 

PCV No. Mean s.e. Mean s.e.
 

Boundiali 

<30 9 157 25 82 6.1 
30-31 41 173 15 87 3.7 
32-33 31 188 16 86 3.9 

>33 15 249 21 99 5.0 

Significance * P(0.08 

Mushie 

<32 71 363 10 109 2.5 
32-33 64 371 11 110 2.5 
34-35 72 397 11 115 2.5 
36-37 44 393 16 114 3.8 

>37 48 419 20 118 4.8 

Significance * NS 

Kolo 

<31 34 428 16 121 3.4 
31 43 422 15 124 3.1 
32 50 442 14 127 3.0 
33 61 454 12 132 2.5 
34 56 455 12 130 2.5 
35 42 450 13 132 2.8 
36 53 438 12 131 2.6 
37 36 459 14 130 3.0 
>37 57 462 12 135 2.6 

Significance NS P(0.07 

In summary it can be concluded that the present results from
 
sites with different management systems and trypanosomiasis risk
 
levels provide evidence for a positive relationship between PCV
 
and liveweight performance, suggesting that PCV could well be
 
used as an indicator of performance level. Further well-con
trolled experimental studies, such as that described by Trail et
 
al. in paper 41 of these Proceedings will provide definitive
 
information on the linkage between PCV and liveweight for cattle
 
exposed to trypanosomiasis.
 

Other factors influencing liveweight performance of cattle
 

Year/season of parturition had an important effect on cow live
weight traits. Location or herd effects were important for cow
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and calf traits. 
For example in Avetonou liveweights
at the CREAT experimental ranch than in 
were higher
 

surrounding villages. There was 
the herds in the
 

also large variation between
village herds in Boundiali for cow weight at weaning which ranged
from 206 
to 262kg and for calf weaning weight, which ranged from
63 to 100kg. At Mushie ranch there
two distinct areas 
was large variation between
and between the herds within one of
areas. these
Cow age was also important,
all sites, but only 
with older cows heavier at
in Boundiali 


calves. did they also wean heavier
Cow age had no effect on calf birth weight. As expected
male weaner calves were heavier than females at all sites.
 

Sheep
 

The least-squares 
means 
for the liveweight 
traits obtained from
separate analyses of the two sites are presented in Table 12.
the Avetonou site At
Diallonke 
eves in village flocks had
weights at parturition/weaning mean

of 21kg and lamb weaning weight
averaged 9.3kg. The corresponding means
lation for the Diallonke popuin the village flocks 
at the Boundiali
ll.0kg, site were 27 and
some 20-30% heavier than
both sites ewes 

the weights at Avetonou. At
were able to 
maintain their 
body weight during
the four months of lactation. Crossbreeding the Djallonke sheep
with the Sahelian breed is 
of some importance in
area and compared to the Boundiali
 pure Diallonke the
crosses small population of
had a 4% heavier mean 
ewe 
weight at parturition/weaning
and 6% heavier lamb weaning weights (Table 12).
 

Table 12. Leastsquares means and standard errorsforfive livewelght traits of sheep at Avetonou and Boundiall. 

Avatonou Boundlall 
DjaIIonke Dallonke Djallonke x SehellanTrait No. Mean a. No. Mean e. No. Mean se. 

Ewe
 
Wel !htpost-partur (kg) 
 227 21.5 0.57Weight at weaning (kg) 199 

315 27.3 0.72 58 29.0 1.0620.8 0.42Weight change in tactatlit (g/d) 334 26.7 0.45 65 27.4 0.80199 5 3.0 334 1 3.4 is 6 6.1 
Lamb
 

Weaning weight at 4 months (kg) 
 178 9.3 0.21 173Pro-weaning daily gain (g) 11.0 1.13 40 11.7 0.67178 55 2.9 173 70 5.1 40 o80 11.3 

Mean monthly trypanosome prevalence
and Boundiali for sheep at Avetonou
were 3.0 and 9.2%, respectively, during the threeyear study peziod. Trypanosome infection in the ewe, 
as measured
by the number of parasitaemic months during gestation and/or
lactation, did 
not depress her subsequent body weight,
there any cumulative nor was
effect of trypanosome
post-partum on infection pre- and
ewe weight at weaning, nor
during on ewe weight change
the lactation. Similarly

pre-weaning growth were 

lamb weaning weight and
not affected by 
lamb
 

months in the 
one or more parasitaemic
ewe during lactation. 
 Only the Djallonke population at Boundiali provided sufficient information to
one or more show that
trypanosome 
infections 
in the lamb did not depress
lamb pre-weaning growth.
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Relationships between PCV 
and liveweight traits for these

sheep populations were generally inconsistent, although PCV
levels in the lamb pre-weaning were positively related 
to lamb

weaning weights at both Avetonou and Boundiali (P<0.01) (Table

13). A positive, although non-significant, relationship was also

shown between ewe PCV during lactation and lamb weaning weight.
 

Table 13. 	Least-squares means and standard errors of lamb weaning

weight at four months 
for classes of average lamb PCV
 
pre-weaning, Avetonou and Boundiali.
 

Avetonou 
 Boundiali
 

PCV No. Mean s.e. 
 PCV No. Mean s.e.
 

<26 	 34 8.2 0.41 <26 
 43 9.5 0.63

26-28 
 39 8.3 0.36 26-28 56 10.9 0.59
 
29-31 	 60 9.5 
 0.29 	 29-31 66 11.7 0.47


>31 61 9.8 
 0.34 	 32-34 58 12.6 0.46
 
>34 24 12.3 0.71
 

Sheep liveweight traits were generally more affected by

other environmental factors 
than by trypanosome infection or PCV

class. In Boundiali, for example, year/season of lambing and
flock were statistically significant effects for all ewe and lamb

liveweight traits. Age of ewe significantly affected ewe liveweight 
and litter size affected ewe weight post-partum and lamb
 
weaning weight. Interactions between these effects and trypano
some infection or PCV were not important.
 

In summary ewe and lamb liveweight traits were not depressed

by trypanosome infection 
occurring during the relatively short
periods of gestation and/or lactation. However any possibly

cumulative effects of trypanosome infection on 
sheep liveweight

traits have 	still to 
be quantified, both for trypanotolerant and
for susceptible sheep populations. Relationships with PCV as 
a

potential indicator of performance level were found only for lamb

weaning weight, but the apparent lack of a relationship needs to

be confirmed. In contrast to the lack of an effect of 
trypano
some infection, other environmental factors were important in
fluences affecting liveweight performance in these trypano
tolerant populations.
 

CONCLUSION
 

The results 	from two Network 
sites have 	shown that trypanosome

infection 	in Djallonke ewes 
and lambs 	did not affect their live
weight performances, at least in the short term. 
 Nor was there
 
any consistent relationship between PCV and liveweight except for

lamb weaning weights. Factors other than trypanosome infection

and PCV were more important sources of variation for liveweight

performance in these trypanotolerant sheep populations.
 

For cattle, trypanosome infection did not 
signiticantly

affect the 	liveweights of cows 
and calves in Avetonou and
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Boundiali. However in 
N'Dama cattle 
at Mushie, trypanosome
infection in the cow significantly depressed calf birth weight,
cow weight change during 
lactation and calf pre-weaning growth
and weaning weight, but parasitaemia in 
the calf did not affect
the calf's own growth. Trypanosome infection in the 
cow may
therefore affect milk production. 
 For cattle at trypanosomiasis
risk it was 
shown that several liveweight traits were 
related to
PCV, suggesting that 
PCV could be used as an indicator of liveweight performance for these populations.
 

Further studies are required to estimate, for all liveweight
traits, the relative effects of 
T. vivax and T. congolense infections, as well as the 
effect of the intensity of parasitaemia.
Additional analyses of 
the effects of trypanosome infection in
the cow on 
calf birth weights, calf survival, calf growth and cow
milk production should be concentrated on the period from three
months pre-partum to the end of the lactation, as present results
have shown no important effect of trypanosome infection during
the earlier stages of the gestation. Studies 
are also required
to estimate the effect of trypanosome infection 
on the postweaning growth of cattle and sheep and to estimate any cumulative
effects of trypanosome infection 
on dam liveweight and on the
resultant herd flock
and productivities. 
 The designs of such
future Network research should include the study of 
interactions
between trypanosome infection and breed and nutritional level.
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AfL extractionfor human consumption from N'Dama 
cattle under 'village management conditions 
in The Gambia 

K AGYEMANG, P. JEANNIN, A.S. GRIEVE, M.L. BAH and R.H. DWINGER 

INTRODUCTION
 

N'Dama cattle have been known for some time to be trypanotolerant
 
(Foy, 1911; Chandler, 1952; Desowitz, 1959; Murray et al.,
 
1982). A survey carried out jointly by the ILCA, FAO UNEP on
 
trypanotolerant livestock in eighteen West and Central African
 
countries showed that the N'Dama breed is hardy and produces
 
quite well under the harsh environmental conditions where they
 
are kept (ILCA, 1979). When the productivity of N'Dama cattle
 
was compared on a per unit body weight basis, with other larger
 
zebu breeds of cattle present in Africa, it was found that the
 
N'Dama is as productive as the other larger breeds in low try
panosomiasis risk situations. On the other hand in a high tsetse
 
challenge area the zebu breeds do not survive well. In the few
 
attempts made so far to characterize the breed, the contribution
 
of milk yield to the overall productivity of N'Dama cattle has
 
been either poorly estimated or entirely ignored. This is a
 
result of the paucity of data on milk offtake collected over
 
reasonable lengths of time and on a large number of cows under
 
both village and ranch management. The milk production studies
 
reported here were designed to fill this vacuum of knowledge by
 
providing information on the patterns and levels of milk produc
tion of N'Dama cows under different village management systems.To
 
a.chieve these objectives, a milk recording scheme was initiated
 
in four villages in The Gambia.
 

PMATERIALS AND METHODS
 

The Republic of The Gambia lies on the west coast of Africa
 
' '
 between latitude 13004 and 13105' north and on longitude 13047
 

' 
and 16050 west. The climate is Sudano-Guinean. Average annual
 
precipitation for six years (1981-1986) was 724mm. The annual
 
rainfall for 1986 was 762mm. The rainfall is unimodal and is of
 
short duration from July through October, followed by a long dry
 
season from November through June. The total amounts of
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precipitation recorded during 1986 were 1135,
Gunjur, Pirang and 1206 and 598mm for
Keneba, respectively.
although situated in These three villages,
different geographical,
nutritional environments, have 
climatic and hence
similar herd 
ownership
management arrangpments. Animals and herd
 are all milked twice a day. 
The
fourth village, Nioro Jattaba, with annual precipitation of
during 1986, has 804mm
different herd ownership and
arrangements and milks management
once a day. 
 Sampling started in October
1985 at 
Gunjur and Keneba 
and in June 1986 
at Pirang and Nioro
Jattaba.
 

Herd management
 

Under the 
village management

night on grounds close to 

system animals are tethered over
the homestead. 
 Pregnant cows
managed differently from are not
the rest 
of the animals 
in the herds.
Cows usually calve in the tethering
in the grazing area but occasional calvings
area are observed. Calvings occur
year but over throughout the
80% occur 
from July through December with the peak
calving occurring in August-September. 
 Milking starts
three weeks after calving. one to
 
at 

Morning milking starts approximately
0600hours 
and evening milking
on the season at 1800 to 2200hours depending
of the year. Cows 
are handmilked with
foot. the calf at
Milk-letdown is initiated by a brief moment of suckling by
the calf. 
 After 5-10 mi-utes of milking, the calf is allowed to
be suckled by the dam, atter which more milk is extracted.
 

Milk recording
 

A total of 
636 cows are currently being 
recorded
have completed or of which 201
terminated lactation. 
 These cows 
calved after
initial registration and ear-tagging of herds and have known
calving dates. 
 Milk offtake 
 for human consumption was
for individual cows measured
 
at 25-35 

at morning and evening milkings once
day intervals. a month
A sample of the 
morning milking
taken and analysed to determine fat percentage. 
was
 

percentage determination was Protein
started in May 
1987. The suckling
calf of each cow was weighed at the time of milk measurement.
 

Data preparation and analyses
 

Milk measurement 
for morning and 
evening, milk-fat
determinations, weight of suckling calf and dates of 
and protein
 

milking calving and
were stored on micro-computer 
files for
pair for each month, each cow-calf
 
to obtain 

The morning and evening offtakes were added
a daily offtake. This 
was used
cumulative monthly offtake for each cow 
to estimate the
 

Method (Wiggans and 
by the Test Interval
Grossman, 1980)
offtakes where previous and
are weighted and current
the sum is multiplied by the interval
between the sampling period.


aggregated The monthly offtakes were then
to provide cumulative offtakes from post-partum to 2,
4, 6, F, 10 and 12 months for each cow.
 

All data were analysed by least-squares methodology (Harvey,
1977) using fixed-effects models. 
 Three
defined: seasons of calving were
wet 
season (July-October), early dry
December) and late dry season 
season (November

(January-June). 
Daily milk offtake
and milk-fat and milk-protein percents were analysed with a model
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that included site, herds within site, stage of lactation in
 
weeks, calf parity, calf sex, month and year of extraction and
 
cow age group. Cumulative monthly milk offtake, calf growth and
 
estimated milk yield were analysed with a similar model, except

that the stage of lactation was replaced by the number of days in
 
milk as a covariate. The different levels of each effect in the
 
model will be evident in the estimated least-squares means table
 
associated with each trait analysed.
 

The pattern of milk offtake was studied using four thousand
 
measurements of daily milk offtake which were recorded once a
 
month in the three villages where cows are milked twice a day.

Similarly, patterns in milk-fat and milk-protein percent were
 
studied using 2,300 and 1,100 determinations, respectively. The
 
use of all measurements meant that different cows' information
 
might have been used for estimation at different points along the
 
lactation. The use of all measurements allowed the estimation
 
for all weeks on the lactation curve even though cows were sam
pled only once a month. Keown et al. (1986) used monthly milk
 
measurements to develop lactation curves that estimated yields
 
for all days from calving to 305 days.
 

The relationships among calf growth, milk offtake and milk
 
yield, were studied by calculating calf growth over the intervals
 
in which the milk offtake was measured. Milk offtake for the
 
first to twelfth months in lactation and the growth of the calf
 
were available for correlation analyses. In addition milk
 
offtake and calf growth during the first three months post-partum
 
(0-3mth) , the second three months (3-6mth) , the third (6-9mth)
and the next three months (9-12mth) were calculated. The latter
 
information was used in estimating total milk yield, that is, the
 
amount of milk that would have been produced by the cow had the
 
calf not suckled. Calf growth was converted to milk using

conversion factors of Montsma (1962) based on N'Dama cows kept
 
under station conditions. The factors used in this study were
 
ikg of calf growth to 8kg milk, which was an average factor for
 
the period 0-13, 0-26 and 0-36 weeks. Montsma's factors for
 
these periods were 8.0, 8.2 and 7.9, respectively.
 

RESULTS
 

Trends in daily milk offtake
 

Analyses of daily milk offtake from cows in various stages of 
lactation showed that the highest daily milk offtake, 
1.7kg/cow/day, took place when cows were 4-6 weeks post-partum
(Figure 1) . The initial peak period was similar for all the 
calving seasons. Cows that calved in the early dry season had 
the highest peak extraction at 1.8kg/cow/day. These cows enjoyed
the benefits of the rainfall with the accompanying feed 
availability during their last 5-6 months of pregnancy and were 
in better body condition than the cows whose pregnancy lasted 
through the dry season. Cows that calved in the late dry season 
(January through June) showed another peak at about 24 weeks 
post-partum. Since the majority of cows in this group calved in 
January and February the second peak, which was higher than the 
initial peak, was a response to the onset of the subsequent
rainfall season which began in July. Similarly, cows that 
calved in the early dry season (November-December) showed a 
second but minor peak 33-35 weeks post partum, which again coin

233
 



cided with the onset of rains in July.
 

wet season earlydry season late dry season
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Figure 1. 
 Daily milk offtake from N'Dama 
cows at various stages

of lactation by season of calving.
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Figure 2. 
Effect of season of calving on daily milk offtake.
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The peak period of extraction observed in this study agrees
 
with results obtained for both European dairy breeds and crosses
 
between N'Dama cows and Jersey bulls. Sada and Vohradsky (1968)
 
observed peak yields between day 31 and 60 post-partum for F1
 
N'Dama x Jersey crosses which were milked completely, as opposed
 
to the partial milking in this study.
 

Daily milk offtake was also influenced by month of extrac
tion. Milk offtake from cows that calved in the late dry season
 
declined steadily from 1.25kg/day/cow to 0.8 over a period of 5-6
 
months post-partum, but increased sharply to 1.5kg (Figure 2), at
 
the beginning of the rainy season. A similar pattern was
 
observed for cows that calved during the early dry season.
 
Montsma (1962) made similar observations on N'Dama cows calving
 
in the dry season.
 

Thus while the rate of decline of the milk offtake in re
lation to progression of lactation showed a close resemblance to
 
a typical lactation curve for milk yield, seasonal effects
 
exerted a significant influence on the milk offtake curve.
 

wet season early dry season late dry season
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Figure 3. Fat pkirctnt of daily milk offtake from cows at various
 
stages of lactation by season of calving.
 

Milk-fat yield and percent
 

Information on fat percent was available for 155 cows from the
 
month of calving to the tenth month of sampling. The mean fat
 
yield was 18.8 (s.d. 6.4) kg with a coefficient of variation of
 
26.8%. The highest fat yield per cow was 40kg and the lowest was
 
5kg.
 

Site and parity effects were significant on fat yield. Cows
 
of parity 2-4 had highest fat yields. Ten-month fat yield was
 
highly correlated, 0.85, with milk offtake.
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Fat percent of N'Dama milk 
was 3% for 
cows 
in very early
lactation and 7% in late lactation (Figure 3) with a mean of 5.2%
for 25-30 weeks of lactation. 
 The rate of increase of fat percent as the lactation advanced 
appeared to 
be similar for the
three seasons of calving.
 

The increase in milk-fat percent 
over the lactation period
was similar to that observed for Fl N'Dama/Jersey crosses 
by Sada
and Vohradsky (1968) who reported a range from 5.05% in the first
month post-partum to 
6.82% during the 
tenth month of lactation.
The mean, 5.6%, occurred between the fifth and sixth month postpartum. The 
mean 
fat percent observed in 
this study (5.2%)
compares favourably with N'Dama/Jersey cross. 
 The high fat percent of N'Dama cattle kept under 
management systems 
where milk
offtake is an ii%3portant aspect of 
the village economy is highly
desirable. 
 The ;nilk left for the suckling calf should be of 
as
high quality as possible to ensure 
adequate growth.
 

late dry seaman 
 wet season 
 early dry season
calving 
 calving
(Jn-Jun) calving
(Jul-Oct) fNv--c) 

6.3 

I \ 

month of extraction 
Figure 4. Effect of season of calving on fat percent of daily

milk off take.
 

Fat percent was highest for the seasons of the year whenmilk offtake 
was lowest (Figure 4). 
 Fat percent decreased, even
for cows in advanced lactation, when cows responded to onset ofrains with increased milk yields. Thus an inverse relationship
between milk offtake and fat percent was observed. Suchlationship h;;s also been a reobserved among F1 Jersey/N'Dana cowswhich were~ completely milked 
(Sada and Vohradsky, 1968).
 

Milk protein percent
 

Milk protein percent increased from a mean of 2.6% for cows 
in 16 weeks in lactation to a mean of 3.5% for cows in the 50-54weeks in lactation. 
 The mean was higher for cows 
that calved in
the wet and early dry season than for cows that calved in thelate dry season. Like milk-fat, the increase in milk-protein 
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percent as the lactation advances is desirable for suckling
 
calves as the milk available for suckling decreases. The in
creases in protein percent as a result of increased feed quantity
 
and possibly quality with the onset of the rains is shown in
 
Figure 5.
 

dry season calving wet season calving
 
(Nov-Jun) (Jul-Oct)
 

385
 

355

345-,
 

335-

N 325 	 / 

305. 

29a
 

285

275..
 

26 III I I I I
 
May Jun Jul Aug hp Oct Nov o
 

month of extriotion
 

Figure 5. 	Effect of season of calving on protein percent of
 
daily milk offtake.
 

Quantity of milk offtake for human consumption
 

To quantify the amount of milk e-tracted for human consumption
 
from N'Dama cows during the entire lactation length or portion of
 
the lactation length and to assess the relationships between milk
 
offtake, calf growth and estimated milk yield, the records of 231
 
cows that had either completed lactation or had been milked to
 
the twelfth month of lactation were selected. Included in this
 
group were 19 cows that terminated lactation abruptly either
 
because the calf died or the cow became sick but which were
 
milked for 6 months or more before termination of lactation
 
occurred. Forty-one cows were selected from the village with a
 
once-a-day milking.
 

Monthly milk offtake
 

The amount of milk extracted from cows for human use during the
 
first 12 months in lactation is depicted in Figure 6 for the
 
three villages where twice-a-day milking was practiced. Monthly
 
offtake declined steadily after two months in lactation until
 
about the eighth to nineth month when there was an upturn in the
 
lactation curves, reaching minor peaks during the l0th-llth month
 
in lactation. The minor peaks reflected the onset of rains and
 
hence availability of more grazing. The effect of season of
 
calving on monthly offtake was similar to that demonstrated in
 
Figure 1 for daily offtake. Cows which calved in the mid-rainy
 
season months, August-September, reached a low milk yield 8-9
 
months post-partum (April-May). The occurrence of rains in June
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0 

July resulted in an increased milk yield 
as measured by offtake.
Similarly, there was 
a larger increase 
in milk yield for cows
which calved in the early dry season (November-December).
cows were only These
6-7 months in lactation and showed a higher
response to increased amounts of grazing pasture.
of calving and stage of 
Thus, a season
lactation interaction exists and does
affect both milk yield and offtake.
 

Gunjur 
 Pirang 
 Kensba
 

54T 

45
 

40 

I I II I 

1 2 3 
 4 5 6 7 8 9 10 11 12 
nthu in lactationFigure 6. Monthly milk offtake per cow 
at various stages of
 

lactation by site.
 

The appearance of minor 
peaks on naturally-declining lactation 
curves in response 
to rainfall strongly suggests that the
height of the lactation curve 
of village animals 
and hence milk
output could be increased with strategic feed supplementation to
lactating cows. 
 Riley (unpublished) fed groundnut meal
of 3kg/head/week and at rates
6kg/head/week 
to two groups of cows 
which
calved 
in the middle 
and early dry season months
December) for (Augusta period of 5 months. The results showed that the
rate of decline in milk offtake during 
the period January-June
(see Figure 2) was slowed 
for the cows receiving the supplement
as compared with 
a control group. 
 The milk offtake during the
five months were 56.6, 
77.4 and

3kg/week and 

103.1kg for the control,
6kg/week group, respectively. 
 The suckling calves
of the supplemented groups 
showed superior growth 
over the

period.
 

Cumulative 
milk offtake
 

The mean cumulative milk offtakes from calving to 
2, 4, 6, 8, 10
and 12 months were 85.8 
(s.d. 39.4), 167.0 
(s.d. 62.2), 243.8
(s.d. 79.4), 301.5 (s.d. 92.0), 367.1 (s.d. 
 i00.0) and 434.0
(s.d. 125.3) kg, respectively. 
 Site or village effects
significant fpr milk were
offtake up to the 
10th month.
calving had an effect Season of
 on milk offtake 
up to 8 months in lactation. 
Estimated least-squares means are presented in Table 1.
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Table 1. Estimated least-squares means for cumulative milk off

take per cow at various stages of lactation.
 

Milk Offtake (kg)
 

Variable No. 0-2 mth 0-4 mth 0-6 mth
 

Overall mean 231 83.0 
 167.5 237.9
 

Site
 
Gunjur 110 67.5 146.9 
 213.5
 
Pirang 33 80.5 168.9 
 248.5
 
Keneba 88 101.1 186.9 
 251.8
 

Cow age group

Young ones 93 162.6
81.3 231.6
 
Old cows 138 84.7 172.4 244.3
 

Sex of calf
 
Male 
 123 82.3 170.0 241.1
 
Female 108 165.1
83.6 234.6
 

Season of calving
 
Wet season 
 132 94.8 190.2 267.3
 
Early dry season 68 79.7 158.6 
 223.8
 
Late dry season 31 74.6 153.8 
 222.7
 

Parity

1 
 64 75.6 157.4 226.3
 
2-4 124 90.5 180.4 256.4
 
>4 43 83.0 165.0 231.1
 

Variable No. 
 0-8 mth No. 0-10 mth No. 0-12 mth
 

Overall mean 231 179
302.5 367.4 142 434.2
 

Site
 
Ganjur 107 92 72
271.9 328.9 397.1
 
Pirang 32 24 18
238.8 379.5 444.4
 
Keneba 79 63 52
306.7 293.6 461.2
 

Cow age group

Old adults 87 297.8 75 371.9 65 
 447.7

Young adults 131 307.1 104 362.8 77 
 420.7
 

Season of calving

Wet season 128 326.3 115 380.7 94 449.6
 
Early dry season 60 285.7 43 373.5 34 
 434.5
 
Late dry season 30 295.3 21 347.9 
 14 418.5
 

Sex of calf
 
Male 116 309.0 100 375.0 82 440.3
 
Female 102 79 60
2q6.0 359.7 428.1
 

Parity

1 60 288.2 53 340.8 47 393.9
 
2-4 121 99 78
325.2 393.8 463.8
 
>4 37 27 17
294.1 367.5 450.0
 

No. = number of animals. ** = P(0.01, mth = months 
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Site
 

Up to 
the eighth month, milk offtake was higher in Keneba than in
Gunjur and Pirang. 
 The most readily notable difference in
milking practices at Gunjur and Keneba sites is the frequency and
duration of evening milking during the dry season. 
 Herds in
Keneba are tethered closer to the homestead than in Gunjur and
offer the herdsmen the opportunity to milk more frequently and
 more completely during the 
late dry season when cows return to
tethering grounds as 
late as 2200hours. Some cows 
in Gunjur are
only partially milked not
or milked at under
all those
 
circumstances.
 

Herd Management
 

There were large differences among herds within villages in milk
offtake. The largest differences among herds occurred in Gunjur

village. Differences in choice of grazing areas, 
frequency of
milking, period elapsing between calving and first milking and
frequency of watering are 
some of the factors that are expected
to influence milk yield milk
and offtake under the village
conditions. Milk offtake was 
lowest in the largest herds in all
three villages and highest 
for the smallest herds. The 
reason
 may be 
that in the larger herds once a herdsman extracts a
certain predetermined amount of 
milk, the rest of the lactating

cows are only partially milked.
 

Lactation length and yield
 

A total of 172 cows 
in the sampling scheme at 
the twice milking
situations have completed 
or terminated the lactation which 
was
initiated when sampling started 1985.
in Seventy-seven percent
were terminated normally 
which resulted in the weaning of 
a
calf, while 12% resulted from the death of the 
calf. The remaining 11% of cows terminated lactation because of 
sickness or
death. The cows with normal termination in this study represent
those cows with an average lactation, since an additional 80 
cows
were still being milked beyond the twelfth month. The inclusion
of these cows raised the average lactation length to 375 (s.d.
90) days with lactation offtake 
of 437 (s.d. 196) kg.
lactation length and yield of 132 
The
 

cows that completed thu
lactation by weaning a calf 
were 
366 (s.d. 94) days and 391.0kg,

respectively. 
 The highest milk offtake per cow was 778kg over a
lactation length of 481 days. Lactation 
length was not significantly influenced by any of the factors 
studied. Lactation

milk offtake was significantly influenced by the 
sex of suckling
calf and parity. Estimated least-squares means are presented in
Table 2. About 50kg more milk 
was extracted from cows of parity
greater than four compared to of
cows lower parities. Thus the
results so far suggest that average 
lactation length of N'Dama
 cows was longer than 12 months for 
cows which completed a normal
lactation and that the presence of the calf 
is crucial to

continued milk offtake.
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Figure 7. 
Calf growth by village and by stage of lactation.
 

Calf growth in relation to milk offtake
 

Calf growth to 
twelve months of age, shown in Figure 7, was
better in Gunjur and Pirang than in Keneba suggesting an inverse
relationship between calf growth and milk offtake 
as the pattern
of calf growth was the opposite of that observed for milk offtake
(see Figure 
6) . Other evidence for this apparent inverse
relationship 
was observed when calf 
growth 
and milk offtake in
the first twelve months post-partum in herds 
in Gunjur were
ranked. 
 The relationship between calf growth and milk offtake
was examined by the 
use of correlation analysis. 
The correlation
coefficients 
for the twelve months were mostly positive
significant (P<O.01). and
The highest correlations 
were observed
during the first, seventh, ninth and twelfth months post-partum.
These periods represent milk yield peaks 
as reflected in offtake.
 
The pattern of the correlation coefficients may suggest that
though the contracted herdsman does 
compute with the 
suckling
calf his extraction habit is not irrational but rather based on a
strategy aimed at 
keeping the calf 
alive while at 
the same time
providing himself with reasonable quantities of milk. 
This strategy results in high offtake in periods when 
the cow is expected


to produce higher amounts of milk.
 

Comparisons between once-
 and twice-a-day milking
 

Cumulative 
milk offtake from 
41 cows in Jattaba, the growth
the calves of these of
cows and estimated milk yield over 
three
month intervals were compared 
with the average of twice-a-day
milking situations. Milk offtake during the 
were four, three months
55.8, 52.0, 53.9 
and 67.9% of the average offtake
twice-a-day milking situations. Conversely 
from
 

calf growth rates
were 121.8, 134.6, 106.0 and 160.0% of the average calf growth in
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Table 2. 	Estimated least squares means for lactation length and
 
lactation milk offtake per cow.
 

Lactation length Lactation milk
 
Variable 
 No. (days) offtake (kg)
 

Overall mean 132 
 346 	 378.5
 

Site
 
Gunjur 	 56 
 353 	 317.8 a
 
Pirang 
 18 319 	 390.8 ab
 
Keneba 	 58 367 427.0 b
 

Season of 	calving

Wet (Jul-Oct) 62 	 349 391.2
 
Early dry 	(Nov-Dec) 48 366 379.0
 
Late dry (Jan-Jun) 22 	 322 365.3
 

Cow aae group
 
Young adults 47 	 343 
 355.4
 
Old adults 
 77 	 349 401.6
 

Sex cf calf
 
Male 	 62 
 359 	 405.7 a
 
Female 
 70 	 333 351.2 b
 

Parity
 
1 
 33 382 404.8 a
 
2-4 70 346 404.4 a
 
>4 29 309 326.4 b
 

Estimated means for herds are omitted for briefness. Within
 
variable groups, means followed by same letter are not signifi
cantly different at a 5% probability level.
 

Calving interval
 

A precise estimate of the average calving interval is not yet

available as most of the cows are yet to calve for the second
 
time. Of the 86 cows that calved in October/December 1985 to
 
March 1986 at Gunjur and Keneba, 52 had calved again by the end
 
of September 1987, with an average calving interval of 
18.5
 
months. Since these represent more or less "early calvers" an
 
approximate calving interval of N'Dama cows under village

conditions is about 21 months. This observation is supported by

herd-structure data. Touchberry (1967), reported a mean calving

interval of 15.3 months for N'Dama cattle kept under station
 
conditions. Although the nutritional environments at station and
 
village production systems may not be comparable, the difference
 
of 5.2 months between the cited and the current study suggests

that there is scope for improvement in the long calving intervals
 
observed under village conditions.
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a twice-a-day milking situation. If lkg of calf growth is assumed
 
to be equivalent to 8kg of milk (Montsma, 1962), the average milk
 
yields by cows in the twice-a-day milking situation were 266.8,

218.1, 192.1 and 233.0kg for the four periods, respectively. The
 
results for milk offtake, calf growth and milk yield from calving
 
to 12 months in lactation for cows in the two situations,
 
presented in Table 3, suggest that if the conversion factor used
 
in this study is close to the true value, then the extra milk not
 
extracted does not translate to calf growth on a proportional

basis. Perhaps other herd management factors such as frequency

of watering, frequency in changing tethering site and selection
 
of grazing sites for calves may be as important as the amount of
 
milk left 	for the calf. The ratio of milk offtake to total milk
 
yield was 	0.48 in twice-a-day milking. The corresponding figure

for once-a-day milking was 0.28.
 

Table 3. 	Comparison of production parameters between twice- and
 
once-a-day milking situations.
 

Twice 	 Once
 
milking 	 milking


Parameter 
 a day 	 a day Difference
 

12 mth milk offtake (MO) kg 430.0 245.6 182.4
 
12 mth calf growth (CG) kg 60.0 79.0 -19.0
 

12 mth milk yield kg 910.0 877.0 33.0
 
VO/MY 0.48 0.28 0.20
 
Calf mortality to 365 days (%) 8.0 13.0 5.0
 

Calving interval (days)
 

Milk yield = (CG x 8) + MO 
= 8.0 

Calves burn June 1986-October 1986. 

Calf mortality
 

Of the 29 cows that terminated or completed lactation in Jattaba,
 
20% did not wean of a calf because the calf died. In the twice
a-day milking situations the figure was 12%. Using information
 
from all recorded herds in the four villages, average calf
 
mortality 	from birth to 365 days for a group of calves born from
 
June 1986 to October 1986 was 13.0% for the once-a-day milking

situation and 8.0% for twice-a-day milking situations. This
 
result may suggest that calf mortality may not be directly re
lated to milk offtake or frequency of milking.
 

Productivity index
 

When the estimation of calving intervals is complete it will be
 
possible to compare the productivity of cattle in these two
 
situations. The results so far suggest that the overall produc
tivity of N'Dama cattle under village conditions is enhanced by
 
some amount of milk offtake for human use. The contribution of
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milk offtake to 
the overall productivity of 
N'Dama cattle under
village conditions could be assessed more 
completely if comparable data existed on village herds xhere no milking is practiced.
 

CONCLUSION
 

The introduction of a milk-recording scheme in village production
systems which 
comprise a wide 
range of ecological zones,
management levels and ages of herd
 
cows has enabled us,
relatively short time, to obtain 

within a
 
a fairly accurate picture of the
production characteristics of N'Dama cattle. 
 The results so far
show that under the village production management systems an
N'Dama 
cow. with an average body weight
produce 3 9 0 -420kg of milk, which 

of 220kg is able to

is 1.8-1.9 times
weight. Within the the body
same period the N'Dama 
cow raises a calf
75kg weight. The estimated price of 

to
 
the milk produced is
valent equito the sale price of 
a 3 year old bull weighing 200kg.
 

This performance from 
N'Dama cattle in 
production systems
with minimal inp-ts is remarkable. It is hoped that in the very
near future 
more complete information 
on lactation length
calving interval will enable and
 
us to accurately calculate
tivity indices for N'Dama cattle and thus 

produc
contribution of milk to 

fully quantify the
the overall productivity of N'Dama cattle.
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24 
Poduct.ivtd of ranch N'Daaoatte
 
under trypanosomiasLsrisk
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INTRODUCTION
 

Performance characters estimating

growth and milk-yield components of 

the viability, reproduction,

livestock production can be
combined in productivity indices expressing total output and its
efficiency in 
a single figure. Example indices 
are weight
weaner (and milk equivalent) produced per dam 

of
 
unit weight of dam per year, 

per year, or per
.r per unit metabolic weight of dam
per year. By estimating the total 
output and its 
efficiency of
production for 
specific breeds 
in different production environments, relative productivities can be assessed.
 

Within the ATLN, 
two current studies provide 
an interesting
comparison of the productivity of N'Dama cattle at
trypanosomiasis risk. two levels of
The cattle 
at the two sites, which have
similar agro-ecological 
conditions, 
receive the same
management, but at ranch
Kolo Ranch there is 
zero trypanosomiasis risk
whereas at Mushie Ranch the risk is 
high. The estimates of
N'Dama productivity at 
zero and high trypanosomiasis risk can, in
turn, be compared with 
the productivities 
of N'Dama 
and Boran
cattle estimated 
during long-term studies 
in other production

situations.
 

RESULTS
 

Productivity of N'Dama cattle at Kolo and Nushie ranches
 
N'Dama 
cow and calf viabilities, parturition intervals,
parturition and cow
weaning weights and calf weaning weights
recorded during a were
three year 
period, January 1984
1986. The management system was 

to December
 
the same at Mushie and Kolo
Ranches (Zaire) where 
trypanosomiasis risk was high and
respectively. zero,
Site details and a description of 
the management
system have been presented by ILCA (1986) and 
are summarized in
%rticle 3 of these Proceedings. The performance recording fol
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lowed the protocols of the ATLN (Murray et al., 1983). 
 Results
 
for individual performance traits and productivity indices of the
 
N'Dama cattle at the two ranches are presented in Table 1.
 

Table 1. Productivity of ranch N'Dama under zero 
(Kolo) and high

(Mushie) trypanosomiasis risk, 1984-1986.
 

Kolo (A) Mushie (B) Relative
 
difference
 

Trait 
 no. Mean no. Mean (W)
 
A/B
 

Calving interval (days) 401 
 426 193 493 +15.8
 

Calving percentage (%) 
 85.7 74.0 +15.8
 

Calf viability (W) 90.5 96.7 -6.4
 

Cow viability (W) 96.2 
 99.2 -3.0
 

Calf birth weight (kg) 
 374 22.2 405 19.9 +11.6
 
Calf weaning wt 8 mo (kg) 432 131 299 123 
 +6.5
 

Cow wt. postpartum (kg) 438 328 
 305 301 +9.0
 
Cow wt. at weaning (kg) 553 
 333 361 290 +14.8
 
Cow wt. change in
 

lactation (g/d) 553 19 361 -24 
 -

Cow average body weight


(kg) 
 331 296 +11.8
 

Cow productivitya
 

Index 1 (kg) 101.6 
 88.0 +15.5
 
Index 2 (kg) 30.7 
 29.7 + 3.0
 
Index 3 (kg) 147.2 138.4 
 + 6.4
 

Herd productivityb
 

Index 1 (kg) 97.7 
 87.4 +11.8
 
Index 2 (kg) 29.6 
 29.6 + 0
 
Index 3 (kg) 141.6 137.3 
 + 3.1
 

aIndex 1 Weight of 8-month weaner produced per cow per year
 
Index 2 Weight of 8-month weaner produced per 100 kg cow
 

per year.

Index 3 Weight of 8-month weaner produced per 100 kg cow
 

metabolic wt per year.

bCow productivity index x (cow viability %/100).
 

The average calving interval at Kolo was about two months
 
(16%) shorter than at Mushie Ranch, the respective means being

426 and 493 days. The corresponding calculated calving percent
ages were 85.7% for Kolo and 74.0% for Mushie. Viability of pre
weaner calves and cows during the three-year study period was
 
higher at Mushie, averaging 96.7 and 99.2%, respectively, as

compared 
to 90.5 and 96.2% for the zero-risk site of Kolo.
 
Viability figures for cows and 
calves are based on information
 
from selection herds. The multiplication herds, which have many
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more cattle, 
are kept in much larger paddocks than selection
herds, making it difficult to distinguish real deaths from those
losses due to theft or uncontrolled changes from one 
herd to
another. These results show that at 
the low trypanosomiasis risk
site, Kolo, cow reproductive performance 
was superior but that
 cow and calf viabilities were somewhat inferior.
 

Liveweight performance was better in Kolo than in Mushie for
all liveweight characters presented in Table 1. The 
 average body
weight of N'Dama cows at Kolo Ranch was 331kg, about 12% higher
than in Mushie. Calf birth weights were also heavier 
at Kolo,
22.2kg compared to 
19.9kg at Mushie. The 
cows at Kolo Ranch
weaned calves with 
an average 8-month weight of 131kg, 6.5%
heavier than the weaners 
at Mushie (Table 1). 
 The higher cow
weights at Mushie may be 
due in part to a lack of culling and
selection of the Mushie 
ranch population which is still being

expanded.
 

Calving interval, calf viability and calf weaning weight
were combined into a single figure 
(Index 1) to compare total
output of N'Dama cows at 
the two sites (Table 1) . With 102kgweight of weaner calf produced per 
cow per year N'Dama, cows at
Kolo were 15% more productive than the 
cows at Mushie, mainly due
to the better reproductive performance at this zero risk site.
 

Production efficiency is expressed by relating total output
back to the unit of cow 
body weight that has to 
be maintained
(Indices 2 and 3). 
 As the Kolo cows were heavier than the Mushie
 cows, their production efficiencies were only 3% (P12) and 6%

(P13) better than those of 
the Mushie cows (Table 1).
 

The final productivity estimate was herd productivity calculated by multiplying cow productivity by cow viability (Table 1).
Herd productivity was superior at Kolo
the low-risk site when
expressed 
on a per cow basis, but not when cow liveweight was
included in the productivity index. 
 Clearly trypanosomiasis risk
 was not a major 
factor affecting the productivity of N'Dama 
cows
 
at these otherwise comparable ranches.
 

N'DAMA PRODUCTIVITY IN AN AFRICAN CONTEXT
 

The productivity of N'Dama cattle 
at Kolo and Mushie Ranches can
be compared with the productivity levels of other cattle populations in Africa. An example of such a comparison is given in
Table 2, using results from 
three other studies. The comparison
is not of the relative advantage 
of one breed over another but
rather 
a comparison of the productivity levels achieved 
in
different production situations. Using the weight of weaner calf
produced per 100kg cow per year 
as the measure of production
efficiency, 
it can be seen 
that Boran cattle raised in Kenya in
the absence of trypanosomiasis attained 
a high level of productivity, 34.6kg 
(Trail, 1985). This compares with the lower
productivity at Mkwaja Ranch, 31.6kg, where Boran were maintained
under chemoprophylaxis in 
a high trypanosomiasis risk environment

(Trail et al., 1985). Productivities of about 30kg 
were also
achieved by the N'Dama cattle 
at Kolo and Mushie. Particularly
noteworthy is the performance of the N'Dama at the high risk
Mushie 
site where no chemoprophylaxis is applied, 
yet
productivity is only about 5% lower than that of the Boran main
tained under chemoprophylaxis at Mkwaja (Table 2).
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Table 2. Productivity of Boran and N'Dama cattle under ranch management at five sites In Africa. 

Kenya-Boran 
No trypano-
somiasis risk 
No 
prophylaxis 

MkwaJa-TanzanIa 
Boran - High trr 
panosomiasis 
risk 
Prophylaxis 

Kolo- Zaire 
N'Dama - No 
trypanosomlasis 
risk. No 
prophylaxis 

Mushle-Zalre 
N'Dama -
High trypano-
somlasis risk 
No prophylaxis 

West African 
N'Dama - Medium 
to high trypano
somiasis risk 
No prophylaxis 

Reproduction 
Calving percentage 87.0 75.3 85.7 74.0 72.2 

Viability 
Pre-weaner calves (96)
Annual cow viability (96) 

94.6 
95.0 

92.0 
94.2 

90.5 
96.2 

96.7 
99.2 

91.1 
98.0 

Birth weights 
Calf weaning weight at 8 months fkg)
Cow mature body weight (kg) 

174.0 
414.0 

133.5 
293.0 

131.0 
330.5 

123.0 
295.5 

90.4 
256.0 

Cow productivity 
Index 1 
Index 2 
index 3 

143.2 
34.6 

176.0 

92.5 
31.6 

146.3 

101.6 
30.7 

147.2 

88.0 
29.8 

138.4 

59.S 
23.2 

103.9 

Herd productivity 
Index 1 
Index 2 
Index 3 

140.3 
33.9 

172.5 

87.1 
29.8 

137.5 

97.7 
29.6 
141.6 

87.3 
29.6 
137.3 

58.3 
22.7 
101.8 

Finally the last column of Table 2 presents the performance
of 
N'Dama ranch cattle derived from an extensive survey on trypanotolerant lives.tock in West 
and Central Africa (ILCA, 1979).
The productivity of these N'Dama populations was 
about 30% worse
 
on average than that achieved to
by the N'Dama cattle exposed
high trypanosomiasis risk at Mushie Ranch, demonstrating the productive potential of this trypanotolerant breed when raised under
 
good management conditions.
 

CONCLUSION
 

The similar productivities of 
N'Dama cattle at two ranches with

contrasting trypanosomiasis risk levels, but which were otherwise
comparable, confirms that at this level of 
risk trypanosomiasis

is not a major factor affecting the productivity of this trypanotolerant breed. The productivity of the N'Dama on these Zaire
ranches was comparable to that achieved by Boran 
cattle maintained under chemoprophylaxis in 
a high trypanosomiasis risk
environment in Tanzania. 
 Clearly an important study which should
be carried out is 
a contemporary comparison of the productivities
of Boran -under chemoprophylaxis with N'Dama with 
no chemoprophylaxis in a high trypanosomiasis risk environment.
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25 
Effect of trypanosome infection on livestock health 

and production in Togo 

K BOKOVI, G.D.M. dIETEREN, G. GRUNDLER,
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S.G.A. LEAK, J.H.H. MAEHL, K. MAUMNA,
M. HANDLOS, P. ITTY, 

NAGDA, PALING, J. RARIEYA, I. THORPE
G. MORKRAMER, S.M. R.. 
and J.C.M. TRAIL 

INTRODUCTION
 

The prevalence, species and intensity of 
trypanosome parasitaemia
 

in different livestock species, breeds, age 
groups and management
 

from Togo for trypanotolerant cattle and
 
systems are reported 


and for trypanotolerant sheep and
 
sheep in the Avetonou area 


these trypanosome

goats in the Sokode area. The effects of 


parasitaemias on health and production 
traits in cattle and sheep
 

In Avetonou the study included some 380 
cattle in
 

are evaluated. 

eleven villages and two ranch herds and about 

120 Djallonke sheep
 
1984 to
 were recorded from January


in nine flocks. Data 

In Sokode the study included four Djallonke 

sheep

December 1986. 
 some 145
 
and two Dwarf West African goat flocks, with a total of 


to August 1985.
 
animals and covered the period January 1984 


the sites have been given by ILCA (1986) and
 
Details of 


these Proceedings. Research
 
are summarized in article 3 of 


protocols and methodologies were those of the ATLN and have been
 

(1,983) and by ILCA (1986).

described by Murray et al. 


RESULTS
 

Trypanosome prevalence
 

the percentage of animals in which try-

Trypanosome prevalence, 


the monthly recording, varied between
 were detected at
panosomes 
 was no
in Sokode, but there 

years and location in Avetonou and 


a major effect
 
marked seasonal variation. Livestock species had 


Prevalence in trypanotolerant cattle
 on trypanosome prevalence. 
 same area,
 
was three times that in Djallonke sheep kept in the 


but there was no difference between the trypanosome 
prevalence of
 

Djallonke sheep and Dwarf West African goats 
(Table 1).
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Table 1. 
 Mean monthly trypanosome prevalence (M) in cattle,
 

sheep and goats at Avetonou and Sokode, 1984-1986.
 

Site 

Cattle Sheep 
 Goats
 

Avetonou (CREAT Ranch) 
 6.0
Avetonou (Villages) 

7.2 
 2.4


Sokodea (Villages) 

7.5 
 7.0
 

aJanuary 19 8 4-August 1985.
 

The cattle breeds, N'Dama and Race Locale
Shorthorn with (West African
some Borgou genes), 
had similar prevalence levels
both within ranch and village management systems (Table 2).
 

Table 2. 
 Mean monthly trypanosome prevalence 
(%) in different
breeds of cattle in two ranagement systems, Avetonou.
 

CREAT Ranch 
 Villages
 

Breed
 
Animal 
 Prevalence 
 Animal 
 Prevalence
months 
 months
 

N'Dama 
 3233 
 5.0
Race Locale 2901 6.9
3895 
 4.8 
 3992 
 7.5
 

Animal 
age had a large effect on trypanosome prevalence in
cattle in which prevalence was 
twice as
adult females, but 
high in pre-weaners as
in sheep prevalence was 

in
 
several 
times higher
in adult females than in pre-weaners (Table 3).
 

Table 3. 
Mean monthly trypanosome 
prevalence 
(%) in different
age classes of cattle and sheep 
in Avetonou 
and of
sheep in Sokode.
 

Avetonou 
 Sokode
 
Age class
 

Ranch Village Village
cattle Village
cattle 
 sheep 
 sheep
 

Pre-weanersa 
 4.1 
 11.2
Post-weaners 1.2 
 0.7
7.8 
 7.7 
 1.4
Adult femalesc 6.1
2.3 
 5.5 
 4.0 
 6.7
 

aCattle :<9mth 
 bCattle

Sheep : 9-36mth CC&ttle : >36mth
:(5mth 
 Sheep : 5-12mth 
 Sheep : >12mth
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Species and intensity of trypanosome infections
 

T. vivax parasitaemias accounted for 89% of all parasitaemias in
 
cattle, 98% in sheep and 94% in goats. There were no differences
 
between cattle breeds or management systems for species of infec
tion. Adult female cattle had a higher proportion of T.
 
congolense parasitaemias (18%) than calves (3%), but age did not
 
affect the species of trypanosome causing parasitaemia in sheep.
 

RANCH 	 VILLAGE
 

60
 

-50
 

40
 

30
 

CE: 
20
 

x
 

> 1 
> to 

0 
2 3 4 5 6
 

PARASITAEMIA SCORE
 

Figure 1. 	Relative frequencies (%) of parasitaemia scores for
 
vivax parasitaemia in trypanotolerant cattle in ranch
 
and village herds, Avetonou.
 

Intensity of T. vivax parasitaemia, measured on a scale from
 
1, low, to 6, high, was lower in ranch cattle (mean score 1.9)
 
than in village cattle (3.2; Figure 1) and in village sheep
 
(3.5). The cattle breeds, N'Dama and Race Locale, had similar
 
parasitaemia scores in both management systems.
 

Table 4. 	 Effect of number and intensity of parasitaemic months
 
on cattle PCV, Avetonou.
 

No. of Average PCV during No. and Average PCV during
 
parasi- gestation (%) intensity lactation (%)
 
taemic 	 of parasi

months taemic
 
during No. Mean s.e. months dur- No. Mean s.e.
 
gestation ing lactation
 

0 146 32.7 0.33 0 131 32.0 0.43
 
1 39 31.2 0.61 1 Low 18 31.5 0.82
 
2 or more 19 29.3 0.87 1 High 13 30.4 0.96
 

2 or more 11 28.5 1.06 
Significance Significance * 

*P(0.05
 
***P<0.001
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Trypanosome infection and other factors affecting PCV
 
Trypanosome infection of the individual depressed its 
own PCV in
cattle 
(Table 4) and in sheep (Table 5), 
 but infection of the dam
did not depress the PCV of her progeny. In lambs there 
were too
few infections to test their effect 
on PCV. Parasitaemia with a
high score depressed the 
PCV of cattle more 
than parasitaemia
with a low 
score (Table 4). The results 
for the effect of
trypanosome infection 
during the gestation and during the
lactation 
or pre- and post-weaning suggest that they may depress
PCV cumulatively (Table 6). Some 
systematic environmental
factors, for example, herd/flock, 
lamb birth type, season of
parturition/birth, affected PCV.
 

Table 5. 
 Effect of number of parasitaemic months during
gestation and 
during lactation on average 
PCV of
Djallonke ewes, Avetonou.
 

Number of Average PCV during 
 Average PCV during
parasitaemic 
 gestation, % 
 lactation, %
months
 

No. Mean s.e. 
 No. Mean s.e.
 

0 
 199 26.8 0.2t 
 173 25.0 0.35
1 
 20 25.4 0.98 
 18 23.8 1.16
2 or more 
 8 25.0 1.08 
 8 22.6 1.21
 
Significance 
 P<0.07 
 P<0.07
 

Table 6. 
 Effect of number of parasitaemic months pre-
months) and post-weaning (9-15 months) 
(0-8
 

on average PCV
post-weaning of cattle, Avetonou.
 

No. of parasitaemic months
 

Pre-weaning 
 Post-weaning 
 No. Mean s.e.
 

0 
 0 
 18 30.5 0.99
1 or more 
 0 
 11 29.0 1.20
0 
 1 or more 
 19 28.8 1.01
I or more 
 1 or more 
 18 27.9 0.98
 
Significance Pre-weaning 


NS

Post-weaning 


NS
Interaction 

NS
 

Trypanosome infection and reproductive performance
 

Trypanosome infection in the cow during 6 months post-partum, but
not during 3 months pre-partum, significantly delayed subsequent
calving (Table 7). There 
was a tendency for cows with low
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average PCV during 6 months post-partum to have longer intervals
 
(Table 8).
 

Table 7. 	Effect of number of parasitaemic months pre- and post
partum on subsequent calving interval (days), Avetonou.
 

No. of parasitaemic months 
 No. Mean s.e.
 

During 3 months pre-partum

0 
 130 423 14.9
 
1 or more 
 15 426 26.0
 

During 6 months post-partum

0 
 116 397 19.9

1 or more 
 29 452 23.5
 

Sianificance 3 months pre-partum 
 NS 
6 months post-partum 
Interaction NS 

* 

*P<0.05
 

Table 8. Effect of average PCV during 6 months post-partum on
 
subsequent calving interval 
(days), Avetonou.
 

Average PCV during 6 months post-partum No. Mean s.e.
 

<29 
 29 419 17.0

29-31 
 34 422 19.1

32-34 
 47 407 17.3

>34 
 24 396 20.9
 

Significance 
 NS
 

Trypanosome infection during 4 months post-partum and 
aver
age PCV during the 
same period did not affect subsequent lambing

interval in Avetonou. Neither did trypanosome infection during
gestation affect lamb litter size, but ewes 
with the 	highest

average PCV during gestation tended to have the largest litters.
 

Trypanosome infectionn and liveweights.
 

Liveweights of 
cows and their calves were not affected by number
 nor intensity of parasitaemic months during the gestation and

pre-weaning periods. PCV was 
not related to liveweights in cows
 
nor in calves, pre- or post-weaning, but the lowest PCV class 

cows tended to have the lightest weights. 

of
 
Ewe and lamb weights


were not depressed by trypanosome infection in the ewe, but sheep

with the lowest PCV tended to have the poorest performance.
 

Trypanosome infection and ewe productivt:y
 

Trypanosome infection in 
the ewe depressed the ewe productivity
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indices, litter weight per 
ewe 
per year, per unit weight of ewe

and per unit metabolic weight, by 15-18%, 
 but the differences
 
did not reach statistical significance (Table 9). Ewes with the

highest PCV during lactation tended to have the highest estimates
 
of productivity.
 

Table 9. Effect of number of parasitaemic months during

lactation of the Djallonke ewe on 
her productivity,
 
Avetonou.
 

No. of para-
sitaemic No. 

PI1 (kg) P12 (kg) P13 (kg) 

months 
Mean s.e. Mean s.e. Mean s.e. 

0 150 15.4 1.26 0.77 0.608 1.64 0.136

1 oc more 19 13.0 
 2.37 0.59 1.36
0.115 0.256
 

Significance NS 
 NS NS
 

PI1 Weight of weaner lamb produced per ewe per year, kg.

P12 Weight of weaner lamb produced per kg of ewe per year.

P13 Weight of weaner lamb produced per kg metabolic weight of ewe
 

per year.
 

CONCLUSION
 

Trypanosome infection at 
these sites was caused predominantly by

T. vivax. Variation between years, locations, livestock species

and age groups were important influences on the level of trypano
some parasitaemia, and variation between management systems/loc
ations gave large differences for the intensity of 
T. vivax
parasitaemia. Trypanosome infection depressed PCV of 
these try
panotolerant cattle and sheep and depressed the reproductive

performance of cattle but not of sheep. 
 Liveweights in cattle
and sheep were not affected by trypanosome infection. Despite

the small effect of trypanosome infection on the individual
 
production characters of Djallonke ewes and their lambs, 
total
 
ewe productivity was depressed by 15 to 
18%.
 

While trypanosomiasis was apparently
not a major factor

affecting individual production characters, aggregate and long
term effects may be important constraints on the livestock pro
ductivity even of these trypanotolerant populations.
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26 
Health and performance of zebu cattle exposed to
 
trypanosomiasis risk in S.W. Ethiopia
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W. THORPE and J.C.M. TRAIL 

INTRODUCTION
 

The prevalence, species and intensity of trypanosome parasi
taemias over an eighteen-month period, January 1986 to June 1987,
 
are reported for some 700 East African Zebu cattle managed in ten
 
village herds in four areas around Ghibe, S.W. Ethiopia. Tsetse
 
relative density and trypanosome infection rates in tsetse were
 
estimated over the same period. The cattlt received systematic
 
therapeutic treatments. The effects of trypanosome infection on
 
PCV are reported and some preliminary performance results for
 
these East African Zebu cattle are given. The research protocol
 
was that of the ATLN (Murray et al., 1983). The Ghibe site has
 
been described by ILCA (1986) and a summary is given in article 3
 
of these Proceedings.
 

RESULTS
 

Tsetse parameters
 

Only two tsetse species, Glossina pallidipes and G. fuscipes,
 
were found during the study period. G. pallidipes was detected
 
at a mean relative density of 3.7 and 1.6 flies/hcap/day in
 
Tolley and Ghibe/Abelti areas, respectively, while G. fuscipes
 
was detected at a very low density in each area (Table 1). The
 
mean trypanosome infection rate in tsetse was 6.2% at Tolley and
 
2.3% in Ghibe/Abelti. Tsetse challenge in Tolley was high in
 
comparison with many other Network sites (Leak et al., see
 
article 5 of these Proceedings).
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Table 1. 
Species, mean relative density and trypanosome infection
 
rate of tsetse flies in two areas of Ghibe.
 

Area Species 	 Mean relative Mean trypanosome
 
density (flies/ infection rate
 

trap/day) (%)
 

Tolley G. pallidipes 
 3.7 	 6.2
 
G. fuscipes very 	low 
 not estimable
 

Ghibe/ G. pallidipes 	 1.6 
 2.3
 
Abelti G. fuscipes 	 very low 
 not estimable
 

Table 2. 	 Mean monthly trypanosome prevalence and PCV of East
 
African Zebu cattle in four areas of Ghibe, January
 
1986 to June 1987.
 

Area No.a Trypanosome prevalence 	 PCV
 

Mean Range of herd Mean Range of herd
 
means 
 means
 

Wonchib 72 0.0  29.7 -

Ghibe 384 18.8 14.4-24.3 26.6 25.4-27.5
 
Abelti 98 19.9 18.7-20.6 26.5 26.3-26.8
 
Tolley 131 22.0 11.1-32.2 26.4 24.2-28.9
 

aNumber of animals tested per month.
 
bJuly 1986-June 1987.
 

Trypanosome infection in East 	African Zebu
 

Mean monthly trypanosome prevalences in the three areas with

trypanosomiasis risk were 18.8, 
19.9 and 22.0%, with large vari
ation between herds in Tolley (Table 2) . There was no marked 
seasonal effect on trypanosome prevalence (Figure 1) . Pre
weaners (0-8 months) all 	 lower
in herds had trypanosome

prevalences than posL-weaners (9-36 months) which in most herds
 
had lower trypanosome prevalences than adult female and male

cattle (Table 3). Female physiological status and draught work
 
did not affect trypanosome prevalence.
 

About 99% of parasitaemic months were single species infec
tions, with 79% 
caused by T. congolense (Table 4). Pre-weaners
 
had a higher proportion of parasitaemias resulting from T. vivax

infection than other age classes. All age 
classes had similar
 
mean parasitaemia scores, 2.4. Location, season and female phy
siological status did not affect the species of infection nor the
 
mean parasitaemia score, which was higher in T. congolense and T.
 
vivax infections than in T. brucei infections (Table 4).
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Table 3. Mean trypanosome prevalence, PCV and percent depression

1


of PCV in four age classes of East African Zebu catt l
 
infected by trypanosomes.
 

Age class No.a Trypanosome PCV % depression of PCV by
 
prevalence (M) (W) trypanosome infection
 

0-8mth 45 7.0 29.7 25
 
9-36mth 164 15.4 27.1 18
 
Female, >36mth 240 19.5 26.5 18
 
Male, >36mth 164 26.3 25.0 17
 

aAverage number of animals tested per month.
 

Systematic Berenil treatments were given when cattle were
 
parasitaemic and had a PCV below 26%, or when trypanosomiasis was
 
suspected from clinical symptoms. As a result 85.5% of the
 
parasitaemias detected at the monthly samplings received Berenil
 
treatments. Of the parasitaemic animals receiving a Berenil
 
treatment, 23% had a parasitaemia detected at the next monthly
 
sampling.
 

Table 4. 	 Species and intensity of trypanosome parasitaemia in
 
East African Zebu cattle.
 

Species No.a Percent Mean parasitaemia
 
score
 

Single infection
 

T. congolense 1690 79.3 2.4
 
T. vivax 	 309 14.5 2.4
 
T. brucei 	 109 5.1 2.0
 

Mixed infection
 

T. congolense 19 0.9 2.2
 
T. vivax 	 2.3
 

T. congolense 4 0.2 (1.3)
 
T. brucei 	 (2.3)
 

T. vivax 	 1 <0.1 (1.0)
 
T. brucei 	 (1.0)
 

Total 	 2132
 

aNumber of 	parasitaemic animal-months.
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MONTHSFigure 1. Monthly trypanosome prevalence of East Africancattle at trypanosomiasis risk, Ghibe. 
Zebu 

PCV
 

Mean monthly PCV for 
the cattle at trypanosomiasis
26.5%. There was risk was
little variation tor
trypanosomiasis mean PCV between the high
risk areas (Table 1) but 
a large difference
mean PCV between those in
cattle at trypanosomiasis risk and those
at Wonchi, the trypanosomiasis-free

only blood parasites which 

area. Trypanosomes were the
were

population. detected frequently in this
Internal parasites were 
not monitored regularly
during the period reported. Age classes (Table 3), 
 but not
female physiological-status classes, showed differences for
Pre-weaners PCV.
had the highest 
PCV and lowest trypanosome prevalence, while adult males had the lowest 
some PCV and highest trypanoprevalence. Trypanosome infection depressed PCV by 5 percentage units (about 18%)

units 

in the older age classes and by 7.5
(25%) in pre-weaners 
(Table 3). Preliminary analyses indicated that only pre-weaners had reduced growth rates in the month
following a trypanosome infection, 160g/d compared to 193g/d.
 

Cattle liveweights and viabilities
 

Table 
5 presents liveweight 
and viability estimates.
high trypanosomiais risk environment performance was 
In this
 

better to that of similar or
the same breed at lower trypanosomiasis risk in
a Network study at Muhaka, Kenya 
(Maloo et al., see
of these Proceedings). article 29
Mean cow post-partum weight was
mean calf weight at 12 months 
204kg and
 

viability to 8 months of age 
of age 86kg (Table 5) . Calf was good, over 95%.
were used for work on Draught oxen
average 14 days/month and those cows milked
gave nearly I litre/day.
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Table 5. Liveweight and viability estimates of East African Zebu
 
cattle at high trypanosomiasis risk.
 

Performance character 	 No. of Mean s.d. CV(%)
 
records
 

Calf growth
 

8mth weight (kg) 110 62 15.4 24.8
 
12mth weight (kg)a 85 86 20.5 23.9
 

Cow liveweight post-partum
 
(kg) 199 204 29.6 14.5
 

Viability (%) 	 Recorded deaths All losses
 

Calf, birth to 8mth 100.0 95.2
 
Annual post-weaner (9-36mth) 99.2 94.2
 
Annual cow (>36mth) 98.3 91.8
 

aRecords from the Wonchi area did not contribute to these
 

estimates.
 

CONCLUSION
 

Despite a high trypanosome prevalence, about 20%, East African
 
Zebu cattle, given systematic therapeutic treatment, had low
 
mortality rates, reasonable liveweights and provided milk and
 
draught power.
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Chemotherapj againstAfroan animal trypanosomias-is: 
its strengths and limitations 

A.A. ILEMOBADE 

INTRODUCTION
 

The field control of African animal trypanosomiasis has, over the
 
years, relied on two broad 
strategies: using chemotherapeutic
 
agents on infected animals and vector control. In general,

however, the chemotherapeutic approach is used much more widely

than vector control because it is easier to kill the trypanosomes

than the flies. This paper examines the strengths and limi
tations of the chemotherapeutic approach.
 

DRUGS CURRENTLY IN USE
 

Drug control of animal trypanosomiasis relies essentially 
on 
three drugs, namely: Homidium (Homidium chloride - Novidium;
and Homidium bromide - Ethidium), Diminazine aceturate (Berenil)
and Isometamidium chloride (Samorin, Trypamidium). Indications 
for their use and toxic effects are given in Table 1. Recently,

however, Quinapyramine sulphate (Antryciae) has been reintroduced
 
because of the need to especially combat camel trypanosomiasis.

After the introduction of isometamidium in 1961 (Berg et al.,

1961) the development of new trypanocidal drugs has made little
 
progress. It is estimated that in Africa 25-30 million doses of
 
trypanocidal drugs are used annually in the treatment of animal
 
trypanosomiasis, but the population of animals at 
risk indicated
 
that ten times this figure were necessary. The former figures
 
are based on single-dose treatment. Although restrictive, the
 
single-dose treatment requirement is particularly suited to the
 
nomadic situation in the field.
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Table 1. Drugs available for treatment of African anima; trypanownlasis (adapted from Finelie, 1973 .
 

Activity 
 Toxic EffectsTrade 
Treatment ofDrug Name Highly effective Less effective Good Possile Possible Relapses

on local Generalon Tolerance 
Reactions Reactions
 

Homidlum Novldlun 
 L Jidax Cattle Horses Horseschloride DiminazineL conoolns Goats Isometamidium 
Sheep
 

Honsidwys Ethidlumn 
 L Amh Cattle Horses Horses DiminasiseL filailasli Gheep lsometamldiurs
 

Diminazine L £m122leme L bicj 
 Cattle Horseseceturate Berenil L XmU Horses HomidlumL a Goats Camels Isometamidlum
 
Sheep
 

isometami- Samorln 
 T. Xiv L br*I Cattle Cattle Cattle Diminazinedium Trypemi- L "gg1J2M Goatschloride dlum Sheep 
Camel
 

Quinapyramine Antrycide L 1209212= 
 Cattle Horses CattleSulphate HomidiumL XIXiz Goats Isometamidlum 
L kca) Sheep Diminazine
L ejrj Camel 

STRENGTHS OF CHEMOTHERAPY
 

When properly applied, chemotherapy has 
been found useful under

the following situations.
 

Temporary or permanent livestock raising
 

Seasonal movement 
of stock into areas infested by tsetse flies,
by livestock owners wanting to 
take advantage of pasture and
water, requires that animals be protected if severe stock 
losses
are 
to be averted. Such protection is often achieved by chemotherapy which can make 
the difference between small 
losses that
allow a reasonable productivity and 
severe losses which can be
crippling. If stock 
are to be kept permanently in such areas,
however, chemotherapy as a strategy will 
succeed or fail
depending on whether the tsetse 
in the area are the riverine or
savanna species. 
 It has been shown by MacLennan (1970) that the
trypanosome infection rate 
of riverine tsetse is 
low (between 1
and 10%) and that 
the trypanosomiasis transmitted 
by riverine
tsetse is usually less 
pathogenic than that transmitted by
savanna tsetse. Furthermore, the density of riverine tsetse, for
example Glossina palpalis palpalis, is usually of 
a low order and
is confined to 
riverine courses and in vegetation along streams.
However savanna 
tsetse, for 
example Glossina morsitans
submorsitans, usually has 
a high density and is widely distributed in the savanna zone 
within specific belts. Thus, the
chemotherapeutic approach is 
more successful in those areas infested by riverine tsetse 
than in those infested by savanna
tsetse. As early as 
1956 Professor Hill, then at 
the University
of Ibadan, showed that zebu cattle 
can be maintained under light
to moderate trypanosomiasis risk for 
an extended period without
ill effects by careful monitoring and treatment of 
affected
animals 
(Hill, 1956). A similar result 
is being obtained with
 our herd of zeku cattle in Akure.
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Sporadic trypanosomiasis
 

Chemotherapy is very effective in the control of sporadic try
panosomiasis due to mechanical transmission, seasonal fly dis
persal and scattered tsetse foci. In 1971 an unusual outbreak of
 
trypanosomiasis occurred on the Shika (now National Animal
 
Production Research Institute [NAPRI]) livestock farm (Leeflang
 
and Ilemobade, 1971). The trypanosomiasis was believed to have
 
been transmitted by dispersed flies and maintained by mechanical
 
transmission. Although only a small percentage of cattle on the
 
firm was proved infected, it was believed that, trypanosomiasis
 
being an occult disease, many more animals were also infected.
 
Trypanocidal treatment of all animals resulted in the eradication
 
of trypanosomiasis on the farm.
 

Introduction of livestock into tsetse reclamation schemes
 

Raising livestock in reclamation areas is akin to the situation
 
where the density of the flies is sufficiently low to allow
 
livestock to be raised under a regime of chemotherapy. This has
 
led to better land utilization.
 

In combination with anti-tsetse measures
 

As noted e,.rlier, chemotherapy tends to be less successful in
 
areas of savanna tsetse. But when combined with anti-tsetse
 
measures, (discriminate tsetse control by insecticide-impregnated
 
traps and screens), chemotherapy has been found to be effective
 
in the control of animal trypanosomiasis.
 

Protection of animals passing through fly belts
 

Cattle passing through fly belts can often be protected by
 
chemotherapeutic means. Also, animals returning from the dry
season grazing areas infested with tsetse to tsetse-free wet
season grazing zones often perform better when they are treated
 
against possible trypanosome infection.
 

LIMITATIONS OF CHEMOTHERAPY
 

Liability to reinfection
 

The usefulness of chemotherapy is limited in the field because
 
cattle in contact with tsetse flies are liable to re-infection.
 

In areas of savanna tsetse
 

As noted earlier, because of the high vectorial capacity of
 
savanna tsetse and the virulence of the trypanosomes they

transmit, chemotherapy is less successful in areas infested by
 
savanna tsetse, unless combined with anti-tsetse measures.
 

Need for regular monitoring
 

If chemotherapy is to be successful, the need for regular moni
torings of the trypanosomiasis risk cannot be overemphasized. It
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is essential to know at which point drug intervention would be
 
appropriate, which species of trypanosome is prevalent and its
 
drug sensitivities. 
 The degree to which these can be determined
 
will depend on the sensitivity of the diagnostic techniques used
 
and the trained manpower available.
 

Chemotherapy on a wide scale requires a thorough knowledge
of the prevalent trypanosomes and their sensitivity to drugs. In 
Nigeria, for instance, T. vivax is generally more susceptible to 
Berenil than is T. congolense. Consequently, the use of either 
Homidium or Berenil is dictated by which of the two species

predominates in 
a given area or season. In order, therefore, to
 
determine the prevalence of trypanosomes, a sensitive diagnostic

tool is a essential. Unfortunately, the diagnostic tools avail
able are limited in their sensitivity to detect trypanosomes.

Hence the absence of trypanosomes, therefore, may not necessarily
 
imply that an animal is not infected.
 

Drug resistance
 

It would appear, from field observaticns, that whatever trypano
cidal drugs are used on a regular basis, sooner or later strains
 
of trypanosomes resistant to 
these drugs are bound to arise.
 
That drug resistance is a major impediment to the effective
 
control of crypanosomiasis and thus to improved livestock produc
tion in Africa, has long been recognized. Recent reports have 
shown that, at least in three countries (Nigeria, Kenya and 
Uganda), drug resistance has assumed some significance (Table 2),
and in Central Africa, indications of reduced drug sensitivity by 
trypanosomes have been reported (Pinuer and Authie, 1984) . The 
situation throughout Nigeria, for instance, has been particularly
troubling because resistant strains of the major species of try
panosomes of ruminants (. congolense and T. vivax) have been 
isolated. These strains do not respond to curative doses of 
Homidium chloride (Novidium) Homidium bromide (Ethidium) and
 
Diminazine aceturate (Berenil). Indeed, it is becoming
 

Table 2. Spread of Urug Resistance In Africa. 

Subregion Country 	 Trypanocides in current Manufacturers Species of References
 
use to which parasite recommended trypanosomes

resistance hasdeveloped dose (mg/koJ 

West Africa Nigeria Dirninasine Aceturate 3.5 L £cngolhen MacLennan 6 Jones-DavIes (1967) 
(Berenll) L Xiva 	 Jones-Davies (1967) 

MacLennan 6 Na-lsa (1970) 
Leeflang et at (1977)
Ilemobade (1979) 

Homidlum Chloride 1.0 , G a)nt, Jones-Davies 6 Folkers (1966)
(Novidium) 	 Jones-Davies (1968)

Folkers at al (1960) 

L Xviu 	 Ilemobade I Buys (1970)
Gray & Roberts (1971)
Leeftang et al (1977) 

Ilemobade (1979) 
Isometamldium Chloride 0.5 L c£nolan Ne-Iss (1967)

(Samorin) , XiYa Ilemobade (1979) 
East Africa Kenya Diminazine Aceturate 3.5 L gnP U1-n Whlteside (1963) 

Gitathe (1979) 
Uganda Homidium Chloride 1.0 1. XLfr* Rottcher & Schllllnger (1984)

Isometamldlum Chloride 0.S L xbux Mwambu & Mayende (1971) 
L,ihx 

Southern Zimbabwe Isometamidlum Chloride 0.5 L cmnggojs Boyt (1971)
Africa Lewis 6 Thomson (1974) 
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increasingly difficult to isolate either 
T. congolense or T.
vivax that are not resistant to the recommended curative doses of
 
these trypanocides.
 

While, the problems of drug resistance have encouraged much
research into alternative methods 
of disease control, for
example immunological approaches and 
the use of trypanotolerant

animals, it is becoming increasingly evident 
that such methods,
to be successful, will have to be used in conjunction with chemotherapy. Thus, it is important 
that efforts should continue to
be made to improve control of trypanosomiasis in the field using

trypanocidal drugs.
 

Measures aimed at combating drug resistance in the field
 

The following measures are 
aimed at combating drug resistance in
 
trypanosomes in the field.
 

Change of drugs
 

When drug resistance became 
a problem following wide-spread use
of antrycide 
in the early 1950s, the obvious thing to do was to
change drugs especially since the phenanthridinium compounds 
had
arrived on the market. This was 
the case in Nigeria (Glover,
1965) and in Kenya (Whiteside, 1960), 
 where homidium compounds

were introduced and used extensively. 
 In Nigeria for instance,
the homidium compounds were used widely between 1954 and 1965 and
 were then withdrawn from general 
use for two years following
widespread drug resistance by 
T. congolense (Jones-Davies and
Folkers, 1966; Na-Isa, 1967; 
 Folkers et al., 1968) and replaced

by Berenil which had been introduced into the market by 1955. 
 A
similar fate soon befell Berenil in Nigeria (MacLennan and Jones-
Davies, 1967; Jones-Davies, 
1968) . The extent to which achange of drugs can be effected, however, will depend on the
drugs available on the market. 
The last drug to be introduced to
the market was isometamidium (Samor'In) and it 
was introduced in
1961 for prophylaxis. This, therefore, called for the 
evolution
of a new treatment strategy. In 
the meantime, Whiteside (1962)

had introduced the concept of sanative treatment.
 

Sanative treatment
 

The concept of sanative treatment prescribes the use of a pair of
trypanocides (e.'-. Berenil and 
Homidium) which are chemically
unrelated and, therefore, are unlikely to induce crossresistance. One of the pair is 
used until resistant strains of
trypanosomes appear and then the 
second is substituted and used
until the resistant strains have disappeared from cattle and
tsetse (Whiteside, 1962). 
 In Nigeria, while this technique was
not used, a similar approach 
was adopted in 1965 when widespread

resistance of T. congolense to 
homidium compounds dictated 
a
change. Initially Berenil was used for two years, but strains of
T. vivax resistant to Berenil soon appeared in the field, thus
requiring a change. The evidence was 
that T. vivax was uniformly
susceptible to Homidium treatment while T. congolense was not and
that T. vivax was less sensitive to Berenil treatment than was
congolense. It was therefore decided that Homidium be 

T.
 
used when
T. vivax was the prevalent trypanosome and Berenil 
used when T.
 

congolense predominated.
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This treatment regime eventually became the trypanosomiasis
drug policy of the then Northern Region of Nigeria. This
 arrangement was found to be 
more suitable than the Whiteside
sanative-pair concept 
because it has been demonstrated that the
resistant nature of trypanosomes was unaffected by passage
through tsetse (Gray and Roberts, 1968) or wildlife (Gray and
Roberts, 1971). 
 The drug policy prescribed that each of the 
two
curative drugs be used for six months of the year when 
a species
of trypanosomes sensitive to 
the drug was predominant. For
example, T. vivax was 
found to be 
generally susceptible to
homidium compounds and was the predominant species in cattle when
they were withdrawn to the wet-season grazing areas; whereas T.
congolense was 
geneally susceptible to Berenil and was the predominant species in cattle during the dry season when cattle were
moved to pastureland in the tsetse belts of the 
south. This
treatment regime 
was effective for almost ten 
years before
isolates of T. congolense and 
T. vivax with multiple resistance
 to curative trypanocides 
were isolated and subsequently found to
be widespread (Ilemobade, 1979). Since there was no drug to
back upon, the only recourse was to increase the dose 
fall
 

of the

available trypanocides.
 

Increased dosage
 

When trypanocides 
were first introduced in the market there was
 some question as to whether sufficient laboratory and 
field
trials had been carried out to justify increased dosages of the
drugs recommended for field 
use by manufacturers. Obviously,
because of competition and the 
pressure for new drugs,
manufacturers could not, in the 
absence of strict registration
requirements, wait for extensive trials before launching 
new
trypanocides. 
 That this could be an important consideration was
underlined by Davey 
(1957). However, the recommended increased
edosage of trypanocides did not appear to 
offer a solution as
shown by MacLennan and Na-Isa 
(1970), Leeflang et al. (1977) and

Ilemobade (1979).
 

Repetitive treatments
 

Repeat'ed treatments of drug-resistant isolates 
of trypanosomes
(T. vivax and T. congolense) have been tried. While they were
found to be 
effective, field applications appeared impractical
because of 
the need for effective monitoring to ensure that
animals were treated soon 
after relapse (Leeflang, 1978;

Ilemobade and Na-Isa, 1981).
 

Use of complexes
 

The use of complexes was 
tried with isometamidium chloridedextran complex, based on 
the early work of Williamson (1957). A
complex can be used at 
a high enough dosage without the attendant
toxic reactions, to 
cure resistant strains. 
 Initial results
have, however, been disappointing (Aliu and Sannusi, 1980).
 

CONCLUSION
 

The foregoing has shown that efforts directed at 
combating drug
resistance have only provided temporary relief. 
 Some of the
 reasons 
for this may be attributed to:
 

(a) only a small number of trypanocides are available on the
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market for treatment and prophylaxis and several of them
 
share some cross-resistance characteristics (for instance
 
since isometamidium was introduced in 1961, (Berg et al,
 
1961), no new drug has been introduced into the market);
 

(b) 	the basic mechanism of drug resistance in trypanosomes is
 
not fully understood and it is only recently that the
 
pharmaco-kinetics are being studies;
 

(c) 	certain species of trypanosomes seem to possess some
 
intrinsic resistance to drugs, e.g. T. congolense to
 
Homidium (this may in fact be due to a recent finding which
 
showed that a number of congolense-like trypanosomee found
 
in cattle were in fact T. si.miae, a trypanosome that
 
responds poorly to drugs); and
 

(d) 	lack of effective veterinary supervision in the field during

trypanosomiasis treatments leads to abuse and misilse of
 
drugs.
 

It has been suggested that some of the reported field cases
 
of drug resistance may not be due to drug resistance per se but
 
to the ineffectiveness of the drug during the chronic stage of
 
the infection (Jennings et al., 1977). It was hypothesised that
 
drug failure in T. brucei infection was due to inaccessibility of
 
the drug to tissue stages of trypanosomes or to the insensitivity

of some stages in the life-cycle of the trypanosome to the drug.

While this may account for some cases of drug resistance reported

from the field, it is unlikely to account for the majority of
 
them. If this were so, drug failures would have been more pre
valent following introduction of trypanocides than was the case,

since most field cases of trypancsomiasis were chronic when
 
presented for treatment. However, the matter of drug resistance
 
in trypanosomiasis requires that we evolve a standardized pro
tocol that cai, be used to test drug-resistant strains. New
 
techniques which are now available, for example DNA probes, may
 
prove helpful.
 

Drug resistance in trypanosomiasis is a serious problem. It
 
will continue to remaiii a critical challenge to the control of
 
the disease until the basic mechanism or resistance is known. In
 
the meantime, the judicious use of trypanocides must be insisted
 
upon so as to limit the spread of resistance. While chemotherapy

has a place in the short- and medium-term control of animal
 
trypanosomiasis, greater success will be achieved when it is
 
combined with anti-tsetse measures.
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.28 
Chemoprophylaxs: its sucoessfui use in the oonrol

of tripanosomias'is in Boran oattle,
 
at Mkwu aja Ranch, Tanzni
 

J.M.C. JIBBO, J. DURKIN, D.E. LIGHT, M. MURRAY, 
K. SONES and J.C.M. TRAIL 

INTRODUCTION
 

Tsetse-transmitted African 
trypanosomiasis is a highly significant factor 
in Africa's deteriorating food production 
situation. 
 Tsetse flies infest an area of Africa larger than the USA
and affect thirty-seven coun ries (FAO/WHO/OIE, 1982). 
 It is
considered that 7 million km of this area would 
otherwise

suitable for livestock and mixed agriculture. 

be
 
The cost of tsetse
control, the lack of 
a field vaccine, the limited prospects of
any new trypanocidal drugs appearing in 
the near future and the
relatively small numbers of 
trypanotolerant livestock, make
reliance on the currently available trypanocidal drugs an


unavoidable necessity.
 

The amount of trypanocidal drug used in Africa is 
small in
relation to the number of animals at risk. 
Currently, the number
of doses employed is around 25 million per year 
(reviewed by
Murray and Gray, 1984) despite the fact that an estimated 50
million cattle, million and
30 sheep 40 million goats are
exposed. Even if animals 
were treated only twice per year,

million doses would be required, ten times 

240
 
the number currently


used.
 

Chemoprophylaxis against bovine 
trypanosomiasis has been in
widespread use for more 
than thirty years. However, there have
been few attempts 
to assess its effectiveness in 
terms of animal
performance achieved. 
 Studies undertaken 
to date have usually
considered viability and growth only and have tended 
to lie on a
small scale and of relatively short duration. 
 This lack of
convincing information on 
production possibilities under chemoprophylaxis and the belief that repeated use of the same trypanocidal drugs 
must lead to drug resistance, are probably the main
reasons for insufficient funds being available for the purchase

of trypanocidal drugs.
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Ford and Blaser (1971) drew attention to the existence of
 
matching cattle health and performance records at the Mkwaja

Ranch, Tanzania. By virtue of their completeness and volume,

they represented a unique opportunity to evaluate the 
long-term

effectiveness of chemoprophylaxis, in a production situation
 
where cattle cannot survive unless protected by trypanocidal
 
drugs (Blaser et al., 1979).
 

This paper reports the viability, reproduction and asso
ciated growth rates achieved by grade Boran cattle maintained by

chemoprophylaxis at Mkwaja Ranch over the ten years, from 1973
 
to 1982 (Trail et al., 1985). The performance traits involved
 
were calving interval, pre-weaning mortality, pre-weaning growth

and the resultant cow productivity (weight of weaner calf per cow
 
per year). Calf pre-weaning growth must be evaluated
 
simultaneously with cow reproduction, 
as Trail et al. (1971)

noted for Ankole, Boran and East African 
Zebu cows in Uganda,

that heavier cows had the highest conception rate; cows heavier
 
at parturition weaned heavier calves; cows
but weaning heavier
 
calves lost more weight (or gained less) during lactation.
 

MKWAJA RANCH
 

Mkwaja Ranch is located on the coast of Tanzania about 100 km
 
south of Tanga. The ranch occupies approximately 47,250 hectares
 
of coastal forest-savanna mosaic vegetation. The area is heavily

infested with three species 
of tsetse, Glossina morsitans
 
morsitans, G. pallidipes and G. brevipalpis (Gates et al., 1983).

The level of tsetse challenge is maintained throughout the year

(Figure 1; Gates et al., 1983) and is such 
that cattle cannot
 
survive unless protected by trypanocidal drugs (Figure 2; Blaser
 
et al., 1979).
 

Over the last ten years, the ranch has supported some 12,000

head of grade Boran, including an average of 4800 cows. The
 
ranch was established with local East African Zebu which have
 
been progressively upgraded to 70 to 80% 
Boran by the importation

of Boran bulls and Boran semen from Kenya. There is also a large

wildlife population on the ranch.
 

A rigorous animal health programme is employed. Since 1964,
 
a chemoprophylactic regime based on the use of Samorin (May and
 
Baker Ltd.) has been progressively adopted. The only other
 
control measure tested was that of sterile male release of G.m.
 
morsitans in a trial carried out 
during 1978 (Williamson et al.,

1983). All animals are vaccinated against rinderpest and
 
annually agaiinst anthrax, blackquarter and pasteurellosis. In
 
addition, breeding stock are 
vaccinated against foot-and-mouth
 
disease and Campylobacter fetus and heifers against Brucella
 
abortus. Tick-borne diseases are controlled by a strict pro
gramme of dipping/spraying, twice weekly using an organo
phosphorus acaricide in the wet season and 
once a week using

toxaphene in the dry season. Anaplasmosis is treated with oxy
tetracycline. The principal internal parasite is Hemonchus
 
placei and animals less than twenty-four months of age are
 
treated with an anthelmintic approximately every three months.
 

From 1964 to June 1980, breeding cows, heifers, bulls, young

bulls and steers were maintained under Samorin prophylaxis at
 
0.5mg/kg on a herd basis. Trypanosome infection was monitored by
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thick blood smears. 
 One month after 
the last herd prophylaxis,
30 to 40 animals per herd (herds averaged 225 to 300)
every one or were tested
two weeks depending on 
a subjective assessment
the level of challenge. The of
animals selected usually 
included
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any animals that appeared to be in poor condition. When approxi
mately 20% of the sample was positive the entire herd was treated
 
with Samorin. In addition, individual animals that looked sick
 
when entering or leaving night paddocks were tested. If positive

for trypanosomes and the next Samorin treatment of the herd was
 
not yet due, that animal would be treated with Berenil (Hoechst)
 
at 3.5mg/kg. All pre-weaning calves were treated at monthly

intervals with Berenil. In June 1980, the criteria for herd
 
treatment and the drug regime employed were changed. Beginning
 
two months after the last prophylaxis, as soon as routine
 
examination revealed the first positive case, all animals in a
 
herd were treated with Berenil and then 
one week later with
 
Samorin at 1mg/kg. However, in late 1981 and 1982, only Samorin
 
was used as Berenil was not available.
 

The effects of year (A), season (B), age (C), area (D),

number of Samorin treatments (E), timing of first Samorin treat
ment (F), Berenil treatment (G), sex of calf, location/area and
 
interactions of A x B, A x D, A x G, B x D, C x E, C x G, D x E,
 
D x F, D x G, E x G and F x G on calving interval, calf morta
lity, weaning weight and cow productivity were studied.
 

Performance levels achieved at Mkwaja Ranch
 

Cow reproduction, cow and calf viability and calf growth values
 
achieved are shown in Table 1 and are combined to build up the
 
index of total weight of weaner calf produced per cow per yeai7.
 

Reproductive performance and viability are key traits in
 
beef cattle enterprises. Possible genetic improvement in virtu
ally all traits of economic importance is closely tied to them.
 
The annual cow replacement rate of 18.7% indicated an average of
 
5.3 years in the breeding herd. Thus with calving intervals of
 
15.9 months, five calves would be produced by each cow in its
 
lifetime. An appropriate definition of mortality rate in the
 
context of genetic progress is the percentage of females that die
 
before calving. By adding a post-weaning mortality rate of 4%
 
based on Mkwaja Ranch Annual Reports, to the pre-weaning

mortality, it was approximately 12% at Mkwaja. The rearing

proportion is the proportion of births that produces a heifer
 
that survives and is fertile. The rearing proportion here was
 
0.44. This means that once in 2.27 calvings, a cow produced a
 
heifer calf that could in turn calve in the herd. The average

length of reproductive life was five calvings: therefore,
 
approximately 45% of the females born were required as replace
ments to maintain herd size.
 

Genetic improvement per unit of time is more important than
 
per animal generation. The average age at first calving was 47.0
 
months and the average calving interval 15.9 months. Thus, to
 
replace herself, a cow had to calve 2.27 times; so the average

generation interval was 
83.1 months or 6.9 years. This is within
 
the range well defined for tropical indigenous breeds. Overall,
 
the proportion of females required as replacements and the length

of the generation interval would indicate considerable scope for
 
implementation of selection programmes on growth traits. More
 
stringent culling based on reproductive performance could also
 
well make a cpntribution.
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Table 1. 	Overall performance achieved by grade Boran cattle at
Mkwaja Ranch from 1973 to 1982.
 

records
Trait 	 No. of
 Mean 
 s.e.
 

Reproductive performance
 

Age at first calving (months) 4,460 
 47.0 0.12
Calving interval (months) 
 11,999 15.9
Calving percentagea (%) 	 0.06
 
11,999 75.3 n.a.
 

Viability
 

Pre-weaning mortality (%) 
 18,266 
 8.0 0.20
Annual cow mortality (') 45,852 5.8 
 0.91
 
Breeding cow replacement rate
 

Annual culling rate (%) 
 45,852 12.8 
 1.01
 
Annual cow replacement rate 
(%) 45,852 18.7 
 1.42
 

Calf weaning weight at 8 months (kg) 
 16,275 	 133.5 
 0.23
 
Cow productivity indexb (kg) 
 11,999 	 101.9 0.47
 

c
Herd productivity (kg) 
 11,999 96.0 n.a.
 

aCalving percentage was obtained by dividing 365 by calving
.interval (days).
bTotal calf weaning weight per cow per year.
cCow productivity inde., x annual cow viability.
 
n.a. = Not applicable.
 

Performance levels in ar overall African context
 
There is a serious lack of fully documented information on livestock productivity levels attainable using trypanocidal drugs in
trypanosomiasis 
risk situations. 
 Since Table 1 contains considerably 	more information than has been reported in Africa since
chemoprophylaxis was 
first used, the key performance traits are
contrasted in Table 2 with those from another major ranching
situation in Africa.
 

Performance data have been obtained from 11 Boran ranches in
Kenya comprising 
around 16,000 data per trait. Individual
studies covering three of these ranches have been reported (Trail
and gregory, 1981; Gregory et al., 1984; Trail et 
al., 1984).
The Kenya 	Boran ranches were in tsetse-free areas;
environmental difference between 	
thus, a major


them and 	Mkwaja Fanch was the
trypanosomiasis risk at 
the latter situation.
 

Mk:aja Boran were 
inferior 	in all performance traits to
those Kenya. They were approximately 3% poorer in viability,
16% poorer in reproductive performance 
and 26% poorer in
weights. 	 Calculated body
cow and herd productivity indicL-a reflected
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Table 2. Comparison of Mkwaja Boran cattle with Kenya Boran.
 

Mkwaja Boran Kenya Borana
 
High trypano- No trypano
somiasis risk. somiasis risk.
 
Prophylaxis No prophy

laxis
 

Reproductive performance 

Age at first calving (months) 47.0 39.7 
Calving percentage 75.3 87.0 

Viability 

Pre-weaning viability (%) 92.0 94.6 
Annual cow viability (M) 94.2 98.0 

Body weights 

Weaning weight at 8 months (kg) 133.5 174.0 
Estimated mature cow weight (kg) 293 414 

Calculated herd productivity 

Productivityb 

Productivityb 
per cow per y~a 
per cow 100kg ... 

(kg) 
of 

87.1 140.3 

cow per year (kg) 137.8 172.5 

aFrom 11 ranches, approximately 16,000 data per trait,
 
bconstructed from J.C.M. Trail, unpublished.
Productivity = weight of 8-month-old weaner calf.
 

these, differences in productivity per cow between the two situ
ations being relatively greater than differences Der unit meta
bolic weight of cow, due to the lower mature cow weights attained
 
at Mkwaja. The herd productivity, which is probably the most
 
meaningful comparison to be made, expressed as weight of an 8
month-old weaner calf produced per 100kg metabolic weight of 
cow
 
per year, was 20% less for the Mkwaja Borans.
 

Chemoprophylactic regime and its relevance to drug resistance
 

This work was carried out in a situation where it had been shown
 
'learly that without chemoprophylactic treetment cattle would die
 
(Blaser et al., 1979). The decision for treatment was based on
 
blood smear examination and assessment of herd condition. As 
a
 
consequence, the number of treatments required reflected the
 
level of trypanosomiasis risk to which animals were subjected.
 
Thus, an association between lowered performance and increased
 
numbers of treatment would be expected (Table 3).
 

A major consideration in the long-term use of trypanocidal

drugs is concern over the possible appearance of drug resistance.
 
If resistance to Samorin existed at Mkwaja, it would be expected
 
that use of an occasional Berenil treatment would be more effec
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Table 3. 
 Effects of number of Samorin treatments required 
from
parturition 
to 240 days after parturition, 
on
performance traits.
 

Number of Samorin treatments required


1 2 3 
 4 Average
 
s.e.
 

Calving interval (days) 511 499 
 504 505
Calf viability (%) 9.0

96.1 92.5 
 89.5 86.4
Weaning weight (kg) 0.89


135.8 133.6 130.1 
 129.5 0.87
Cow productivity index

(kg) 
 96.1 95.4 93.4 
 90.3 2.35
 

tive than an additional Samorin 
treatment 
as cross-resistance
between Samorin and Berenil is 
thought to be rare.
terms However, in
of maintaining productivity overall, the effects of
occasional Berenil treatment were 
an
 

very similar to those of a
Samorin treatment. Furthermore, if 
resistance had developed, it
is more likely to have done so 
in a high trypanosomiasis-risk
situation where Samorin 
treatments 
were required more
rather than frequently
in a low-risk situation where fewer 
treatments
necessary. However, as were
shown in Table 4, Berenil had relatively
less impact in a high-risk than in 
a low-risk situation.
 

Table 4. Interaction constants between Berenil 
treatment(s)
given and number 
of Samorin treatments required
parturition 
to 240 days after parturition, 
from
 
on
performar traits.
 

Number of Samorin treatments required


1 2 3 
 4 Average
 
s.e.
 

Calving interval (Oays)a -12 
 1 7
Calf viability (%) 4 5.9

1.2 -0.5


Weaning weight (kg)b 
0.3 -1.0 0.59


3.3 2.0 
 -0.6 -4.7
Cow productivity indexb 0.56

8.0 0.5 -2.5 -6.0 
 1.54
 

.zowest value most desirable.
bHghest value most desirable.
 

Old cows required exactly the 
same 
number of treatments
young cows (Table 5). as
It was shown that cows 
did not start
dropping in overall productivity until 
9 years of
(Table 5), age and older
a result consistent with well-established findings
breeding females in
in non-trypanosomiasis, 
beef producing
ations. Thus maintainance under continuous 
situ

prophylactic 
treatment until 9 years of age did not
for treatment or 
lead to increased requirements
to an 
early decline in productivity. Also, the
fact that there was no reduction in the number of 
treatments
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required by older animals, indicated that acquired resistance had
 
not occurred under the chemoprophylactic strategy practised. At
 
the same time, there was no indication that the use of Samorin in
 
pregnant animals had any negative effects. In fact, a treatment
 
between 30 days before and 10 days after parturition appeared
 
beneficial.
 

Table 5. Cow-age effects on treatments required and performance.
 

No. of Calving

Age treatments interval Calf mort- WW Cow produc

(years) required (months) ality (V (kg) ctivity (kg)
 

3-4 5.0 18.0 8.9 132.6 86.0
 
5-6 5.4 
 16.5 8.7 136.3 97.8
 
7-8 5.5 15.8 9.6 133.6 97.8
 
9+ 5.3 16.1 8.5 126.5 93.6
 

Av. s.e. 0.03 0.25 0.8 0.78 2.02
 

CONCLUSION
 

Tsetse-transmitted African trypanosomiasis 
is the most signi
ficant single factor in Africa's deteriorating food production

situation. There is a serious lack of fully documented
 
information on livestock productivity levels attainable using

trypanocidal drugs in trypanosomiasis-risk situations. The
 
availability of ten years of matching animal productivity and
 
health data at Mkwaja Ranch offered the unique opportunity of
 
evaluating more than twenty times as much information on live
stock productivity under chemoprophylaxis as had been made
 
available in the whole of Africa over the 
previous twenty-five
 
years.
 

At Mkwaja it has been clearly demonstrated in planned

experiments that cattle cannot survive without trypanocidal

drugs. If left untreated, all die of trypanosomiasis or are
 
killed by predators. The cattle maintained under Samorin prophy
laxis appear to be highly successful, being 80% as productive as
 
Boran cattle on trypanosomiasis-free ranches in Kenya. In 
a
 
situation where bush clearance and tsetse control had 
been
 
carried out, it was in fact possible to achieve the average

Kenyan ranching productivity level. There were no indications of
 
resistance to Samorin developing over the ten-year period. The
 
drug appeared to have no deleterious effects on reproductive

performance, as gauged by its completely non-significant
 
influence on calving intervals. The multiple inoculations did
 
not raise any serious problems for animals in terms of local
 
reactions and did not lead to increased requirements for treat
ment or to an earlier decline in productivity.
 

The results of this study have thus shown that cattle pro
duction under Samorin prophylaxis is possible in areas heavily

infested with tsetse. The fact that this result is based on one
 
of the largest data sets ever analysed, offers immediate hope for
 
increased exploitation of tsetse-infested areas by encouraging
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the more widespread, rational 
use of chemoprophylaxis as an
 
integral part of management.
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29 
The use of chemoprophylaxis in East African Zebu 
village cattle emposed to trypanosomiasis 
in MuAaka, Kenya 

S.H. MALOO, S. CHEMA, R. CONNOR, J. DURKIN, P. KIMOTHO, J.H.H. MAEHL, 
F. MUKENDL M. MURRAY, J.M. RARIEYA and J.C.M. TRAIL 

INTRODUCTION
 

This paper reports the results of a four year study, the
 
objective of which was to assess the efficacy of chemoprophylaxis
 
for the improvement of the health and productivity of East
 
African Zebu village cattle exposed to trypanosomiasis. The
 
study also assessed the cost-effectiveness of the
 
chemoprophylactic intervention. The results of the economic
 
assessment are reported in a companion paper, Itty et al.,
 
article 35 in these Proceedings. A description of the project
 
has been given by Maloo et al. (1985).
 

MATERIALS AND METHODS
 

Study area
 

The study was carried out in Muhaka situated 35km south of
 
Mombasa and about 10km from thy Indian Ocean. The study covered
 
an area of approximately 100km in the vicinity of Muhaka forest.
 
The vegetation is coastal forest with savanna mosaic. During the
 
period of the study, 1982 to 1986, the area received an annual
 
rainfall ranging from 1192 to 1339mm. Glossina pallidipes, G.
 
brevipalpis and G. austeni infest the area and were caught in and
 
around the Muhaka forest using biconical Challier traps. Two
 
tribes, the Digo and Wakambas, inhabit the area and practise
 
subsistence mixed farming, including cattle keeping. Their
 
cattle graze private and communal pastures, often in groups of
 
two or more herds. At the homesteads cattle are kept in bomas or
 
tethered. Predators were not a problem.
 

Study description
 

The study began in June 1982 with the estimation of the baieline
 
productivity of some 700 double-ear-tagged East African Zebu
 
cattle in 17 village herds belonging to 31 owners. The baseline
 
productivity, estimated during the first 18 months of the study,
 
has been retorted by ILCA (1986). Trypanosomiasis was shown to
 
be the main cattle disease.
 

283
 



In April 1984, approximately 2/3 of adults and 2/3 of youngstock within each herd were identified as joining trypanocidal

drug treatment groups, with of
1/3 each age group within each
herd remaining as 
controls. A system of allocation of newly born
calves was implemented, with those 
selected for prophylaxis receiving the treatment once 
they had reached 60kg body'weight (at
approximately 9 months of age). The 
prophylactic drug 
was
Samorin (isometamidium chloride) which is manufactured by May and
Baker Ltd. (Dagenham, England); the 
same drug is sold in
francophone countries of Africa as 
Trypamidium by Rhone Merieux
(Paris, France). Samorin treatments at 0.5mg/kg took place in
April, July and October each year. The prophylactic group also
received Berenil (diminazine aceturate) at 3.5mg/kg each January,
the period of lowest trypanosomiasis risk. 
 Any animal detected
as parasitaemic or showing clinical symptoms 
was therapeutically

treated with Berenil. Berenil is manufactured by Farbwerke
Hoechst (Frankfurt, West Germany). 
 Regular trypanocidal drug
intervention continued for 
30 months with the 
final Samorin
treatment being given in October 
1986. In December 1986, at the
end of the study, pregnancy diagnosis 
was carried out on all
 
breeding females.
 

Data collection and analysis
 

Sequential monthly recording provided data from which to estimate
animal 
health and production parameters including number of
detected trypanosome parasitaemias, number of therapeutic treatments, blood packed cell volume per cent (PCV), 
cow, post-weaner
and pre-weaner liveweights and liveweight changes, calvingintervals, quantities . milk extracted, the periods over whichmilk was extracted and the viabilities of cows and their progeny.
Concurrently tsetse 
relative densities (flies/trap/day) and trypanosome infection rates in 
tsetse were estimated.
 

The prophylactic 
groups were compared with their contemporary controls 
for monthly prevalence of trypanosome parasitaemia, PCV, 
number of therapeutic treatments and 
cow and
progeny production traits. The 
latter were combined in productivity indices to estimate the effect 
of prophylaxis on cow
productivity. 
 The health and productivity 
traits were analysed
by least-squares means 
(Harvey, 1977).
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Figure 1. Monthly prevalences (*) of trypanosome 
parasitaemia,

May 1984 to April 1986, in the prophylactic and non
prophylactic groups.
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RESULTS
 

Effect of prophylaxis on detectable pa:.asitaemia
 

Figure 1 shows the monthly prevazences of trypanosome para
sitaemia for the prophylactic and control groups during the first
 
cwo years of the comparison. Prophylaxis reduced mean monthly
 
detectable parpsitaemia from 5.7 to 3.5%, a reduction of 39%.
 

Effect of prophylaxis and parasitaemia on [CV
 

The mean monthly PCV of parasitaem4.c animals (23.3%) was con
sistently lower than the PCV of non-parasitaemic animals (27.8%).
 
However non-parasitaemic animals under prophylaxis had a similar
 
mean PCV to those non-parasitaemic animals nct receiving prophy
laxis (Figure 2).
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Figure 2. Monthly mean PCVs for contrastAng prophylactic and
 
parasitaeyaic groups, May 1984 to April 1986.
 

Effect of prophylaxis on health and produ%tion traits
 

Prophylactic treatment of the dam had little effect on the health
 
of her progeny (Table 1) . However calves reared by dams
 
receiving prophylaxis were 5kg heavier (8%) at 12 months of age
 
than the calves of control cows. This heavier weight can be
 
attributed to the calf extracting more milk from the prophylac
tically treated dam.
 

Calf health Pnd performance during the period 12 to 18
 
months of age was superior if the calf and/or its dam received
 
prophylaxis. The prophylactic group had fewer detectable para
sitaemias (73% lesz) and required fewer therapeutic treatments
 
(82% less) and had 38% faster daily liveweight gain (Table 2).
 
Mean PCV -,as not affected by prophylactic treatment.
 

Table 3 presents the results for the effect of prophylactic
 
treatment of the calf on its health and growth traits measured
 
during tht: 18- to 30-m.onth period. Prophylaxis marginally im
proved mean PCV, reduced the number of detectable parasitaemias
 
by 44% and the number of therapeutic treatments hy 5F% and in
creased daily liveweight gain by 11%.
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Table 1. Least-squares 
means and 
standard errors 
of calf preweaning health and 
weight traits 
for the nonprophylactic and prophylactic groups.
 

Non-prophylactic 
Prophylactica
Calf pre-weaning period,
birth to 12 months 
 Mean s.e. 
 Mean s.e.
 

Number of parasitaemias detected 
 0.21 0.099
Average PCV (%) 0.17 0.062
 
26.6 0.46 
 26.4 0.29
Number of therapeutic treatments required 
 0.25 0.099
Weight at 12 months 0.23 0.062
(kg) 
 58.5 3.13 
 63.4 1.95
 

aProphylactic treatment refers to 
the dam.
 

Table 2. Least-squares means 
and standard errors 
of health and
weight traits of calves from 12 
to 18 months of age in
the non-prophylactic and prophylactic groups.
 

Non-proph lactic Prophylactica
Calf 12-18 months period 
 Mean 
 s.e. 
 Mean 
 s.e.
 

Number of parasitaemias detected 
 0.44 0.141
Average PCV (%) 0.12 0.034
 
26.3 0.31 
 26.5 0.21
Number of therapeutic treatments requires 
 0.22 0.062 
 0.44
Daily liveweight gain (g) 0.114

73.2 
 3.81 100.8 3.12
 

aProphylactic treatment refers to 
the calf and/or its dam.
 

Table 3. Least-squares hteans and standard 
errors of calf postweaning health 
and weight traits for 
the non-prophylactic and prophylactic groups.
 

Non-prophylactic 
 Prophylactica
 
Calf 18-30 month period 
 Mean s.e. 
 Mean s.e.
 

Number of parasitaemias detected 0.39 
 0.065
Average PCV (%) 0.22 0.042
 
26.5 0.19 
 27.1 0.13
Number of therapeutic treatments required 
 0.38 0.061
Daily liveweight gain (g) 0.17 0.040


115 5.9 
 127 3.8
 

aProphylactic treatment refers to the calf.
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Prophylactic treatment of calves, but not of their dams,
 
improved calf viability over the period from birth to 30 months.
 
Prophylaxis reduced the mortality rate of calves reared by non
prophylactic dams from 10.6 to 6.0% and that of calves reared by
 
prophylactic dams from 11.7 to 3.5%.
 

Table 4. 	Least-squares means and standard errors of breeding cow
 
health and production traits for the non-prophylactic
 
and prophylactic groups.
 

Non-pv'ophylactic PrQphylactic
 

Mean s.e. Mean s.e.
 

Number of parasitaemias detected 0.38 0.083 0.23 0.046
 
Average PCV (%) 26.4 0.45 27.6 0.25
 
Number of therapeutic treatments
 

required 0.56 0.075 0.20 0.042
 
Calving interval (days) 476 24.1 474 13.3
 
Lactation length (days) 177 21.1 204 14.5
 
Lactation milk extracted (kg) 158 24.0 196 16.5
 
Cow weight (kg) 189 4.5 188 2.5
 
Cow weight change, parturition
 

to 8 months (kg) 	 0 3.7 -6 2.6
 

Table 5. 	Effect of prophylactic regime on productivity of East
 
African Zebu cattle.
 

No pro- Prophy
phylaxis laxis
 

Cows
 

Calving percentage 76.4 77.0
 
Annual cow viability (%) 95.0 95.0
 
Annual extracted milk yield (kg) 120.5 150.6
 
Cow weight (kg) 189.0 185.0
 
Calf weight at 12 months (kg) 58.5 63.4
 
Calf viability to 12 months (%) 91.3 96.3
 
Productivitya per cow per year (kg) 47.6 56.4
 
Productivitya per 100kg c9i per year (kg) 25.2 30.5
 
Productivitya per 100kg.. cow/year/kg 103.7 124.8
 

Youngstock, 12-30 months
 

Weight increase, 12-18 months (kg) 13.4 18.4
 
Weight increase, 18-30 months (kg) 41.9 46.5
 
Viability, 12-30 months (%) 97.5 98.9
 

Total performance, 12-30 months (kg) 53.9 64.2
 

aWeight of 12-month-old calf and liveweight equivalent of milk
 

extracted for human consumption.
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Prophylactic treatment of 
cows had beneficial effects on
their health and performance (Table 4).
39% Prophylactic cows had
fewer detectable parasitaemias, 64% 
fewer therapeutic treatments and provided 24% 
more extracted milk.
calving Cow liveweight and
interval were 
not 
affected by prophylaxis,
viability (Table 5). nor was cow
However other components of the
tivity index cow produc(annual extracted milk yield, 25% 
greater;
weight at 12 months of age, 8.4% 
calf
 

greater; and
12 months, calf viability to
5.5% better) were 

of 

improved by prophylactic 
treatment
the cow and/or her calf. 
 The resulting indices
month-old calf weight plus (total 12the liveweight equivalent of milk
produced per 
cow 
per year or per 100kg
per year or of cow weight maintained
per 100kg metabolic weight of 
cow maintained per
year) showed significant increases in productivity due
laxis to prophy(Table 5). Productivity per cow
productivity per unit of 
was improved by 18.5%,
cow weight by 21% 
and productivity per
unit of cow metabolic weight by 20%. 
 The performance
stock from 12 months to 30 months of age 

of young
 
prophylaxis (Table 5), 

was also improved by
with weight increase from 12 to
37% superior and from 18 18 months
to 30 months 11% superior. Viability
was 
also slightly better giving an improvement of 19% 
for production for the period 12 to 30 months of age.
 

CONCLUSION
 

The success of this long-term study has clearly demonstrated that
with good organization and sound infrastructure it is possible
foster the to
goodwill and confidence 
of cattle owners and, 
as a
result, implement animal 
health and production research
improvement programmes at 
and
 

the village level.
 

The use 
of prophylaxis to control trypanosomiasis, the major
disease of cattle 
in the Muhaka area,

of increased the productivity
the East African Zebu village cattle by 20% 
for breeding cows
and by 19% for 
young stock. The effectiveness of 
the trypanocidal drug intervention should 
allow the introduction
productive genotypes into the area 

of more

in a programme with concurrent
improvements in pasture and forage production.
 

The increases in productivity resulting
phylaxis from the chemoprowere also cost effective (Itty et al.,
these Proceedings), demonstrating article 35 of

the biological and
advantages of economic
the intervention 
regime for village cattle


trypanosomiasis risk. 
at
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The effects of trypanosomia-isprophywia ; and 
anthwmintic treatment in goats under 
traditionalmanagement in southern Tanzania 

C.R. C. HENDY 

INTRODUCTICN
 

Mtwara and Lindi regions in Southern Tanzania comprise about 9%
 
of the land area of Tanzania and include 7% of the human popu
lation but only 0.1% of the cattle and 1.7% of the sheep and goat
 
populations. The availability and consumption of livestock pro
ducts is therefore low; meat consumption of 1kg/head/year is
 
less than 10% and milk consumption (1 litre/head/year) is less
 
than 5% of the Tanzanian national average (Hendy, 1980).
 

Goats are by far the most numerous livestock in the area and
 
contribute most to local meat production. The improvement of
 
goat production was therefore recognized as a priority in a joint

Government of Tanzania and UK (ODA) Regional Integrated Develop
ment Programme established in the late 1970s. The studies re
ported were carried out as part of the investigation of produc
tion systems, constraints and productivity prior to the estab
lishment of development programmes and extension objectives.
 

The specific objectives of the trials reported in this paper
 
were to investigate the biological and economic effects of the
 
suspected major diseases in goats (trypanosomiasis and helmin
thiasis), through the introduction of routine control measures in
 
flocks under long-term performance recording.
 

LOCATION AND ENVIRONMENT
 

' '
Mtwara region lies between latitudes 10005 and 11025 south, on
 
the southeastern coast of Tanzania, bounded by Mozambique to the
 
south. These studies were conducted in Mtwara and Newala
 
Districts in the eastern half of the region extending from the
 
coast to about 120km inland. The landforms of the area consist
 
of a narrow coastal plain 2 to 10km wide and a sandstone plateau
 
rising from approximately 150m altitude at the coast to 900m in
 
the west of Ne'Rala District, incised by several rivers draining
 
to the Indian Ocean. Natural vegetation has been largely
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disturbed by cultivation and fallowing. 
 A complex of woodland
remnants, 
bushland and thicket predominates, with dense 
"Makonde
Thicket" developing in bush fallows. 
 The farming system is
dominated by cashew plantations, especially inland. 
The intensity of settlement increases from 
the coast inland; rural
human population densities 
in ,1982 ranged from 20-40/km2 in
Mtwara District 
to over 200/km' in densely populated parts of
western 
Newala District (district average 70/km ). 
 The farming
system changes concurrently from an extensive bush fallow system
with sorghum, maize, cassava 
and legumes interspersed with small
cashew plantations, to a permanently 
cropped cashew/cassava/legume system with a small proportion of cereal 
cropping. goat
population densities 
also increase from less 
than 2 goats/km in
eastern Mtwara District to over 30/km2 
in western Newala.
 

The climate of the area is characterized by a single rainy
season from December to April (months with 
> 50mm rainfall)
though with a high prooability of a mid-season dry period in
February. Long-term average annual 
rainfall ranges from
l126mm/year at Mtwara to 1048mm in Newala town, though with great
variability ranging from 754 
to 1990mm/year. Temperatures vary
little seasonally; 
 monthly average, 
mean daily temperatures
range from 24.3°C in June/July to 27.5 0 C in December (Bennett et
al., 1979; Finnwater Consulting Engineers, 1977). 
 Monthly mean
relative humidity at mid-day ranges from 60% 
in the dry season to
75% in the rainy season, with 
overnight average humidities of
 
95%.
 

LIVESTOCK DISEASE CHALLENGE
 

Tsetse challenge and trypanosome prevalence
 

Areas of Mtwara region 
are infested with 
Glossina morsitans, G.
pallidipes and G. brevipalpis. G. austeni has 
also been caught
in the past, but not in recent surveys, (MacLennan, 1980).
Within the parts of 
Mtwara and Newala Districts included in this
study, only G. pallidipes and G. brevipalpis have been found in
 
recent surveys.
 

Tsetse infestation is of 
low intensity in the coastal
plains, 
though locally more intensive in bushland 
and thicket
associated with alluvial river valleys and 
in regenerating
coastal thicket. 
 In the eastern end of the plateau, infestation
is moderate to locally high in the 
bushland and thickets 
associated with less intensively settled 
areas, but declines westwards as 
the intensity of settlement and land use increases. The
plateau 
area in Newala District is thought to 
have been tsetse
free since at least 
the early 1950s (Potts, 1954, cited by
MacLennan; 1980); 
 no flies have been 
caught in recent surveys
and no incidence of trypanosomiasis diagnosed in resident stock.
 

Information on fly densi--ies was obtained from 3.9 
 sites
throughout Mtwara DistriLt and eastern Newala 
District at which
from 2 to 8 periodically repeated surveys 
were carried out over
the period March 
1982 to November 1983, 
with 3 to 4 biconical
traps placed in favourable tsetse habitats 
for 24 hours. Sites
close to and representative of villages 
in which goat recording
work was 
carried out suggested the classification of 
tsetse
challenge as 
low at coastal sites 
(less than 0.1 flies/trap/day,
medium at alluvial valley and eastern plateau sites in Mtwara
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District (0.3 to 1.0 flies/trap/day) and zero in Newala District.
 

Trypanosome prevalence rates in livestock were 
initially

investigated in widespread sample surveys by thick and thin blood
 
smears from cattle, goats and sheep (Connor, 1985). For cattle
 
(East African Shorthorn Zebu), average trypanosome prevalence was
 
16% (range 2-60%) at sites where trypanosomes were detected. Of
 
the identified trypanosomes, 69% were T. congolense, 21% T.
 
vivax, 3% T. brucei and the remainder mixed infections. Rela
tively few goats and sheep were sampled; no parasites were found
 
in any of 208 goats and only 4 of 172 sheep were parasitaemic.

In subsequent surveys using the buffy coat/dark ground microscopy

method, Fison (1987) found 1 of 76 goats (1.3%) infected and 2 oF 
62 sheep (3.2%) . By IFAT methods, Fison also found 20 of 514 
goats (3.9%) throughout the region with positive titres. 

Helminthiasis
 

Gastro-intestinal nematode worm infestations were thought to be 
a
 
major disease problem in the area. Preliminary disease surveys

by faecal sampling showed widespread distribution of Haemonchus
 
contortus in small ruminants in Southern Tanzania (Connor, 1985
 
and Fison, 1987), with lesser prevalences of Oesophagostomum

columbianum, Strongyloides sp. and Bunostomum sp. Environmental
 
conditions of temperature, rainfall and humidity in Mtwara region
 
are suitable for rapid development of infective stage-three

larvae (L3) in the rainy seasons, though not in the long dry
 
seasons.
 

Seasonal changes in faecal egg counts in yearling goats

untreated with anthelmintic were closely associated with rain
fall, rising from average outputs of less than 500e/g in the dry
 
season, July to November, to over 1500e/g in the rainy season,
 
December to April. Peak monthly average outputs occurred in
 
February to April at 3000-4500e/g, with individual outputs of up
 
to 14,050e/g (Connor, 1985). Larval culture demonstrated the
 
preponderance of H. contortus and 0. columbianum in these sam
ples. Fison (1987) found a similar pattern in young goats from
 
birth-to 1 year of age, seasonal exposure resulting in high egg

counts (>1000e/g) in the rainy season, regardless of age. Fison
 
also demonstrated the seasonal availability of L3 larvae on
 
pasture; in the dry season, May to November, monthly average

numbers of larvae/kg of pasture forage dry matter ranged from 0
67, while in the rainy season the monthly averages ranged from
 
137 to 415 larvae/kg DM.
 

Tick borne disease
 

Tick borne diseases were not regarded as important for goats in
 
the area. Anaplasma was the most prevalent infection but caused
 
little clinical disease (Connor, 1985). Tick burdens were
 
generally low; Boophilus microplus and Rhipicephalus evertsi
 
were the most widespread species. Few farmers practiced tick
 
control for goats.
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GOAT MANAGEMENT SYSTEMS
 

Flock sizes and structures
 

Goats are of the East African short-eared type described by Mason
and Maule 
(1960), kept in small-scale mixed farming systems,
usually 
in single species flocks of up to
District about 5% and in Newala 
50 head. In Mtwara
 

20 to 25% of the households keep

goats.
 

Management systems
 

Goats are 
kept mainly for 
meat production and for
security as financial
a form of saving to provide for periodic cash needs.
They are 
not generally milked.

thered Goats are either herded or
during the crop-growing seasons, te
depending on to avoid crop damage,
flock sizes 
and the availability of Telabour.
thering tends to be close to the homestead or 
farmlanJ.
 

Feed resources 
consist mainly of bush and fallow grazing and
browsing, though 
both sheep and goats are
grass and herb largely dependent
forage in on
the rainy seasons, especially in Newala
District. 
 Crop residues are 
freely available in fields following
the main sorghum and maize harvests in June/July. Water supplies
are restricted in some areas, especially during the dry seasons.
 
Goats 
are housed overnight in purpose-built goat houses
close to the household, mainly for security purposes. 
Houses are
of pole construction, completely enclosed and roofed, often with
a raised slatted floor. 
 Housing is 
frequently overcrowded, however; ventilation is 
usually poor and 
the slatted floors become
blocked and soiled, roofs are 
frequently not waterproof.
 
Veterinary 
inputs are extremely limited, 
by availability,
cost and knowledge. 
 Most farmers use 
none; 
 a few use anthelmintics for therapy of individual animals and occasionally acaricides, mainly to 
control fleas. 
 Husbandry of goats is
mentary, little rudiattention 
is paid to critical periods
kidding, early suckling or such as
post-weaning.
breeding. Weaning occurs 

There is no control of
naturally over the period of 3-5 months
of age; 
 sales and slaughter of 
some young male goats also start
from these ages.
 

TRIAL DESIGN, TREATMENT REGIMES AND RECORDING METHODS
 

Flock selection
 

Recording was 
carried out 
in 5 to 8 flocks in each of 5 villages
in Mtwara District and 7 villages in Newala District, with 29 and
35 flocks, respectively, for a total of 64 flocks.
initially selected, included 4 to 
These floiks,


33 (average 10.6) goats in
Mtwara District and 
4 to 51 (average 13.6)
with a total of in Newala District,
306 and 477 (overall 783)
Villages goats, respectively.
were selected 
to be representative of 
environments and
farming systems of 
the area 
and to cover
different degrees of 
areas suspected to have
tsetse infestation.
discussion with village elders and 
Flocks were selected by
 

long-term co-operation. 
flock owners, to establish
In most villages
available flocks was 

a high proportion of
required 
to achieve the minimum of 5 flocks
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per village necessary to ease the logistics of access to 
flocks.
 

Disease control treatments
 

Anthelmintic treatments wert to be applied at two month intervals

through the rains, in December, February, April and June, with a

further treatment in the early dry season 
in July to ensure only

low worm burdens throughout the dry season. 
 Broad spectrum

arithelmintic drenches were used at recommended dose rates, mainly

tetramisole/levamisole (Nilverm, ICI, 
 UK) and thiophanate

(Nemafax, 20%, May and 
Baker, UK) . Treatments commenced in
 
Decembei 1981 and continued to the end of 1934.
 

Trypanosomiasis 
prophylaxis was by Isometamidium chloride

(Samorin, May and Baker, UK) at planned intervals of three months

in March, June, September and December at 0.5 mg/kg liveweight in
 a 1% w/v solution by deep intramuscular injection in the hind

leg. Prophylaxis commenced 
in March 1982 and continued to the
 
end of 1984.
 

Treatments were applied 
to all animals over 2-3 months of
 age in the flocks selected at random within each village. 
 In

Mtwara District both anthelmintic treatment and trypanosomiasis

prophylaxis regimes were applied in a 
2 x 2 (treated and un
treated) factorial desion. 
 In Newala District only anthelmintic
 
treatments were applied. Classification of tsetse challenge 
in

Mtwara District into low or medium challenge resulted in two
villages (10 flocks) under L-w and three villages (19 flocks)

under medium challenge.
 

The application of flock treatments did not 
always, however,

match the intended regimes. 
 The main reason for this was the

difficulty of obtaining fuel suppli~s to maintain monthly record-
ing and treatment visit 
schedules. In addition, occasionally,

some animals were not present in the flocks on the days of visits

and therefore did not receive planned treatments. Finally, in

1984 some flocks were erroneously reassigned to different 
treat
ment schedules. 
 This affected six flocks, spread throughout all
villages in Mtwara District and eight flocks in Newala District.

Records of all these events were 
maintained in a monthly treat-'
 
ment visit diary for all flocks.
 

Summarization of treatment regimes for data analysis
 

These problems of application of treatments resulted in 
some

individual animals not receiving planned treatments. A treatment

code was therefore derived for all individual animals based on

actual treatments received within the specific periods for which

productivity data were analysed. For breeding females, the code
 
was based on the numbers of treatments received within pre- and
 
post-partum periods of 
three months for anthelmintic treatments
 
and monthly periods for trypanosomiasis prophylaxis. Dams with

complete prophylaxis would have had two 
treatments in each period. In the case of anthelmintic administration, the applica
tion of treatments was seasonal. Dams giving birth early in the

rains could potentially receive zero treatments pre-partum and
two treatments post-parum, while dams kidding at the end of July

might have two treatments pre-partum but none post-partum.
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For young growing goats, treatments were summarized as the
number of treatments received before 120, 
150 and 180 days of
age, the ages to 
which liveweights were 
also corrected. Offspring were also classified by the treatment received by their
dam during gestation and suckling. In the analyses reported
below, for offspring traits up to 
and including '120 days of age,
treatment actually refers to treatments received by the dam. 
 For
offspring of 150 to 
270 days of age, treatments refer to those
 
received by the offspring.
 

Flock and animal recording procedures
 

Recording'of all animals in each 
flock was carried out monthly
using a portable pen, 
crush and weigh scale. At the initial
flock 
visits all animals were identified by ear-tags, aged by
dentition, sexed and weighed. 
A flock list was prepared for each
flock from this data. At subsequent visits all animals were
identified and weighed. 
Young goats up to about 15kg live-weight
were weighed suspended from a spring balance 
(25kg x 0.1kg,
Salter, UK); larger goats 
were weighed in the crush weigh scale
(180kg x 0.5kg, Poldenvale, UK). Records were 
taken of births
and other additions to the flock; 
 these animals were ear-tagged,
aged and sexed and added to the flock list. 
 Missing animals were
identified and information recorded 
on deaths, sales, slaughter
or other disposal. 
 A monthly flock inventory change was bala;1ced
before 
the flock was released. 
 Disease control treatments were
applied at weighing as required.
 

Flock recording commenced 
in March to June 1981 
and con
tinued to the end of 1984.
 

Data analysis
 

Monthly data were extracted from flock records for each breeding
female and her 
offspring for each parturition. These data were
summarized 
for the period over which treatments were applied,
1982 
to 1984, to provide information on the following traits:
 

1. Breeding female liveweights from 70, 35 
and 0 days prepartum and 0, 35, 70, 105 and 140 days post-partum and
weight changes from 70 to 0 days pre-partum and 0 to 70 days

post-partum.
 

2. Litter size, the proportion of offspring born 
surviving to
3, 14, 28, 56 and 84 
days and subsequent parturition

interval.
 

3. Offspring weights at birth, 28, 
56, 84, 120, 150, 180 and
270 days and growth rates from birth to 84 days and 
84 to
 
180 days.
 

4. Overall breeding female productivity measured as:
 

i. Total weight of offspring reared to 84 
days per
 
breeding female per parturition.
 

ii. Total weight of offspring reared to 84 
days per
breeding female 
per year, (Productivity Index 
(PI) 1
(calculated as (i) above x 365 
- parturition interval)
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iii. 	 Total weight of offspring reared to 84 days per year
 
per kg of breeding female liveweight, (Productivity
Index 2) (calculated as PII - average liveweight of 
breeding female from 0 to 70 days post-partum). 

iv. 	 Total weight of offspring reared to 84 days e.y3 year
 
per kg of metabolic body weight (liveweight ) of
 
breeding female, (Productivity Index 3) (calculated as
 
PI1 - average metabolic weight of breeding female
 
from 0 to 70 days post-partum).
 

For these summaries, weights at specific ages have been
 
calculated by interpolation between two weight records within
 
plus or minus 30 days if available, or by selection of a single

weight record within 10 days of the required age. Weights at
 
parturition (0 days pre- and post-partum) and at birth were
 
calculated by regression, using the average regression of weight
 
on 
age for animals weighed within 30 days of the required age to
 
correct the recorded weight. For parturition intervals, data
 
were included in the analyses for parturitions up to the end of
 
1983 	only, to allow 365 days for the expression of the next
 
parturition, in order to reduce any bias in selection of dams
 
with short intervals.
 

Data have been analysed by SPSS (Statistical Package for
 
Social Sciences) and by Harvey's least-squares analysis of vari
ance 	(Harvey, 1977), fixed-effects model. Analysis of variance
 
models were constructed to include environmental effects of
 
tsetse challenge (low and medium), location (village) nested
 
within tsetse challenge, year (of parturition or birth, 1982
1984), season (in six two-month periods January/February to No
vember/December) , grazing systems (tethered or herded) , feeding
systems (none or some supplementary feeding given), flock size
 
and the effects of anthelmintic treatments and trypanosomiasis

prophylaxis (treated or non-treated).
 

Data were analysed separately for Mtwara and Newala
 
Districts. The lack of tsetse 
infestation or trypanosorniasis

prophylaxis in Newala District and the virtual uniformity of
 
grazing (herded) and feeding systems (no supplementary fei:ditig)

required the adoption of a different model for Newala District.
 

Models for analysis of breeding female liveweight, reproduc
tive performance and productivity index traits also included the
 
effects of age and litter size or 
rearing success as appropriate.

Models for analyses of offspring weights and growth rates in
cluded the effects of age of dam, birth and rearing type and sex.
 
Models analysing growth rate or weight change traits included the
 
effects of initial liveweights as linear covariates.
 

Interactions were investigated in the models as far as the
 
availability of data allowed. Final models included 2-way inter
actions of treatments with season, grazing and feeding systems

and with tsetse challenge, where appropriate. There were insuf
ficient data to examine season interactions in detail in Mtwara
 
District, except by combining seasons or conducting analyses

within seasons. Season x treatment interaction effects were not
 
important for trypanosomiasis prophylaxis but were for anthel
mintic treatments. The trends of the latter effect 
were similar
 
in both districts and are presented only for Newala District.
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RESULTS
 

Records were available from a maximum of 
411 parturitions of
breeding females in Mtwara District and 759 in Newala District in
1982 to 1984 
and for 540 and 990 offspring, respectively. Representation of flocks among treatments was 
adequate to reduce any
confounding of these effects, with 19 
and 14 flocks, respectively, providing some observations with and without trypanosomiasis prophylaxis and 20 and 
20 flocks with and without
anthelmintic treatment in 
Mtwara District and 
26 and 31 flocks

with and without anthelmintic in Newala District.
 

The results described in 
this paper refer mainly to the
effects of anthelmintic treatment 
and trypanosomiasis prophylaxis. Environmental effects of year, village 
(location),
grazing and feeding systems and flock size were 
accounted for by
the model and are 
described elsewhere (Hendy, 1988). The effects
of internal environmental factors such 
as age of dam (or age of
breeding female), birth and rearing type and sex were also
accounted for in the model. 
 These effects were generally of

expected directions and magnitude.
 

Environmental effects of season and 
tsetse challenge were
also analysed; 
 since these effects interacted with treatment

effects they are described below.
 

4 

4 Seasons of kidding 
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Figure 1. Effects of season on 
pre- and post-partum liveweights

and weight changes of breeding female goats in Neviala
 
District
 

Effect of season
 

Seasonal effects were large 
and significant for all liveweight

and growth rate traits and for most 
reproductive performance and
offspring survival traits. 
 Measures of overall productivity were
consistently significantly related 
to season of parturition in
both districts. Seasonal effects 
on liveweights were largely
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similar between districts. Figure 1 illustrates the pattern of
 
liveweights and weight changes for adult breeding goats in Newala
 
District from 70 days pre- to 140 days post-partum, depending on
 
season of parturition. Figure 2 shows the mean liveweights of
 
offspring in Newala District from birth to 270 days for different
 
seasons of birth. At comparable physiological states, breeding

females showed low liveweights over the period March to June (mid

to late rains) and peak liveweights from September to December
 
(mid to late dry season). Both the level of liveweight and the
 
patterns of pre- and post-partum weight change were affected by
 
seasons. Thus, pre-partum weight gains were greatest over the
 
period June to December and least from November to May, while
 
post-partum weight losses were greater and prolonged in the
more 

rainy season. A similar trend of effects was evident for off
spring weights, with weights and growth rates at all ages being

depressed during the rainy season and enhanced the dry
in 

seasons.
 

These effects were associated with significantly lower off
spring survival in the rainy season months, lower total 84-day

offspring weights reared 
by dams, longer subsequent parturition

intervals and lower overall productivity. Mortalities were
 
lowest, total 84-day weights and productivity highest and sub
sequent parturition intervals shortest following parturitions in
 
July to October.
 

Responses to anthelmintic treatment
 

Breeding female liveweight and offspring growth
 

The effects of anthelmintic treatment varied between seasons, as
 
shown by significant interactions between treatment regime and
 
season for most liveweight and growth traits. Responses to
 
treatment were generally positive in the rainy season 
months and
 
zero or negative in the dry season. 
Main effects of anthelmintic
 
treatment (over all seasons) thus appeared (<+10%)
only small 

and were only occasionally significant. Interaction effects
 
could only be analysed in detail for Newala District, though

similar trends were noted in combined seasons in Mtwara.
 

For breeding females in Newala District significant inter
actions were noted for post-partum weights and weight changes.

Dams treated during rainy 
season months showed increased post
partum liveweights and greater weight gains (or lower losses)

than untreated dams. For offspring growth, significant inter
actions were found for weights at birth to 120 days of age. Thus
 
treatment caused 11 to 30% increases in birth weights in dif
ferent veasons over the period January to April, but zero or
 
negative responses in following seasons. For weights 
at 56, 84
 
and 120 days of age, offspring born in November to April showed
 
positive responses to treatment. The interaction was also signi
ficant for growth from birth to days of age;
rate 84 
 untreated
 
and treated offspring born in November/December showing growth

rates of 60.0 (s.d. 4.8) -/day compared to 74.8 (s.d. 5.1) g/day

respectively and those born in January/February 52.9 (s.d. 4.4)

compared to 63.3 (s.d. 3.5) g/day.
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Figure 2. Weights at birth to 
270 days of age for kids born in
different seasons in Newala District, 1982-1984
 

Reproductive performance, offspring survival and Productivity
 
Table 1 summarizes the 
effects of 
anthelmintic 
treatment 
on
reproductive performance, offspring survival and productivity of
breeding female goats in Newala District.
 

A consistent pattern of effects was 
seen
Newala Districts; in both Mtwara and
these effects 
were not significant 
in Mtwara
District but approached significance in Newala District.
size was increased by Litter
treatment, parturition intervals decreased
and ovErall productivity increased by about 10%
District. Increases in survival in Newala
 
to 84 days and in total 84-day
weight of offspring were small and not significant.
 

Table 1. Leastsquares means for the effects of anthelmintlc treatment on reproductive performance and productivityof breeding female goats ii Newala District, 1982 - 1984. 

Without 
anthelmintic With Response to Signif. toanthelmintic treatment
Productivity traits nse

No. mean s.e. No. mean s.e. 96 
Litter size 317 1,32 0.04
Parturition interval, days 424 1.43 0.03182 257 +8.3
10 131 240
Ave. dam wt post-partum, kg 8.9 -6.5173 31.9 0.4 P 0.09Total 84-day wt of offspring, kg 270 31.8 0.4 0173 10.2 0.5 270 NS10.7 
 0.4 
 +4.7 
 NS 
Productivity Indexes:
1,kg/yr 
 173 14.8 0.8
2,gm/kg/yr 270 16.5 0.7 +11.2
173 472 24 P=0.06
 

3,gm/kgO.73/yr 270 518 20 +9.6
173 2219 114 P 0.09
270 21145 
 95 
 +10.2 P 
0.07
 
Proportion of offspring surviving to:
 

3 days 179 0.96 0.02 271 0.96 0.01 0 NS
14days 179 0.95 0.02
28 271 0.95 0.01 0 NS
56 daysdays 179 0.93 0.02
179 0.89 0.03 271 0.95 0.02 +2.1
56 days 271 0.93 0.02 +4.1 NS
 
179 0.86 0.03 NS271 0.93 0.02 
 +3.4 
 NS 

,* responses to anthelmintic treatment significant at P < 0.05 and P < 0.01respectively
NS = not significant 
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Sigiiiticant interactions of season and treatment were again

found, however, for overall productivity and many component

traits, as illustrated for Newala District in Figure 3. No
 
interacticn effect was evident for litter size; 
 positive respon
ses to treatment occurred in all seasons. 
 Parturition intervals 
were reduced by treatment in most seasons, except following
parturitions in March/April; intervals were most reduced by
treatment following parturition in November to December. For 
offspring survival , the interaction effect appeared to develop 
over the period from 3 to 84 days of age. For animals born in

the period November to April, treatment increased survival to 84 
days of age by 9.5 to 26.79. Si.milar interaction effects were
 
evident for total 84-aay weight of offspring and overall produc
tivity, which was .reased by 28 to 64% by treatment for dams
 
with parturitions in the period November to February (early
 
rains).
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Figure 3. 
The effects, in different seasons, of anthelmintic
 
treatment on reproductive performance, survival of
 
offspring an.d productivity of breeding female goats
 
in Newala Cistrict
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The effects of different levels of tsetse challenge
 

Breeding female liveweights and offspring growth
 

Figures 4 and 5 illustrate the effects of 
tsetse challenge level
on breeding female liveweights and offspring growth. 
 A consistent and usually significant depression of 
adult female liveweights was observed under the higher tsetse challenge. Pre- and
post-partum rates of weight change 
were similar, however. For
offspring, 	no effects of 
tsetse challenge were evident in preweaning weights or growth rates. From 150 to 270 days of age
there were some indications of lower liveweights and growth rates
under higher challenge, amounting to 
a 5 to 8% 	depression of
liveweight, similar to that shown by adult goats.
 

SLow 401challenge 
 Meadiumchallenge
 

I effect f tsetse challenge
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Figure 4. 
Effects of tsetse challenge on liveweights of breeding
 
female goats in Mtwara District
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Age.UayeFigure 5. 	Effect of tsetse challenge on the weights of young
 
goats from birth to 270 days, Mtwara District, 1982-84
 

Reproductive performance, offspring survival and productivity
The effects of tsetse challenge on reproductive performance,
 
offspring survival and productivity ar shown in Table 2.
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Table 2. Least squares means for the effects of tsetse challenge on the reproductive performance and productivity of
breeding female goats In Mtwara District, 1982 - 1984. 

Productivity under different levels Difference Signif. of
of tsetse challenge medium-low difference 

- challenge, 96
LowProductivity traits 	 MediumNo. mean s.e. No. mean s.e. 

Litter size 195 1.48 0.05 216 0.051.51 +3.0Parturition interval, days 	 NS91 227 16 95 266 17 -17.2 P = 0.08Ave. dam wt post-partum, kg 115 31.5 0.6 110 30.2 0.7 -4.1 NSTotal 84-day wt of offspring, kg 115 9.39 0.72 110 9.27 0.84 -1.3 NS
Productivity indexes:

1,kg/yr 115 15.8 1.1 110 13.0 1.3 -17.7 P=0.12, gm/kg/yr
73 115 495 36 	 110 428 43 -13.5 NS3.gm/kgO. /yr 115 2340 
 168 110 1982002 -14.4 NS 

Proportion of offspring surviving to:

3 days 115 
 0.92 0.02 110 0.90 0.03 	 -2.2 NS14 days 	 115 0.92 0.02 0.90
110 	 0.03 -2.2 NS
28 days 
 115 0.92 0.03 
 110 0.88 	 0.011 -4.3 
 NS
56 days 
 115 0.90 0,03 
 110 0.85 	 0.04 -5.6 NS
84 days 
 115 0.88 0.04 110 0.83 0.05 -5.7 NS 

NS = effects of tsetse challenge not significant. 

Generally, only small, non-significant .effects were evident,
though the trends were in the direction of lower overall productivity under higher challenge, principally due to longer parturi
tion intervals and poorer offspring survival.
 

Responses 	to trypanosomiasis prophylaxis
 

Breeding female liveweights and offspring growth
 

Table 3. 	The effects of trypanosomiasis prophylaxis on pre- and

post-partuir weight changes of breeding female goats 
in
 
Mtwara District.
 

Weight changes (g/day) 	 Signifi
cance of 

Without 
 With 	 differ
prophylaxis prophylaxis ence
Period 
 No. mean s.e. No. mean 
 s.e.
 

70 days pre-partum to
 
parturition 70 
 57.8 8.7 142 50.6 
 5.6 NS
 

Parturition to 70
 
days post-partum 75 12.2 6.3 
 149 -1.6 3.8 * 

Effect of prophylaxis significant at P<0.05.
 
NS = Not significant.
 

Trypanosomiasis prophylaxis resulted in 
consistently and usually
significantly lower liveweights of breeding 
females throughout
the reproductive cycle (Figure 6). 
 A contributory factor to this
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effect was the apparently more prolonged and greater weight
depression post-partum 
for females under prophylaxis. Weight
changes 70 to 0 days pre-partum (corrected for 
differences in
initial weights) were not 
affected by prophylaxis while weight
changes from parturition to 70 days post-partum showed 
significantly greater weight 
losses for breeding females under pro
phylaxis (Table 3).
 

N
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ftwera Otstrict Prphylaxis prophylaxis
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 --- x-

U 
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Figure 6. Effects of trypanosomiasis prophylaxis 
on liveoeights

of breeding female goats in Mtwara District
 

Offspring weights 
were significantly greater from birth
84 days of age for offspring of treated dams (Figure 7). 
to
 

effect of prophylaxis amounted to 20% 
The
 

greater birth weights, 1.75
(s.d. 0.20) kg compared to 2.13 
(s.d. 0.14) kg for untreated and
treated dams, respectively, and 10% 
greater 84 day weights, 7.40
(s.d. 0.35) kg compared to 8.16 (s.d. 0.22) kg, 
respectively.
Similar weight advantages for 
treated offspring appeared
persist from 120 to
 
to 270 days of age, though these were not significant. Growth rates 
from birth to 84 days were 
not, however,
significantly affected by prophylaxis, 61.9 
(s.d. 4.6) g/day
compared to 62.8 
(s.d. 3.0) g/day for offspring of untreated and
treated dams, respectively.
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Figure 7. Effect of 
trypanosomiasis prophylaxis on 
the weights
of young goats 
from birth to 270 
days, Mtwara
 
District, 1982-84
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Reproductive performance, offspring survival and productivity
 

The effects of trypanosomiasis prophylaxis on reproductive per
formance, offspring survival and productivity are summarized in
 
Table 4.
 

Table 4. 	 Least-squares means for the effects of trypanosomiasis prophylaxis on reproductive performance andproductivity of
 
breeding female goats In Mtwara District. 1982 - 84.
 

Without 	 With Response to Significance
prophylaxis prophylaxis prophylaxis of response
 

Productivity traits No. mean 1.e. No. mean a... %
 

Litter size 134 1.S6 0.06 277 1.43 0.03 -8.3 p = 0.05
34 258 21 143 234 9 -9.4 NS

Partuition interval, days 
Average dam weight post-partum, kg 66 31.5 0.7 1s9 30.2 0.3 .I
Total 84-day weight of offspring, kg 66 8.48 0.87 1i9 10.2 
 0.4 *20.0 p = 0.05
Productivity In& es: (I)
 

I, kg/)T 
 66 12.9 1.4 159 15.8 0.7 -22.5
2, gmlkglyr 	 660 73	 407 44 159 516 22 .27.0 
3.gmkg . /yr 66 1925 204 
 IST 2417 too .25.6
 

Proportion of offspring surviving to: 
3days 
 66 0.87 P.03 159 0.95 0.02 +9.2
14days 66 0.87 0.03 1S9
2	 0.95 0.02 +9.2
3 days 66 0.87 0.03 159 0.93 0.02 f5.7 NS56 days 	 66 0.1S 0.03 159 0.90 0.02 +5.9 
84days 66 0.83 0.03 159 0.88 

NS 
0.02 -6.0 NS 

*Effect of prophylaxis significant at p < 0.05
 
IS not significant
 

Most component traits of productivity were significantly

affected by prophylaxis. Litter size was reduced, but offspring

survival (at least to 14 days of age) and total 84-day weight of

offspring were increased. Mean parturition intervals were 24
 
days shorter with prophylaxis, though this difference was not
 
significant. Overall productivity increased under prophylaxis by

between 23 to 27%.
 

Responses to trypanosomiasis prophylaxis under different levels
 
of tsetse challenge
 

There were consistent trends for the effects of trypanosomiasis

prophylaxis to be greater under higher tsetse challenge. 
Table 5
 
shou:s the mean reproductive performance, offspring survival 
and

overall productivity for breeding females maintained under low or
 
medium tsetse challenge, without or with prophylaxis.
 

For overall productivity, the interaction of 
tsetse
 
challenge and prophylaxis was significant, due to the low produc
tivity of dams under the higher tsetse challenge without prophy
laxis. The traits contributing most to this effect appeared to

be low total 84-day weights of offspring, poor offspring survival
 
and longer parturition intervals. Other effects 
were 	consistent
 
with the main effects of prophylaxis; thus average litter sizes
 
ind dam liveweights 
post-partum were depressed by prophylaxis.

Prophylaxis 
under medium tsetse challenge nevertheless restored
 
overall productivity to at least the levels in 
areas with low
 
tsetse challenge.
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Table S. Least-squares means for the effects of trypanoSomiasis prophylaxis under different levels of tsetse challenge on reproductive 

performance and productivity of breeding female goats In Mtwara District. 

Tsetse challenge 

low medium 
Without Signif-With Without

prophylaxis prophylaxis 
With Icant of

prophylaxis prophylaxis inter-Productivity trait No. s.e.mean No. mean s.G. No. mean La. No. mean I.e. action 

Litter size 80 1.50 0.01 115 1.46 0.0S 54 1.63Parturition interval, days 0.10 162 1.40 0.0525 222 28 NS66 232Ave. dam wt post-partum, kg 38 31.7 
12 18 295 31 77 236 13 p 0.10.9 77 31.3 0.5 28 31.4 1.2 82Tot 84-day wt of offspring, kg 38 9.09 29.0 0.5 NS1.2 77 9.75 0.7 20 7.93 1.5 02 10.6 0.6 NS 

1, kg/yr
Productivity indexes: 

30 16.0 1.9 15.777 1.02, gm/kg/yr 38 
28 9.90 2.4 82 16.02 1.0 p * 0.030 73 503 61 77 486 33 28 310 753. gm/kg . /yr 8 S47 3138 2375 263 77 2305 153 23 1475 351 82 2529 147 

Proportion of offspring 
ilurviving to:
 
3 days 
 38 0.91 0.04 77 0.94 0.02 28 0.0514 days 38 0.91 0.84 82 0.95 0.02 NS0.04 77 0.94 0.0228 days 38 0.91 

23 0.84 0.04 82 0.95 0.02 NS0.05 77 0.93 0.0346days 38 0.90 
21 0.14 0.07 02 0.92 0.03 NS0.06 77 0.91 0.0364 days 38 0.89 
28 0.80 0.07 82 0.90 0.03 NS0.06 77 0.87 0.03 28 0.77 0.08 32 0.89 0.03 NS 

IF ratio for interaction effect significant at P < 0.05
 
NSnot significant
 

The effects of prophylaxis were small i. the 
low tsetsechallenge situation. 
 Under medium challenge, increases in 
overall productivity amounted 
to 62 to 77% with relatively large
effects also on parturition interval 
(-20%), total 84-day
spring weights (+33%) and offspring survival 
off

(+10 to +16%).
 

Interaction 
of anthelmintic 
treatment and trypanosomiasis

prophyl axis
 

Table 6 presents mean reproductive performance, offspring
survival and productivity indexes 
for breeding females with and
w;ithout both anthelmintic treatments 
and trypanosomiasis prophylaxis. There 
were no significant interaction effects; the effects of treatments thus appeared to be additive and independent.
Overall productivity ws 
lowest for animals receiving neither
treatment and highest for animals receiving both treatments. The
effects of 
receiving the combination of treatments varied between
component traits in the same way as 
for main effects. Thus, for
litter size, which 
was increased by anthelmintic 
treatment but
depressed by trypanosomiasis prophylaxis, highest performance was
seen with anthelmintic but without prophylaxis and lowest performance 
without anthelmintic but with prophylaxis. Average postpartum liveweights were unaffected by 
anthelmintic and depressed
by prophylaxis. 
 For traits such as parturition interval and
total 84-day offspring weight, which responded favourably to both
treatments, 
the additive effects were most 
marked, with lowest
performances 
under no treatment and highest 
perforfnances with

both treatments.
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Tales. Effect of trypanosomloals prophylaxis and anthelmintic treatment combined an reproductive performance and productivity of 

breeding female goats In Mtwara District. 

Without antheImintlic With anthalmintlc Slgnif)-

Without With Without With cance of 
prophylevis prophylaxis prophylaxis prophylaxis Inter-

Productivity trait No. mean s.e. No. mean Ie. No. mean S. No. man sA. action 

Litter size 40 1.49 0.09 140 1.40 0.06 14 1.63 0.07 137 1.46 0.04 NSParturition Intervals, days 7 251 32.4 82 245 12.9 36 251 20.1 61 223 13.6 NSAv. dam wt post-partun, kg i 31.9 1.0 70 23.1 0.6 47 31.1 0.7 99 30.4 0.4 NSTot $+-day wt of offsprirg, kg 11 8.29 1.23 70 0.76 8.66 0.14 41 0.531.28 47 11.01 NS 
Productivity Indexes: 

1, kglyr I 13.2 2.0 70 15.1 1.2 47 12.7 1.S 89 16.5 0.8 NS2, gmlkg/yr 19 399 42 70 418 38 41473 47 48 89 535 27 NS 
3,gn/kg0. /yr 19 1910 211 70 2323 176 47 1940 222 69251 124 NS 

Plroportion of offspring surviving to: 
3days is 0.91 0.04 70 0.93 0.03 47 0.84 0.03 89 0.17 0.02 P - 0.0614days 19 0.91 0.04 70 0.93 0.03 47 0.84 0.03 19 0.97 0.02 P - 0.0621 days 19 0.89 0.05 70 0.69 0.03 47 0.8S 0.04 89 0.96 0.02 NS
56days 19 0.8 0.06 70 0.86 0.04 47 0.42 0.0S 89 0.94 0.03 NS84 days 19 0.8S 0.06 70 0.85 0.04 47 0.30 0.0S 8t 0.92 0.03 NS 

NS Interaction affect of anthelmintic treatment x trypanosomiasis pr .phylaxis not significant at P < 0.0S. 

For offspring weights, there were no indications of any

treatment interactions in pre-weaning traits 
(28 to 120 days of

age). Some interaction was, however, evident at 150 days

(P<0.05), 180 days (P=O.07) and 270 days (P=O.1) (Table 7). 
 In
 
this period, responses to either treatment alone were similar but

there was no extra response from receiving both treatments.
 
Animals without either treatment continued to show the lowest
 
liveweights.
 

Table 7. Least squares means for the effects of the Interaction of anthelmintic treatment and trypanosomiasis prophylah,s 
on offspring weights (kg). 

Without anthelmintic With anthelmintic 

Slgnif I-
Without With Without With cance 

prophylaxis prophylaxis prophylaxis prophylaxis of 

Weight trait No. mean se. No. mean s.a. No. mean s.e. No. mean s.e. 
Inter
action 

Birth weight 
28 days 
56 days 
04 days 
120 days 
IS0days 
180days 
270 dlys 

32 
31 
30 
29 
16 
44 
34 
9 

1.5 
4.1 
6.4 
7.1 

10.0 
11.1 
12.0 
15.3 

0.3 
0.3 
0.4 
0.S 
0.8 
0.5 
0.6 
2.0 

17 
77 
1 
93 
68 
77 
70 
29 

2.2 
4.S 
7.1 
7.S 

10.8 
12.5 
13.1 
18.3 

0.2 
0.2 
0.3 
0.3 
0.4 
0.4 
0.4 
1.0 

0 
@I 
74 
0 
57 
62 
54 
26 

2.0 
4.6 
6.6 
7.7 

11.1 
12.3 
13.3 
17.4 

0.2 
0.2 
0.3 
0.4 
0.S 
0.4 
0.5 
1.3 

96 
102 
126 
126 
109 
69 
40 
34 

2.1 
S.0 
7.4 
8.0 

11.0 
12.1 
12.8 
14.7 

0.2 
0.2 
0.2 
0.3 
0.4 
0.4 
0.S 
1.1 

P * 0.08 
NS 
NS 
NS 
NS 
s 

P 0.07 
P-0.1 

*F ratio for interaction of anthelmintic treatment x trypanosomlasis prophylaxis significant at P < 0.05. 

DISCUSSION AND CONCLUSION
 

Anthelmintic treatments
 

The effects of anthelmintic treatments were generally favourable
 
though smaller than might be expected in view of the suspected

disease challenge. In part this was due to the interaction of
 
treatment with season, which showed that there were large
 
responses to treatment for pre-weaning weights, offspring

survival and thereby for overall productivity for dams kidding in
 
the early rainy season, November to April, but zero or negative
 
responses at other times of the year.
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The traits 
which contributed 
most to increases
productivity in overall
were 
offspring liveweight and survival
Effects on offspring weights traits.
 
were evident from birth to 84
in response to treatment of dams. 

days

Growth rates
days were from birth to 84
also higher for offspring of 
treated dams.
effects may have been due These
to improved birth weights and subsequent milk yields 
of treated dams. 
 It may be noted that dam
weights and weight changes also responded positively to 
treatment
in the rainy seasons 
(unlike the responses to trypanosomiasis


prophylaxis).
 

Offspring survival appeared only to be affected by treatment
from 84 days of age. 
 By this time offspring too
treated were being
 
due 

and it is likely that effects on survival were largely
to treatment of the individual rather than of the dam.
 
A surprising result 
was the apparent
effect on lack of treatment
the weights of weaned offspring 150 to 270 days of age.
This may be due to 
selection within 
the flocks,
Elaughter progressively removing the 

sales and

heavier kids
reroving the and mortality
lighter kids. Preliminary analyses have shown
tinuing significant coneffects of treatment 
reducing mortality over
the age of 84 to 180 or 


growth of 
270 days. While effects of treatment on
weaned goats may 
be demonstrated


trials, easily in controlled
in the field situation 
the effects on survival may be
more 
important and may mask liveweight effects.
 

Also unexpected was 
the positive response of litter
treatment size to
(+0.1 kids born/parturition in
in Newala both districts, P>0.01
District), especially 
in view of the apparently small
effects of treatment on breeding female 
liveweights 
or postpartum weight changes (noted only in the rainy seasons).
reduction in parturition intervals 
A small
 

was also observed.
reasons for The
these effects are not 
clear; 
 but they appear to be
partly independent of 
effects on liveweight or condition.
 

Effects of tsetse 'challengeand trypanosomiasis prophylaxis
 

Tsetse challenge and trypanosome prevalence
 

There were large (+23 to +27%) 
and significant effects of
panosomiasis prophylaxis try
overall productivity.
higher of the 

on Under the
two challenge levels, responses of +62
observed. to +77% were
These results indicate that 
even 
under ap 'arently low
tsetse fly densities 
(<I fly/trap/day)

trypanosome prevalences in goats 

and with apparently low

(1 to 4%) , worthwhile responses
to routine prophylaxis may be obtained 
(as also suggested by
Griffin and Allonby, 1979).
 

The results also, however, raise questions about the
curacy acof definition 

valence. 

of tsetse challenge and trypanosome pre-
The methods of estimation 
of tsetse challenge or
sease prevalence diwere not precise 
in these studies and did not
conform fully to the ILCA/ILRAD Trypanotolerance Network methods.
Fly densities were low to 
moderate in comparison' to Network
sites, but placement of traps for only 24
to over-estimate average fly densities 
hours might be expected


compared to Network sites
where traps were placed for 4-5 days. 
 A more serious limitation
may be the lack of fly infection 
rate data. Differences 
in
infection rates between Network sites may considerably modify the
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estimates of challenge (ILCA, 1986). It is nevertheless of
 
interest to note 
in these results that messured differences in
 
fly densities resulting in classifications of low and medium
 
challenge (corresponding to <0.1 and >0.3 to 1.0 flies/trap/day,

respectively) were associated with some differences in goat pro
6uctivity and with significant differences in responses to pro
phylaxis.
 

A second problem is in the diagnosis of disease and the
 
estimation of trypanosome prevalence. This may be 
a particular

problem in goats and sheep, especially if some degree of trypano
tolerance exists. Detection of trypanosomes in the blood may

then be difficult. In natural and experimental infections of
 
goats with local T. congolense in Mtwara, Connor (1985) and Fison
 
(1987) showed that while trypanosomes were detectable in all
 
infected goats under regimes of daily sampling, parasitaemias
 
were transient and of low intensity. Under spot survey, or
 
monthly sampling, many would be missed. It may therefore be
 
necessary to use serological methods in conjunction with 
more
 
frequent sampling for dark/ground buffy coat microscopy to deter
mine infection rates.
 

If trypanosome prevalence is genuinely low, however, the
 
apparent responses to prophylaxis require some explanation. It
 
may be that with a low prevalence of short-duration infections
 
the incidence of disease is still quite high, so that 
a high

proportion of animals may be infected over 
time and individuals
 
may experience several infections in a year. Preliminary indi
cations from IFAT analyses of sera do nnt seem to support such a
 
hypothesis, unless positive titres _ie detc:_tahle for only short
 
periods after the removal of para.-ites. Further study of sera of
 
goats and sheep should be conducted.
 

Biological responses to prophylaxis
 

The combination of observations on the effects of tsetse
 
challenge, responses to prophylaxis and their interactions allows
 
some interpretation of the biological effects of trypanosomiasis
 
and responses to its control.
 

The largest apparent effects of higher tsetse challenge were
 
in reduced offspring survival and longer parturition intervals.
 
These appeared to be the principal factors contributing to almost
 
statistically significant 
reductions in overall productivity.

Also evident was a small (-6% to -8%) depression of adult live
weights, consistent with an apparent trend developing in post
weaning weights of growing goats.
 

Responses to prophylaxis under the higher challenge level
 
were also most notable in reduced parturition intervals and
 
increased offspring survival (particularly through reduced still
birth and perinatal mortality), but also in increased offspring

weights from birth to 84 
days and in total 84-day weights (combi
ning traits of litter size, survival and average 84-day weight).
 

Trypanosomiasis prophylaxis also resulted in significantly

lower breeding female liveweights, mainly associated with greater

and more prolonged post-partum weight loss. This may have been a
 
direct effect of treatment with Samorin or an indirect effect
 
through influences on reproductive performance; offspring weights
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and survival could have led to increased demand for milk and
hence to greater dam weight loss 
post-partum. 
 Shorter
parturition intervals might also have contributed to 
reduced dam
weights through shorter post-partum liveweight recovery periods.
 
In view of 
the apparent depression of
under increasing adult liveweights
tsetse challengeit might 
have been expected
that prophylaxis would have restored liveweights
indication that over time. Some
this was 
gradually occurring
examination of was obtained
the interactions from
 

ment. of year and prophylaxis
This interaction was treatsignificant for breeding female liveweight traits 
and showed that
associated wj 
the greatest depression of weight
h prophylaxis 
occurred in 
the early
trial. By 194 no, or years of the
only small, differences in liveweights of
treated and untreated animals were 
evident and there
for liveweights was a trend
of adult 
females under prophylaxis
the years. to rise over
There may, therefore, be 
different short-
 and longterm effects of prophylaxis on breeding female liveweights.
 

The effects of prophylaxis 
on reproductive performance were
to depress litter sizes 
and'shorten parturition intervals.
effect on litter size may have The
occurred through
liveweights, though effects on
the response dam
 was larger than might be expected from this 
cause alone 
(-0.13 kids/kidding compared to
average liveweight difference an
at conception
1.8kg). The of about -1.5 to effect on parturition intervals might have been due
to effects 
on either fertility and/or
occurrence of abortion. a reduction in 
the
There were few reports of early or
term abortion recorded in midthe study;
recognized problem in the 
it was not a commonly
area
required to confirm this. 

and close recording would be
Further analysis of of
the occurrence
unexplained, particularly long parturition intervals may provide
more indications 
of the relative importance of
It is of interest these mechanisms.
that parturition intervals appeared 
to be
reduced by prophylaxis despite lower post-partum liveweights
perhaps higher milk yields of dams 
 and
(though most conceptions would
in fact still have occurred after weaning).
 

Interaction 
of anthelmintic 
treatment 
and trypanosomiasis 
prophylaxis
 

There were 
no indications of interactions between the
ments two treatfor breeding female productivity

There was or component
thus traits.
no suggestion 
that responses 
to individual treatments were affected by receipt of the other.
indication that responses Nor was there any
to one treatment were
presence affected by the
or absence of 
the other disease.
trypanosomiasis prophylaxis were the 

Thus, responses to
 
infections same whether or not helminth
were suppressed 
and vice-versa.
information In the absence
on infection of
rates 
of the two diseases,
do not allow conclusions on the results
the possible effects of trypanosomiasis on immunosuppression in relation
(as noted in infection rates by Griffin et 

to helminth infections
 
et al., 1981), al., 1986 and Griffin
but suggest that it may not 
be important for
overall productivity in the field situation.
 

In contrast among weaned, growing 
immature
was some indication animals, there
that animals presumed
infection to be carrying one
(whether trypanosomiasis 
or helminthiasis)
larger responses to treatment showed
for the other infection than if the
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first infection was controlled. This implies that infections
 
with the second disease were more prevalent, or had more effect,
 
if animals also carried the first infection, consistent with the
 
assumption of immunosuppression due to the first infection. Re
moval or reduction of one infection thus apparently increased the
 
resistance to, or tolerance of, the second, in this age group of
 
goats.
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Health and produotivty of trypanotolerantandsusceptible cattle exposed to rypanosomsisin Gabonand the impact of strategic ohemoprophylax 

G. ORDNA'R, C. COLARDELLE, G.D.M. d'YA'TERA'N, P. DUt'fONT, P. 17'TY,P. JEANNIN, S.G.A. LEAK, J.H.H. MAEHL, S.M. NAGDA, R.W PALING,J.M. RARIEYA, W. THORPE, J.C. TRAIL and G. YANGARI 

INTRODUCTION
 

The health and performance of 
two strains of trypanotolerant
N'Dama, usceptible Nguni and their crosses, 
 were studied over a
three-year period, 1983-1985 at OGAPROV ranch in Gabon where they
were exposed to trypanosomiasis. 
 The influences 
of breed
animal age on the prevalence, species and 
and
 

intensity of trypanosome parasitaemia 
are presented and the effects of trypanosome infection and 
breed and cow lactational status on the PCV
and reproductive performance are 
estimated.
 

In 
late 1986 an experimental study 
was implemented to
evaluate the effect of 
a strategic trypanocidal drug regime and
its interaction 
with breed type. Preliminary results on some
health and performance characters 
are presented.
 

The research protocol applied was 
that of 
the ATLN (Murray
et al., 1983). 
The Gabon site has been described 
by ILCA (1986)
and a summary is given in article 3 of these Proceedings.
 

RESULTS
 

Mean monthly trypanosome prevalence in Nguni cows averaged 25.9%,
this being about three times higher than the prevalences of
two N'Dama strains. The Nguni the
 
x N'Dama crosses 
had an intermediate prevalence, 16.5%. 
 Thus the N'Dama had about 
one
detected trypanosome parasitaemia per 
cow per year and were
either infected less 
 and/or were better able to control parasitaemia than crossbreds or pure Nguni which had 2.1 and 3.2 infections/cow/year, respectively (Table 1). 
 The table shows annual
cow mortality in Nguni to 
be four times that of 
the other breed
groups. Pre-weaner mortality of 
calves with 75%
genes was over or more Nguni
two times higher that of pure breed N'Dama calves.
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Table 1. 	Comparison of breeds for mean monthly trypanosome

prevalence (M), mean number of trypanosome infections
 
in cows and annual mortality of cows and calves,
 
OGAPROV, 1983-1985.
 

Breed No. of Preval. No. of try- Annual mortality 
cow- in cows panosome in- (%) 
years (M fections/cow/---------------

year Cows Calves
 

N'Dama Okouma 119 7.5 0.97 1.8 4.9
 
N'Dama Senegal 129 10.1 1.29 2.4 

N'Dama x Nguni 107 16.5 2.12 1.9 
 1 2 .5a
 
Nguni 41 25.9 3.20 9.8
 

apre-weaners with 75% or 100% Nguni genes.
 

Table 2 shows the relative frequencies of T. congolense and
 
T. vivax infections for the different breeds and animal ages.

While the frequencies were very similar in the two N'Dama strains
 
and the crosses, Nguni had a lower frequency of T. congolense and
 
a higher frequency of T. vivax infections. As a result the Nguni

vivax : congolense ratio was 0.46 compared to an average of 0.29
 
for the other breed groups.
 

The comparison of two animal age groups in Table 2 clearly

shows the higher proportion of T. congolense infections in cows
 
compared to calves which were more often infected with T. vivax.
 
This was reflected in a vivax : congolense ratio of below one for
 
cows and greater than one for calves, a result consistent with
 
those from other Network sites (d'Ieteren et al., article 10 of
 
these Proceedings).
 

These results would therefore suggest that N'Dama and cross
breds compared to Nguni and cows compared to calves have a better
 
acquired immunity to T. vivax infection and that in the study
 
area there are less serodemes of T. vivax than of T. congolense.
 

A scoring 	system (1 = low to 6 = high) was used to quantify

the intensity of trypanosome parasitaemia in the animal. Table 3
 
indicates that, in general, 60-80% of all detected parasitaemias
 
were scored 1 or 2, i.e. lvs. than 10,000 trypanosomes/ml blood.
 
An average score of 1.8 fo - tiie N'Dama Okouma 
strain contrasted
 
with an average score of 2.3 for the susceptible Nguni. There was
 
nio apparent effect of age on the intensity of trypanosome para
sitaemia.
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Table 2. 	Relative frequencies (M) of T. congolense and 2. brucei
infections 
in cattle 
of different 
breeds and age,

OGAPROV, 1983-1985.
 

Source of 	variation No. of 
 T. 
 T. Vivax:cong

infec- congolense vivax 
 ratio
tions W% M%
 

Breed
 
N'Dama Okouma 
 120

N'Dama Senegal 187 

78 22 0.28

75 	 23
N'Dama x Nguni 	 0.31


243 
 78 
 22 	 0.28
Nguni 
 169 68 31 
 0.46
 

Agea

Cows 
 307 76 23 
 0.30
Calves 
 182 
 46 	 53 
 1.20
 

aN'Dama.
 

Table 3. 
Relative frequences (M) of parasitaemia

congolense infections in 

scores of T.
 
cows of different breeds,


OGAPROV, 1983-1985.
 

Breed 
 Number of Parasitaemia score classes
 
infections
 

1-2 3-6
 

N'Dama Okouma 
 93 80 20
N'Dama Senegal 
 140 
 71 	 28
N'Dama x Nguni 
 189 
 75 	 25
Nguni 
 114 
 64 	 36
 

Table 4. 
Effect of trypanosome infection in the 
cow during the
breeding year on average PCV 
(%) in the breeding year,

OGAPROV, 1983-1985.
 

Trypanosome infection 
 No. of 
 Least-squares
 
cow-years 
 mean
 

No infection 
 123 
 35.0
1 or more 	infections 
 273 
 31.0
Diff. 

s.e. 4.0 
Prob. 0.60
 

P<0.001
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As shown in Table 4 one or more trypanosome parasitaemic

months detected in the cow during the breeding year(Dec-Nov)

depressed 	the average PCV in 
the same 	period by 4.0 percentage

units (P<0.001). More data will be required to allov 
the effect
 
of trypanosome species to be estimated independently from the
 
number of infections.
 

In Table 5 breeds are compared for the average PCV of cows
 
during the breading year. The results suggest a superior level
 
of trypanotolerance in N'Dama Okouma, which maintained 
the
 
highest PCV of 33.3 as compared to the apparently less adapted

N'Dama from Senegal (31.3k) and the susceptible Nguni which had
 
the lowest PCV, 30.5. Crosses had a sinilar mean PCV to the
 
N'Dama Senegal strain.
 

Table 5. 	Effect of cow breed on average PCV (%) in the breeding
 
year, OGAPROV, 1983-1985.
 

Breed 	 No. of Least-squares s.e.
 
cow-years mean
 

N'Dama Okouma 119 3 3 .3a 0.29
 
N'Dama Senegal 129 .3bc 0.27
3 1
 
N'Dama x Nguni 
 107 3 1 .6ab 0.29
 
Nguni 41 .5c
3 0 0.46
 

Means with a common 	superscript do not differ significantly
 
(P(0.05).
 

Lactational status of the cow significantly affected average

PCV level during the breeding year (Table 6). PCV was 1.4 per
centage units lower in lactating as compared to dry cows
 
(P<0.301).
 

Table 6. 	Effect of lactational status on average PCV (%) in the 

breeding year, OGAPROV, 1983-1985.
 

Lactational status No. of cow-years Least-squares mean
 

Dry 
 264 	 32.4
 
Lactating 	 132 
 31.0
 
Diff. 
 1.4
 
s.e. 
 0.36
 
Prob. 
 P(0.001
 

Calving percentage was depressed by one third when cows were
 
infected with trypanosomes for two or more months during the year

preceding the calving season (Table 7).
 

313
 



Table 7. 
Effect of trypanosome infection during the breeding

year on calving percentage of N'Dama cows, OGAPROV,
 
1983-1985.
 

No. of trypanosome Number of 
 Calving percentage

infections 
 cow-years
 

L.S. Me&.. s.e.
 

0 136 

5 5 .7 a 5.18
1 
 67 

5 5 .3 a 6.99
2 or more 
 75 
 3 8 .3a 8.56
 

Means with common superscript do not differ 
significantly

(P<0.05).
 
L.S. = least squares.
 

Calving percentage appeared to be related to 
average PCV
level in the breeding season. PCVs below 30 were 
associated with
relatively lower calving rates 
and PCVs above 34 with higher
calving rates (Table 8). 
 This indication was confirmed by similar results 
from other Network sites 
where the relationship
between average PCV during the 
lactation and subsequent calving
interval could be analysed (Thorpe et al., article 
21 of these

Proceedings).
 

Table 8. Effect of average PCV in the breeding season on the
subsequent calving percentage of N'Dama cows, OGAPROV,
 
1983-1985.
 

PCV class Number of 
 Calving percentage
 
cow-years
 

L.S. Mean s.e.
 

<30 
 65 

3 7 .6 a 6.35
30 - 32 
 59 

4 5 .6a 6.45


33 - 34 
 32 

5 5 .9a 8.64
>34 
 91 

5 6 .7a 5.42
 

Means with common superscript do not differ 
significantly

(P<0.05).
 

Strategic chemoprophylaxis
 

With the reorganisation of 
herds at OGAPROV in 1986 it is
possible to experimentally evaluate the effect of strategic trypanocidal drug use and its interaction with breed type on animal
health and performance. The chemoprophylactic regime aims
protecting breeding cows 
at
 

against trypanosome infections during 
a
three 
month breeding season (December to February) in order to
increase reproductive performance. 
 Cows are treated with isometamidium chloride (Samorin) in November, preceded by a sanative
 
Berenil treatment.
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Figure 1. 	Mean monthly trypanosome prevalence (%) and PCV (t) of
 
non-prophylactic N'Dama cows.
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Figure 2. 	Mean monthly PCV (%) in cows of different breeds
 
following chemoprophylactic treatment, OGAPROV.
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Figure 3. 	Effect of chemoprophylaxis on trypanosome prevalence
 
(W) in cows of different breed type, OGAPROV.
 



Figure 1 shows the monthly variation in trypanosome prevalence and PCV of the untreated N'Dama control group. 
 Trypanosomiasis risk reached 
a peak at the beginning of the breeding
season in December with a mean 
trypanosome prevalence of 
nearly
20% 	therefore 
justifying the chemoprophylactic treatment in November. Figure 1 also 
shows a close relationship between 
the
monthly means of trypanosome prevalence and PCV level, confirming
the depressive effect 
of trypanosome infection 
on blood packed

cell 	volume percent.
 

Following Samorin treatment in November PCV was higher 
in
all three breed groups and higher than that of the N'Dama control
population. The supericrity was maintained over 
at least a five
month period to April 1987 
as shown in Figure 2.
 

The duration of the protective effect of Samorin is presented in Figure 3. Trypanosome infections were 
first detected 4
months after treatment in the N'Dama and 6 months after treatment
in the small group of F1 and purebred cows. 
This 	result suggests
that 	there may not be any differential breed effect on 
the period
of protection for this narticular trypanocidal drug regime.
 

Did the strategic 
use 	of Samorin also affect reproductive
performance? Table 
9 gives the preliminary results 
for the conception 
rate 	of N'Dama cows. Treatment shortly before the
breeding season gave 
 only 	a small increase in conc3ption rate.
With more data available it will be 
possible to evaluate
accurately the effect of the 
trypanocidal drug regime 
on all
health and performance parameters under study.
 

Table 9. Effect of 
strategic chemoprophylaxis 
on the fertility

of N'Dama cows, OGAPROV, 1987.
 

Prophylactic regime 
 No. of 
 Cows pregnant
 
palpations
 

N %
 

No prophylaxis 
 231 	 169 73
Partial prophylaxisa 
 230 
 177 77
 

aBerenil/Samorin treatment in November before breeding season.
 

CONCLUSION
 

When 	exposed to a medium tsetse challenge at the management level
and conditions of OGAPROV, N'Dama performed well, but Nguni could
not survive without chemotherapy and have average 
performance
without chemoprophylaxis. 
 The Nguni x N'Dama crosses were intermediate between the 
two parent 
breeds for the indications of
trypanotolerance. 
 Response to prophylaxis may be better 
in the
crosses 
than 	in the N'Dama and Nguni.
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Observations following the cyclical infection with

Tr1mmanosom& congolense 
 of previously uninfectedi 
Broule and zebu cattle 

G. DUVALLE, A. OUEDRAOGA, M. PINDER and A. VAN MELICK 

INTRODUCTION
 

Since the beginning of the century it 
has been known that humpless African cattle suffer less from 
trypanosome infectionzebus (Pierre, 1906; Cazablou, 1906) . These 
than 

West African
taurine breeds manage to live and 
multiply in tsetse-infested
 
areas where trypanosomiasis rapidly 
kills zebus. This ability
which is also found in 
species of wildlife, is called trypano
tolerance (IEMVT, 1977).
 

A better knowledge of trypanotoleraice is an essential component for livestock development in humid savanna regions. 
 It is
for this reason that the CRTA in Bobo-Dioulasso is carrying out

research on this natural resistance.
 

Observations within the Baoule breed 
(phenotypically selected animals) have shown 
that this trypano-resistance is 
a variable trait and that although some animals 
were very resistant
others died very quickly under high tsetse 
challenge (Roelants,

1986).
 

In order to enable selection of susceptible and resistant
animals 
they were exposed to natural high challenge at the experimental station of Samandeni 
(Roelants et al., 1983). Pinder
et al. (1987) have demonstrated, by comparing a natural infection
under high tsetse challenge with an experimental cyclical infection with a T. congolense clone derived from 
an East African
strain, that 
there is no correlation between these 
two types of
infection and that in 

the 

a stable it is not possible to reproduce

same observations obtained under natural challenge.
 

We have tried to make the selection by exposing the animals
to cyclical experimental infection of 
a T. congolense clone
derived from a West African strain in a tsetse-free building.
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MATERIALS AND METHODS
 

Trypanosomes
 

The T. congolense clone used in this 
experiment is a
Karankasso/83/CRTA/57 strain stabilate 12 of 24/1/86 isolated
 
near Bobo-Dioulasso. This strain has already been used 
at the

CRTA in a mouse model to study trypano-resistance (Pinder et al.,

1985; Pinder et al., 1966; Roelants and Pinder, 1987).
 

Cattle
 

The 5 zebus and 17 Baoules used in the experiment were born at
the CRTA and raised in a tsetse-free stable. At the beginning of

the experiment, the animals were between 10 and 12 months old.
 

Tsetse
 

Cyclical infection was carried out 
with female Glossina morsitans

submorsitans from the CRTA colony. Newly hatched tsetse took
their first three blood meals from ears of rabbits which had been

infected three 
days earlier. Subsequent meals were membrane

feeds. Twenty days following the first 
blood meal, salivary

probe 
samples were collected on microscope slides warmed to a
 
temperature of 37°C, and, out of 
1089 live tsetse, 11 were found
to be infected (10.1%).
 

Infection in cattle
 

Five zebus and 11 
Baoules were bitten once by an infected tsetse
which was allowed to feed on the flank of 
the previously

tranquillized animal (Rompun2%(R,0.2ml/100kg). The remaining

six Baoules were kept as controls.
 

The animals were monitored by regularly checking weight,

body temperature, skin reactions, PCV and parasitaemia as well as

specific immune responses by the complement lysis test. One zebu

(No. 698) 
was treated with Berenil (R) on day 31 following infec
tion due 
to a poor general condition and a PCV of 20%. All the
other animals, including the controls, were treated with Berenil

(R) at the end of the experiment on 10/7/86. 
 This date, chosen

for logistic reasons, corresponds with days 80 
and 93 following

infection, depending on the animals.
 

lysis test. The immune 


Complement lysis test 

For each
isolated 

parasitaemic bovine,in irradiated mice 
the fii peak parasitaepia(650rd,'Cs 0.Krad.mn-) was

and 
preserved in liquid nitrogen for future use as antigens in the 

response of 
each bovine was studied
individually using as antigen the 
first parasitaemia peak

isolated in each animal.
 

The test was done by micromethod (Terasak! plates). Guinea
pig serum preserved in liquid nitrogen was 
used as a source of
complement. The stabilates were 
inoculated into irradiated mice
 
to allow multiplication and collection of trypanosomes. 
 For each
bovine, six sera were 
chosen between day 0 and day 130 following

infection in.order to determine the titre producing 100% lysis.
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RESULTS
 

Infection
 

In 14 out of 19 cases, 
a single bite from an infected fly (sometimes an attempt only, i.e. penetration of the buccal parts
without blood suckling) infected the 
cattle. 
 In two Baoule
cattle no infection was observed after being bitten by 
infected
tsetse, even though the two flies 
involved had infected 
other
cattle in the group. In total, 
five zebus 
and nine Baoules

showed patent parasitaemia.
 

Skin reactions - prepatent periods
 

In Table 1, we have 
shown the presence or absence of skin
reactions (chancres) to infected fly bites 
for each animal, the
period of observation 
of the chancre and the prepatent period.
For the latter we have indicated the interval betwEen 
the last
negative observation and the first positive observation. Results
do not show any difference between zebus and Baoules.
 

Table 1. Skin reactions and prepatent periods.
 

Chancre

Prepatent


Cattle 
 + / - Dates periods
 

Z 693 
 + 9/1 6a 12/16b

E 698 
 + 9/16 
 12/16

B
 
U 703 
 + 9/12 16/18
S 708 


16/18
709 

18/21
 

815 
 + 6/15 
 15/17
B 850 
 + 13/16 
 16/20

A
 
0 824 
 + 9/20 
 16/20
U 859 
 + 9/12 
 13/15

L
 
E 827 


14/16
S 848 

15/19
842-

16/19
840 
 -
 16/20
849 
 _ 
 15/18
 

aObserved from day 9 to day 16 after infection.

bParasitaemias negative on day 
12 and positive on day 16
 

after infection.
 

Body temperature
 

The average body temperatures were calculated 
for each group of
animals every 
five days. The infected group did not show any
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differences (Figure 1) 
and the temperature curves closely

followed the parasitaemia curves.
 

39,5 

38,51 
20 30 , 0 50 60 70 80 90 100 

- aoule control - - - Infected Baoules -.-. Infected zebus 

Figure 1. Body temperature. 

Weight
 

Weight change after infection was expressed 
as a percentage of
weight at infection. 
Results for each group of animals 
are shown
 
in Figure 2.
 

Stati.stical analysis 
shows that the difference between
Baoule controls and infected Baoules 
(which is not significant up
to day 70 following infection) becomes significant from day 80
 
onwards.
 

H00.1. co troll 
(6) 

I0
 

Infected ub 

13)
 

0 

10 10 30 10 so 60 70 so to 100 

0 , Infection 

Figure 2. Veight change of 
three groups of animals after
 

infection.
 

PCV
 

PCV changes were calculated for each group of animals every five

days and are shown on Figure 3.
 

The four zebus which were not 
treated during the experiment
had PCVs of 38.5% at the beginning of the infection 
and 23.1%
around the 55th day. After the 55th day, PCV 
rose gradually and
reached the same level as 
that of the infected Baoules (29.1%) on
 
the 80th day.
 

Infected Baoules had a minimum PCV level of 27% 
on the 55th
day, after which PCV rose gradually and reached a normal level at

the time of treatment.
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Figure 3. PCV change. 

Baoule controls had PCV levels varying 
from 32 to 35.4%

during the period of observations.
 

Statistical analysis was based on 
the average variations for
each animal, between the highest and 
the lowest values observed

during the period. Results are summarized in Table 2.
 

Table 2. PCVs: 
drop and minimum level 
during the period of
 
observation.
 

Number Drop Minimum
 

Baoule 
 9.8 28.3
 
Controls 
 6 (1.72) (1.37)
 

Infected 
 11.8 25.1
Baoules 
 9 (2.92) (1.9)
 

Infected 
 17.5 21.7
 

Zebus 
 4 (3.7) (2.8) 

= standard deviation 

The difference between infected zebus and Baoules is verysignificant, but the difference between Baoule controls and infected Baoules is not significant. 
 There is a significant

difference between infected Baoules and zebus for minimum levels
 
observed (p-2.8% for 11 df).
 

Parasitaemia
 

Results of parasitaemias (level of first and
peak duration of
detectable parasitaemia) are shown 
on Figure 4 and summarized in
 
Table 3.
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Figure 4. Parasitaemia scores.
 

Table 3. 	Parasitaemias: level of first peak and duration of
 
detectable parasitaemia.
 

Number Level of Duration of detectable 
1st peak parasitaemia 

5.67 
Baoules 9 (0.23) 62 

5.82 
Zebus 5 (0.16) 82* 

Comparison of averages NS S 
P>0.20 P<0.01 

*Number = 4 

No difference was observed between Baoules and zebus for the
 
first parasitaemia peak. But the duration of detectable parasi
taemia was significantly higher in zebus.
 

71tre 100%1ysLA 

A A A 
128 

64 
A 

2 3 A 

16*A 0 0 OA 

A* 	 I SA 

Odmy.Ineto 20 40 	 ;0 16 

* B&Osdm(8)
 

A ZeIw (4)
 

Figure 5. Immune response: Complement lysis test
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Immune response
 

Results 
are shown in Figure 5. We have 
shown serum 
titres
producing 100% 
lysis with complement. 
 The response
appears of zebus
to be as high (titre) as 
that of the Baoules, but appears
later (80th day vs 
60th day). These are 
just preliminary results
and immune responses of animals in this monitored experiment
should be studied in greater depth.
 

CONCLUSION
 

In brief, this 
is an experiment on 
the cyclical infection of
previously uninfected Baoule and zebu cattle with 
a T. congolense
strain isolated in the Bobo-Dioulasso area.
 

The PCV drop in zebus is significantly higher than in Baoule
cattle. With 
the exception of 
one zebu which had 
to be treated
prematurely, 
all infected animals began to 
regulate their
from the PCV
55th day following infection, before treatment.
cattle also Baoule
controlled their 
parasitaemia faster 
than zebus although the levels of 
first peak parasitaemias were 
not signifi
cantly different.
 

No marked differences 
w.re observed within the 
group of
infected Baoules to enable selection of resistant and susceptible
animals. As Pinder et al. (1987) 
have demonstrated,
therefore be it would
difficult to 
select susceptible 
and resistant
animals in the Baoule breed in tsetse-free stables using classic
 
parameters.
 

After this experiment, 
the animals were exposed in the field
to allow comparison under 
high natural challenge. Analyses of
results are presently underway.
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Economics
 



33 
Livestock deveLopment and economic productivity

in tsetse-infested Africa
 

0. TACHER, H.E. JAHNKE, D. ROJAT and P. KE1', 

INTRODUCTION
 

Environmental and economic aspects
 

To tackle economic aspects of trypanosomiasis means to consider

the disease as a constraint to rural development in general. 
 We
have to face the great variability in trypanosomiasis situations:
 
economic variability in 
addition to ecological variability. We

also are obliged to consider each region as a particular case.
 

The disease is not just a medical defect to 
be remedied at
whatever price, but it is an environmental obstacle to the
increase of national production and revenue which are 
the two

main criteria of development. These two criteria are not
 
necessarily linked.
 

A basic function of the livestock sector is to provide

sufficient animal protein for human diet.
the The question
arises whether the forced development of national livestock production at whatever cost is the best approach to meet this goal.
If we only regard the role of livestock as a source of marketable

products in terms of protein, 
we have to discuss the benefits of
 
imports using comparative cost advantages instead of 
stressing
self-sufficiency. But livestock production in tropical Africa is

of much more importance. We should not overlook its eminent role

in subsistence providing consumable 
and easily marketable goods.

And we have to regard the potential of animal traction other
or 

intermediate products for rural development.
 

Trypanosomiasis certainly is 
not the only constraint to
livestock production and rural development. Other human or

animal 
diseases intervene and scarcity of production factors in

general may act as development obstacles, 
even in tsetse-free or
 
reclaimed areas.
 

Alternative approaches
 

The nature of trypanosomiasis permits a wide range of methods and
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measures of control 
or eradication. A major approach is 
to fight

the vectors by various methods. Another technique is to use
 
drugs to 
protect livestock against the pathogens in different
 
challenge situations. The introduction of trypanotolerant

cattle, or game exploitation are other alternatives. Each of

these approaches have many variations, especially the first one

and these variations may be combined in integrated programmes

depending upon local conditions. Still combinations are rare and

campaigns tend to favour a single method.
 

Evaluation methods: 
 costs, benefits and risks
 

Responding to trypanosomiasis requires decisions 
on a political

level. Individual producers can 
hardly meet the problem by

themselves. Even private decisions, 
for example to administer
 
drugs or to purchase typanotolerant cattle by individual 
pro
ducers depend greatly upon the context created by public policy

concerning availability and price of various inputs such as 
drugs

and trypanotolerant cattle.
 

The alternative approaches to the disease have 
to be treated
 
as separate projects and subjected to economic analysis. Gener
ally we apply the technique of social cost-benefit analysis in

order to estimate the monetary benefits of control or eradication
 
campaigns. The cost-benefit flow is calculated and the internal
 
rate of return (IRR) is estimated. The purpose is to reveal the

profitability of any anti-trypanosomiasis approach for the

society as a whole. All necessary inputs and outputs must be

taken into account, either by 
market prices or shadow prices.

The economic evaluation requires the proper accounting 
of all
 
costs and benefits involved. Besides direct costs 
and benefits

the indirect ones, which are difficult to agree on and to
 
estimate, have to be taken into account.
 

Attention has to 
be given to discount rates and duration
 
periods. Strictly speaking, comparisons of results between dif
ferent approaches against trypanosomiasis can only be made if

they are equivalent or transformed in these two areas.
 

Each cost-benefit evaluation should consider the 
distri
bution of the financial burden of campaigns between 
different
 
economic agents, e.g. state, producers and consumers. The
general assumption is that the 
state takes all the costs and the
 
producers all the benefits. 
 In some cases, for example in the
 
use of drugs, or targets and screens, producers could be obliged

to share the costs. Finally we have to take 
into consideration
 
whether the 
costs require local or foreign currency. These
 
aspects are rarely considered in existing studies but are
 
extremely important.
 

ECONOMICS
 

Here we mainly present data from improved production systems such
 
as ranches or stations, one of the reasons being that there are
 
more data available on these than on traditional systems. Data

referring to traditional livestock systems 
are difficult to

obtain. 
 Especially the potential benefits of intermediate live
stock products are difficult to agree on and further are
difficult to assess for cost-benefit analysis. But we have to
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keep in mind that 95% of the total meat production is provided by
 
the traditional sector.
 

Costs of tsetse eradication or control
 

Cost comparisons between different methods of controlling or
 
eradicating tsetse are difficult due to the extreme variability
 
in ecological conditions already mentioned. The available data
 
are not homogeneous, despite the fact that in 1977 the FAO pro
posed to standardize their presentation during a specialized
 
meeting about the economics of trypanosomiasis. In particular,

only current costs are usually counted, thus reducing evaluations
 
co a large but unknown extent. Tsetse eradicated areas are
 
usually considered as being definitely free from trypanosomiasis;
 
almost no notice is taken of maintenance costs to avoid re
invasion by tsetse flies or other biting flies. Comparisons of
 
costs expressed in different currencies at different dates do not
 
have much significance at first sight. To overcome this
 
difficulty and to obtain values in terms of equivalent US dollars
 
(1987) we have used the following method.
 

To warrant a constant purchase power in US dollars we con
verted local currencies into US dollars for the year in which the
 
programme occurred (FAO Trade Yearbooks) and connected the re
sults both by price index of manufactured products exported by

developed countries (UN) and by effective exchange rate of the US
 
dollar (International Monetary Fund (IMF]). This method is not
 
entirely appropriate for developing countries in general and has
 
even more limitations for Africa due to the great fluctuations in
 
money convertibility. Additionally it ignores the proportions of
 
costs which are in national and foreign currencies.
 

Despite these restrictions, our approach made it possible to
 
present comparable data.
 

Insecticides
 

Tables 1 - 3 show the costs of tsetse eradication per sq. km. 
reclaimed using insecticides by ground, helicopter or aircraft 
spraying in several countries of Africa. 

Table 1. Costs of tsetse eradication by helicopter spraying in
 

US dollars 1987, per sq. km reclaimed.
 

Country Year Reference Cost
 

Zimbabwe 1983 Hursey and Alsopp 425
 
Zimbabwe 1986 Hursey et al. 378
 
Nigeria 1980 Putt et al. 790
 
Cameroon around 1980 Cuisance et al. 1923
 

Most figures range from US$170 to US$790 per sq. km. or 
expressed as a ratio from 1 to 4.5. Two sources L pear to be 
very different from all others: the one for Cameroon concerning 
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the Adamaoua region (Cuisance et al., 1987) and 
for Mali (Shaw
and Kamate, 1981) evaluated, respectively, at US$1900 and US$3400
per sq. km. These differences 
are due to the duration of
programme the
for Cameroon 
(10 years, including annual 
maintenance
and the whole technical staff with 
expatriate specialists) and
for Mali, by taking into account 
preliminary entomological
studies and 
also the whole technical staff. 
 For these reasons
maintenance 
costs evaluated for from the same source also
Mali 

seem to be extremely high (US$1900 per sq. km. per year).
 
Table 2. Costs 
of tsetse eradication 
by ground spraying in US
 

dollars 1987, per sq. km. reclaimed.
 

Country Year 
 Reference 
 Cost
 

Zimbabwe 
 1983 Hursey and Allsopp 209
Zimbabwe 
 1984 
 pers. comm. 
 235
Zimbabwe 
 1985 
 pers. comm.

Zimbabwe 
 1986 Hursey et al. 

207
 
170
Botswana 
 1976 
 FAO. 1977 
 196
Nigeria 
 1980 Putt et al. 
 705
Mali 
 1981 
 Shaw and Kamante 
 3422
 

Maintenance: US$1914 per year in Mali 
%Shaw and Kamante, 1981) 
-

with barriers.
 

Data for Nigeria (Putt et 
al., 1980), also including the
costs of technical staff, are 
lower than the previous ones due
the high reclaimed/treated to
 
area average ratio.
 

Finally we 
can assume that eradication costs 
by insecticide
spraying range from US$170 to US$700 for ground spraying (average
287), 
from US$380 to US$790 for helicopter spraying (average 530)
and from US$180 
to US$515 for aircraft spraying (average 405),
providing that knowledge of the situation is 
sufficient to 
avoid
costly preliminary studies and eradication is achieved in 
a short
time (hence excluding data of 
Cuisancr- et al., 
1987 for Cameroon
and Shaw and Kamate, 1981 for Mali).
 

Table 3. 
Costs of tsetse eradication by fixed-wing aircraft
spraying, in US dollars 1987, per sq. km. reclaimed.
 

Country 
 Year 
 Reference 
 Cost
 

Cote d'Ivoire 
 1978 GTZ/IEMVT 
 464
Botswana 
 1976 
 FAO. 1977 
 183
Zimbabwe 
 1984 
 pers. comm. 
 515
Zimbabwe 
 1985 
 pers. comm. 
 457
 

As expected ground spraying seems 
less expensive than helicopter spraying; 
 the first also reduces 
the costs in foreign
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currencies; the share of foreign currencies for ground spraying

is estimated 	to be 20% versus 90% for helicopter spraying.

Additionally 	ground spraying needs less insecticide and thus
 
reduces pollution.
 

Traps and screens
 

Table 4 presents the costs of "initial" eradication using traps

and/or screens impregnated with insecticides in different
 
situations. In Zimbabwe they are applied against savanna flies
 
and in Burkina Faso against gallery species. In Burkina Faso the
 
method has been associated with the use of the sterile male
 
technique.
 

Table 4. Costs of tsetse eradication by impregnated traps and
 

screens, in US dollars 1987, per sq. km reclaimed.
 

Country Year Reference 	 Cost
 

Burkina Faso 1983 Politzar et al. 39
 
Zimbabwe 1986 Hursey et al. 	 345
 
Cote d'Ivoire 1983 Kupper et al. 	 54
 

Maintenance: 	 US$19 per year in Burkina Faso (Politzer et al., In
 
prep.)
 

Costs are very different in the two tsetse situations,
 
according to the greater surface reclaimed per trap or screen in
 
gallery cases. For Cote d'Ivoire costs are much lower by the use
 
of traps than by insecticide spraying, whereas for Zimbabwe they
 
are roughly the same.
 

The use of traps represents a satisfactory method because of
 
its cheapness and flexibility; in addition it creates less
 
pollution than insecticides and induces more national added value
 
due to the greater part of inputs of national origin. Its effi
ciency is comparable with ground spraying but traps cannot be set
 
in rough terrain.
 

For these reasons traps should be taken into consideration
 
wherever their effectiveness is assumed to be equal or better
 
than that of insecticide spraying. But the use of trap needs
 
available labour and is faced with social constraints that do not
 
occur in other eradication programs. The local populaticn must
 
be aware of the presence and purpose of targets to avoid theft,
 
especially when their participation in maintenance is planned.
 

Other methods
 

Sterile insect technique (SIT): This technique has been used
 
since 1980 in Burkina Faso, jointly with insecticide-impregnated
 
traps and screens (Brandl, 1986). The total costs per sq. km.
 
for five years including infrastructure, foreign experts, estab
lishment and maintenance of trap barriers during two years amount
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to US$626 (1987). It 
seems expensive but is comparable with most
of the figures of insecticide spraying due 
to the high reclaimed
area 
(mainly riverine glossina). Additionally SIT is the sole
non-pollutant control method.
 

Cattle as 
"live baits": the 
death of glossina which had
bitten cattle has been reported when cattle 
were treated against
ticks in dipping-tanks (Hursey et

administration 

al., 1986) or after systemic
of invermectin (Distelmans 
et al., 1983).
current dipping costs in Zimbabwe have been reported 
The
 

to be about
US$17 per year per sq. km.
 

Vaccination: 
 The development of 
a vaccine has been actively
investigated, particularly by 
ILRAD. At present this does not
seem possible, but any new 
research proposals should be

supported.
 

two latter methods
The are not yet effective enough
been used in to have
large-scale eradication schemes. 
 They have not
generated economic data 
that would permit a comparison with
preceding techniques. 
the
 

Comparisons
 

Though it is hazardous to 
compare data obtained in different
conditions, it 
seems that generally the most 
costly methods for
short-term eradication 
are insecticides

spraying) and sterile males 

(mainly by helicopter
and the least costly are traps and
screens 
(whose attractant power is multiplied by 4 to 
8 when


odour-baited).
 

A comparison between different methods, based
field data or on either
prospective evaluations, has recently been made by
Brandl (1986) for Burkina Faso. Costs of 
the SIT increases with
the duration period 
and with the number of glossina species
eradicate. to
They decrease relative 
to the size of the eradication
area. Costs 
of traps increase with the period of 
time and decrease 
with the size of area. Traps are 
better than helicopters
for periods lower than 15 years, but become more expensive if the
duration is longer.
 

The ranking of 
costs of the different methods
pending on the period of time 
changes de

needed 
to achieve eradication.
These comparisons will be recapitulated and illustrated 
further,
including evaluation of drug alternatives.
 

Economics of 
livestock production in reclaimed areas
 
It is 
still difficult 
to define the tsetse or trypanosomiasis
challenge by a standardized 
and fully acceptable variable.
present descriptions range from "low" 

At
 
to "high" or "medium",
which are imprecise terms to define disease pressure.
 

As demonstrated 
most of the 
cost studies are expressed in
terms of "eradication" and 
not of "control". 
 Eradication 
seems
to be the only incontestable and 
common
trypanosomiasis challenge is 
criteria. Furthermc;'e,


not the only productivity constraint
to be taken into account.
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Table S. Cot-Benefit Analysis for Tsetse Eradication. 

Situation and Method of Duation Rate of Results
 
Country cattle breeds eradication Date Reference (y4ars) discount (81C)
 

mall 	 Zebu. N'Dama and Ground spraying
 
crossbreds. plu barriers 1901 20
26 12% 0.70 - 0.99 

Ethiopia Zebu- Insecticide 

ground spraying I882 13 15 10% 1.44
 

Ethiopia Zebu-
 Game reduction 1992 13 10%15 	 0.98 

Nigeria
(Sokwa district) 	 Mainly zeb Ground spraying 1980 22 20 12% 2.66 - 7.97 

Nigeria
(Bura district) 	 Mainly zebu- Ground spraying 1980 22 20 12% 4.67 - 6.51 

Cameroon
 
(Adamaoua) Zebu- Helicopter spraying 1980 S 12 7.3% 1
 

'Ex ante analysis
 
**Ex post analysis
 

Table 5 shows the results of cost-benefit analyses conducted
 
in three different situations on the basis of two eradication
 
methods (game reduction and insecticide spraying). Game reduc
tion, which is technically difficult and ecologically question
able, gives a benefit/cost ratio (B/CR) below 1.
 

Among the spraying methods we found values around 
one for

Mali, Ethiopia and Cameroon. Data for Ethiopia derive from an
 
appropriate model and thus are 
not as significant as the others

which were derived from more detailed field studies. For
 
Cameroon the value of one is obtained with a lower discount rate
 
than elsewhere, meaning that the result would have been 
inferior
 
to one using the same rates as other studies; this is due to the

long duration of the programme and to th. fact that the method of
 
helicopter spraying is 
by far the most co3tly eradication method
 
as seen in Table 1.
 

Higher figures have been obtained for two districts in

Nigeria. This can be explained by local differences: in Nigerid

there is high pressure on the land due 
to the rapidly expanding

human population, while the cattle are virtually all highly

productive, non-tolerant breeds. Therefore the 
benefits of
 
tsetse eradication are high and the B/CR is good.
 

Table 2 showed that in 
Mali the costs were much higher and

the benefits lower than in Nigeria. This is probably due to the
 
lower pressure on 
land and the presence of some trypanotolerant

cattle. Therefore the increase in production after tsetse eradi
cation is not as high as 
it would be if all cattle were non
tolerant. As expected the B/CR is lower.
 

These figures (Table 5) show that tsetse eradication may not

be economically 
favourable depending on local situations. The
 
economic results of a campaign depend 
on the costs caused by the

different methods of eradication, but above all on the relative
 
importance of trypanosomiasis as a constraint on livestock and
 
rural development. Unfortunately the method using traps and
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screens is too 
new to have any cost-benefit analysis.
 

In terms of income it 
has been shown in Northern Cameroon
(Cuisance et al., 1987) 
that the net difference in income per
head of cattle, with 
or without trypanosomiasis, amounts to US$7
(1987). A difference of US$10 
(1987) per head of cattle reared
warrants profitability at 
a 15% discount rate during 
a twentyyear eradication and maintenance programme.
 

The use of a more detailed herd simulation model covering a
ten 
year period for Burkina Faso (example Brandl, 1985) results
in an income difference per head of 
cattle ranging from US$42
to US$252 (1987) in current values 
for the ten year period,
Jepending on 
three benefit scenarios for cattle productivity
parameters. 
 These figures give a difference in income per 
head
per year from US$4.2 to 
US$25.2 (1987), comparable to the
Cameroon data. 
 We do not have 
such data for Zimbabwe. But we
assume that the benefits are high, due both 
to the high productivity of 
improved breeds found in Zimbabwe and 
the high quality
of the meat produced. Since eradication costs are relatively low
(Tables 1 -3), 
 they would result in a good B/CR.
 

Economics of production in tsetse infested areas
 

Livestock production in infested areas is possible by the 
use of
chemical protection among non-tolerant cattle, or the use 
of
trypanotolerant breeds which need no treatment except in 
cases of
high trypanosomiasis pressure. 
 Game exploitation by hunting 
or
farming (Gruvel, 1980) may also 
be a solution that has 
to be
 
evaluated.
 

Livestock production with the aid of trypanocidal drugs
 

Drugs are 
used in either therapeutic or prophylactic schemes.
They are applied to non-tolerant cattle which may reach infested
areas during the dry season 
in pastoral systems. They also are
used to maintain on 
a permanent basis either trypanotolerant
breeds 
(to avoid mortality among young cattle) and sometimes nontrypanotolerant herds in infested areas. The benefits of drugs
are easier to 
calculate because the maintenance of newly reclaimed areas 
is not necessary. 
The costs are essentially those
of the treatments. 
 Table 6 shows four examples.
 

Table 6. 
Costs of chemical treatments in US dollars, 1987.
 
P = Prophylaxis 
 T = Treatment
 

Country Method 
 Year Reference 
 Cost
 

Botswana 
 P 1977 
 FAO. 1977 
 4.5*
Mali 
 P 1979 
 Shaw, Kamante 1.3*
Mali P 1978 Logan et al. 1.9,,

Mali T 1978 Logan et al. 2.0**
 

*Per treatment.
 
**Per head of cattle (zebu-300kg) per year.
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The first figures on Mali and Botswana refer to prophylactic

schemes. They are expressed in equivalent US dollars (1987) for
 
one treatment and include all inputs needed for drug

administration. 
The other figures of Mali either in prophylactic
 
or therapeutic schemes are expressed per animal pei year. These
 
figures only include the direct 
costs of drugs. Although the
 
costs of treatment and prophylaxis may differ greatly from place

to place, they are comparable when computed in the same
 
conditions. Comparing the costs per animal per year with produc
tivity data from the same source (here zebu cattle in Mali shown
 
in Figure 1) demonstrates that prophylaxis is economically more
 
favourable than treatment in high tsetse-challenge conditions.
 
In addition prophylaxis is used for all cattle at the 
same time
 
whereas chemotherapy is applied individually, resulting in higher
 
indirect costs.
 

| 	 ---- Trypamtdium
 
0' - Berenil 

90.
 

60"
 

50

40"
 

30"
 

220-1
 
J J A S 
 0 N D J F hi A M 

Months
 

Figure 1. 	Average weight gain for two groups of Zebu Maure
 
cattle in Mali from May 1978 to 
June 1979, treated
 
either by Trypamidium or by Berenil.
 

In addition data from Kenya 
shown in Table 7, presented in

cost-benefits terms, confirm that prophylactic schemes in cases
 
of permanent risk of trypanosomiasis is preferable to trypano
cidal 
treatments. The B/CRs for both prophylactic schemes are
 
higher than the one for therapeutic drug use. These enormous
 
B/CRs are not comparable with those mentioned for eradication
 
since they concern a specific ranching situation with high

trypanosomiasis challenge and 
no eradication alternative.
 
Unfortunately they have not been presented in monetary terms.
 
But Trail et al. (1984) published detailed data for a comparable

ranching situation in Tanzania. They confirmed that in the
 
management 	situation of 
the Mkwaja 	ranch with permanent high risk

of trypanosomiasis, non-tolerant Boran cattle husbandry can be
 
successfully maintained by chemoprophylaxis.
 

337
 



Table 7. 
Estimated cost-benefit analysis for three prophylactic
or therapeutic schemes in 
a ranch population of zebus
at trypanosomiasis risk in Kenya.
 

Drug used 
 Scheme 
 Benefit/Cost (US$)
 

Samorin 
 Prophylaxis 
 20-42
Prothidium 
 Prophylaxis 
 5-20
Berenil 
 Treatment 
 2
 

Duration: 
one year

Source: 	 Wilson et 
al. (1981)
 

Cuisance et al. 
(1987) emphasize that after several years of
chemoprophylaxis 
the number of injections per head per year
creases from 2-3 to 	 in9-12 due 
to the increased tolerance of
panosomes 	 try(e.g. Peov ranch in Samorogouan, Burkina Faso). 
 This
indicates that the cost of proph,Iaxis schemes cannot be regarded
as constant.
 

In Mali, 
Shaw and 	Kamate 
(1981) compared different drug
application schemes with different eradication methods.
the 	 This is
sole case 	where such data 
are available (Table 8).
represents the 	 Zone 1
zone covered 
by the study, while Kati
district 	 is a
of the zone. Maintaining trypanocide drugs,
Kamate 	 Shaw and
(1981) calculated B/CRs superior to 1. Prophylaxis to meet
seasonal tsetse challenge during the rainy season and eradication
schemes proved 
to be of 
no economic interest.
differ from those 	 These figures
already mentioned but
particular conditions 	 this simply reflects the
of trypanosomiasis challenge 
and
seasonal occurrence 	 its
in zone 1 of Mali. The relative merits
prophylaxis and 	 of
treatments thus depends 
on particular conditions.
 

Table 8. 	Benefit/cost ratios for different strategies for
dealing with trypanosomiasis (Mali, 1981).
 

Strategy 	 B/C with B/C at a low
inflated 
 benefit level
 
benefits
 

Treatment 	for all 
zone 1 
 1.00
Prophylaxis in the rainy season 
1.36 


for ali of zone 1 
 0.66

Prophylaxis in KATI, 	

0.48
 
treatment


elsewhere 
 0.90 

Prophylaxis of oxen, treatment 

0.66
 
of other cattle 


Eradication at high cost 
1.24 0.91
 

Eradication at 
0.70 0.51
low cost 
 0.99 
 0.72
 

Source: 
 Shaw and Kamate (1981).
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Drug utilization may also face uncertainty in its results.
 
The threat associated with tsetse eradication is re-invasion,
 
while drug use may meet chemical resistance of trypanosomes,
 
especially under deficient management conditions. But these
 
risks are difficult to assess economically.
 

Comparison 	between different methods of eradication and
 
the use of 	drugs
 

The discounted costs of different methods for controlling try
panosomiasis have been compared by Brandl (1986) for Burkina Faso
 
(Figure 2). Referring to actual costs in Burkina Faso, Brandl
 
simulated a model varying the eradication area, calculation pe
riods and benefit scenarios. In his results he stated that the
 
application of trypanocides in a low tsetse-challenge situation
 
is the most economical way to meet the problem for whatever
 
period ranging from 5 to 20 years. In the case of medium tsetse
 
challenge they are outclassed by traps over a five-year period,

by traps and helicopter spraying between five and ten years and
 
by all the methods, including SIT as the most costly for 15 to 20
 
years. These data emphasize the obvious fact that the more
 
difficult the eradication scheme and the longer it lasts the
 
better the use of drugs appears to be. The time dimension and
 
the level of tsetse challenge are essential concerns in this
 
approach.
 

US $ 1987 thouseos)
 
50
 

40 --- 

30 - .....-.-..... .. + Traps aHelicopter .SIT 

STrypanocides low challenge 

20 ...... .. . Tryponocides medium challenge 

10 - - ,-.-- --- .. . . 

0I 	 I 
5 10 15 20 

years 

Figure 2. 	Relative Costs of Different Methods to Control
 
Trypanosomiasis with Reference to the Time period
 
(Sideradougou, Burkina Faso).
 

Furthermore the simulation is very sensitive to the si e of
 
area as shown in Figure 2.1. Enlarging the area to 20,000km and
 
considering different tsetse challenge situations, eradication
 
methods perform better than drug application over a ten-year

period. Helicopter spraying appears to be the least costly. But
 
again its advantage should be weighted by its environmental
 
effects. Expanding the ten-year period by SIT theoretically
 
becomes less costly than traps, but SIT has not been meant to be
 
used over long periods.
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20 
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_ I___ __ 

0
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Figure 2.1.Total costs of Different Methods 
to control Gallery
Forest Species and Trypanosomiasis 
in an Area of
20,000kml (Burkina Faso, 1984).
 

Figure 3, 3.1 and 3.2 display the benefit-cost data for the
previous areas 
(3,500, 10,000 and 20,000km ) considering two
calculation periods 
(10 or 20 years) and
scenarios three productivity
(Hi, H2, H3). Figure 3 includes the B/CRs for the use
of drugs in "low", "medium" and 
"high" tsetse-challenge
situations. 
 Drugs appear to be only justifiable at a low tsetse

challenge.
 

aft/Coi RbO Bu flh/coel PUO 

2 2 

00 lo ..... --:e 

HiH.,H 
 Hi H2 H310 years 20 yews Befefit scenoro
 
,Trops +Helicopter SIT Tryponocides or prophylaxis 
 Couliotion petod 

Figure 3. Benefit-Cost Ratios of 
Tsetse Control considering

different calculation periods 
and benefit scenarios
(Hi, H2, H3) 
in the zone of Sideradougou, Burkina
Fao 
(rate of discount i
) = 10%, control area = 3500km . 

Comparing helicopter and traps, the first is better only for
20 years when the 
area is 3,500 or 10,000km 2and becomes better
whatever the calculation period 
for 20,000km The 
surface and
time effects 
on B/CRs between the two techniques are perhaps due
to 
the greater marginal costs of traps when the size of the 
area
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increases (for the surface effect) and as pointed out above, due
 
to their more regular needs in inputs over time.
 

sawit/Coet P4a10 BameiI/Cat Ratio88 

4 

33i
 

- 2
 

a 0 
Hi H2 H3 HI H2 H3 

10 years 2C years Benefit scenario 

Traps + Helicopter SIT Calculation period 

Figure 3.1. Benefit-Cost Ratios of Tsetse Control considering

different calculation periods and Benefit Scenarios
 
(HI, H2, H3) for an 
area of 10,000km (projected

into Burkina Faso conditions; rate of discount
 
i=10%).
 

avmtitICost RAta Beritt/C0st Ratio 

Ia 4 

O I I I
2 2 

H2 H3 HI 43 
10 years 20 years Benefit scenario 

Calculation period 
Traps + Helicopter . SIT 

Figure 3.2. Benefit-Cost ratios of 
Tsetse Control considering

different calculation periods and Benefit Scenarios
 
(Hi, H2, H3) 
for an area of 20,000km (projected

into Burkina Faso conditions; rate of discount
 
i=i0%).
 

The SIT appears to be less economical than other methods but
 
it should be weighted by the following criteria. It does 

create environmental problems 

not
 
like insecticides do and it does
 

not create acceptability problems 
like traps do. Additionally

the use of a discount rate penalizes the SIT since its expenses

are mainly spent before or 
at the very beginning of a programme.

Unlike the other methods, the fixed costs 
of the SIT should be
 
put on a large regional scale.
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As mentioned before programmes generally tend 
to favour a
single method. But combinations of different methods adequate to
local conditions, may be successfully implemented. An integrated
project based on cattle dipping, trypanocidal drugs and traps and
 
screens has been attempted in Zimbabwe.
 

Introduction of trypanotolerant livestock
 

The introduction of trypanotolerant livestock 
in areas with high
tsetse challenge or incidence 
is often regarded as the only
economically relevant 
approach, especially in areas where the
disease has hindered cattle husbandry until today. A lot of work
has been done by different research programs and by 
the ATLN.
The data are not always homogeneous, but it is neverthel~ss
possible to point out 
global outlines and recommendations for the
 
use of trypanotolerant cattle.
 

It is quite interesting to 
compare physical productivity
data according to 
different breeds and trypanosomiasis challenge
situations. 
 The breeds may be either pure African ones such as
East African Zebu, N'Dama 
and African Shorthorn or crossbreeds
between African and European breeds on which research programs
have been conducted to improve productivity.
 

Table 9. Global comparison of productivity of Boran 
cattle in
Kenya and Tanzania and of N'Dama breeds in Western and
Central Africa (ranching production systems).
 

Mkwaja Boran 
 N'Dama, middle
 
high risk Kenya or high risk,

chemoprophy-
 Boran no prophy-
Productivity 
 laxis 
 no risk laxis
 

Weight of 8-month old
 

calf/100kg cow/year 
 29.8 33.90 22.70
 

Source: Trail et al., 1986.
 

Table 9 presents the comparison of productivity data between
Boran 
(Zebu) cattle at Mkwaja ranch (Tanzania) with high risk and
chemoprophylaxis, 
in Kenya without risk and N'Dama 
in middle-or
high-risk 
situations without prophylaxis. All three refer to

ranching conditions.
 

These figures show that the productivity of Boran cattle in
high-risk conditions with chemoprophylaxis may be closer 
t. that
of Boran cattle without risk 
than that of N'Dama managed in
middle-
 or high-risk conditions. 
 This fact seems to indicate
that Zebu ranching using chemoprophylaxis is preferable wherever
it is technically feasible. 
 But we have to balance this result
considering the extremely favourable organizational conditions in
Mkwaja Ranch (Trail et al., 
 1984) which are rarely achievable
under village conditions. Regarding Table 10 
we come to the
following conclusions. The productivity of Zebu is 
tlie highest
among the three breeds 
studied without risk of trypanosomiasis.
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On the other hand they are very sensitive in risk conditions.
 
Their productivity decreases rapidly with increasing tsetse chal
lenge. The productivity of Shorthorn exceeds that of Zebu in

middle-risk situations showing that 
the genetic potential of

Shorthorn cattle should not be underestimated. Some' attempts

have been made 
to cross African trypanotolerant cattle such as

N'Dama with improved European breeds in order to increase produc
tivity under the constraint of trypanosomiasis (De Rochemonteix,
 
1984; GTZ, 1982).
 

Table 10. 	Productivity index for trypanotolerant cattle and Zebu
 
in four situations of 
low, middle or high trypano
somiasis challenge.a
 

N'Dama Shorthorn Zebu
 

Nigeria - no risk/station 47.8 50.3 53.0
 
Burkina Faso - low risk/village 28.7 20.7
 
Cote d'Ivoire - low risk/village 17.6 
 19.5
 
Central African Republic
 

- low risk/village 
 26.3 	 17.8
 

aWeight of one-year old calf plus milk equivalent per 100kg
 
cow weight per year.
 

Source: Hoste (1987).
 

Table 14. Productivity rates according to breed and crossbreed in kg of one-year calf/t00 kg cow low trypanosomlass risk. 
Station data from Avetonou (Togo). 

Male N:Dama lc. N'DamaBreed 75 Crossbreeds Zebu ZebuGenotype Parents Female NDama oc. Breed S0 Crossbreeds 75 Crossbreeds N'Dama Zebu
 
Genotype Calves N'Dama 
 Ic. Breed 75 Croasbreeds Avetonou Ft Zebu 

Index :kg 1 year calf 
per 100 kg cow/year 31.5 32.9 33.5 34.7 37.3 

Eource: GTZ (1982) 
0 Crossbreeds = x GermanLocal breed Yellow
 

75 Crossbreeds = 50 Crossbreed x N'Dama
 
"Avetonou" = 75 Crossbreed x 
75 Crossbreed 

Table 11 shows results of crossbreeding between N'Dama andZebu or N'Dama and different percentages of "German Yellow" 
compared with N'Dama, local breeds and Zebu. The data are ob
tained in the research station of Avetonou (Togo) where trypano
somiasis risk is reported to be 
"low". The Zebu are treated
 
against the disease, which explains why their productivity is the

highest. Crossbreeds perform better than pure breeds excluding
Zebu, N'Dama being the lowest. However the authors (GTZ, 1982)

stated that the differences are not significant in terms of
 
development because of the high sensitivity of improved

crossbreeds to changes in environmental conditions. Furthermore
 
N'Dama performs the best when index calculation is changed to

consider the increase in weights and the lower losses 
of calves

until they reach the age of two 
years. This fact reflects a
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higher survival 
rate after one year. Taking all 	into account it
appears that the 
performance of trypanotolerant cattle compared
with Zebus is favourable 
even when there is not trypanosomiasis

risk. And in addition they represent the sole possibility of
cattle husbandry as soon as 
the risk increases even a little.
 

Table 12 demonstrates the annual deficit of income per head
caused by trypanosomiasis after modelling the evaluation without
treatment administration. 
 The tsetse challenge is considered as
 
being "medium".
 

Table 12. Evaluation of income and losses due to 
trypanosomiasis
 
among different cattle breeds 
in northern Cote

d'Ivoire, in equivalent US dollars, 1987.
 

N'Dama x Zebu x

Baoule N'Dama Baoule 
 Baoule
 

Annual income per head
 

Infected 
 21.47 22.18 
 24.39 20.62
Uninfected 
 22.17 25.46 
 27.54 27.74
 

Meau annual loss per head 0.30 1.95 
 2.,07 3.46
 

Source: Camus (1981)
 

Again the crossbreeds including 	Zebu 
(here Zebu x Baoule)
turn out 
to be the most profitable breeds 
when not infected by
trypanosomiasis. 
 But we have to say that the generated income
 per head is very sensitive to infection. In infected herds the
highest income per head is reached by N'Dama x Baoule breed.
Unfortunately we 
have no conversion indices to refer to
previous productivity index, but 
the
 

we assume that the order among
the different breeds remains the 	same 
or even is reinforced by
conversion. 
Again the fact is strengthened that beyond a certain
level of trypanosomiasis challenge, only trypanotolerant 
cattle
can be economically raised. 
 The introduction of trypanotolerant
breeds has been tried for 
a long time especially in regions 	where
 

Table 13. Costs of 
the introduction of trypanotolerant cattle in
various cases in US dollars 1987 per head of cattle.
 

Origin Destina- Breed 
 Year Reference 
 Cost
 
tion
 

Cote d'Ivoire C.A.Rep. 
Baoule 1964 Lacrouts et al. 1245
Senegal 
 Gabon N'Dama 1985 Shaw

Senegal Congo 	

1387
 
N'Dama 1970 Sarniguet et al. 	 672*
 

775**
 

*cows **bulls
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the occurrence of trypanosomiasis had previously prevented almost
 
all attempts to introduce livestock production (Central Africar
 
Republic). In these cases trypanotolerant cattle are the on13
technically feasible approach. Table 13 
shows the 	total costs of

introduction of trypanotolerant cattle in US dollars 
(1987) per

head ranging from US$670 to almost US$1400.
 

Despite these high costs the IRR indicates that ranching

(Table 14) of trypanotolerant livestock in 
high challenge condi
tions is profitable. 
 The rates 	of return are not outstanding and

the calculation period is long. The 
IRR for Gabon calculated

without expatriate management 
costs would be even lower if they
 
were included.
 

There is hardly any data about the introduction of trypano
tolerant cattle into traditional farming systems except for the
 
Central African Republic in 1967. A rough calculation resulted

in a financial capital appreciation of 11.5% for 20 years with

comparable introduction costs to those shown in Table 14.
 

Table 14. 	Ex Ante estimated economic IRR for N'Dama cattle
 
ranching.
 

Country Management Date Reference IRR Period
 
(years)
 

Gabon Trypanocidal drugs Sauveroche
 
once a year or more 1987 et al. 8.2* 40
 

Guinea Treatment if 
 Sacfinto and
 
necessary 1980 
 VanLancker 6-9 25


Congo Tsetse eradication Sarniguet

and maintenance 1971 
 et al. 12.7 25
 

*including expatriate staff
 

Exploitation of wild fauna
 

Game reduction has been presented as a means of reducing the
 
tsetse reservoir in order to introduce 
domestic species. Some

authors ask if game exploitation in zones with high risk or

difficult environmental conditions would be an appropriate alter
native (Gruvel, 1980). Productivity data of wild species 
seems
 
to bear comparison with those of domestic 
cattle, but the

scarcity of detailed economic 
studies does not enable us to

conclude or discuss their relative advantages. Furthermore wild
 
game does.not substitute the social function of cattle.
 

RURAL DEVELOPMENT AND TRYPANOSOMIASIS
 

Before concluding and after having evaluated different methods of

responding to trypanosomiasis, we focus on 
possible interactions
 
between tsetse-infested and tsetse-free 
areas.
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Do tsetse-infested areas consistitute an obstacle for the devel
opment of the tsetse-free areas?
 

We all know the threat of tsetse re-invasion of formerly cleared
 areas, especially when cattle or wild life move across 
the border
between free and infested areas. This 
may particular]y occur
when transhumant 
cattle are moving between dry season and wet
 season pastures. Tsetse-infested areas 
are also responsible for
increased population densities in 
tsetse-free areas 
and degradation of arable land due to overpressure and overgrazing with
all the associated environmental problems. The question therefore
arises whether these problems justify eradication campaigns.
 

In general if an area is 
in danger of tsetse re-invasion,

not just random contacts, the question arises whether the population density and intensity of land use is appropriate enough to
destroy the 
tsetse habitats permanently. Otherwise an
eradication attempt would only enlarge the total endangered area.
Enlarging the area to 
release population pressure has never been
 a creative solution. The improvement of farming systems 
and an
increase of intensity are more economical.
 

We stated before 
that to tackle trypanosomiasis by any of

the numerous direct and indirect 
methods may not be obviously
justifiable economically in each case. 
 But the first step before
any decision is taken has to be 
a careful and complete analysis

of all alternatives and benefits 
to rural development (FAO,
1987). Tsetse-infested areas can definitely constitute a potential for economic development, as some 
have already proved. Only
studies dealing with the development problem as a whole can 
fully
 
answer the question.
 

CONCLUSION
 

There is 
an urgent need to introduce economic concerns 
at each
stage of reflection or research about trypanosomiasis.
 

Economic data 
are not only rare, but also lack homogeneity
to allow comparisons between the costs 
and benefits involved in
trypanosomiasis programs. 
 Already as early as 1977 
the FAO had
proposed a standardized presentation 
for the costs of an eradication campaign and introduced a framework 
for provisional
studies concerning land utilization. 
 But these have rarely been
taken into consideration and the need 
for comparable studies
still remains. As methodological 
issues have been mentioned in
 many former meetings 
we do not want to repeat them once more.
There is a definite need for 
global agreement about a standardized economic framework, for example that suggested by FAO, to
obtain the homogeneity in the field economics, which the ATLN has

achieved in the zootechnical field.
 

In the context of scarcity of public funds, 
it seems
particularly relevanc to 
itemize local or 
foreign currencies
 among the expenses, as 
this is a major criterion in economic

decisions. 
 It also seems necessary for economic purposes

define more precisely what 

to
 
is known as "trypanosomiasis
challenge" by a continuous, standardized index with ecological
and epidemiological components 
(abundance of tsetse, 
their
infestation and probability of 
cattle being infected). This
index should be related to productivity measurements and 
thus
 

346
 



enable us to finally evaluate ex ante the benefits of any

strategy. Such 
an index would make more precise the selection of
 
a method or a combination of methods replacing the rather
 
empirical practice which prevails 
at this time. ILCA's current
 
research will provide fundamental background data to define and
 
establish this index.
 

In addition, training programmes which already exist must be
 
extended to enable African authorities to manage or participate

in the research or studies which must be carried out and in any

public and large-scale decisions made on the disease.
 

To perpetuate the success of any programmes, particularly

those which aim at avoiding tsetse re-invasion or resistance of
 
trypanosomes to insecticides, depends mainly on the participation

of all social and economic groups of the rural population.

Advertising campaigns must not be neglected.
 

Finally 
work has to be done to agree on and to estimate
 
indirect costs and benefits in order to 
focus precisely on other
 
alternatives to combatting trypanosomiasis. The great potential

of livestock production for rural development is reflected in its
 
important role in subsistence production, its income function and

its potential for generating intermediate products such as manure
 
and animal traction. It definitely should not be evaluated only
 
as a means of providing protein of high quality.
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34 
Introduction to economic analysis in the African
Trypanotozerant Livestock Network 

J. McINTIRE 

INTRODUCTION
 

Economic analysis 
of trypanosomiasis 
has concentrated
costs of vector control (ILCA, 1979; Jahnke, 1976) 
on the
 
and on
returns to animal production after control. Such studies assumed
that animal production was zero in
near 
 trypanosomiasis-infested
zones and that benefits from control would be 
roughly equal
the difference to
between animal 
production in without
areas
panosomiasis and no tryanimal production. It was 
further
that production, once assumed
established, would 
be managed on a large
scale with public support, or even 
direct government management.
Several aspects of 
the problem, such 
as
associated the scale of operation,
investments 


tion), 
in animal production (eg, better nutririsk and product mix 
(meat versus milk) were excluded.
 

Different economic analyses 
are now required for several
reasons. 
Policy emphasis has moved 
from ranch
velopment in cleared areas 
or pastoral deof sparse settlement to spontaneously
settled areas 
with mixed farming. Associated with this move
shift in focus from East is a
to West Africa, where 
the economic
context is 
very different. 
Third, recognition of
of fly control by land clearing 
the high costs
 

or by insecticides 
and of the
conflicts of those costs 
with other national objectives, has
induced interest in trypanotolerant animals, with consequent
emphasis on nutrition and management. 
 Fourth,
production, objectives and production costs 
the scale of
 

in agro-pastoral
systems are different 
from ranch 
or pastoral systems. The 
economic problem is no longer 
to achieve the highest return
flexible investment on a
made by government; rather, it
production techniques giving 
is to find


the highest return
investment (the on a fixed
existing agro-pastoral herds) 
held by herders
with few other investment opportunities. Fifth, the international
trade context has 
changed dramatically; producer prices 
in
Africa, which were once well below world levels, 
are now
instances well above them. in many

This fact destroys much of
ment any argufor an aggressive government price policy 
to encourage


production.
 

The overall shift in emphasis has important implications for
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research strategies. To oversimplify grossly, the problem is no
longer land-use planning consequent upon disease control. It has

become the detailed study of 
factors determining productivity in
 
different environments, the identification of treatments raising

productivity and the insertion of 
those treatments into existing

production systems. All have implications for relations with
 
national research programmes and for the particular roles of
 
ILCA, ILRAD and cooperating institutions in the Network.
 

This paper presents background to some of the economic
 
analyses done in the Network. The first two sections define some

models of animal production. The third presents results of

experiments with the ILCA microcomputer herd model (von Kaufmann
 
et al., 1987) about some important problems in the Network and

projects returns to gains of animal 
production in areas where
 
cattle are common. It uses those projected returns as guides 
to
 
overall research resource allocation within the ATLN, with 
some

attention to 
the roles of the various partners. The final section
 
is a summary and conclusion.
 

MODELS OF ANIMAL PRODUCTION
 

The basic notion is that animals are a capital stock providing

income to their owners. Income consists of cash sales, plus the

values of meat, milk, manure and draft power. The owner can
 
realize his capital immediately by selling the herd, or he can
 
consume income over time as 
a flow of proceeds from offtake. In a

commercial beef herd, the basic decision is 
when to sell the
 
animals, given their immediate cash values and their expected
 
future values.
 

Most economic models of animal production (a recent one is

Rosen, 1987) have a simplified herd structure and discuss only

the cash income of commercial ranchers. (An exception is the

biological model of Konandreas 
and Anderson, 1982). They assume
 
well-functioning marketing, veterinary and 
 banking systems, in
which costs of market information and health services 
are low and

in which animal capital has a cash opportunity cost.
 

Assumptions in typical herd models must 
be modified for
 
African production systems. 
 First, it is necessary to assume a
varied herd structure. In pastoral systems, mixed milk and 
meat
 
herds are 
the rule. Second, kind income is important, especially

milk consumed by herders. Third, costs of information and of

health services are high with respect to product prices. (This

does not mean that markets do not function well, only that

distance and poor transport raise the prices of services.) Such
 
costs are 
a tax on the prices received by herders and constitute
 
a barrier to aggressive government price policies. 
 Fourth, pro
duction is subject to risks from fluctuations ia pasture avail
ability and diseases.
 

Static and dynamic models
 

There are two general models for economic analysis of animal

production: static and dynamic. Static models are 
for one year.

Taking 
annual return to a breeding female as the criterion of
profitability, that return is calculated as a function of female

liveweight, calving rate, calf liveweight and viability and milk
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production. It is 
then possible 
to model response to 
some treatment, usually nutrition 
or health. This
the treatment effect on 	
is done by estimating


some parameters

nutrition 	on calving rate) 

(eg, the effect of dam
and recalculating 
the model. Other
variants allow estimates of the effects of price policies,
of the returns 	 and
to factors of production, such as land and
labour.
 

A second model is dynamic. The uses 
of dynamic models are to
examine systems 
 over time, to investigate risky production
systems and 
 to illustrate 
the effects of extreme
Dynamic models are 	 events.
calculated 
over many years (between 5 and
30) to simulate a breeding herd. The outputs from such models are
the same as 
those from static models: incremental values of
output, sometimes expressed as 
rates of 	return
production. Dynamic models 	
to factors of
 can be modified to produce
distributions of 	 frequency
production outcomes. 
 This
tically--that 	 can be done stochasis, in a 	model 
with random variables--or
ministically--that is, 	 deterin 
a model in which variables 
are fixed 	at
their means.
 

Table 1. 
Notation for model of animal production.
 

Indices
 

i age/sex class in herd
 
t year during the simulation
 

Variables 	calculated for each age and sex class
 

A 
 numbers in herd structure
 
W 
 LWs of animals
 
D mortalities
 
S 
 sales
 
I intake of pastures
 
s sale rate
 
sl slaughter rate
 

Prices and costs
 

pw 	 market price of LW
 
pm market price of milk
 
pc pastures cost
 
Pg grain price
 

Reproduction and intake parameters
 

r 

f 	

calving rate per breeding cow
first age at which heifers enter breeding herd
i 	 intake of pastures as % of LW
k 	 calf growth as 
a function of milk consumption
 

Milk production
 

m 
 annual milk production per breeding cow
 
mo annual milk sales 
(kg)
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A model of a mixed-cattle herd
 

The ILCA model is summarized using the notaLion in Table 1 for
 
cattle (the model can be applied to small ruminants as well).
 
Capital letters usually represent totals and lower case letters
 
represent rates or coefficients. The model has sections for herd
 
structure and growth, feed intake, output prices, milk production
 
and technical changes.
 

Terms used in the herd model
 

The "untreated" situation is the set of conditions--animal pro
ductivity, prices, tsetse challenge--before the intervention to
 
improve productivity. The 'treated' situation is the set of
 
conditions after the intervention. Net income is the annual
 
income from liveweight (LW) and milk sales, valued at market
 
prices and including the value of milk consumed by the herder
 
(manure, draft power, hides and skins are excluded for the time
 
being). The incremental cash flow is the difference in net income
 
between the treated and untreated situations. The discount rate
 
is the opportunity cost of the herder's capital; it is usually
 
defined as the return to capital in its best alternative use. The
 
net present value (NPV) of the treatment is the value of the
 
incremental cash flow discounted to the first year in which the
 
treatment takes place. The NPV is a standard measure of the
 
profitability of an investment.
 

Herd structure and growth
 

Let [A] represent herd numbers by age and sex class at some time 
"t", [W] a vector of animal LWs, [D] mortalities and [S] net 
sales. (Assume that no purchases of animals are possible, so that 
[S) => 0. [Footnote 11) For reproduction, let "r" be the annual 
calving rate of breeding cows in the herd and "f" be the age at
 
first calving.
 

Pasture production and feed intake
 

The herd grazes a maintenance diet of pastures. Its rate of dry
 
matter (DM) intake, "i", is a constant fraction of its LW; [I]
 
is the herd's total annual intake (equal to i(W]) and "pc" is the
 
unit cost of pastures. Pasture production fluctuates randomly,
 
within a normal distribution. Mortalities and sales are set at
 
mean values, but fluctuate with pasture production. For example,
 
if pasture production is below average, then mortalities and
 
sales are above average. The total cost of pastures, "q", is
 
therefore a function of intake and is equal to pc(i[A][W]). The
 
unit cost "pc" is calculated from the opportunity cost of pasture
 
land, which could otherwise be used for crops.
 

Output prices
 

Let "p" be price paid per kg of animal LW, net of marketing and
 
other costs, so that revenue per kg LW is equal to "p" and
 
similarly for the milk price "prn". Prices of LW and milk are
 
constant and do not vary with numbers of animals marketed (Foot
note 21.
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Milk 	production
 

Milk 	production "m" is 
a constant annual quantity per cow. Total
milk 	production per 
herd 	is therefore the number of cows times
the calving rate times 
calf 	viability times 
"m". (It is assumcd
that 	milk let-down stops if 
the calf dies.) The herder 
can sell
the milk, consume it, or leave it for the calf. Milk sold or
consumed is valued at the market price. Milk left for the calf is
transformed into calf LW at 
a constant rate, "k", equal to 7kg of
milk per 1kg of LW until weaning.
 

Technical changes
 

Technical changes are modelled with respect 
to the treated and
untreated situations. First, the untreatead 
situation is modelled
with survey data. Herd structure and productivity parameters 
are
adjusted to produce 
a stable herd. 
The 	treated situation then
introduces 
changes in productivity parameters, given 
the 	stable
herd assumption and calculates 
the 	return 
to the technical
change, defined as 
the NPV of the differential cash flow between
the treated and untreated situations.
 

Equations
 

Suppressing the subscript "i" for animal class, 
the 	basic

relation is
 

(1) a(t+l) = a(t) - s(t)- d(t) + b(t).
 

The number in any class 
of the herd at the end of the year
is thus equal to the beginning herd, minus 
sales and deaths,

plus 	births.
 

Letting a(cow,t) indicate the numbers 
of cows in the herd,
 
then income from the herd is
 

(2) [S(t)][W] (p) + f[a(cow,t)1*(r)Jm(pm)} - q
 

where the first term is 
the net value of animal sales across all
categories of animals, the second is 
the net value of milk sales
plus 	milk consumed by the herder and the third is the cost 
of
 
pastures.
 

The 	model illustrates 
feasible solutions to animal production problems. The research 
problem is 
to identify treatments
which increase productivity. The economic problem is 
to maximize
production from 
the herd, 
 alcng the lines of equation (2) over
the simulation period, selecting the 
most 	profitable treatments.
In the context of trypanosomiasis the basic question is: 
what 	are
the benefits from productivity gains resulting from control?
 

Becaise data 
are sparse 
on the true effects of productivity
interventions, it 
is necessary to estimate productivity gains by
comparing herds in 
the same environment 
as a 	measure of what
possible. Differences among herds 	
is
 

on ..-3ductivity criteria
(calving rate, mortalities, liveweights, etc.) 
can 	be said to
represent 
the 	natural variation between 
herds in that

environment.
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Data sources and herd structure
 

Data are taken from preliminary results of the ATLN (ILCA, 1986).

To simplify the presentation, a herd of approximately 100 cattle
 
is modelled (Table 2) . The herd structure and productivity
indices correspond roughly to those at a humid site in west
central Africa with moderate trypanosomiasis challenge. Milk and
 
LW prices are set at representative levels. Benefits from try
panosomiasis control include reduced calving interval, reduced
 
calf mortality and greater LWs consequent on greater weaning
 
weights. These benefits can be modelled individually and
 
collectively.
 

Table 2. Data for experiments.
 

Herd size 
 95
 
Number of females 25
 
Annual calving rate 60.0%
 
Age at first calving, years 4
 
Calf birth weights (kg) 20
 

Mortalities
 

Adults, heifers, young males (> 2 years) 5.0%
 
Calves, 0-1 years 10.0%
 
Calves, 1-2 years 5.0%
 

Prices, CFAF/kg
 

Milk 300
 
LW 750
 

Opportunity cost of 1 ha of pasture,
 

CFAF 5,400
 

Average herd value, 10 year period,
 

Untreated situation, 000s CFAF 11,622
 

The riskiness of treatments
 

Investments in trypanosomiasis control are subject to risks from
 
changes in prices and in animal productivity. To simulate those
 
risks, random variations in prices and animal productivity are
 
introduced into 
the model. Each random variation is associated
 
with what is called a "state of nature". Each state of nature
 
corresponds to an NPV. The distributions of the NPVs are used to
 
assess the "riskiness" of the treatment in different states of
 
nature, as well as the probability that it will be exceed some
 
critical level for adoption by farmers.
 

Experiments with the models
 

Simulations with the models are termed experiments. Four basic
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experiments 
are done. Each corresponds to productivity gains
which might be achieved with 
some form of trypanosomiasis 
control. Experiment 
1 involves reductions in calf 
mortality,
accompanied by reductions 
in calving interval. Experiment 2
involves reductions in 
calf mortality, accompanied by increases
in weaning weights and in subsequent LWs, without changes in
calving interval. Experiment 3 involves reductions in calf
mortality and 
in ca.ving interval, accompanied by increases 
in

weaning weights.
 

Table 3. Results of experiments, NPV of incremental 
cash flow
 
(000s CFAF).
 

Change in calf mortality, 0-1 years
 

-5% 
 -10%
 

Change in calging rate without changes in LWs
 

5% 1,513 2,606

10% 2,007 3,145

15% 2,516 3,699
 

Cumulative LW gains without changes in calving rates
 

10% 2,623 3,725

15% 3,483 4,611

20% 4,371 5,527
 

10% increase in calving rate and LW gains
 

10% 3,672 4,866

15% 4,574 5,798

20% 5,507 6,761
 

A reduction in calf mortality of 5%, accompanied by an equal
increase in calving rate, would produce benefits having an NPV of
the order of CFAFI.51 million (Table 3). Reducing calf mortality
by 10% and increasing calving rate by 10% 
would produce benefits
of about CFAF3.15. 
At a 10 % decrease in calf mortality to one
year, accompanied by a general 20% of animal LWs, 
but without a
change in calving rate, benefits would be roughly CFAF 5.53
 
million.
 

Are the mean comparisons 
stable? Distributions 
of the
benefits 
are plotted in Figure 1. Obviously, the results from
experiment 1 are 
always inferior, while experiment 3 is slightly
superior to experiment 2. The risks in 
these hypothetical situations, expressed as within-experiment variation 
of the NPVs,
would not change the mean comparisons.
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Fig. 1 Distribution of NPVs
 

How do the benefits compare to the investment capacity of a
 
herd owner? Assume that the herd owner's cash income and invest
ment capacity are related to liveweight sales, that his sub
sistence income is related to milk sales and that 
the entire
 
value of sales is invested in the treatment. The value of offtake
 
in the first year of the model, for the untreated situation, is
 
about CFAF1.39 million, shown as the horizontal line in Figure 1.
 
Investing all offtake (Footnote 31 in experiment 1 would produce
 
an NPV less than the investment cost. Investments would produce
 
positive returns about 90% of the time for experiment 3 and about
 
80% of the time for experiment 2.
 

How do these productivity gains compare to those in the
 
Network? The data modelled are loosely based on those from Togo,
 
Gabon and Zaire. Preliminary data analysis (ILCA, 1986) showed
 
that reducing trypanosomiasis (as measured by PCV and by number
 
of infections) would have, at most, an effect of 179 on the
 
calving rate in Gabon, though the effect was not statistically
 
significant. In Togo, the effect was roughly 11% and not signi
ficant. Infection had a small, but usually significant, on birth
 
and weaning weights. (Data on mortalities seemed exceptionally
 
low and have been ignored.) Therefore, with the exception of the
 
mortality effects, the assumed effects of control are probably
 
greater than what the Network has estimated so far, especially in
 
view of the fact that many of the estimated effects were not
 
statistically significant.
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CONCLUSION
 

1. Moderate increases in calf viability and in calving rate would
produce small benefits compared to the average value of 
offtake
from an untreated herd. Substantial increases in calf viability,
calving rate 
and in LWs, 
resulting from trypanosomiasis control
would produce large benefits compared to offtake value and would
constitute attractive investments.
 

2. Major increases in benefits 
are, however, improbable, without
major increases in LWs. To put it another way, changes 
in reproductive efficiency and in 
calf viability alone,
indicated by Network results, 
as currently


would not provide large economic
 
returns.
 

3. Risks of loss on 
investments, 
caused by random changes in
pasture supply, 
are not likely to affect the first two

conclusions.
 

4. The temporal pattern of benefits 
from improvements in reproductive efficiency--raising 
calving 
rate, for example--favours
treatments with 
low fixed costs. 

ements pay off 

This is because such improvmore slowly than do improvements in liveweights.
However, because such improvements would pay off over many years,
their maintenance puts constant pressure on 
national veterinary
services to maintain the quality of their services.
 

5. Risk in the supply of veterinary inputs 
was not modelled.
However, if the supply of drugs varies, 
then drug investment
becomes less profitable on average. 
Such risk tends to make
investment in trypanotolerant animals relatively more profitable,
if they do require fewer such drugs, than investment in drugs for
non-tolerant animals.
 

6. Indications from Network data show, 
at 
least at this point,
that the physical increases in productivity associated with 
control (or at 
any rate those associated with 
reduction in
indicators of trypanosomiasis) have not yet been achieved.
 
7. LW prices in the models are 
high by international standards
because markets in coastal West and Central Africa are 
protected
from import competition. Using more 
competitive 
(ie, lower)
import prices 
would reduce the benefits of treatments.
 

FOOTNOTES
 

1. It is fair to assume zero purchases for 
two reasons: lack of
information about 
the purchased animal's 
true condition and
capital. In a normal year, 
herders do not usually buy 
animals
because they lack information about condition. What they do is 
to
care for breeding stock in return for 
a share of the offspring.
This contract 
resolves the information problem 
and allows
torrowers to substitute labour for cash.
 

2. The effects of relative prices of products and inputs, such as
veterinary services, are straightforward. If 
the costs cf veterinary or marketing services 
are expressed as a percentage "h" of
LW prices, the net price per kg LW is
for then p*(l-h) and similarly
milk. Net income as a function of meat 
and milk prices is
then directly related to net income 
as a function of service
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costs. If the costs of services are fixed in each year and do not
 
depend on herd size or total LW, then they can be subtracted from
 
the incremental cash flow of the treatment in each year. If such
 
costs are fixed in the first year of the treatment, then they can
 
be subtracted from the NPV of the incremental cash flow.
 
Similarly, the effects of different herd sizes are unimportant as
 
long as there are no economies of scale in marketing; such eco
nomies would increase the net product price received by large
 
herders and would increase the benefits of technical changes to
 
such herders.
 

3. This is an extreme example, because it assumes that nearly all
 
of the herder's cash income in one year is invested, which is
 
unlikely to be the case. As such, it overstates the minimum
 
acceptable return.
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INTRODUCTION
 

A study assessing the 
effects of trypanosomiasis 
on the health
and productivity of 
East African Zebu cattle was 
carried out at
Muhaka, Coast Province, Kenya from 1982 
to 1986. The study had
two phases, the first from June 
1982 to April 	 the
collection of baseline data, 	
1984 for 


and the second, from April 
1984 to
October 1986, for the estimation of the effects of 
a prophtlactic
trypanocidal drug regime. 
 The baseline study has been described
by Maloo et al. 
(1985) and the results reported by ILCA (1986).
The health and productivity results of the experimental phase are
reported by Maloo 
et al. in article 29 of 
these Proceedings,
while this paper presents results of 
a cost-benefit analysis of
the chemoprophylaxis regime and of 
the cattle production sector
 
as a whole.
 

DESCRIPTION OF STUDY
 

The Muhaka area 
lies in the coconut/cassava agro-ecological 
zone
of 
the Coast Province (Jaetzold and Schmidt, 1983). 
 Within the
agricultural sector, crops are more 
important than livestock and
cattle more numerous than small ruminants. All cattle are grazed
on 
communal land and trypanosomiasis 
is the main disease. Herd
mean 
monthly trypanosome prevalence ranged 
from 1.2 
to 6.8%
during the period of this study.
 

Three ethnic groups are settled in the region. 
 The Digos
are found on the coastal strip; they 
are fishermen and 
farmers
and cattle represent first 
a means of investment and 
a source of
cash income and, second, a source of milk and meat. 
 Towards the
interior are the Kambas, farmers who keep cattle mainly
source of traction, then as 
as a
 a source 
of cash income and then of
milk and meat. In the hinterland the Duruma tribe are herdar
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Some 700 East African Zebu in 17 herds were included in the
 
baseline study and 16 herds were present throughout the experi
mental phase. The herds were representative of those on the 15kni
 
coastal strip, most of them belonging to Digos and a few to
 
Kambas. Herds were composed of animals of several owners, each
 
owner placing his animals with different friends or relatives,
 
mainly to spread the risks in case of diseases, rought etc. At
 
the beginning of the chemoprophylaxis experiment in April 1984,

approximately 2/3 of adults and 2/3 of young stock within each
 
herd were allocated to the trypanocidal prophylactic drug 
treat
ment group, with the remaining 1/3 maintained as controls. A
 
system of allocation of new born calves was implemented, with
 
those selected for prophylaxis receiving their first treatment
 
when they reached 60kg body weight (at, on average, 8 to 9 months
 
of age). In the prophylactic groups Isometamidium chloride
 
(Samorin) treatments took place in April, July and October each
 
year at a dosage of 0.5mg a.i./kg liveweight and Diminazene
 
aceturate (Berenil) treatments each January at a dosage of
 
3.5mg/kg liveweight. Animals of either group detected as para
sitaemic or chowing clinical symptoms were therapeuticelly
 
treated with Berenil at the same prescribed dosage.
 

For the biological and economic analyses some herds 
were
 
merged because of the small numbers of animals in individual
 
herds. The mainly Kamba herds situated towards the interior were
 
grouped, as were two neighbouring herds nearer the coast. As a
 
result ten rather than sixteen herds were considered in the
 
analyses, their size ranging from 41 to 128 head of cattle.
 

The cost-benefit analyses were carried out using ILCA's
 
Microcomputer Herd Model (von Kaufmann et al., 1987) after some
 
modifications were made 
to the model to allow the more detailed
 
consideration of health interventions and to adapt the model to
 
the specific requirements of the Muhaka study. The following

data were required for the model, the herd structure, the bio
logical productivity data, the production inputs and the costs of
 
these as well as the price of outputs; these are presented for
 
each herd in Appendices 1 and 2. The model calculates on a
 
yearly basis over a 10-year period the evolution of the herd
 
structure and the inputs and outputs. A cost-benefit analysis is
 
then performed with the three following outputs being considered
 
in economical terms: liveweight, milk sales and added herd value.
 
For the various analyses of this study, the model'3 automatic
 
culling rule was used. By choosing this option the number of
 
breeding cows does not increase above its initial level which in
 
turn stabilizes the herd structure after a few years.
 

COST-BENEFIT ANALYSIS OF CHEMOPROPHYLAXIS
 

The analyses were comparisons between the prophylactic and the
 
non-prophylactic groups (with and without intervention) within
 
each herd.
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Table 1. 
Number of prophylactic trypanocidal drug treatments
given according to weight category per year and per
animal in the prophylactic group for all herds.
 

Weight category 
 <60kg >60kg
 

Samorin 
 0 
 3
Berenil 
 0 
 1
 

Table 2. 
Overall annual number of therapeutic Berenil treatments
required per animal by age class and trypanocidal drug

regime.
 

Age class
 
Trypanocidal drug 
 0-1 yr 1-3 yrs >3 yrs

regime
 

Non-prophylactic 
 0.25 
 0.38 
 0.72
Prophylactic 
 0.2.3 
 0.17 
 0.26
 

All the parameters were considered by herd 
and prophylactic
regime except for the mortality rates, which were 
mean values for
each drug regime and 
 the offtake rates, which were calculated on
a herd basis. The production inputs considered in
were only the this analysis
trypanocidal drug requirements according
regime; this assumes that 
to each


other inputs were similar for both
regimes 
(Tables 1 and 2 and Appendix 2, Table 2.1).
exchange rate (US$1 
At the 1967
 = KSh.17), the 1986 and 1987 prices for
Berenil were 
KSh.6.75 and 10.0/1.05g 
 and for Samorin were
KSh.2.75 and 3 .80/5g. The prices for meat 
and milk were KSh.5/kg
liveweight 
and KSh.5/litre milk, respectively, and thl interest
(discount) rate 
was 12%. The production results 
show that the
main overall difference between the 
non-prophylactic and the
prophylactic: groups was 
the lactation yield : 158 and 196 litres,


respectively.
 

Results
 

Table 
3 gives the results of the chemoprophylaxis cost-benefit
analysis in teris of benefit /cost ratios 
(B/CR) and net present
values (NPV). 
 The internal 
rates of return 
(IRR) could not be
used here because they can only be calculated if the initial
investment is important and then is 
recovered during the
following years, which is 
not the case for drug treatments which
bring low but continuous costs.
 

Out of the 
ten herds, eight yielded positive NPVs (or B/CR
greater than the break-even value of 
1) at a 12% discount rate.
The average performance amounted 
to a NPV of KSh.200,302 (or
US$11,782) and 
a B/CR of 3.7.
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The rank order of the herds for the B/CR is exactly the same
 
as that for the increase in lactation yield in the prophylactic
 
group compared to the non-prophylactic group within each herd
 
(Table 4). This clearly shows that the lactation-yield response
 
to the use of Samorin was the key factor determining the results
 
of the cost-benefit analysis.
 

Table 3. 	Benefit/Cost Ratios and Net Present Values by herd for
 
chemoprophylactic compared to non-chemoprophylactic
 
regime.
 

Herd No. Benefit/Cost Net present value Net present value
 
Ratio (KSh.) (US$)
 

1 -3.2 -17,258 -1,015
 
8 -0.1 -5,411 -318
 
9 	 1.4 7,510 442
 
6 	 2.0 6.620 389
 
3 	 5.2 24,369 1,433
 
2 	 5.3 18,742 1,102
 
5 	 6.0 27,055 1,591
 
4 	 6.3 51,719 3,042
 
7 7.0 34,320 2,019
 

10 10.8 26,943 1,585
 

Note: 1987 exchange rate 1 US$ = KSh.17
 

Table 4. 	Comparison between the increase in lactation yield and
 
the Benefit/Cost Ratio of the prophylactic groups
 
within each herd.
 

Herd No. Lactation yield increase (%) Benefit/Cost Ratio
 

1 27.3 	 -3.2
 
8 -10.9 	 -0.1
 
9 -5.6 	 1.4
 
6 9.6 	 2.0
 
3 28.8 	 5.2
 
2 27.6 	 5.3
 
5 45.6 	 6.0
 
4 60.6 	 6.3
 
7 54.9 7.0
 
10 101.2 10.8
 

The two negative results, herds 1 and 8, reflect the higher
 
biological performance (milk yield in particular) achieved by
 
these herds under the non-prophylactic regime. The absence of a
 
positive response to the prophylactic regime in those herds could
 
possibly be explained by the fact that they had the lowest try
panosome prevalence during the study: 1.2% on average compared to
 
the rest of the herds which ranged from 3.0 to 6.8%. This was
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further substantiated by 
the significant relationship (P(o.05)
between the 
cost of Berenil treatments required in the 
nonprophylactic group of each herd and the B/CR of the prophylactic
regime of these (Figure 1). 
 This would indicate that
chemoprophylaxis is favourable only above 
the use of
 

a certain level of
trypanosomiasis risk.
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Figure 1. Relationship between the 
 annual costs 
of Berenil
treatments received per 
 100kg liveweight in
non-prophylactic group 
the
 

and the Benefit/Cost Ratio

the prophylactic regime of each herd. 

of
 

Sensitivity analyses
 

Four sensitivity analyses 
were performed to examine the effects
of 
the following situations:
 

1) increases in costs 
of Samorin due to higher requirements in
frequency of administration or in dosage,
 

2) increases 
in prices of trypanocidal drugs due to the
decreasing strength 
of the Kenya shilling compared

European currencies, 

to
 

3) increase in 
the meat price paid 
to the producers in Muhaka
who receive 
a very low price at the moment, and
 

4) no response in lactation yield due to 
the use n
chemoprophylaxis.
 

Effect of frequency of administration and dosage of Samorin
 
Table 5 shows that with 
an increase in frequency of Samorin
administration to 
once every 2 months 
(+66% in costs of Samorin),
or 
even with a doubled dosage of 
1mg a.i./kg liveweight (+ 100%
in costs of Samorin) the overall outcome remained positive with a
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NPV of KSh.135,094 for the latter. These higher doses of Samorin
 
are already given in East African situations. It was assumed for
 
this sensitivity analysis that the increase in Samorin
 
administration would not lead to changes in productivity when
 
compared to the present level of utilization of Samorin.
 

Table 5. 	Effect of frequency of administration and dosage of
 
Samorin on Benefit/Cost Ratio and Net Present Value.
 

Benefit/Cost Net Present
 
Ratio Value (KSh.)
 

Samorin given 3 times/year at
 
0.5mg a.i./kg LW 3.70 200,302
 

Samorin given 5 times/year at
 
0.5mg a.i./kg LW 2.33 156,830
 

Samorin given 3 times/year at
 
lmg/a.i./kg LW 1.96 135,094
 

Effect of 	prices of Samorin and Berenil in Kenya shillings
 

Between 1986 and 1987 the prices of Samorin and Berenil recorded
 
a 38 and 48% increase, respectively, in terms of Kenya Shillings.
 
This was due to the decline in the Kenya Shilling relative to the
 
British and German currencies. Table 6 shows the effect of this
 
increase and of any further similar increase after 1987. Al
though the results are still largely positive (NPV : KSh.170,982
 
if further increases were to be recorded) this illustrates the
 
need for re-appraisals with regard to currency fluctuations.
 

Table 6. 	Effect of prices of Samorin and Berenil in KSh. or
 
Benefit/Cost Ratio and Net Present Value.
 

Berenil Samorin Benefit/ Net Present 
price price Cost Value 
1,05g 5g Ratio (KSh.) 

1986 6.75 2.75 5.13 221,430
 
1987 10.00 3.80 3.70 200,302
 
Future 14.81 5.25 2.64 170,982
 

Effect of 	output prices
 

The liveweight price of meat received by the herd owners of the
 
study was very low : KSh.5/kg. The official producers' price, as
 
set by the Kenya Government in 1986 for Kwale District where
 
Muhaka is situated, was fixed at KSh.10/kg liveweight. In 1987 a
 
deregulation of meat prices was introduced and these now follow
 
market forces. The farmers in the study received a low price

because their meat was sold only to friends and neighbours, thus
 
not entering the commercial market. The market was supplied by

animals sold by the herdsmen from the hinterland, the Durumas.
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A first sensitivity analysis 
was carried out with 
a meat
price of KSh.10/kg liveweight which is 
the current market price
paid by butchers. In the second sensitivity analysis the price
of milk was increased from 
KSh.5 to KSh.7 per litre, the latter
being the price received by producers who are able to 
deliver a
regular supply of milk to the tourist industry of the Kenya south
coast where the project is situated. 
 Since there is a large
shortage of fresh milk at 
the coast, there is 
a ready market for
fresh milk in Mombasa, 35km away and nearby at the hotels.
 
The results show (Table 7) that 
a meat price increase of
100% would yield a 16% increase in NPV (KSh.232,622) whereas the
40% increase in 
milk price would trigger off a NPV increase of
48% (KSh.294,414). 
 The sensitivity 
to milk prices was thus far
greater than to meat prices.
 

Table 7. Effect of producers' meat and milk prices on 
Benefit/-

Cost Ratio and Net Present Value.
 

Meat price/kg LW: 
 KSh.5 
 KSh.10 
 KSh.5
Milk price/l 
 : KSh.5 
 KSh.5 
 KSh.7
 

Benefit/Cost Ratio 
 3.7 
 4.1 
 5.0
Net Present Value KSh. 
 200,302 232,4622 297,414
 

Effect of lactation yield
 

If the lactation yield had remained 
at 158 litres instead of
having increased to 
196 litres, the returns to chemoprophylaxis
would have hardly been positive B/CR:l,06; NPV : KSh.4,270. 
This
indicates that virtually all the response to 
chemoprophylaxis in
terms of productivity was through the milk yield which again
shows the importance of milk 
and of the accuracy of its
 
recording.
 

COST-BENEFIT ANALYSIS OF CATTLE PRODUCTION
 

For this analysis, all the production parameters 
considered are
those recorded for the prophylactic regime which showed superior
results in the majority of cases. In order to look at the
overall picture of 
cattle production in our had
to 
survey herds, we
simulate the veterinary services provided to 
the farmers
since the existing veterinary inputs included 
 a strong research
component. (Details of 
costs and accounting 
used in this paper
can be obtained from ILCA, P.O. Box 46847, Nairobi).
 

The veterinary service simulated provides a routine 
 monthly
visit and emergency visits to herds totalling 1500 head of cattle
within 
a 35km radius of the laboratory situated 
at Ukunda.
During the monthly visit all animals are sampled for blood parasites, blood packed cell volume is 
estimated and trypanosome
detection by the dark ground/phase contrast method is performed.

The following items are 
to be accounted for:
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a) Personnel: 	 1 Veterinarian (1/4 time*)
 
1 Animal Health Assistant (1/2 time*)

2 Junior Animal Health Assistants
 

(1 full time, 1 1/2 time*)

1 Driver (1/2 time*)

*The remaining time could be spent working on
 
other similar set-ups in the vicinity of this
 
station.
 

b) Laboratory: Building and basic furniture
 
Microscope (with phase contrast)
 
Centrifuge (for capillary tubes)

Electricity and water charges.
 

c) Transport: 4 wheel drive double cabin (1/2 time*)
 

Fuel
 

*Half time used in another station.
 

d) Acaricidal dip: Construction and maintenance.
 

e) Material for blood examination in the field and treatments:
 
1 Power generator
 
Fuel
 
Glassware
 
Ear-tags
 

The distribution of costs for veterinary services is given

in Table 8. The total annual average cost per head of cattle over
 
a 10-year period amounts to KSh. 160.
 

Table 8. Distribution of costs for veterinary services
 

Personnel 
 38.8%

Field examination of blood* 
 21.4%
 
Transport* 
 30.6%
 
Microscope and centrifuge* 
 4.8%

Laboratory 
 2.2%

Dip 
 1.8%
 

*Items to be mainly 	accounted for in foreign currency.
 

Costs could be reduced by 19% (KSh.129 per head per year) if

it was decided that only 1/3 of all the animals would need blood

sampling every month, which is realistic particularly if
chemoprophylaxis is 	adopted as 
a general policy. The accounting

of the costs of these services was done rather expensively so as
 
to remain on the conservative side.
 

The production input level at Muhaka was very low. Apart

from the veterinary services, which 
are provided by the Govern
ment, the livestock 	owners only pay for drugs and, in 
some cases,

for herdsmen. The breakdown of the overall costs is 
as follows:

Samorin 42%, Berenil 15.4%, accaricides 22.1% (dipping was per
formed every 2 weeks), anthelmintics 16.6% (all animals below

100kg liveweight were drenched every three months) and other

drugs (mainly antibiotics and vitamins) accounting for 
the

remaining 3.9%. The average 
cost per animal per year totals
 
KSh.35.
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Although tick borne diseases do not seem to 
play a major
role at the current dipping frequency, it might well be that

the future this would be increased to once a week 

in
 
as recommended


by the veterinary services (especially if other breeds are going

to be introduced). 
 In this case the costs per head per year
would increase by 22%, amounting to KSh.43. Out of 
the ten

herds, six 	were looked after by herdsmen employed by the 
owners
who paid them KSh.6,600 per year. In the other 
cases the size

of the herds did not 
always justify the employment of a herdsman

and therefore household members would 
take care of the cattle.

Because of the difficulty in evaluating the time spent in the
small herds to take the animals to pastures, to tether them, etc.
and of the difficulty determining an opportunity cost of the

family labour, these were not 
accounted 	for. Similarly, the
costs of the local material (palms, wood, etc.) used in the construction of the kraals were 
not taken into account. Thus only

the items which were actually paid for were priced.
 

Consideiing finally the 
total costs of production inputs

required in Muhaka, 
67.3% are due to the veterinary services,
17.6% to herding costs and 15.1% to veterinary drugs. This
totals to an average of KSh.223 per animal per year.
 

Results
 

The overall results are given in Table 9; 
 returns were positive

for all 
herds when no costs of veterinary services were taken

into consideration. This is the situation 
as it appears to the
producer since he does not pay frr 
these services. Even when

taking the costs of veterinary services 
into account, including

the animals' blood sampling every month, the returns remain positive, indicating that from the Government and policy makers point

of view, it does pay to 
provide these services to the livestock
 
owners in Muhaka. On a herd basis, three herds yielded negative

returns (B/CR : 0.88, 
0.91, 0.98) when 100% of the animals provided blood samples, whereas when only 33% of the 
animals were
sampled for blood, only one herd had a slightly negative result
 
(B/CR at 0.99).
 

Table 9. 	 Overall cost-benefit analysis results for cattle
 
production
 

Benefit/ Internal Net Present Value
 
Cost Rate of
 
Ratio Return KSh. US$
 

No costs of veterinary

services 
 2.23 46.1 943,439 55,496


With costs of veterinary
 
services, 100% of animals
 
blood sampled 
 1.12 18.1 183,500 10,794


With 	costs of veterinary
 
services, 33% of animals
 
blood sampled 
 1.24 23.1 332,286 19,546
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Sensitivity analyses
 

Sensitivity analyses were performed to 
see how the overall re
sults would be affected by changes in drug costs due to 
higher

usage of acaricides and trypanocidal drugs, in exchange rate and
 
in lactation yield.
 

Effect of frequency of acaricidal dip and Samorin dosage
 

As Table 10 shows, the outcome would remain positive from the

viewpoint of 
both the producer and the Government, even if the
 
acaricidal 	dip frequency increased 
to once every week and the

dosage of Samorin increased to 1mg a.i./kg liveweight (in other

words this 	corresponds to 
a doubling 	in costs of acaricides).
 

Table 10. 
 Effect of frequency of acaricidal dip and Samorin
 
dosage on overall cost-benefit results.
 

Acaricidal dip performed every week,
 
Samorin dosage : 1mg a.i/kg
 

liveweight Benefit/ Internal 
 Net
 
Cost Rate of Present
 
Ratio Return Value
 

(KSh.)
 

No costs of veterinary services 
 1.97 	 42.5 842,392
 

With costs of veterinary services,
 
100% of animal blood sampled 1.05 14.8 82,454
 

Table 11. 	 Effect of foreign exchange costs on overall cost
benefit results.
 

Foreign Exchange Costs
 
15% increase 30% increase
 

B/CR 	 NPV B/CR NPV
 
KSh. KSh.
 

No costs of veterinary services: 2.17 919,307 2.10 894,942
 

With costs of veterinary aervices,

100% of the blood sampled: 1.06 90,028 
 1.00 -2,159
 

Note: IRR could not be calculated for the technical reasons
 
explained earlier.
 

Effect of foreign exchange costs on overall cost-benefit results
 

Since the Kenya shilling has been steadily losing ground in
 

369
 



----------------------------------------------------

comparison to 
leading foreign currencies, sensitivity analyses
were carried out to 
see the impact of a 15 and 
a 30% increase in
costs incurred when buying foreign goods. 
 Table 11 indicates
that there would be 
a 5% reduction of 
the NPV to the producers
due to a 30% increase of 
drug costs, whereas 
this would bring a
very slightly negative NPV when 
seen from the Government's viewpoint. The larger reduction in the latter NPV is due to 
the fact
that a rise in 
costs of foreign exchange would affect 
not only
the drug costs 
but also those of the field examination of blood,
transport, microscope and centrifuge. With the present trend of
lower exchange rates 
for the Kenya shilling (up to -30% per annum
compared to European and 
Japanese currencies), this shows that

periodic reappraisals will be needed.
 

Effect of lactation yield on overall cost-benefit results
 

Table 12 shows 
that with the present meat price, the farmers
would produce at 
a loss if their cattle were sold o)nly for beef.
In the Government's view it would be necessary 
to maintain a
lactation yield of 196 litres to pay for the veterinary services.
The values of 
106 and 238 litres for milk lactation yield are the
extreme mean results achieved by the survey herds and 196 litres
is the overall mean result for 
the 10 herds. If the producers
in Muhaka received a meat 
price of KSh.10/kg liveweight, they
would break even without producing milk, whereas from the Government's perspective a lactation 
yield of 106 litres would be
required. 
This again stresses the importance of milk production

in the region.
 

Table 12 Effect of lactation yield on overall Net Present Values
 
(KSh.) of cost-benefit analyses.
 

Lactation yield, litres
 

0 106 196 238
 

Meat price
 
KSh.5/kg LW
 

No costs of veterinary

services -74,110 476,282 943,439 
 1,167,133
 

With costs of veterinary
 
services, 100% of the

blood sampled -834,049 -283,657 183,500 
 407,195
 

Meat price :
 
KSh.10/kg LW
 

No costs of veterinary

services 
 214,492 764,884 1,232,040 1,455,735
 

With costs of veterinary
 
services, 100% of the
 
blood sampled -545,447 4,945 472,102 
 695,796
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CONCLUSION
 

Cattle production in the Muhaka area, where livestock are
 
exposed to low- to medium-trypanosomiasis risk, was more profit
able when cattle were treated prophylactically witH trypanocidal
 
drugs rather than when merely receiving therapeutic treatments.
 
The prophylactic regime was still economical even if expenditure
 
on the prophylactic drug, Samorin, was doubled.
 

On an individual herd basis, the superiority of the prophy
lactic drug regime was directly related to the increase in lac
tation yield and gave indications that the use of Samorin was
 
economically favourable only above a certain level of trypano
somiasis risk.
 

The results presented in the study indicated the importance
 
of milk production, both in terms of lactation yield and producer
 
prices. Exchange rates were also important. Consequently the
 
accurate recording of milk production should be an important
 
component of similar studies, which shouild be also evaluated
 
periodically to take account of fluctuating exchange rates.
 

Cattle production yielded positive rates of return to the
 
producer and also covered the costs of veterinary services pro
vided by the Government, even with a doubling of expenditure for
 
Samorin and acaricides.
 

It thus appears that there is in this area, good prospects
 
for development of cattle production with emphasis on milk, using
 
trypanosomiasis prophylaxis. The Kenyan Government has already
 
taken steps in this direction with the establishment of an arti
ficial insemination unit which will introduce exotic dairy genes.
 
The good economic performance presented here will have to be
 
reassessed in the future because the situation will change in
 
that the exotic crossbreds would possibly need more inputs in
 
comparison to the present very low input levels and because, in
 
the medium term, competition for land between crops and livestock
 
will definitely increase. Opportunity cost of land will then
 
have to be taken into account, whereas, for the moment, land is
 
not a major constraint.
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Appendix i. 
 Costs of production inputs
 

Table 1. 
Costs of veterinary 
services 
(KSh.)

imported goods are tax free). 

(All costs of
 

a) Personnel:
 

Title 

Kenya Government 
 Annual gross
civil service job group 
 salary*
 

Veterinarian 

K
Animal Health Assistant F 

87,760
 
Junior Animal Health Assistant C 

36,940
 
21,220
Driver 21,220
C 
 21,220
 

*Include housing alloware, pension scheme and food emoluments.
 

b) Laboratory:
 

It-am designation 
 P'u:(hase costs 
 Lifetime 
Recurrent costs
 

Buildingfurniture+ basic
 30,000
Microscope 10 yrs 3,000 every 4 yrs
47,000
Centrifute 5 yrs 4,700 per yr
12,0005

Electricity charges yrs 1,200 per yr

Water charges 3,000 per yr


1,200 per yr
 

c) Transport:
 

Item designation 
 Purchase costs 
 Lifetime 
Recurrent costs
 

4 Wheel drive

double cabin 
 286,000
Fuel + wear & tear* 5 yrs
 

24,000 per yr
 

*Standard costs used by the Kenya Government for 4WD vehicles:
KSh./km. 70km covered per day for 114 

3
 

days per year 
at this
station.
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d) Acaricide dip: 

Construction cost Lifetime Recurrent costs 

120,000 20 yrs 3000 every 6 yrs 

e) 	 Material for blood examination in the field and for
 
treatments:
 

Purchase Lifetime Recurrent costs
 
Item designation cost
 

Power generator 8,000 5 yrs
 
Fuel and oil 1000 per yr
 
Glassware, etc.
 

Syringe 140 3 mths
 
Needle 0.80 1/10 injections
 
Capillary tube 0.75 1 per sample
 
Slide 0.62 1 per sample
 
Cover slip 0.47 1 per sample
 
Vacutainer holder 3 1 yr
 
Vacutainer tube 2.9 recycled 3 times
 
Vacutainer needle 2.2 recycled 1 time
 

Glassware 	costs per animal and per year : KSh.46.
 

Ear-tags: 	KSh.5.3 per animal (all animals tagged in year 1 and
 
all new born thereafter).
 

Table 1.2 	Annual cost of treatment in Kenya shillings per 100kg
 
liveweight by age class and herd.
 

Herd 	No. 0-1 yr 1-3 yrs >3 yrs.
 

1 	 15.9 30.9 16.8
 
2 	 16.4 29.8 16.5
 
3 	 15.6 30.0 15.7
 
4 	 15.8 30.3 16.0
 
5 	 15.7 29.5 16.1
 
6 	 15.3 31.2 16.6
 
7 	 15.7 30.9 15.7
 
8 	 16.4 30.3 15.2
 
9 17.1 31.6 17.3
 

10 15.9 32.0 18.0
 

Overall 15.9 30.5 16.6
 

Annual cost of acaricides per animal (chemical only): KSh.7.8
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Table 1.3 	Annual average treatment costs expressed per animal
and per 100kg liveweight* (KSh.) 
with herd 	structure

in Year 1 taken as basis.
 

Herd No. 
 Cost/animal 
 Cost/lOOkg 	liveweight
 

1 
 30.88 
 26.75
2 
 32.31 
 24.80
3 
 33.53 
 25.50
4 
 34.85 
 23.95
5 
 36.06 
 23.90
6 
 35.14 
 25.65
7 
 31.09 
 25.09
8 
 33.51 
 24.40
9 
 39,16 
 25.75
10 
 36.52 
 26.05
 

Overall 
 35.3C 
 25.3
 

*Note: Since drug
some 
 costs are per weight and others per

head, 
a single measurement 
of treatment costs is not
 
possible.
 

Table 1.4 Distribution and total of 
average annual costs per

animal and herd.
 

Total average Percentage of costs incurred by

annual costs
 
per head Veterinary Treatment
Herd No. 	 Herding
(KSh.) services 
 drugs costs
 

1 185.9 
 83.3 
 16.7 
 0.0
2 237.0 
 89.6 
 10.4 
 0.0'
3 258.7 
 57.6 
 12.3 	 30.1
4 284.0 
 73.6 
 9.1 17.3
5 272.0 
 54.9 
 13.3 	 31.8
6 257.3 
 59.0 
 12.7 	 28.3
7 255.8 
 58.6 
 12.3 	 29.1
8 182.8 
 82.6 
 17.4 
 0.0
9 190.1 
 80.1 
 19.9 
 0.0
10 217.6 
 68.0 
 15.3 	 16.7
 
Overall 
 222.7 
 67.3 
 15.1 	 17.6
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^ppenaix j. cost-Denef1t analysis results of cattle production
 

Table 2.1 Cost benefit analysis results of cattle production by

herd, no costs of veterinary services.
 

Benefit/ 
Herd No. Cost/Ratio 

1 2.21 
2 3.77 
3 2.13 
4 2.39 
5 1.84 
6 2.05 
7 1.80 
8 2.06 
9 2.93 
10 2.64 

Overall 2.23 

Internal Rate 

of Return 


37.2 

69.4 

53.0 

52.8 

40.4 

48.1 

39.2 

32.9 

53.1 

58.0 


46.1 


Net Present
 
Value (KSh)
 

35,853
 
97,221
 
86,150
 

136,196
 
65,535
 
90,714
 
63,827
 
36,842
 

230,659
 
207,831
 

943,439
 

Table 2.2 Cost-benefit analysis results of cattle production by

herd, with costs of veterinary services, 100% of the
 
blood sampled.
 

Benefit/Cost 

Herd No. Ratio 


1 0.91 

2 1.41 

3 1.17 

4 1.21 

5 1.06 

6 1.13 

7 0.98 

8 0.88 

9 1.35 


10 	 1.29 


Overall 	 1.12 


Internal Rate 

of Return 


n.a. 

36.1 

22.3 

23.3 

15.4 

19.7 

n.a. 

n.a. 

27.1 

27.6 


18.1 


Net Present
 
Value (KSh)
 

-6,422
 
43,512
 
23,283
 
39,993
 
8,397
 

20,950
 
-2,798
 
-9,982
 
91,408
 
75,168
 

183,500
 

n.a. 	 = Not available because of more than one change of sign
in the annual aggregate cash flows over the 10-year 
period. 
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Table 2.3 Cost-benefit analysis 
results of 
cattle production by
herd, with costs of veterinary services, 33% 
of the

blood sampled.
 

Benefit/Cost 
 Internal Rate
Herd No. Net Present
Ratio 
 of Return 
 Value (KSh)
 

1 
 1.03 
 13.1 
 1,689
2 
 1.69 
 41.7

3 54,099
1.28 
 27.6
4 25,650
1.34 
 28.6
5 59,171
1.16 
 19.9 
 19,639
6 
 1.24 
 24.6
7 34,487
1.08 
 16.0

8 10,262
0.99 

9 n.a. -851
1.51 
 31.5
10 118,379
1.44 
 33 0 
 101,386
 

Overall 
 1.24 
 23.1 
 332,286
 

n.a. 
= Not available because of more 
than one change of sign
in the annual aggregate cash flows over 
the 10-year

period.
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36 
Economic aspects of recently introduced trypanotoLerant
livestock production under trypanosomiasisrisk 
in southern Togo 

G. MORKRAMER, A. DEFLY, G.D.M. dIETERE, G. CRUNDLER, P. ITTY,
S.G.A. 	 LEAK, J.H.H. MAEHL, K MAfUENA, S.M. MAGDA, .M. RARIEYA,
 

. THORPE and J.C.M. TRAIL
 

INTRODUCTION
 

A few years ago the Centre de Recherche et d'Elevage Avetouou
 
(CREAT), Togo, a German-Togolese research cum extension centre,
 
was established in Avetonou, southern Togo, 
with the aimd of

developing trypanotolerant livestock production in 
tsetse
affected areas the
of country. Through the introduction of try
panotolerant livestock the centre aims to:
 

a) upgrade the existing stock,
 

b) bring livestock to regions devoid of 
animal production
 
through the metayage system,
 

c) exploit crop - livestock interactions and
 

d) increase the living standards of farmers.
 

These programmes are integrated within the Togolese live
stock policy framework, the goal of which is the 
efficient
 
improvement of the supply of self-produced animal protein through

the promotion of livestock development (Rafransoa, 1987).
 

A component of the livestock development programme has been
the on-station and on-farm recording of livestock health and

production and related 
tsetse parameters. Since livestock, and

cattle rearing in particular, are uncommon in southern Togo, all

the animals followed in the survey were introduced recently,

either on the research station or, 
since 1981, by CREAT, who
started to 
distribute livestock to the neighbouring villages.

The farmers later had to reimburse CREAT by returning an

equivalent number of offspring. Almost all the cattle herds

surveyed 
are communal herds belonging to associations of up to
 
twenty villagers, whereas small 	 to
the ruminants belong

individual farmers.
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All the village herds were visited 
every week by CREAT
extension staff 
 who gave extension advice and treatments.
 

MATERIALS AND METHODS
 

From January 1984 to December 1986 
health and productivity data
 were 
collected according to the standard Network procedures.
 

Cattle and sheep were the two species studied with 
two
cattle herds of approximately 150 animals being maintained on
research station, while 10 herds of 11 
the
 

to 38 head of cattle and 7
flocks of sheep of 
20 to 28 animals were monitored in the villages. 
 The cattle breeds in both the station and in the villages
were N'Dama and Race Locale, with 
a very small number of village
cattle being crossbreds with 
25 or 50% exotic blood of German
Yellow or Brown Swiss. 
 The Race Locale cattle 
are West African
Shorthorn with some 
Borgou genes. The sheep were all Djallonke.
Thus nearly all of the livestock in 
the survey were trypanotolerant. The livestock were exposed 
to a low-to-medium tsetse
challenge, the 
mean monthly trypanosome prevalences recorded
being 2.7% for sheep, 4.9% for station cattle and 7.2% for
 
village cattle.
 

The aim of this study is to examine the economics of the
livestock production sector 
for the three categories which were
surveyed, namely station 
cattle, village cattle and village
sheep. Originally a cattle breed comparison was also planned;
unfortunately the 
number of crossbreds was too small and there
 were not enough herds 
with both N'Dama and Race Locale to avoid
the problem of confounding effects of breed and herd.
 

The data considered for the economic analyses 
were the mean
results of the production parameters 
recorded during the threeyear survey and the economic data obtained during a survey in
1987 (all prices and costs 
are as per 1987). These were regarded
on a herd and on an 
ov7erall basis for the three categories.
 

Both the biological and economic data 
(production inputs and
prices) were 
entered into modified versions of 
a Herd Model for
economic analysis developed at ILCA (Von Kaufmann et al., 1987).
The model runs on a microcomputer and is written in LOTUS 1-2-3.
The modifications concerned the small ruminant model and aspects
of health 
treatments and fodder cultivation, while adaptations
were also made suit
to the present data set and the 
analysis
required. The model works on 
a yearly basis and gives results of
the evolution of the 
herd structure and of the outputs both in
biological and economic terms over 
a ten-year period; hence 
the
data is also entered on a yearly basis. The general approach
has been described by McIntire 
(article 34 of these Proceedings)
and an example from 
a study in Kenya reported by Itty et al. in

article 35 of these Proceedings.
 

PRODUCTION PARAMETERS
 

Tables 1 and 2 give the overall production parameters by managemenf class and animal age and sex classes. Noteworthy points
con- ning the productivity data are, 
first of all, the total
absence of milk extracted for human consumptior since milk 
is
totally absent from the diets in southern Togo; and secondly, the
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Table 1. 	 Overall cattle production parameters by management
 
system.
 

0-8 mth 0-36 mth 36+ mth
 

Age class/sex F M F M C F M Total
 

Herd structure (no)
 

Station 28 25 72 65 0 103 10 303
 
Villages 27 25 56 24 17 112 13 274
 

Offtake rates (%)
 

Station 0 0 1.8 10.3 0 10.4 20.0
 
Villages 2.5 2.7 22.3 49.2 88.2 6.8 23.1
 

Weights (kg)
 

Station 78.8 160.5 291.3 329.3
 
Villages 65.9 153.4 227.2 310.1
 

Mortality rates ()
 

Station 0.7 0.8 0.5
 
Villages 2.6 2.6 2.7
 

Calving interval (days) Milk extracted for human consumption
 
(litres/cow)
 

Station 459 Station 0
 
Villages 550 Villages 0
 

mth : months M : male F : female C : castrate
 

Table 2. Overall sheep production parameters.
 

0-3 mth 3-24 mth 24 mth+
 

Age class/sex F M F M F M Total
 

Herd structure (no) 18 16 24 25 74 16 173
 
Weights kg) 5.7 11.3 19.8 24.5
 
Offtake rates (M) 1.2 2.1 15.8 42.8 3.6 31.2
 
Mortality rates (%) 7.1 23.2 15.8
 

Lambing interval (days) 	 Litter size
 

260 	 1.19
 

379
 



very low mortality rates for 
cattle even 
under village management. 
 This is thought to be mainly due to 
the very close supervision of CREAT extension service 
who provided all
treatments required in 
the care and
these small herds. Thirdly is the 
somewhat high offtake rate in certain age and set 
categories of both
village cattle and sheep; 
 this was due to
reimbursed to CREAT were 

the fact that animals

included in the offtake rates along with
the sales and slaughters.
 

ECONOMIC PARAMETERS FOR LIVESTOCK PRODUCTION
 

Veterinary services
 

A simulation of the veterinary services provided had to be undertaken in order 
to include thc costs of these
costs incurred by CREAT are very high due 
since the actual
 

to their strong research and animal breeding component.
 

The veterinary services simulated here
between what are a compromise
is actually needed 
for a service of reasonable
quality and 
 what the Togolese government 
is able and willing to
spend in 
a region with a low livestock density.
 

These services would 
cover in 
a station or 
ranch situation
2500 head of cattle within 
a 15km 
radius or in villages
cattle and 1000 sheep in 
1000
 

a 35km radius.
 

The visits to 
the herds would be bi-monthly and the animals
presenting clinical symptoms of 
infection would have their blood
sampled for examination (it is estimated that 7.5% of the animals
present at each visit would 
fall into this category).
implement this work, To
the following 
items would have to be

accounted for:
 

a) Personnel 
 1 Livestock technician
 
2 Assistant technicians
 

b) Laboratory 
 1 Building with basic furniture
 

c) Equipment 
 1 Microscope
 
1 Centrifuge for capillary tubes
 
I Kerosene refrigerator
 
Fuel for refrigerator
 

d) Material for blood
examination 
 Glassware (vacutainers, capillary tubes,
 
slides, cover slips)
 
Ear-tags
 

e) Transport 
 80cc all-terrain motorcycle
 
Fuel
 

The distribution 

years 

and total mean annual cost over the
are ten
given in Table 3. 
 These 

are show that costs in villages
twice as high as lower number


in the station because of the
of animals that 
can be followed and the transport costs, both of
which depend on the distances between the herds and between these
and the laboratory.
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Table 3. Distribution (M) and total mean annual cost of veteri
nary services. 

Station Villages 

Personnel 57.1 54.7 
Transport* 14.2 21.0 
Blood examination* 13.2 9.3 
Equipment* 12.2 11.8 
Laboratory 3.3 3.2 

Cost per animal 
: cattle 

(CFAF) 
508 1025 a 

: sheep 2 9 5a 

aIt is assumed that cattle incur 4/5 and sheep 1/5 of the costs
 
(except for blood examination costs which are on a per head
 
basis).
 

*Items to be mainly accounted for in foreign currency,
 

1987 exchange rate : US$1=CFAF300
 

Veterinary treatments
 

Regular, systematic herd treatments only concerned acaricidal
 
drugs: in the station, the cattle were dipped every week during

the rainy season and every other week during the dry season;
 
this represents a total of 37 dips per year whereas in the vil
lages, both cattle and sheep were sprayed every two weeks.
 
Global herd treatments were given according to the physiological
 
states using the following drugs:
 

Vaccinations against Peste des Petits Ruminants-PPR/perip
neumonia (Bisec), anthrax, brucellosis and Infectious Bovine
 
Rhinotrachitis/Infectious Vulvovaginitis-IBR/IPV (Bovoflavine);
 
deworming, mainly with Tetramisole.
 

Individual treatments were given when required for a series
 
of drugs which include diminazene aceturate (Berenil) anti
biotics, vitamins and a few others. Table 4 presents the dis
tribution and t.e overall annual mean cost of drug treatments
 
given per animal in Year 1.
 

The results presented indicate that the costs are similar
 
for both station and village cattle (same supervision and
 
services) and less than half for sheep compared to cattle. Given
 
low-to-medium trypanosomiasis risk, the infection type and the
 
breeds considered here, trypanosomiasis does not induce heavy

drug costs. Berenil was given curatively for all animals showing

clinical symptoms or having a PCV below 24% or with trypanosomes
 
detected in the blood, with the exception of cases involving T.
 
vivax and a PCV greater than 24% (The last point is due to the
 
fact that CREAT considers the pathogenicity of the local strain
 
of T. vivax to be very low (Djabakou et al., 1981)).
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Table 4. Distribution and overall 
annual mean cost of drug
treatments given per animal 
species and management

system. 
 (Year 1 taken as basis).
 

Species/ 

Cattle
management system Sheep


station villages villages
 

Cost distribution 
(M): 

Acaricidesa 
 57.1 
 42.1 
 53.4
Vaccinations 

23.1
Deworming 

19.7 28.5
 
21.2 
 22.3 
 8.6
Individual treatmentsb 
 1.5 
 7.6
Trypanocidal drugsc 

6.6 

0.5 
 5.9 
 1.9
 

Annaal total mean cost/animal
 
(KSh.) 
 1128 
 1100 
 433
 

aIncludes depreciation costs the dip
of 
 in the station and of
 

b manual sprayers in the villages.
bExcluding trypanocidal drugs.
cBerenil for 97% 
of the cases.
 

Note:Although 
 Table 
4 presents the average drug expenditure per
animal in Year 1 this 
is only to give an idea of the level
of costs we are dealing with; 
for the analysis, the costs
used were expressed per animal 
and per 100kg liveweight on
a yearly basis for each age/sex class.
 

Minerals
 

Mineral blocks were 
provided in all herds. 
 The overall costs per
TLU are given in Table 5.
 

Table 5. 
Overall annual costs in CFAF of mineral blocs per TLU.
 

Cattle station Cattle llages 
 Sheep villages
 

1800 
 738 
 2377
 

Note: 
 One mineral bloc of 10kg cost CFAF1800.
 

Fodder
 

The village herds graze on natural pastures of fallow land, under
oil palm trees or on 
river banks, etc. and hence the fodder costs
are non-existent. 
 The cropping intensity is such that
moment, there no for the
is competition between crops and livestock 
for
land and therefore the opportunity cost of 
land can still be
disregarded.
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On the station the 
two herds graze entirely on planted

pastures of Panicum maximum. 
 Each herd comprises 119 TLU and
requires 70 ha at a stocking rate 
of 1.7 TLU/ha (calculated by
CREAT). The 70 ha are 
divided into four pasturesof 17.5 ha
each. The fodder costs are calculated for bush clearing followed
by pasture establishment. 
 The costs of a crush and water supply

to the cattle were added to the 
costs strictly concerning fodder

since these are indispensable. The crush 
cost is taken into
 
account in the next paragraph. In the villages water is free of
charge (river); the total costs over 
the ten years amounts to
CFAF27,080,000 and these are distributed as 
shown in Table 6.
 

Table 6. Distribution (%) of 
costs of fodder cultivation for
 
station cattle.
 

Pasture establishment 
 38.0

Recurrent costs (fertilizers and maintenance) 
 35.8

Fencing (concrete poles) 
 26.2

Crush 
 0.1

Water supply 
 2.5
 

Night kraal
 

While the station cattle stay in the 
fenced pastures at night,

the village animals are brought back every night to 
their kraal.

All the cattle herds possessed the same type of kraal and crush
which were 
put up with the technical assistance of CREAT, while
the herd owners paid for the labour 
and material involved. The
total cost over the 
ten years amounted to CFAFI68,000 for each
 
kraal.
 

The cost of the kraal for the sheep varied according to each
herd since the owners 
were left free to organize themselves to
build 
a kraal which would satisfy the requirements set by CREAT.

The overall average cost per herd comes to CFAFI6,500 over the
 
ten years.
 

Herdsmen
 

The herdsmen employed on 
the station represented an annual cost
of CFAF408,000 per 
herd. The cattle herds in the villages

incurred 
a mean herding cost of CFAF98,500 per year; all except

one herd owner had a herdsman. Only in one sheep herd 
were

herding costs charged. A member of one of 
the associations was

the herdsman and his remuneration amounted to CFAF42,000/year.
 

Total production inputs
 

The distribution and the overall 
mean annual cost of production

inputs per animal are given in Table 7.
 

This distribution shows the very high expenditure due to
fodde: production on the 
station which represents the bulk of
their pcoduction costs. The village cattle show 
high costs of

herding labour; 
 this is because the herd owners, who do not have
 
past Expericnce with 
cattle, have to employ qualified herdsmen
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who are not readily found in this 
part of the country. Most
herdsmen 	are Peuhls who have 
to be offered relatively high
salaries to attract them to work in 
the south. The input level
for sheep is very low, only the indispensable being purchased.
 

Table 7. 	Distribution (M) and overall mean annual cost of pro
duction inputs per animal.
 

Cattle Cattle Sheep
 
station villages villages


Veterinary services 
 2.4 13.7 22.6
 

Veterinary treatments 
 5.6 15.2 36.5
 

Minerals 
 7.1 
 6.9 11.4
 

Fodder cultivation 
 79.2 	 0.0 
 0.0
 

Night kraal 
 -
 8.0 10.4
 

Herdsmen 
 5.7 56.2 19.0
 

Cost/animal (CFAF) 
 19,928 6,874 1,188
 

Other economic data
 

In addition to the costs of production inputs, the following
economic data were recorded during the 1987 
survey: meat price
CFAF325/kg liveweight and the interest rate 7%, which is used for
 
discounting.
 

RESULTS
 

Table 8 presents the overall results. For village cattle, 
these
 are presented for a herd 
size of 303 animals (instead of the
actual 274 head) which is 
the number of cattle 
in the station.
This was done to give a better comparison between both production
systems. 
 The original herd structure was maintained.
 

The results 
are given 	first without the costs of vterinary
services, 
which is 	the producer's situation since in Togo the
livestock 	owners 
pay for the drugs only. Secondly, the results
 are presented inclusive of the costs 
of veterinary services,
which is the comprehensive view of 
the production sector as 
seen
 
by the government.
 

It thus 
appears that the level of production inputs greatly
influences the overall 
cost-benefit results: 
the station cattle
yield negative returns due to 
the very high costs of their pastures; on the other hand the 
highly positive results of sheep
production in the villages are 
due to a great extent to the very
low level of inputs required in comparison to village cattle. 
On
a herd basis the two 
station herds had similar results, whereas
the village cattle results showed 
one herd with negative returns
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and 	the best yielding an 
 IRR 	of 18.8%, when veterinary services
 
costs were excluded. When these 
were included two herds had

negative returns, while the best had an IRR of 16.9%. 
 For 	sheep,

a.ll 	 results were very 
high, the range being from 15.7% IRR to
50.3% without costs of veterir"-ry services and 11.0 to 54.5% with
 
these costs included.
 

Table 8. Overall cost-benefit 
results of livestock production

for station and village cattle and village sheep.
 

Station Village Village

cattle cattle sheep
 

a) 	Without costs of veterinary
 
services
 

Internal Rate of Return (M) 
 -1.8 12.0 
 36.1
 

Net Present Value (CFAE'000) --25315 5659 20S2
 

b) 	With costs of veterinary
 
services
 

Internal Rate of Return (%) -2.2 10.3 30.9
 

Net 	Present Value (CFAFI,00) -26476 3695 
 1724
 

Sensitivity analysis
 

Sensitivity analyses were carried 
out 	on the cattle results to
test certain parameters and to take 
a closer look at aspects of

critical importance. 
 The 	results for the sheep production were
not 	analysed further because of 
The outstanding results they

yielded derpite average productivity parameters. The results

used as a starting point for the sensitivity analyses were the

overall IRRs witnout costs of veterinary services.
 

Fodder production for th6 station cattle
 

The fodder production costv were first reduced by using coconut
 
tree poles instead of concrete poles. As a result 
the IRR
increased very marginally from -1.8% to -1.3%. If no bush
clearing was needed, which is 
the 	case once planted pastures have

been established and only replanting is needed, the IRR still
does not reach the break-even 
-oint of 7% for the producer: 5.3%
with concrete poles and 5.8% with coconut poles. Finally 
a run
 was performed with the following assumptions: the station cattle
 are grazed cn natural pastures and since the 
higher original

produztivity results 
of the station cattle could 
be due to the
better nutrition from P. maximum pastures, the average village

productivl:y results 
are entered instead of station results. The
herd tot&§ s 204 TLU and CREAT estimated the optimal stocking rate
 on the village pastures 
to be 0.5 TLU/ha. Therefore 408 ha of
fenced pastures are needed. 
 Even taking into account these
 
costs and the lower productivity results, 
the IRR reached 5.3%

which i3 far above the IRR resulting from thE inclusi.on of fodder
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production. This shows 
that fodder production is not justified
even if it alone did lead 
to the increased productivity on the
station. 
 (The artificial pastures were established because of
the limited land available to the station.)
 

Liveweight meat price for the station cattle
 

At present the liveweight meat is
price CFAF325/kg. If the
station was 
able to sell its meat at CFAF650/kg, the IRR for the
producer would be 
8.0% and 	if the costs of veterinary services
 are taken 	into account, the IRR would equal 
7.8%. This price of
CFAF650/kg is the price 
received by the proprietors of a neighbouring ranch who 
are marketing their meat in their 
own shop 	in
the capital, Lome. (The ranch actually buys animals for breeding
from CREAT.) 
 Their produce supplies mainly the expatriates who
prefer to buy well-presented fresh meat 
cut in the European
style. The local producers' price 
for meat 	is depressed by
cheap, deep-frozen imports from the EEC which 
are found 	virtually
everywhere in the country. 
 The up-market potential for sales
expatriates is at the 	
to
 

moment saturated by the supply from this
commercial ranch, 
but this illustrates that even with the high
pasture expenditure on the station, they would be 
able to break
even 
and cover the costs of veterinary services, if these higher

-;ces were offered.
 

Biological productivity of the village cattle
 

Sensitivity analyses 
were carried out on the biological productivity of village cattle since their results appeared to be quite
high compared to 
other African village situations. The good
performance was attributed to 
the attention and close monitoring
provided by CREAT extension staff. Productivity may oell decline
following the withdrawal of CREAT services.
 

Table 9 presents the productivity data as recorded in
Avetonou village cattle 
as well 
as estimates of the productivity
of N'Dama 	village cattle in The Gambia, These were 
estimated with
the help of various reports (African Development Fund, 1982;
International Trypanotolerance Centre, 1987; 
 Riley, 1987).
 

Table 9. 	Productivity parameters of Avetonou village cattle and

N'Dama village cattle in The Gambia.
 

Avetonou The Gambia
 

Mortality 	rates (%) 
 0-8 mth 2.6 20
 
8 mth-3 yrs 2.6 
 10
 

>3 yrs 2.7 5
 
Liveweights (kg) 
 0-8 mth 65.9 
 40
 

8 mth-3 yrs 153.4 
 130
Female 
 >3 yrs 227.2 210

Male >3 yrs 
 310.1 250
Calving rate (%) 
 66.4 50.0
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The results show that if the mortality rates recorded in
 
Avetonou are replaced by those of The lambia this alone is enough
 
to depress the IRR by half, from 12% to 6.1%. This means that
 
with high mortality rates, the returns to the producers in
 
Avetonou would not even reach the level of 
the interest rate
 
(7%). If in addition one substituted the weights in Avetonou by

those of The Gambia, the IRR would fall to 4.4%; with a further
 
productivity decrease in terms of reproduction (50% calving rate)

the IRR would be down to 0.7%. These results show that although

the returns to village cattle were positive in the study, if the
 
productivity falls as it might be expected to, the returns are
 
likely to be unsatisfactory even to the producer.
 

CONCLUSION
 

This study on the economics of trypanotolerant livestock produc
tion with station cattle and village cattle and sheep shows that
 
with the low-to-medium trypanosomiasis risk prevailing and the
 
breeds considered, the costs due to trypanosomiasis control are
 
negligible.
 

The comparative study of the three livestock production

categories indicates that the introduction of Djallonke sheep

production yields very positive economic results which would also
 
cover the costs of veterinary services; this is mainly due to
 
the very low level of inputs required since the productivity

reached was not outstanding. The cattle production in the
 
station yielded negative returns due to the very high costs of
 
fodder production. The high productivity achieved on the station
 
was not enough to justify in -conomic terms the establishment of
 
pastures of Panicum maximum. With the present meat prices and
 
the high costs of manpower to herd the village cattle, the pro
fitability of cattle production in the villages is questionable

since the returns are sensitive to expected reductions in produc
tivity.
 

Livestock, especially cattle, are at present in competition

with crops for the availability of capital which is the most
 
limiting factor of production and jeopardises any spectacular

development. Livestock production could still be justified be
cause it does not compete for land with the crops (the animals
 
graze on fallow land, under tree plantations, etc.), whereas in
 
the future, only a production system which integrates livestock
 
and agriculture will be economically justifiable because of the
 
high agricultural potential of the land.
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The socio-eonornic aspects of li-.estock production 
in villages in northern Cote d'voire 

A. SCHUETTERLE and M. COULIBALY 

INTRODUCTION
 

The eocio-economic aspects of agricultural production play a key
 
role when farmers make decisions about animal husbandry and crop
 
cultivation. Neveftheless, planners often give primary attention
 
to the technical aspects of production, for example when they are
 
investigating the use or introduction of innovations. These
 
technical aspects include the extent to which agricultural inputs
 
such as fertilizer and veterinary inputs are used, the type of
 
animal husbandry and the degree of mechanization.
 

Extensive, broad-spectrum, socio-economic surveys are often
 
an important prerequisite in identifying the key areas and cen
tral factors of farming concepts. They are made necessary by the
 
multiplicity of interactions and the complexity of agricultural
 
production.
 

This paper has the following two aims:
 

to give a general description of the socio-economic aspects
 
of agricultural production, and
 

to present the socio-economic aspects of animal husbandry
 
based on data obtained in northern Cote d'Ivoire.
 

The socio-economic aspects of animal husbandry to be pre
sented here are taken from publications by Brinknann (1922) and
 
Weinschenk and Henrichsmeyer (1966). They called these aspects
 
"the factors of farm design" in the theory of site-appropriate
 
agricultural production. Along with the technical aspects, these
 
socio-economic aspects were finally decisive in introducing
 
animal husbandry into farm-production plans. They generally
 
embrace the following two areas.
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Farm Specialization
 

Factors compelling a farming concept oriented towards farm specialization include:
 

- the natural, economic and structural conditions at 
the

site,
 

-
 the general economic development and
 
-
 the state of agricultural production techniques.
 

These factors are expressed in:
 
A.l the agricultural and property situation 
(such as land use,


farm ilizes, land ownership) and in
 
A.2 the level and composition of 
crop and livestock production.
 

RUrCTIEDBY...
INFRASTRU~CTURE PI3. IC POLICY I THEACRICUTURALANDPROPERTYSIrUATION.R C.......... 
 . ... 
 2 TH LEVELANDCOSITION O CROPANDLI.ES.OCIPRODUCTION 
CONDITIONS FARMER WORX 

REPRESENTED-

SPECIFIC FAa CONDOITIOS FORCESINTERACTINJ 1-TI1 IC FARM
 
IAVAILABILITY
-R PROUTIx RESORCES

SOCIO - A NM rOCULTURALBACKGROUND CWE RPGOIGADAIA@ IH1-RArIO S C -ORWING API ANIAL UBNRHSBAND 

SAFl"R INO OFSUSTAINEDPRODUCTIVITYO LANOANDANIL S 

ET I"TO WHICHPROOUCTIONIS GEARD TO SU"ISTEWW 

Figure 1. Socio-economic aspects and factors affecting the farm
organization and the production programme.
 

Variety in production goals
 
Factors compelling a farming concept oriented toward a variety of
products include:
 

-
 specific farm conditions and
 

-
 forces interacting within the farm.
 
These represent 
the very factors 
of farm design which form
the broad basis for faimers' decisions and actions.
single-farm level, Thus, at the
they create the socio-economic framework
within which agricultural production takes place. 
 The individual
factors include:
 

B.1 the availability of production resources,
 
B.2 
 the interaction between crop-cultivation-production 


and
 
animal husbandry,
 

B..D the safeguarding of 
sustained productivity of 
land and
 
animals,
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B.4 	 the extent to which production is geared to subsistence (as

opposed te marketing) and
 

B.5 	 the socio-cultural background (relationship of the family to
 
the farm, ethnic and religious affiliation).
 

The socio-economic aspects and factors affecting the farm
 
organization and the production programme are presented diagram
matically in Figure 1.
 

MATERIALS 	AND METHODS
 

The survey area at Boundiali
 

A basic data survey of more than 3000 farms in the districts of
 
Boundiali 	and Tengrela in the northern Cote d'Ivoire was 
financed
 
and carried out by the GTZ between October 1985 and April 1986.
 

The survey in the Boundiali region focussed on the area near
 
the main route from Tengrela to Mankono, within a radius of aL')ut

60 km from the town of Boundiali.
 

The classification of farm types
 

Farming systems were classified according to the species of
 
livestock kept on the farm. 
 Animal traction was basically con
sidered a crop-growing activity and is therefore not included
 
with other types of animal husbandry. This means that draught
 
oxen may be present among the livestock of any of the farm-types

mentioned. All farm owners belonged to the Senoufo, Ftlani or
 
Malinke ethnic group and were followers of either Islam, Chris
tianity or Animism. Farming systems were classified as the
 
following 	five types.
 

Type 1: 	 No animal husbandry. These are crop farms where no
 
animals are kept.
 

Type 2: 	 Small-animal husbandry around the farm house. These
 
are crop farms with animals other than cattle or sheep.
 

Type 3: 	 Sheep farms. These are crop farms with sheep

production but not cattle.
 

Type 4: 	 Cattle farms. These are crop farms with cattle
 
production but no sheep.
 

Type 5: 	 Mixed farms. These are crop farms with both cattle and
 
sheep production.
 

RESULTS
 

A.1 	 The agricultural and property situation
 

The prevailing farming system (fallow-land with hoe-cultivation)

has a tendency to increasingly shorten the fallow period. The
 
result is a further spread of the relatively unstable system of
 
crop-rotation, despite the large amount of arable land available
 
(see 	also Ruthenberg, 1980).
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For land no individual property rights exist.
 

According to the Campagne Ivoirienne des Textiles (CIDT)
(1981/1985), only about 
9% of arable land is being used at the
present time. 
 The 1986 Project Planning Study for boundiali
gives the figures as 
5.7% (Ministere de developpement rural,

1986).
 

A.2 
The level and composition of agricultural production
 

The most significant cash crops 
are cotton, groundnuts and rice.
Often maize, millet, sorghum, "fonio" and yams are grown as mixed
crops. Since 1971, when 
cotton was extensively introduced 
as a
cash crop, animal 
traction has received government backing. Of
all crop farms 25% now have 
draught oxen.
 

Farming patterns
 

Most of the farmers in the region are smallholders
 

Table 1 shows the species and numbers of animals on the
various types of farms. 
 It is evident that farms with the
highest livestock numbers not only have twice as 
many cattle, but
also have significantly more sheep and goats.
 

Table 1. 
Animal husbandry in different farm-types (in TLU).*
 

Farm No.of draught pigs and sheep 
goats cattle total
 
types farms 
 oxen TLU poultry TLU TLU TLU TLU
 

No anim.
 
husbandry 
 810
 

Small anim.
 
husbandry 1115 
 0.53 0.55 
 - 0.12 - , 1.20
 

Farms with
 
sheep 204 0.50 
 0.56 0.97 0.14 - 2.17
 

Farms with
 
cattle 
 379 1.52 0.55  0.14 10.46 12.67
 

Farms with
 
cattle and
 
sheep 148 1.77 
 0.27 1.86 
 0.27 19.73 23.90
 

*TLU = Tropical Livestock Unit 

Table 2 compares cultivation patterns for the most important
crops: maize, cotton, groundnuts and rice. Here we can 
see the
different 
area of land cultivated 
for each crop and the total
area of land cultivated for all 5 farm-types as well 
as the means

for all the farms surveyed.
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Table 2. 	The cropping pattern of farms ;.n the re~jion of
 
Boundiali.
 

Cultivated area ha.
 
total
 

Farm-types corn cotton peanut rice ha
 

No animal husbandry 0.78 0.75 0.68 0.46 3.16
 
Small animal husbandry 1.06 1.10 0.87 0.70 4.73
 
Farms with sheep 1.13 1.28 1.11 0,93 5.27
 
Farms with cattle 1.69 1.59 1.42 0.78 6.56
 
Farms with cattle and 2.05 1.75 1.68 0.87 7.49
 

sheep
 

All farms 	 1.14 1.12 0.95 0.66 4.88
 

Crop Farming
 

All of the predominant ethnic groups, the Senoufo, Malinke and
 
Fulani, cultivate crops. If we compare farm-types by their "use
 
of production-increasing means" (such as plant-protecting chemi
cals and fertilizers) and their "degiee of mechanization", we
 
notice that cattle producti.on tends to be accompanied by "pro
gressive" methods of crop-Tultivation (Table 3). If we take the
 
main crops of cotton and rice, twice as many farms in this
 
category are intensively operated compared to farms without
 
cattle. Farms keeping sheep or small animals are also run much
 
more intensively than those with no animal husbandry at all.
 

Table 3. 	Percentage of farms within eacih farm-type producing
 
specific crops with extensive or intensive management.a
 

Farm-types cotton corn peanut rice
 
ext. int. ext. int. ext. int. ext. int.
 

No animal husbandry 4 10 91 - 93 - 86 2 
Small animal husbandry 2 33 88 5 94 - 64 14 
Farms with sheep 2 33 92 5 79 - 72 12 
Farms with cattle 3 64 75 22 93 1 54 41 
Farms with cattle and 

sheep 2 73 62 28 91 1 42 41 

aManagement level determined by relative use of manure and pesti

cides and degree of mechanization.
 

Animal Production
 

Traditionally, the region's cattle and sheep production is
 
divided into the following two branches: the "transhumant" form
 
of animal husbandry (carried out by the Fulani), and the animal
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husbandry practised by the "settled" Senoufos and Malinke.
 

The transhumant animal husbandry 
of the Fulani, comprising
nearly half of the cattle stock in the region, represents an
important economic factor. 
 Of all the Fulani livestock owners,
one in five possesses 
a herd of more than 100 animals, mostly

composed of zebus and crossbreds.
 

The socio-cultural background 
of the Senoufos and Malinke
has a special influence on the type and extent of animal produc
tion in this group, as described by Coulibaly (1978).
Traditionally the children herded the 
animals, but today Fulani

herdsmen have largely taken over this function.
 

Table 4. Fixed and current 
assets for the various farm-types,

expressed as percent of total net value.
 

Percent of total net value 
 Total
 
--- in 
 Property
Farm-type Buildings Vehicles, Livestock 
CFAF Index
 

Equipment
 

1 54 
 46 - 193,767 100
2 32 
 50( 18 510,424 263

3 27 52 
 21 786,689 40b

4 14 37 
 49 1,939,217 1,001

5 13 
 34 54 3,341,318 1,724
 

Average 23 
 41 36 797,026 411
 

B.1 The availability of production resources
 

The availability of production resources 
is a major factor to be
considered. Studies 
on the "labour" resource 
show no essential
differences in manpower needs per hectare of cultivated land 
(the

average being about 1 manyear/ha).
 

With respect to "land" as a production resource, Coulibaly
(1978) pointed out that by tradition one can only inherit the
rights to the use of land; no individual property rights exist.
Thus, only the fixed 
and current assets of 
a farm are under
individual ownership. Three types of 
assets were selected and

compiled in Table 4 (see also Traub, 1987).
 

It thus becomes apparent that an introduction of cattle
production alters the proportion of property in 
buildings (from
27 to 14/13%) and in equipment and vehicles 
(from 52 to 37/34%)
and at the 
same time raises the property index from 
406 to 1001

and 1724 points, respectively.
 

The rural Boundiali Region, with its 
unfavourable rural
infrastructure, 
has an additional disadvantage: there are no
banks available for savings deposits. 
 Alternate opportunities

for capital investments (such as land purchases) are also 
nonexistent due to a lack of collateral and property rights. 
 This
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emphasizes the savings and investment function of cattle
 
production.
 

An expansion of animal husbandry brings a parallel increase
 
in available capital resources in relation to the amount of land
 
used: from about CFAF66,500/ha in farms without animal husbandry
 
to as much as CFAFI68,000/ha in farms with both cattle and sheep
 
production (Table 5).
 

Table 5. Farm Capital in CFAF.
 

Invested Total Invested Invested Invested
 
capital capital capital capital capital
 

per fam- per hec- per TLU
 
Farm-type ily labour tare
 

No animal
 
husbandry 193,768 193,768 61,746 66,546 n.a.
 

Small animal
 
husbandry 420,814 510,263 106,221 92,252 1,120,286
 

Sheep farms 623,770 786,689 110,230 90,260 588,532
 

Cattle farms 988,958 1939,217 255,975 147,801 108,267
 

Mixed farms 1,549,007 3341,318 190,814 168,232 91,727
 

B.2 	The interaction between crop-farming and animal husbandry
 

In taking a closer look at the extent to which animal husbandry

is integrated into crop-growing farms, we see in cotton, maize,
 
groundnut and rice cultivation, with respect to "the use of dung
 
as fertilizer" and "the use of animal traction" the following
 
trends.
 

1. 	 On farms with no animal husbandry, 3% of smallholftrs with
 
up to 5 hectares of arable land use draught animals. They
 
do not use the dung as fertilizer.
 

2. 	 On farms where small animals are kept, draught oxen are used
 
in about one farm in four. The incidence rises with an
 
increase in arable land area. Animal dung is seldom used as
 
fertilizer and then only when draught oxen are kept.
 

3. 	 On sheep farms, the proportion of draught oxen increases
 
with the expansion of arable land. The dung is not used.
 

4. 	 Most cattle farms use animal traction. Dung is occasionally

used on those farms keeping draught animals.
 

5. 	 About two-thirds of cattle and sheep farms use draught oxen.
 
There is more frequent use of dung (on about 12 to 15% of
 
the farms), but here again, only in combination with animal
 
traction.
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B.4 

Where no 
cattle production is involved, more 
than half of
the farms with 
10 hectares of arable land
oxen. or more use draught
On cattle farms, however, one 
hectare of cultivated land
suffices for animal traction to be used in over
Whereas only a quarter of 
50% of the cases.
those farms without 
cattle production
possesses its own pair of oxen, two-thirds of livestock owners 
on
cattle farms have one.
 

B.3 The 
safeguarding of sustained productivity of 
land and
 
animals
 

The analysis of animal nutrition, a central 
part of herd management, has shown that in cattle farms
held only about 25% of the herds are
on natural pasture. 
 Only about 50% of
given salt the herds are
as well as kitchen wastes

18% of 

and crop residues. About
the herds are supplemented with 
by-products of
production and 2 to grain
3% are additionally fed 
with protein

concentrates.
 

Analysis of the level of animal nutrition in sheep farms has
shown that between 
6 and 
14% of the herds
pasture. About 4% are given salt 
are put only to
 

or kitchbn wastes while
80% are supplemented about
with by-products of
Approximately 1 to 
grain production.
3% of 
the herds are additionally fed with
protein concentrates.
 

The degree of subsistence production
 

On some farms, cultivation is still heavily geared to subsistence
production. While 
a quarter of 
all farms without animal production are 
still heavily subsistence-oriented, this
with fraction drops
the expansion of 
animal husbandry; only
cattle-production one in seven
farms is still 
subsistence-oriented. 
 On the
other hand, Table 6 shows that one-third of all 
crop farmers are
heavily market-oriented. 
 The type and extent of animal production make little difference here.
 

Table 6. Percentage 
of farms with subsistence, intermediate 
or
market orientation within animal-husbandry type.
 

a
Market orientation of farm


Farm-type 
 Subsistence 
 Intermedite 
Market
 

No animal husbandry 23 
 51
Small animal husbandry 18 
26
 

57
Farms with sheep 20 
25
 

51 29
Farms with cattle 

60 26
Farms with cattle and sheep 

15 

13 
 55 32
 

aPercentage of total crop production gross margin from cash crops
- subsistence, up to 30%
 
- intermediate, 30 
to 70%
 
- market, more 
than 70%.
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B.5 The socio-cultural background
 

The function of animal husbandry depends very much on being

members of a certain religion and/or ethnic group (Table 7). The
 
analysis of the relationship between the scale of cattle and
 
sheep production and membership of an ethnic group gives the
 
following results:
 

more than 80% of the Senoufos and 75% of the Malinke neither
 
have cattle nor sheep production;
 

the cattle herds of the Fulanis are significantly larger
 
than those of the Senouifos and Malinke; and
 

of farms having more than 5 TLU of sheep, the 10 percentage
 
points belonging to Malinke farmers place them in an
 
intermediate position between the Senoufos (with 3% points)
 
and the Fulani (with 25% points).
 

For further information about animal husbandry in the
 
various socio-cultural groups see publications by Jahnke (1984)
 
and Bernadet (1984).
 

Table 7. 	Percentage of cattle and sheep holders according to
 
size of herd/flock within the Senoufos, Fulani and
 
Malinke ethnic groups.
 

Size of cattle herd (TLU)
 

Ethnic group 0 1-5 5-10 10-15 15-25 )25
 

Senoufos 82 1 10 6 1 -

Fulani 18 - 4 32 36 
 11 
Malinke 75 - 10 8 7 -

Size of sheep herd (TLU)
 

Ethnic group 0 1-5 5-10 10-15 15-25 >25
 

Senoufos 90 7 2 1 - -
Fulani 54 21 21 - 4 -
Malinke 74 16 9 1 -

CONCLUSION
 

Farmers mainly focus on socio-economic aspects in designing their
 
farming concepts. In doing so, they consider complex technical,

ecoaomic and socio-cultural opportunities and objectives. We
 
have been examining the factors involved, which of course also
 
include animal husbandry. Our analysis of overall farm
 
activities derives from a survey of local conditions.
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We have that
seen insufficient 
capital resources, extensive, traditional methods 
of crop-farming, and 
 socio-cultural

restrictions pertaining to 
various animal species and their uses
hinder an introduction or expansion of 
cattle and sheep

production.
 

We have also identified factors which have a positive impact
on the development of 
animal husbandry in the region, particularly with respect to ruminants. These 
are a proportionally
greater cultivated area of 
land, 
the chance to use surplus
capital for animal purchases - as an alternative to buying land,and economically "intensive" methods of crop farming.
 

The results of this socio-economic analysis of animal husbandry could provide a general basis for more 
thorough investigations of animal production at 
tropical and sub-tropical sites,
as 
well as for further studies on traditional animal husbandry at

the village level.
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N"Dama cattle prodluctionin relationto nutri~tional 
interventions in villages in The Gambia 

J.A. RILEY K AGY' .N, R.H. DWINGER, P. JEANNIN, 
A.S. GRIEVE and D.A. LITTLE 

INTRODUCTION
 

The Gambian national herd of some 300,000 N'Dama 
cattle, rep
resents a resource 
which could make an important contribution to

the nutrition of 
the rapidly growing human population. The

cattle are still kept in a traditional system of semi-extensive
 
management as described by Dunsmore et al., 
 (1976). It is common

for cattle owners to employ herdsmen who receive the milk pro
duced twice daily as 
payment for their services. This naturally

leads to a conflict between the well-being of the calf and the
"earnings" of the herdsman. 
 In certain herds, notably those

belonging to the Fula cows milked
members of tribe, 
 are in the
 
mornings only. The calves are allowed to 
suckle the dams in the
 
evening prior to tethering overnight.
 

At present, the productivity of cattle kept under this

traditional system of management 
is rather low. Calf mortality

in the first year of life approaches 20%. Surviving calves grow

very slowly, weighing as little as 
70kg at one year of age. In a

ten-month lactation, cows will produce approximately 300 litres

of mill: for human consumption. Mature animals may lose up to 25%

of their body weight during the dry season. Very few heifers

calve before four years of age and ca-7ing intervals may be over
 
twenty months.
 

One of the most important factors contributing to this low

productivity is poor nutrition. 
 The production system relies on

grazing on native pastures/bush throughout the year. During the

long dry season between November and June, forage becomes very

scarce. 
 Early in the dry season, some crop residues become
 
available for grazing in the fields following harvest, but these
 
are insufficient to prevent dry season weight loss. 
 Supple
mentary feeding of cattle is not practised, with the exception of

the provision of groundnut hay and millet bran to work oxen,

whose condition must be maintained for the work season which
 
starts at the begLnning of the rains.
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It seemed probable that small inputs of
especially protein, supplementary feed,
during the 
dry season would substantially
improve the overall productivity of N'Dama cattle. 
 Particularly
susceptible to 
limited feed 

high 

intake and quality are animals with
nutritient requirements, 
such as lactating cows and very
young calves. Therefore, in January 1987, feeding
in trials began
three villages 
in The Gambia 
to assess responses throughout
the dry season 
to small inputs of a protein supplement in
recently calved cows and in young suckling calves.
 

MATERIALS AND METHODS
 

The experiments took place in the villages of Pirang, Keneba and
Nioro Jattaba. Pirang has 
a low trypanosomiasis risk and is
situated in the 
coastal Kombos 
region of The Gambia. Nioro
Jattaba and Keneba, both in the Kiang area, have
trypanosomiasis risk. a low-to-medium

Nioro Jattaba is 
a Fula village in which
cows are milked only 
once 
each day, while in
villages the Mandinka owners 

the other two
 are accustomed 
to having their
cattle milked twice daily.
 

In Pirang and Keneba, the effect 
of supplementation
growth on the
rate and survival 
of young suckling calves 
was studied.
Forty-five calves born between August and December 1986 were used
in each village. The calves 
were divided into 
three treatment
groups of 15 animals each, which were 
balanced as
for initial liveweight, age and sex. 
far as possible


The treatments were
supplementation (TO), no
300g of groundnut meal/week in
of 100g (Tl) and 600g of 
three meals
groundnut meal/week in
200g (T2). The calves were 

three meals of
 
plastic bowls 

fed their supplements in individual
on 
Mondays, Wednesdays and Fridays 
or Tuesdays,
Thursdays and Saturdays. All animals had access to 
a mineralised
salt lick. Blood samples were taken once 
each month for
mination deteroi PCV percent 
and for examination 
for trypanosomes.
The animals we.-e 
weighed monthly on electronic scales.
changes in traitional No other
village management were 
made. Feeding
started in January 1987 and continued until late June of the same
 year.
 

Recently calved 
cows were used 
for suppplementation 
trials
in Nioro Jattaba. 
Group 1 consisted of 69 
cows which had calved
between August and December 1986. 
 These were divided into three
treatment groups according 
to initial liveweight and calving
date. 
 One group received lkg of groundnut meal three times each
week 
(TI), the second group received 2kg thres times 
each week
(T2) and the third fo: med the control group (TO). Feeding commenced in January 198. 4nd continued until the end of June 1987.
A second group of animals 
(Group 2) consisted of 69 
cows. They
had calved between September 1986 
and February 1.987. 
 The- were
divided into three treatment groups as described above. 
 Group 2
was supplementary-fed from tie end of March 1987 until the end of
June 1987.
 

Weights were recorded of the dams and their calves
monthly basis. on a
Blood samples were also 
taken for determination
of PCV and identification of 
trypanosomes. 
 The volume of milk
extracted for human consumption was measured on one occasion each
month. All experimental 
cows 
and their calves had
mineralised salt licks. access to
The rainy season began with
June 7th but a storm on
feeding continued 
until all measurements 
for the
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month had been completed. Data were analysed by least 
squares

(Harvey, 1977).
 

RESULTS
 

Keneba trial
 

A total of four animals left the experiment during the five
months feeding period. No results from these animals were in
cluded in the final analysis of data.
 

Total weight gained during the five-month experiment was
from 13.2kg in the c--trol group to 18.5 and 18.1kg for TI and
T2, respectively. ?L difference was 
not significant (P>0.05).
Feeding the calves had no significant effect on the amount 
of
milk extracted from their dams for human consumption. Likewise,

supplementation had 
no clear effect on the changes in PCV shown
 
by the calves as the dry season progressed.
 

Pirang trial
 

The calves were initially very reluctant 
to eat the supplement

provided. 
 By April most calves had begun to eat but a few
refused to do 
so throughout the entire experiment. Only data
from those animals which were eating well by 
the end of the
experiment were included in the 
analysis. The rates of 
live
weight gain wer2 not significantly different between the 
treat
ment groups; in fact calves in T2 performed no better than the
control group. 
The rate of growth of calves in Pirang which did
not 
receive any dry season supplement was considerably better
than that of similar calves in Keneba. 
 This was presumably due
 
to the higher rainfall in the Pirang 
area than in Keneba during

1986 (1296 and 598 mm, respectively).
 

Nioro Jattaba trial
 

Group 1
 

The provision of groundnut meal 
to lactating cows during five

months of the dry season 
had a highly significant effect on the
amount of body weight 
loss. Total weight loss was reduced f.7om
38kg (17% of initial liveweight) in the control group to 30kg
(14%) in Ti and 18kg (8%) 
in T2. The calves of supplemented dams
 grew significantly faster than the calves of 
control dams. For
example, the daily liveweight gain of the control calves over the
five-month period was 
110g, significantly lower than that 
o
calves in Tl (141g/day; P<0.001). 
 As cows in Nioro Jattaba are
milked only once each day, this improvement in the performance of
their calves was mainly due to the increase in milk yield (see
below). The calves, however, 
were also seen to be eating

groundnut meal from their dams' buckets. 
 This will have contri
buted to the increased growth rate.
 

Supplementation of lactating females resulted in an increase
in milk output for human consumption. 
 Both levels of feeding

helped to prevent the very steep decline in milk output observed

in the control group as 
the dry season progressed. The increase
in milk yield between May and June coincided with the beginning

of the rainy season 
and the ensuing rapid growth of vegetation.

The total yield of milk during the five-months experimental
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period was increased from 56.6 litres 
in the control group to
77.4 litres in cows receiving 3kg of groundnut meal each week

(P<O.01). The total 
yield of cows in T2, at 103 litres, was
almost double that of the control group (P(0.001), The provision
of supplementary protein during the dry season had no significant

effect on the PCV levels of the 

to 

cows. PCVs in all groups tended
fluctuate from to but
month month, cows which were
supplementary- fed seemed able to maintain their haematocrits 
at
 a slightly higher level. Only 
one animal was removed from the
 
treatment groups.
 

It is too early to determine the effect of feeding on the
reproductive performance of the 
cows. 
 At the end of June herdsmen 
had been


reported that a total of six experimental cows 

served: one in TO, two in Ti 
and three in T2.
 

Group 2
 

Both levels of supplementation with groundnut meal during the
last three months of the dry season reduced weight loss by 10kg.
As in Group 1, feeding the cows 
improved the growth performance
of their calves. For example, daily liveweight gain was improved

from 119g in the control group to 153g in Ti (P<0.05) and to 171g

in T2 (P<0.01).
 

Milk yield throughout the experiment was increased from 45.9
litres 
in the control to 55.6 litres (P<O.05) in cows receiving

3kg of groundnut meal each week to litres
and 59.1 (P<0.05) in
T2. Three cows left the experiment in Group 2, one from each
 
treatment group.
 

It is interesting to note 
that the milk extracted from
control animals was higher in 
Group 2 than that of similar
animals in Group 1 during the same 
period. The reason for this

is not known, as all aspects of management were very similar. 
 In
Group 2, the differences between Ti and T2 were not statistically
significant for any of the production parameters recorded.
 

DISCUSSION
 

The differences in weight gain between the control group and the
two treatment 
groups of calves in Keneba were not significant,
although the daily rate of liveweight gain during the five-months

feeding period was 
increased by about 40% by both treatments. It
must be said, however, that the level of supplementation was
extremely low. Calves in T1 received only about 6.3kg and those
in T2 about 12.6kg of groundnut meal 
during the whole feeding
period. In this context, the supplement was used very
efficiently for growth. 
 At first sight this response seems
promising, but in 
fact the performance of all calves in Keneba
 was very poor compared to 
that in other villages. The increased

growth rate of the supplemented calves 
was due, almost entirely,
to 
a loss of weight in the control group between March and April.
The depression in growth between March 
and April in the control
 group coincided with an increase in the 
amount of milk extracted

by the herdsmen from the dams of 
th-*s group of calves. It is
possible that any benefit of supplementation will be lost during

the subsequent rainy season.
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The effect of poor rains in Keneba on the availability of
 
vegetation was compounded by several bush fires which destroyed
 
large areas of standing hay. Efforts to discourage burning of
 
bush, for whatever purpose, may have an important effect on the
 
productivity of cattle in Keneba. The population of cattle in
 
the Kiang area, however, is not excessive and large amounts of
 
groundnut hay in the vicinity had not been used by the timc% the
 
rains began. This could be used profitably for the feeding of
 
calves with a minimum of effort by the herd owners.
 

In Nioro Jattaba, feeding small amounts of groundnut meal to
 
lactating cows produced very important responses in terms of calf
 
liveweight gain, milk yield and reduced weight loss. However,
 
the response most obvious to the cattle owners, that in milk
 
yield, would not on its own be sufficient to justify the feeding

of groundnut meal. This supplement costs one dalasi (D) per kg
 
at the factory, not taking into account transport costs. The
 
price of milk in Nioro Jattaba is approximately 2.25D per litre.
 
Therefore, the value of the increased milk output was 47D in Tl
 
and 104D in T2, respectively. On the other hand, the overall
 
economic response is less easy to assess. Any reduction in
 
calving interval is likely to have a large effect on the profit
ability of cattle production in Gambian villages. Nevertheless,
 
it is unlikely that groundnut cake will ever be used on a large
 
scale due to cost and distribution problems.
 

In conclusion, this series of experiments has shown that
 
supplementation of suckling calves or recently calved dams has a
 
profound effect on improving productivity of N'Dama cattle kept
 
under traditional management conditions. However, it is probable
 
that supplements other than groundnut cake, such as cotton seed
 
or sesame cake, would be economically more attractive for use by
 
the village farmer in The Gambia.
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39 
Modelling possible effects of strategic nutritionalinterventions on nationalNDama ocattle production
in The Gambia 

P. ITTY 

INTRODUCTION
 

The Gambian cattle population totals approximately 300,000 N'Dama
head and 
its level of production is
factory. However, due to 
currently considered satisan annual 2.6 
to 3% increase in human
population, 
the demand for beef and milk 
is rising. Since
optimal stocking rates 
are thought
increasing the to have been reached,
productivity per head
model of is required. A simulation
the national cattle herd production is used 
to observe
and analyze the responses 
to strategic nutritional interventions
 over a ten-year period.
 

MATERIALS AND METHODS
 

The analysis 
was carried out using a modified version of
microcomputer herd model, written in LOTUS 1.2.3 and developed at
ILCA (von Kaufmann et al., 


the
 

1987). The modifications were made in
order to consider 
only the production data
national herd and of the Gambian
the projections of 
these simulated over 
a
period of ten years. 
The main results were:
 
1. 
 the total herd size evolution expressed as numbers of TLU,
since this is the 
determining factor looking
when 
 at the
stocking rates; and
 

2. the mean annual increase in production output during the
ten-year period 
 in terms of meat
a) production, b) milk
production and c) number of 
oxen. Traction being
production output a major
in The Gambia, 
it was assumed that
oxerA used for the
traction should 
also record 
an increase
numbers in
to 
sustain growth, particularly in the 
cropproduction sector.
 

To simulate the possible developments of cattle production,
estimates 
of base production parameters
presents those were needed. Table 1
used for this study. They 
were 
pooled together
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from the four reports referred to below.
 

Table 1. 	 Base production parameters of the national cattle herd
 
in The Gambia.
 

Herd structure, weights and culling rates
 

Numbers Weights Culling

of animals (kg) rates (%)
 

Breeding cows 112,760 210 	 1.0
 
Calves, 0-1 years 51,623 
 40 	 0.0
 
Calves, 1-2 years 53,990 100 	 3.0
 
3 year heifers 	 1L,096 130 16.0
 
4 year heifers 	 14,500 187 10.2
 
Oxen 	 17,672 265 10.0
 
3 year males 	 11,000 150 11.0
 
4 year males 	 12,000 208 15.0
 
5 year males 	 4,000 240 
 40.0
 
6 year males 	 1,500 240 60.0
 
7 year males 
 800 	 240 70.0
 
8 year males 	 600 
 240 	 80.0
 
9 year males 	 240 
 90.0
 
10 year males 
 240 100.0
 

Total 	 293,541
 

Reproductive performance 
 Herd survival rates
 

Calving rate : 50% 	 Calves, 0-1 years 
 80%
 
Age at first calving: 4 years 	 Calves, 1-2 years 90% 

Cattle, ) 2 years 95% 

Cow lactation yield 	 Killing out
 

300 1 
 52%
 

Sources: 	 The African Development Fund, 1982.
 
ITC, 1987a.
 
ITC, 1987b.
 
Riley, J. 1987.
 

The increasing culling rates of the males 
from five to ten
 
years of age were introduced in order to have a regular culling

of old males. The cow culling rate was very low to ensure that,

despite the poor reproductive performance and survival rates,

sufficient replacements were avaiJable. 
 Once more 	precise data
 
on mortalities are collected, a higher culling may be
cow rate 

possible.
 

Strategic nutritional intervention trials are being carried
 
out by the ITC and preliminary results have been reported. (Riley

et al., see article 38 of these Proceedings). These, together

with estimates of possible productivity improvements due 
to

supplementary feeding of crop by-products, have been used to

predict improvements during a ten-year 
period. 	 The predicted
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changes are presented in Table 2.
 

Taole 2. 
 Livestock productivity changes due to intervention.
 

Years I 2 3 4 
 5 	 6 7 
 8 	 9 10
 

Annual calving

rate 	(%) 50 52 56 60
54 58 62 64 66 66
Calf 	survival,

0-i yrs (%) 80 80 81 82 
 82 	 83 84
83 84 85
Calf 	survival,

1-2 yrs (%) 90 90 
 91 	 91 92 92
91 92 93 93
Adult survival
 
>2 yrs (%) 95 
 95 95 96
95 96 96 97 97 97
Cow lactation

yield (1) 300 
 302 303 306
305 308 309 311 313 315
 

RESULTS
 

Results with present production parameters
 

Using the base production parameters, two computer runs were
performed to look at 
the future outcome with the present productivity level remaining constant throughout the 10 years. 
Table 3
gives the output results. 
 Further details are'given in Appendix

1.
 

Table 3. 
Output increase after a ten-year simulation, given the
present productivity level.
 

1) 	 Herd-size increase in numbers of TLU : +39.7% 
over 	10 years
 
2) 	 Mean Annual increase in production output:


a) Meat production : 
 +3.2%
b) 	 Milk production 
 +3.6%
c) 	 Number of oxen 
 : 	 +3.9%
 

These data show that although the increase in production
would take place 
at a 	rhythm higher than that of the increase in
the human population, this would result from a 39.7% 
increase in
the national herd size. 
 This is not 
likely as stocking rates
are already said to be optimal.
 

A second run was performed with the same base parameters but
using the model's option for 
the automatic
stabilizes the numbers of breeding cows 
culling rule. This
 

at its initial level and
is intended 
to be used in cases such as 
this 	where higher stocking rates are not acceptable and grazing land cannot be expanded.
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Table 4. 	Output increase after a ten-year simulation given the
 
present productivity level Sit with a stabilized popu
lation of breeding cows.
 

1) Herd 	size increase in numberz of TLU : +2.3% 
over 10 years
 

2) Mean 	increase in production output:
 

a) Meat production : +0.6%
 
b) Milk production : +0.0%
 
c) Number of oxen : +2.4%
 

The results presented in Table 4 show that stabilizing the
 
number of breeding females is almost sufficient to stabilize the
 
overall herd structure and size (see Appendix 2). The meat and

milk production increase on the other hhnd was below the expected

2.6 to 3% increase in demand. This model gave priority to an
 
increase in the oxen population since the development of cattle
 
production should not be detrimental to the crop sector where the
 
oxen are needed.
 

The results of the two first runs indicate that the produc
tivity level in The Gambia is not high enough to sustain a 2.6 to
 
3% production increase. At the moment increases of that size can
 
only be attained through an increase in herd size.
 

Results with improved production parameters due to nutritional
 
interventions
 

Two subsequent runs were 
performed with the improvements in
 
productivity resulting from the supplementary feeding.
 

In order to stabilize the herd size, additional measures
 
were required since the automatic culling alone was not suffi
cient. In the third run, all the numbers of females above three
 
years and 	those of males above five years of age were stabilized
 
at 
their initial level, while the number of breeding females had 
to be reduced below its initial level (see Appendix 3) . The 
results in Table 5 show a stabilized herd size coupled with a 
good increase in meat production and in the numbers of oxen; the 
shortfall was the milk production since a 1.9% increase would not 
meet predicted demand. 

Table 5. Output increase after a ten-year simulation with im
proved productivity resulting from nutritional inter
ventions.
 

1) Herd-size increase, TLU : -0.6% over 10 years
 

2) Mean 	increase in annual production output:
 

a) Meat production : +4.1%
 
b) Milk production : +1.9%
 
c) Number of oxen : +4.0%
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As an alternative, a fourth run was 
performed with a smaller
reduction in 
the number of breeding cows. 
 The objective was to
achieve 
a 3% increase in milk production (Appendix 4; Table 6).
Because of this change, the introduction of higher culling rates
of three- to four-year-old heifers and the 
two-	 to four-year-old
males coupled with a reduction in the numbers 
necessary in order to maintain a constant herd size. 
of oxen were
 

The results
in Table 6 show a satisfactory increase in meat 
and milk production, but the numbers of oxen increased by only 1.5%.
however, be assumed that 	
It could,


part of the 
increase required in work
could be covered 
by a larger draught oxen population and by a
more efficient 
use of the work 
oxen, horses and donkeys. In
addition improved techniques such as 
the single ox plough and the
draught collar instead 
of the traditional 
yoke could be
Draught cows could also 	 used.

contribute to 
the additional traction
requirements. Matthewman 
 (1987) reports that in 
Sine 	Saloum,
Senegal, 27% 
of work animals are female.
 

Table 6. 
Output increase, with emphasis on milk production after
 a ten-year simulation improved productivity resulting

from nutriticnal interventions.
 

1) 	 Herd-size increase, TLU 
 : +1.6%
 

2) 	 Mean increase in annual production output:

a) Meat production 
 +4.0%
b) 	 Milk production 
 +3.0%
c) 	 Number of oxen : 
 +1.5%
 

CONCLUSION
 

The results of the 
simulations 
indicate that with the 
present
productivity level 
the cattle production output would 
not meet
the demand resulting from 
a human population increase of 
2.6
3% without 	 to
prejudice to the environment through overstocking.
With strategic nutritional 
interventions designed to increase
reproductive performance, 
survival rates 
and milk yield' annual
output increases of meat, milk 
and draught power would be
possible which would satisfy the growing human requirements even
with 	no increase in the size of the national herd.
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Appendix 1. 	 Projected output results over 10 years given the present productivity level 

Table 1. Calculated herd structure after cullin] and mortality. number of animals 

Year 0 I 2 3 4 5 6 7 8 9 10 

Breeding cows 1 112760 
Calves, 0-1years 51623 
Calves, 1-2 years 53990 
3 year heifers 13096 
4 year heifers 14500 
Oxen 17672 
3 year males 11000 
4 year males 12000 
5 year males 4000 
6 year males 1500 
7 year males 800 
8 year males 600 
9 year males 0 
10 year males 0 

118421 
47368 
45067 
21542 
11172 
19522 
19296 
8883 
6840 
1520 
428 
152 

57 
0 

120906 
48362 
41353 
17982 
18377 
20612 
16107 
15581 
5663 
2599 
433 
81 
14 
0 

129390 
51756 
42220 
16500 
15314 
21357 
14779 
13006 
8881 
1924 
741 
82 

8 
0 

134778 
53911 
45183 
16846 
14076 
22087 
15089 
11934 
7414 
3375 
448 
141 

8 
0 

138767 142270 
55507 57106 
47064 48457 
18028 18779 
11,371 15380 
22941 23838 
16148 16821 
12185 13040 
6803 6945 
2817 2585 
962 803 
104 183 
13 10 

0 0 

147394 
52958 
49855 
19334 
16020 
24740 
17318 
13583 
7433 
2639 
737 
153 
17 
0 

152292 
60917 
51471 
19892 
16404 
25648 
17181 
13985 
7742 
2824 
752 
140 
14 
0 

17302 
62921 
53180 
20537 
16970 
26576 
18395 
14388 
7971 
2942 
805 
143 
13 
0 

162420 
64968 
54930 
21219 
17520 
27526 
19007 
14854 
8201 
3029 
838 
153 
14 
0 

Number ofTLUs 186235 195830 203211 209478 214778 221031 228314 236039 243906 251940 260223 

Table 2. Calculated meat offtake (t) 
Totalofftake weight 5272 5406 5895 6079 
 6079 6134 6307 6532 6759 6981
 

Table 3. Calculated milk offtake for human consumption (1000 I) 
Totalvolume offtake 14210 
 14509 15527 16173 16652 17132 17687 18275 16876 19490
 

Appendix 2. 	 Projected output results over 10 yeas given the present productivity results but with a stabilized population of breeding 
COWs. 

Table I. Calculated herd structure afterculling and mortality- number of animals, 

Year 0 I 2 3 4 5 6 7 a 9 10 

Bredingcows 112760 112760 
 112760 112760 112760 112760 112760 112760 112760 112760 112760
 
Calves, 0-1yr 51623 45104 
 45104 45104 45104 45104 45104 45104 45104 45104 45104 
Calves, 1-2 yrs 53990 45067 39376 39376 39376 39376 39376 39376 3937r 39376 39376 
3 year heifers 13096 21542 17982 15711 15711 15711 15711 15711 15711 15711 15711
 
4 year heifers 14500 11172 18377 15340 13403 
 13403 13403 13403 13403 13403 13403
 
Oxen 17672 19522 
 20612 21227 21784 22288 22744 23157 235,10 23868 24174
 
3 year males 11000 19296 
 16107 14073 14073 14073 14073 14073 14073 14073 14073

4 year males 12000 8883 15581 13006 11364 11364 
 11301 11364 11364 11364 11364

5 year males 4000 6840 5663 8881 7414 6477 6477 6477 6477 6477 6477
 
6 year males 1500 1520 
 2599 1924 3375 2817 2461 2461 2461 2461 2461
7 year males 800 428 433 741 548 962 803 701 701 701 701
8 year males 600 152 81 82 141 104 18 153 133 133 133
 
9 year males 0 57 14 8 8 13 10 17 14 13 13
10 year males 0 0 0 0 0 0 0 0 0 0 0 
Number of TLUs 186235 189622 194947 192070 189700 189167 189228 189547 189921 190278 190602
 

Table 2. Calculated meat offtake It) 
Total offlake weight 65011 5998 7816 7332 6780 6632 6566 6550 6553 6560
 

Table 3. Calculated milk offtake for human consumotin1000 1) 
Total volume offtake 13531 13531 13531 13531 13531 13531 13531 13531 13531 13531
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Aplandlx 3. Projected output results over 10 yewrs with improved productivity residtlng from nutritional Interventions. 

Table 1. Calculated herd structure after culling and mortality. number of animal, 

Year 0 1 2 3 4 5 6 7 8 9 10 

Breeding cows 
Calves, 0-1 years 
Calves, 1-2 years 
3 year heifers 
4 year heifers 
Oxen 
3 year males 
4 year males 
5year males 
6 year males 
7 year males 
8 year males 
9 year males 
10 year males 

112760 
51623 
53990 
13096 
14500 
17672 
11000 
12000 
4000 
1500 
800 
600 

0 
0 

111632 
44653 
45067 
21542 
12441 
19522 
19296 
8584 
4000 
1500 

800 
600 

0 
0 

110516 
46147 
39112 
18001 
14500 
20613 
"i124 
15277 
4000 
1500 
800 
600 

0 
0 

109411 
47856 
40555 
15639 
14500 
21212 
14000 
12779 
4000 
1500 

800 
600 

0 
0 

108317 
49436 
42243 
16750 
14500 
21850 
14555 
11126 
4000 
1500 

00 
600 

0 
0 

105392 
50125 
43781 
17156 
14500 
22547 
15368 
11718 
4000 
1500 
800 
600 

0 
0 

102547 
50761 
44488 
17652 
14500 
23274 
15812 
12282 
4000 
1500 
800 
600 

0 
0 

99778 
51346 
45151 
17994 
14500 
23980 
16117 
12677 
4000 
1500 
800S0 
600 

0 
0 

97084 
51882 
45970 
18300 
14500 
24663 
16392 
12949 
4000 
1500 
B 
600 

0 
0 

94463 
52370 
46551 
18670 
14500 
25336 
16724 
13196 
4000 
'I00 

00 
600 

0 
0 

91912 
51563 
47243 
18965 
14500 
25985 
16987 
13505 
4000 
1500 

800 
600 

0 
0 

Number of TLUs 186235 187273 188958 185206 185434 186130 186128 185839 185713 185587 185196 

Table 2. Calculated meat offtake (t)
 
Total offtake weight 7083 7193 8417 7381 8080 
 8245 1661 8957 9212 9507 

Table 3. Calculated milk offtake for human consumptlon (1000 I)I
Total volume offtake 13463 13983 14572 IS127 15813 
 15685 159r13 16187 16418 16242 

Appendix 4. Prolectod output re"ts over 10 yews with Improved poductlvlty resulting from nutritional stormventlonr with emphasis 
on milk. 

Table 1. Calculated herd structure afterculling and mortality- number of animals 

Year 0 I 2 3 4 5 6 7 a 9 10 

Breeding cows 112760 111734 110644 109566 108497 107440 
 106392 105355 104328 1,13310 102303Calves, 0-I years 51623 44694 56201 47924 49518 51098 52664 54216 55753 ,7275 57392Calves, 1-2 years 53990 45067 39148 40602 42303 43854 45352 46844 48540 5A024 516683 year heifers 13096 21542 17786 15466 15&1) 16772 17050 17668 
 18082 18775 1911094 year heifers 14500 12441 14500 14500 1S00 14500 14283 13775 
 13775 13405 13485
Oxen 17672 18682 1,8965 18121 18I92 18881 19058 190309 19624 20007 
 20434
3 year males 11000 19296 15109 
 13648 13991 14571 14786 15120 15424 
 15781 16071
4 year males 12000 8S4 15277 12606 10807 
 11226 1157? 11776 12031 12292 12576
5 year males 4000 4000 4000 
 4000 4000 3800 3800 3800 3900 
 3800 3800
6 year males 1500 1500 1500 1500 
 1500 1500 1440 
 1400 1440 1440
7 year males 800 800 800 800 
1440 

800 800 00 800 800 800g00
8 year males 600 600 600 600 600 600 600 600 600 600
9 year males 0 0 0 0 0 0 0 0 
600 

0 0 0TOyear males 0 0 0 0 0 0 0 0 0 0 0 
Number ofTLUs 116235 166476 
 187104 182314 181591 182923 183722 184593 186132 187663 189154
 

Table 2. Calculatedmelt offtlake (t)
 
Total offtake weight 7245 7418 8597 
 7569 7824 8011 8401 8699 9081 9448 

Table 3. Calculated milk fftakfor human consurnntln (1000 I) 
Total volume offlake 13475 13998 14593 15153 15713 16273 
 1634 17395 17956 18078
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40 
Quantitative genetic approaches to breeding for genetic 
resistance to disease in, cattle 

L.V. CUNDIFF 

INTRODUCTION
 

Genetic resistance to disease is undoubtedly under natural
 
selection as a strong component of fitness. Resistance to
 
disease may have been increased indirectly through favourable
 
associations with other characters such as growth rate. However,
 
except for some selection against mastitis incidence in dairy
 
cattle (Lindhe, 1982; Miller, 1982), genetic resistance to
 
disease has not received direct emphasis in genetic improvement
 
programmes for cattle. Increased research effort on genetics of
 
disease resistance in cattle is justified even though the econo
mics of beef or dairy production are dominated by other traits.
 
Crossbreeding systems are available which can exploit heterosis
 
and the vast genetic variation that exists among and within
 
breeds for retail product growth, milk production and other
 
economically important biological characteristics to match gene
tic potential with climate, feed resources, and market require
ments (Gregory and Cundiff, 1980; Cundiff et al., 1986). Nearly

optimal levels of performance for traits such as retail product
 
growth, milk production, age at puberty and mature size can be
 
achieved with relative ease by use of properly chosen breeds in
 
appropriate crossbreeding systems. Once optimal or nearly opti
mal levels of production for these important traits are achieved,
 
more attention can be focussed on other characteristics such as
 
reproduction, survivability, and genetic resistance to disease
 
which have received less attention because of low heritability
 
and complications of diagnosis and recording.
 

The purpose of this paper is to review quantitative genetic

approaches to breeding for genetic resistance in cattle. The
 
classical quantitative genetics approach to breeding for genetic

improvement of any characteristic is to first assess and then
 
utilize 1) additive genetic variation between breeds, 2)
 
additive genetic variation within breeds, 3) non-additive
 
genetic variation between breeds (heterosis), and 4) non-additive
 
genetic variation within breeds (inbreeding). Procedures for
 
experimental assessment and utilization of each of these sources
 
of genetic variation will be discussed in this review.
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ADDITIVE GENETIC VARIATION
 

The additive genetic variation 
that exists among and within
breeds 
of cattle for many production char cteristics 
is vast.
Results from 
the Germ Plasm Evaluation Program at the Roman L.
Hruska U.S. Meat Animal Research Center are shown in Figure 1 for
one important measure of output, retail 
product weight (closely
trimmed-boneless steaks, 
roasts and lean trim). In Figure 1, F1
cross means for weight of retail product at 458 days of age are
shown on 
the lower horizontal 
axis. The spacing on the vertical
axis is arbitrary, but the ranking from the bottom to top
reflects increasing increments of mature 
size. Steers sired by
bulls of breeds 
with large mature size produced significantly
more retail product weight than steers iired by breeds 
of small
mature size. Differences are doubled in the 
upper horizontal
scale 
to reflect variation 
among puke breeds relative t, a
standard deviation change in breeding 
value (dg=(d p) (h'))
within pure breeds. Frequency curves, 
shown for Jersey, the
average of Hereford and Angus, 
and Chianina, reflect the
distribution expected for 
breeding values of individual animals
within pure breeds. The breeding value of the heaviest Jersey is
not expected to equal that of the 
lightest Chianina and the
heaviest Hereford and Angus would only equal the 
lightest
Chianina 
in genetic potential for retail product growth 
to 458
days. The range between breeds 
(8.2dg) exceeded that expected
for breeding value of individuals within breeds 
(6dg) . Both
between and within breed 
sources of genetic variation were large
and important for this measure 
of output--retail product weight.
Similar results have been 
found for other biological

characteristics important to beef production.
 

NA CI 

-4 -2 0 42 6 8 

L CCI 

PldT 

Mp HA 

160 180 
I I 

200 220
I I I I I I 

Retall product wslght, 458 days (kg) 

Figure 1. Variation between and within breeds.
 

Historically, we have often locked in 
on the use of 
a few or
even 
one breed because of their excellence in a single trait
(e.g. milk production) and 
overlooked opportunities to exploit
genetic variance among breeds for other characteristics. Genetic
variance between breeds 
for resistance to disease should be
considered. Heritability of breed differences is very high,
provided the breed means 
are estimated with an adequate sample to
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average out errors of sampling individual animals within breeds.
 
The tendency for progeny from individual animals to regress to
 
their own breed group mean is much greater than any tendency to
 
regress to the mean of all cattle. However, because mean dif
ferences between breeds are so highly heritable,, once between
breed genetic variation has been exploited by selection of the
 
desired breed or breeds used in a crossbreeding programme or in
 
foundation of a composite population, continued genetic improve
ment is dependent on intrapopulation selection and genetic vari
ation available within the breeds or composite population. In
trapopulation (i.e., within-breed or composite) variation is
 
virtually restored generation after generation by the Mendelian
 
process, while variation between populations, accruing only very

slowly as a result of different selection goals, genetic drift
 
(associated with inbreeding) or rare mutations, can only be
 
exploited rarely (e.g. at times abrupt changes in selection goals
 
are indicated and exotic germ plasm is available). Although

intrapopulation genetic variation should have the greatest long
term impact on genetic change for any specific objective,

opportunities to optimize performance levels by selection among

breeds should not be overlooked.
 

Additive genetic variation among breeds
 

Additive genetic variation among breeds can be assessed in
 
experiments involving breed comparisons. Diallel crossing

studies are most informative because they provide for estimation
 
of direct and maternal effects and enable estimation of non
additive gene effects as well, but they are not as practical for
 
evaluation of a large number of breeds as topcross comparisons

involving females of one, or more prevalent breeds. Unfor
tunately, disease status of animals has been reported in only a
 
limited number of breed comparison studies.
 

Significant genetic variation has been shown among breeds of
 
cattle for genetic resistance to certain pathogens and parasites.

The N'Dama and West African Shorthorn are significantly more
 
resistant to trypanosomiasis than Bos indicus breeds (Murray and
 
Trail, 1982). Recent evidence indicates that a relatively high

proportion of Baoule cattle are more resistant than 
Bos indicus
 
cattle (69% resistant, 31% as sensitive as Bos indicus) to try
panosomiasis (Roelants et al., 1987). Indications are that Bos
 
indicus breeds are intermediate in resistance to trypanosomiasis
 
to the N'Dama and West African Shorthorn and Bos taurus breeds
 
from Europe.
 

Bos indicus cattle and Bos indicus x Bos taurus crosses are
 
significantly more resistant to ticks than Bos taurus breeds or
 
Bos taurus x Bos taurus breed crosses. In addition, Frisch and
 
Vercoe (1978) have shown that Bos indicus x Bos taurus breed
 
crosses (1/2 Brahman, 1/4 Hereford, 1/4 Shorthorn; and 1/2

Africander, 1/4 Hereford, 1/4 Shorthorn) are significantly more
 
resistant to gastrointestinal helminths and pink-eye disease
 
(bovine keratoconjunctivitis) than Bos taurus x Bos taurus
 
crosses (Hereford x Shorthorn).
 

For immunity to many pathogens, young calves are dependent
 
on immunoglobulins passively received from their dam in colo
strum. Significant differences were found between Angus, Red
 
Poll and Herefords in ability to acquire and absorb colostral
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antibodies (Muggli et al., 
1984). 
 Breeds ranked Angus (39nz/ml),
Red Poll (35mg/ml) 
and Hereford (30mg/ml) for Ig G1
concentration.
 

Herefords are significantly more 
susceptible to cancer eye
than Angus and Shorthorns or crosses of
F1 these breeds (Nunez-
Domenquez et al., 
1984). It 
is likely that significant variation
exists among breeds for resistance 
to other pathogens; however,
further studies are needed to 
assess genetic variation among
breeds for general disease resistance and 
for resistance
specific pathogens. Disease status 
to
 

of animals needs 
to be monitored more closely in breed comparison studies.
 

Additive genetic variation within breeds
 

Additive genetic variation within 
 reeds is ordinarily expressed
as 
a function of heritability 
(h ) and phenotypic variation
 

d2 h2d 2
g = p.
Heritability is estimated 
from the extra likeness of relatives
compared to likeness of non-relatives (e.g., offspring on parent
regression, paternal half-sib analysis 
of variance, or full-sib
analysis of variance). Realized 
heritability can 
be estimated
directly from long-term single trait selection experiments.
 

Heritability of 
overall fitness traits such as 
survival are
low. Heritability tends to be higher when treated 
as a trait of
the dam (8%) than when treated as a trait of 
the offspring (4%),
(Cundiff et 
al., 1982). When the 
large number of causes
mortality are considered, it 
of


is not surprising that heritability
of survival is low. 
 However, specific 
components 
of survival
have moderate to high heritability.
 

Mastitis
 

Resistance to 
mastitis is 10 
to 20% heritable (Miller, 1982).
Attention is 
given to mastitis susceptibility in 
cattle genetic
improvement programmes in Sweden 
(Lindhe, 1982) and Norway (Solbu
et al., 1982). A possible association between bovine major
histocompatibility 
(BoLA) genotype 
and mastitis susceptibility
has been shown by Solbu et al. 
(1982). A significant association
was found between 
BoLA genotype determined 
for 130 young bulls
and breeding values 
of their sires 
for mastitis susceptibility
(based on progeny tests of first lactation daughters). 
 One BoLA
type (W2) was 
associated with high resistance 
to mastitis while
another (W16) was associated with susceptibility to mastitis.
 

Tick resistance
 

Resistance 
to ticks has been found to be 
highly heritable
responsive to selection and
(Utech and Wharton, 1982). After 
just
three generations 
of selection, resistance 
increased from 89 to
99% in 
an Illawara Shorthorn herd. In 
a Brahman x Australian
Illawara Shorthorn population, resistrnce 
to ticks increased from
97.6 to 99.6% in response to three generations of selection.
Resistance to ticks 
was determined 
from the average percent
mortality of female ticks from two 
artificial infestations with
20,000 larvae, 14 days apart.
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Intense population screening, to identify animals with ex
treme or rare phenotypes (Gregory et al., unpublished; Piper and
 
Bindon, pers. comm.) followed by a multiplication aided by use of
 
superovulation and embryo transfer has accelerated the rate 
of
 
progress at least in the first generation of selection for traits
 
that are expressed rarely such as twinning (Gregory et al.,
 
unpublished; Piper and Bindon, pers. comm.). It would be
 
interesting to try this technique among animals that have
 
survived epidemic challenges to specific diseases such as try
panosomiasis. Such a procedure should capture genetically re
sistant animals regardless of whether or not their resistance is
 
attributable to many genes with small effects, a few genes with
 
large effects or many genes some of which have large effects.
 
Identification of major genes should be facilitated in experi
ments which can contrast unselected to intensively screened and
 
selected animals and progeny.
 

Major genes associated with specific diseases
 

Nicholas (1987) reviewed evidence of associations between the MHC
 
and specific diseasus. One experiment in poultry demonstrated
 
how high versus low selection for specific diseases can
 
facilitate identification of major genes associated with genetic

resistance to disease. In this experiment, selection for
 
resistance versus susceptibility to Marek's disease, a neoplastic

disease in chickens caused by a DNA virus, was compared.

Incidence of the disease was 51% in the foundation stock. After
 
four generations of selection, mortality in those selected for
 
resistance was 7% compared to 94% in those selected for
 
susceptibility. Early indications were that susceptibility was
 
associated with an MHC allele (B19) and resistance was associated
 
with an MHC allele (B21). Subsequent experimentation confirmed
 
that the B21 alele was indeed associated with resistance, while
 
B19 and other alleles at the B locus are associated with
 
susceptibility to Marek's disease.
 

In cattle, associations have been reported between BoLA
 
class I antigens and resistance to ticks, worm infestation,
 
ocular squamous carcinoma and bovine leucosis (Stear et al.,
 
1984).
 

General disease resistance
 

There are many examples of successful selection for resistance to
 
specific diseases in mice and poultry (e.g., Gavora and Spencer,

1983). However, as Gavora and Spencer (1983) have pointed out,

successful selection for specific resistance to all diseases of
 
animals is impossible, especially if appropriate attention is to
 
be given to other important production characters. Thus, they

proposed that selection criteria be developed for general disease
 
resistance. The most encouraging evidence in support of this
 
approach, at least for certain groups of diseases, comes from
 
selection studies for immunoresponsiveness which have been
 
conducted in mice (Biozzi et al., 1982).
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Table 1. Characteristics of five selections for high (H) vs
(L) antibody production in mice 
low
 

(Biozzi et al., 
1982)
 

Antigens 
 Immuni-
 No. gen. 
 No. of
zation

Sel. 

used to sel. Diff. independ.
proc. limit h2
(H/L) loci
 

I Sheep eryth. Primary 
 16 220 fold .20

Pigeon eryth. response 

9-11
 

II Sheep eryth. Primary 13 
 103 fold .21 2-8
 
response
 

III Salm. typh. 
 Secondary 
 16 90 fold .20 4-7
Salm. oran. 
 response
 

IV Salm. typh. 
 Secondary 
 12 85 fold .21 
 2-4
Salm. oran. 
 response
 
V Bov. Ser. Alb. Hyperimmun 
 7 
 310 fold .22 2-4
Rabbit gamma 
 alum precip.


glob. 
 antigen
 

In their work, mice 
were selected
antibody titers for high versus low peak
after optimal immunization using five different
regimens involving a variety of complex natural immunogens (Table
1). After 

tween 


a plateau of selection responses when differences bethe high and low lines reached a maximum value,
were the lines
assumed homozygous for loci regulating the characters under
selection. 
All selections diverged significantly, and remarkably
consistent 
realized heritabilities 

high heritability estimates 

were noted. The moderately

indicate 
that significant additive
genetic variation does exist 


ance for specific components of resistto disease. 
 The range of 
number of loci estimated by different methods provides evidence that antibody production is subject to 
polygenic regulation. Comparison 
of F2 hybrids homozygous for the H-2 phenotype of parental H and L lines indicated
that the major histocompatibility complex accounted for only part
(14 to 26%) of the interline difference produced by the additive
effect of all loci involved.
 

Resistance 
to a variety of bacterial
tions has and parasitic infecbeen studied in Selection I (Table 2) .response line was more The high
resistant 
to infections dependent upon
antibody immunity, while the 
low line was more
infections dependent upon 
resistant to
macrophage immunity. 
 In most cases,
the line that was spontaneously more resistant also was protected
by vaccination to 
a higher degree.
 

On the basis of their results, Biozzi et 
al. (1982) have
proposed a theory for the evolution of host-parasite interactions
in genetically heterogeneous populations 
(Figure 2).
posed that F2 
They prohybrids between homozygous H and L mice would
present a normal frequency distribution of phenotypes, similar to
that which is expected in 
genetically heterogeneous natural
animal populations. 
 The axes 
would have inversed directions for
antibody production and for macrophage activity. 
 The tails of
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------------------------------------------------

------------------------------------------------

the distribution would be represented by individuals 
that were

extremely resistant or highly susceptible to severe epidemic

infections depending upon which defence mechanism is responsible
 

Table 2. 	 Summary of results on resistance of H -and L mice to
 
various infections (Biozzi et al., 1982)
 

Degree of resistance
 

Innate Acquired

Infection resistance resistance
 

H L H L
 

P. berghei - - + 
T. cruzi .-
 n.d.
 

Antibody
 
dependent N. dubius 
 - -	 + 
immunity Rabies virus* 
 - - +++ 

T. spiralis ++ ± ++ 
 ++
 

S. typhimurium ± ++ +
 
Macrophage 	 Y. pestis ± ++ +
 

dependent B. abortus suis + ++ ++ 
 ....
 
immunity L. tropica + +++ n.d. n.d. 

S. mansoni 
 + ++ ... ...
 

*Experiments carried out in Selection III and IV.
 

sal type of mild .mic ifectiou 

dependeellim.-ity l/ | 

sve, epidemic seven epidemic
l,,tctie.. infovtlcee 

.tibcdy respoociveme, 

MmaVPh&aeactHit 

Figure 2. 	 Schematic representation of host parasite interaction
in genetically heterogeneous populations, according to
 
inverse polygenic control of antibody production and
 
macrophase activity (Biozzi et al., 1982).
 

for protection against the infection. Thus, at least a few

individuals 
would survive any sudden severe epidemic infection.
 
However, the majority of individuals falling somewhere between
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the two extremes would possess 
a median resistance 
to disease,
being 	protected somewhat by both antibody production and 
macrophage activity. It was proposed that this type of genetic polymorphism 
would be maintained by stabilizing natural 
selection
under 	conditions 
of mild endemic infection 
when extreme individuals at the distribution tails would be eliminated.
model would be consistent with the 
Such a
 

many polymorphisms found
human populations (e.g., Brock 	 in
and Mayo, 1978) 
and with significant effects of heterosis on survival, longevity, resistance to
ticks 
and other stresses in cattle 
and other species. Mating
systems that maximize heterozygosity would lead 
to increased
genetic resistance to disease under 
this model of overdominance
 
for survival.
 

NON-ADDITIVE GENETIC VARIATION
 

Non-additive genetic variation between breeds
 

Non-additive genetic effects 
among breeds
evaluating 	 are assessed by
effects of heterosis in breed 
crosses. 
 Effects
heterosis are 	 of
estimated from the difference between the mean for
reciprocal Fl 
crosses and 
the mean 
for parental purebreds in
diallel crossing experiments. 
 It is 	important to evaluate reciprocal F1 
crosses to avoid confounding of heterosis with additive
genetic maternal effects. 
 For highly heritable traits, 
such as
retail product, effects of heterosis are relatively small and the
mean of F1 crosses 
is about intermediate

purebreds (Figure 3). 	

to that of parental
On the other hand effects of heterosis are
often 	rather large relative to genetic differences between breeds
for traits that are 
lowly 	heritable. Unfortunately, disease
incidence 
has not been reported in diallel 
crossing experiments
with 	cattle. Significant effects 
of heterosis have been
demonstrated 
for components of fitness 
including reproduction
rate, 	survival and longevity.
 
Crosbred Av. - 497 

-Straghtbred Av.- 491 

Heterosis - 6 lb 

Angus (A) CA AC Charolals (C) 

411 	 Mid parent , '\Crossbred 571 
av. 4911b av. 497b 

Retail Product at 457 days, lbs. 
(From Koch ot. aL, 1983)

Figure 3. 
Breed 	group values for retai] product.
 

Survival
 

Effects of heterosis 
on survival are 
large 	and important. Calf
crop percentages weaned 
are increased by 3.4% 
by effects of
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individual heterosis on survival and by an additional 1.3% by

effects of maternal heterosis on survival of calves raised by F1
 
cross dams (Long, 1980). These results indicate that significant

differences have evolved between breeds in frequency of genes

that have non-additive effects (e.g. dominance) on survival of
 
calves. The generally consistent estimates of heterosis among

experiments and among years suggests that resistance to a number
 
of stresses associated with mortality is greater in F, crosses
 
than in parental purebreds. Evidently, increased heterozygosity
 
at a number of loci are involved.
 

Table 3. 	 Breed group means (years) for longevity of crossbred
 
and straightbred cows (NvneT et al.; 1984)
 

Breed of sire of cow 
Breed of dam 
of cow Hereford Angus Shorthorn Average 

Hereford 	 8.46 11.04 9.61 9.70
 
Angus 	 10.60 9.41 9.90 9.97
 
Shorthorn 	 8.01 9.26 7.28 8.18
 

Average 	 9.02 9.90 8.93 9.28
 

Crossbred Straightbred Difference
 

Heterosis 	 9.74 8.38 1.36 (16.2%)
 

Longevity
 

Significant differences have been found among breeds and breed
 
crosses in longevity (Nunez-Domenquez et al, 1984). Angus had
 
significantly greater longevity than Shorthorns (Table 3).

Effects of heterosis increased average longevity of F1 cows by

1.36 years over that of straightbred Hereford, Angus, and
 
Shorthorn cows. Reasons for removal and average age at removal
 
of crossbred and straightbred cows are summarized in Table 4,
 
some of which involve differences in genetic resistance to
 
disease. The four straightbred cows, removed because of cancer
 
eye, were all Herefords. Cancer eye susceptibility is known to
 
be a highly heritable component of longevity (Anderson et al.,
 
1957a; 1957b). Death losses were significantly greater in
 
straightbreds than crossbreds. Unsound udders developed 
more
 
frequently in crossbred cows than in straightbred cows, but
 
problems developed at older ages in crossbreds than in straight
breds. About 19% of the crossbreds compared to 6.5% of the
 
straightbreds remained in the herd from initiation to termination
 
of the experiment when the cows ranged from 12 to 15 years of
 
age. Significant effects of heterosis on 'ongevity have also
 
been reported by Spelbring et al. (1977).
 

Non-additive genetic variation within breeds
 

Non-additive genetic variation within breeds is assessed by

evaluating effects of inbreeding within inbred lines and 
by
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estimating effects 
of heterosis 
in diallel crossing experiments
involving 
lines. Effects of inbreeding depression 
are significant for fitness traits (Brinks et al. 1975).
 

Table 4. Reasons for and average age at removal from cow herd
 
(unpublished).
 

Straightbred 
 Crossbred
 

Reason 
 No. % Age, yr No. 
 % Age, yr
 

Death 
 31 19.9 10.1 
 18 10.4 9.0
Open 
 85 54.5 6.5 91 
 52.8 7.8
Crippled 
 5 3.2 10.6 7 
 4.0 9.5
Unsound udder 
 0 0.0  9 5.3 13.0
Cancer eye 
 4 2.5 11.1 
 0 0.0 -
Lump jaw 
 1 .6 8.6 0 0.0 
 -Prolapse 
 3 1.9 4.3 0 
 0.0 -
Emaciation 
 1i 
 7.1 12.0 
 7 4.0 13.1
Unknown 
 6 3.8 5.4 
 7 4.1 4.6
Exp. termin. 10 
 6.5 13.1 33 19.4 13.2
 

Toval or
 
average 156 
 100.0 8.4 
 172 100.0 9.7
 

CONCLUSION
 

Significant additive genetic 
variation exists 
among breeds for
survival, longevity, and resistance to 
tropical environmental
factors 
(i.e. trypanosomiasis, ticks, gastrointestinal helminths,
high ambient temperature, solar radiation, pink-eye disease and
nutritional stress). Heritability of survival (dead or alive) is
low, but specific components of survival 
and longevity are
moderately to highly heritable (e.g., packed cell volume/trypanotolerance, resistance to ticks, 
 immunoglobulin concentration,
mastitis, bloat, 
and cancer eye). Studies 
with mice indicate
that selection for immunoresponsiveness 
to specific infectious
agents may 
lead to increased resistance 
to a certain group of
infections but increased susceptibility to other groups of infections 
depending upon the protective mechanism involved.
manage antagonistic genetic relationships 
To
 

such as these, it may
be necessary to select for divergence between paternal and maternal strains (or breeds), 
which when crossed, complement each
other to achieve 
optimal genetic resistance to disease and
adaptation to 
the climatic and nutritive environment.
additive genetic effects (heterosis) are important for 
Non

survival
 
and longevity.
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INTRODUCTION
 

It has been established in recent years that the trypanotolerant
 
breeds of cattle, namely N'Dama and West African Shorthorn, are
 
much more productive than originally believed, despite their
 
small stature. They are therefore increasingly being considered
 
for livestock development programmes in tsetse-affected areas.
 

Murray (article 15 of these Proceedings) has noted that
 
trypanotolerance appears to be associated with at least three
 
possibly related but genetically independent characteristics,
 
namely the ability to control parasitaemia, the ability to
 
control anaemia and the ability to develop an effective immune
 
response. It would appear that under natural tsetse challenge,

parasitaemia aspects could in practice be best measured by

factors such as number of infections per unit time, trypanosome
species effects and Jarasitaemia-score effects. Anaemia control
 
aspects could be measured by the ability to maintain PCV levels,
 
by the size of drop from "normal" PCV levels or by the recovery
 
rates of PCV. Immune response could be evaluated by measuring

the effects of varying numbers of previous infections.
 

MATERIALS AND METHODS
 

At the Government ranch of the OGAPROV in southeastern Gabon, 179
 
N'Dama female cattle, born between June 1985 and January 1986,
 
were exposed to a high natural trypanosome chailenge from October
 
1986 to January 1987. Each month, animals were weighed, the
 
darkground/phase contrast buffy coat technique was used to detect
 
trypanosome presence and species and quantification of para
sitaemia, while anaemia was estimated by measuring the PCV. The
 
analysis approach was to estimate the phenotypic relationships

between parasitaemia aspects, anaemia-control aspects and daily
 
liveweight change.
 

All traits were analysed by least-squares fixed- and mixed
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model procedures (Harvey, 1977), 
the effects fitted being indicated in each section. Interaction effects fitted were those
that preliminary analyses had indicated 
were significant or approached significance for any of the matching traits involved.
 

RESULTS
 

The average monthly trypanosome prevalence (the percentage of
animals determined as being parasitaemic at a monthly examination) over the four months was 25.5%. Of the 179 N'Dama
females, 36.6% never 
had trypanosomes detected, 36.3% had 
trypanosomes 	detected 
in one month, 18.4% in two months, 9.3% in
three months and 1.7% 
in all four months. Least-squares analyses
were 
carried out, fitting number of months when trypanosomes were
detected, trypanosome species, parasitaemia score, PCV level 
presence of previous trypanosome infection as 
and
 

fixed effects.
 

Parasitaemia aspect
 

The effect of number of trypanosome infections on daily liveweight gain and average PCV over 
the three month period is shown
 
in Table 1.
 

Table 1. 	Effect of number of trypanosome infections on growth
 
and PCV.
 

Number of Number Daily liveweight gain (g) PCV (%)

months when of
 
trypanosomes animals Mean s.e. Mean 
 s.e.
detected
 

0 
 65 
 381 10.6 
 34.0 0.41
1 	 65 329 9.9 30.7 0.38
2 
 33 260 13.8 27.5 0.54
3 or 4 16 
 194 20.7 24.0 0.80
 

There was 
a linear effect of number of months when trypanosomes were detected, on both traits, 
one infection reducing gain
and PCV by 52g and 3.3% respectively, two infections by a further
69g and 3.2% and three or four infections by a further 66g and
 
3.5%.
 

The effect of trypanosome species on daily liveweight gainand average PCV over the three-month period is indicated in Table 
2.
 

The comparison of the effects of the 
two species, T.
congolense and T. vivax, was only possible in animals where
trypanosomes were detected in one month only. 
 In this case, a T.
vivax infection reduced gain and 
PCV by 32g and 2.7%, respectively compared with 86g and 4.4% 
for a T. congolense infection.
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Table 2. Effect of trypanosome species on growth and PCV. 

Number of Number Daily liveweight PCV M 
months when Number Dgain ( ) trypanosomes Trypanosome species ofgang)_______
detected animals mean s.e. mean s.e. 

0 - 65 381 10.5 34.0 0.40 
1 T.vivax 40 349 12.4 31.3 0.48 
1 T. congolense 25 295 16.7 29.6 0.64 
2 T.c. or T.c. + T.v. or mixed 33 260 13.7 27.5 0.53 
3 or 4 T.c. or T.c. + T.v. and/or 

mixed 16 195 20.4 24.0 0.79
 

The effect of parasitaemia score on daily liveweight gain
 
and PCV over the three-month period is shown in Table 3.
 

Table 3. Effect of parasitaemia score on growth and PCV. 

Number of Daily live
months when . Average Number weight gain PCV (M) 

os Trypanosome species score of (g)
dtytes animals (
detected mean s.e. mean s.e. 

0 - - 382 10.3 34.0 0.40 

1 T. vivax 1 9 340 27.5 30.8 1.07 
1 T. vivax 2 22 344 16.2 31.4 .63 
1 T. vivax 3.4 9 369 25.1 31.7 .90 

1 T. congolense 1 6 316 34.8 30.4 1.36 
1 T. congolense 2 13 296 21.8 29.5 .85 
1 T. congolense 3.4 6 278 31.4 29.0 1.23 

2 T. congolense + 1.7 15 302 19.3 28.6 .76 
2 T. vivax or mixed 2.9 18 221 18.3 26.4 .72 

3or4 T. congolense+ 2.2 9 192 27.3 24.2 1.07 
3or4 T. vivax -nd/ormixed 3.4 7 200 28.5 23.8 1.11 

Each monthly trypanosome grouping was divided into those
 
above and those below average for parasitaemia score. Only in
 
the group where trypanosomes were detected in two months, was
 
there a significant effect of score on both gain and PCV, the
 
above-average score group having significantly lower growth and
 
PCV than the below-average.
 

Anaemia contr=) aspect
 

Each monthly trypanosome grouping was divided into those main
taining their PCV levels above che average for the group and
 
those whose PCV level fell below the average. The average PCV
 
levels in each of these categories and their growth over the
 
three month period, are shown in Table 4.
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Table 4. Effect of ability to maintain PCV level on growth. 

Number ofmonths when Number Mean Daily lveweight gaintrypanosomes Ti-ypanosome species of eCV (g) 
detected animals (96) mean s.e. 

0 
 - 30 31.8 390 
 14.3
0  35 36.1 
 373 13.7
 

1 T. vivax 19 28.9 
 336 17.4
1 T. vivax 21 33.6 360 
 16.5
 
1 T. congolense 12 26.8 
 285 24.11 T. congolense 13 31.8 303 21.7 
2 T.congolense + 
 16 25.1 225 
 18.8
2 T. vivax or mixed 17 29.8 294 
 18.8
 

3 or 4 T. congolense + 9 22.43 or 4 179 24.9T. vivax and/or mixed 7 26.9 223 33.5 

The mean difference in PCV levels in each of the five groups
was 4.6 percentage 
units. When no trypanosomes
there were detected,
was no indication of 4ny linkage between a higher PCV level
and growth. In 
all other cases, animals maintaining their PCV
levels above the average of their parasitaeria group had superior

growth.
 

Immune response aspect
 

The very limited data 
on 
previous trypanosome

indication of the ability to mount an 

infection, as 
an
 
in Table 5. 

immune response, are shown
There was 
no indication 
of a previous infection
having an effect on growth or PCV.
 

Table 5. 
Effect of previous trypanosome infection on growth and
 
PCV.
 

Previous 
 Number Daily liveweight gain 
 PCV (M)
trypanosome of 
 (g)

infection 
 animals 
 (g)
 

Mean s.e. 
 Mean 
 s.e.
 

No 
 148 296 7.7 
 29.6
Yes .29
31 297 16.3 
 28.6 
 .61
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DISCUSSION
 

Key points from the study designed to indicate phenotypic re
lationships between aspects of parasitaemia, anaemia control and
 
immune response with animal performance are indicated in Table 6.
 

Table 6. 	Indications of camparative sizes of influences on daily
 
liveweight gain (g), over three months of exposure to
 
trypanosomiasis risk at OGAPROV Ranch.
 

1. 	Average daily liveweight gain of non-infected cattle 381g
 

Parasitaemia aspect
 

2. 	Each monthly T. congolense of mixed infection detected -60g

3. 	Each monthly T. vivax infection detected -22g

4. 	Above-average parasitaemia score recorded within 
a
 

monthly infection relative to a below-average score -26g
 

Anaemia control aspect
 

5. 	Below-average PCV level reached within each monthly
 
infection relative to an above-average level -23g
 

Immune response aspect
 

6. 	A trypanosome infection detected in the eight months
 
prior to study, relative to no infection detected Og
 

The results in Table 6 indicate that phenotypic variance in
 
growth associated with parasitaemia aspects can be at least as
 
large as that associated with anaemia-control aspects. One
 
important implication relates to the use of artificial challenge

in research on management and breeding methods for the exploita
tion and improvement of trypanotolerant cattle. As in artificial
 
challenge, either by syringe or by infection with captured flies,
 
virtually all animals become parasitized; in research using arti
ficial challenge a significant proportion of the variance in
 
animal growth is being ignored.
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Practicalpossibilitiesof blood grouping for parentage
information, a pilot study in Zaire 
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INTRODUCTION
 

If the genetic improvement of livestock 
production through
within-population selection is 
to be effective, then the criteria
of selection must be heritable and easily and cheaply measurable.
The estimation 
of genetic parameters, 
including heritabilities,
requires information on parent-offspring relationships, which in
many African livestock systems 
can only be 
reliably identified
for dams and 
their calves. Information on sire-offspring 
relationships is 
far more difficult to 
obtain, limiting the
opportunities for estimating heritabilities using paternal halfsib groups. 
 Blood grouping is a technique offering
possibility of identifying the 
the
 

sires of many progeny which have
been and are currently recorded at various sites collaborating in
the ATLN. A pilot study was carried out to test the technique at
a site where several bulls were possible alternative sires.
 

DESCRIPTION OF THE STUDY
 

The study was carried out 
at the Mvuazi 
research station, Bas-
Zaire Province, Zaire, which is 
one of the research stations of
the -nstitut National 
pour l'Elevage et la Recherche Agronomiques. The station borders on 
Kolo Ranch, one 
of the ATLN sites,
with which it shares the 
same ecological environment. It is
stocked with N'Dama cattle derived from cattle imported from
Guinea around 1930. 
 The station also has 
some N'Dama x Red
Sindhi. 
 Three breeding herds are maintained with a total of six
sires which not
are permanently allocated to a specific herd.
The station is therefore typical many
of sit-s in the ATLN in
which multi-sire herds 
are common and the dams, but not the
sires, of progeny are known.
 

For the study, blood samples were taken fro; 
389 animals for
red-cell antigen typing against 53 blood group an:igens. Table 1
presents the number of samples taken. 
 After discounting the dams
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with no known progeny and the unusable samples, 325 animals
 
remained: 6 bulls, 87 dams with progeny, the 87 progeny of 
these
 
dams and 145 progeny without dam identification. Of these, 291
 
were N'Dama and 34 were crosses.
 

Table 1. Number of animals sampled in each category.
 

Category 
 No.
 

Bulls 
 6
 
Progeny of these bulls 
 232
 
Dams of these progeny 87
 
Dams with no progeny identified 49
 
Unidentified/samples lost 
 15
 

Total sampled 389
 

The blood typing was carried out in a laboratory in Harare,

Zimbabwe in collaboration with staff of the AFRC Institute of
 
Animal Physiology and Genetics Research, Edinburgh, United
 
Kingdom.
 

RESULTS
 

The results of the sire identification based on blood typing are
 
presented in Table 2. When the dam identity was known, 62% of
 
the progeny could be accurately linked to a single sire. When
 
the dam identity was not known, 51% of the progeny could be
 
accurately linked to a single sire. If the samples had been
 
examined by polyacryl gel electrophoresis for protein poly
morphisms, then a 15-20% improvement in sire identification could
 
have been expected, giving up to 74% sire identification for
 
progeny of known dams and up to 61% for progcny with no dam
 
identification.
 

Table 2. Results of sire identification based on blood typing.
 

Animals 
 No. %
 

87 Progeny - dam pairs
 
1 Bull possible (5 excluded) 54 62
 
2 Bulls possible (4 excluded) 31 36
 
More than 2 bulls possible 2 2
 

145 Progeny - dam unavailable
 
1 Bull possible 74 51
 
2 Bulls possible 51 34
 
More than 2 bulls possible 18 12
 
None possible 2 2
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DISCUSSION
 

In a situation where any of six bulls could have been the sire of
a large group of 
calves, red-cell 
antigen typing identified the
actual sire 
of a high proportion, 61%, 
of those calves with a
known dam. The proportion would have 
been even higher, nearly
75%, if a complementary protein polymorphism analysis 
had been
carried out. 
 These results clearly show that 
blood typing is a
valuable technique for identifying parentages in field situations
from which, as a result, performance records 
can be utilized for
genetic parameter estimation.
 

The 
technique will prove particularly useful in the ATLN at
those key sites with multi-sire herds where potential criteria of
trypanotolerance are being evaluated. 
 The identification of
paternal half-sib groups will allow 
the estimation of genetic
parameters of trypanotolerance criteria and of production characters, for example growth rate, 
using past records and those

currently being collected.
 

For matings planned in 1988, 
a large improvement in the
accuracy of sire identification could be achieved by blood typing
all selected sires and grouping them for 
use in multi-sire herds
in such a way as to give the 
maximum possible differentiation
between the blood groups of 
their progeny. At a higher cost and
with sufficient bulls of the right BoLA types, 
BoLA typing alone
could identify the sire of 
a calf. Another technique that may
be applicable 
in the future is DNA "fingerprinting", the typing
of DNA polymorphisms, which is 
now accepted in disputes 
over
human paternity. In 
the meantime more extensive, rapid and
efficient analysis 
of red cell antigens than is currently possible in Africa can be organized by sending blood samples 
to the
AFRC's Quarantine Station in 
Pirbright, 
United Kingdom, for
testing by the staff of the AFRC's Institute of Animal Physiology

and Genetics Research.
 

This pilot study of the blood grouping technique has clearly
demonstrated its effectiveness for parentage identification in a
situation typical of 
many African livestock systems and, representative of several sites in 
the ATLN. The success of this pilot
study will 
allow the estimation of 
the genetic parameters of
potential 

the 

criteria of trypanotolerance and may open the way to
development of effective 
selection programmes for trypano
tolerant livestock.
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INTRODUCTION
 

Research on genetic improvement of trypanotolerant livestock is
 
directed in two main areas: first, in increasing their
 
productivity by conventional management and breeding methods;
 
second, in determining the factors associated with their innate
 
resistance, i.e. the control of trypanosome growth, the develop
ment of effective immune responses and resistance to anaemia. If
 
the mechanisms underlying these factors are identified, it might

be possible by immunization, by specific drug treatment or by
 
transfection of appropriate genes to produce highly productive
 
cattle resistant to trypanosomiasis.
 

Our immediate aims in the ATLN are firmly anchored in the
 
first approach, conventional breeding for increased disease
 
resistance. The basic initial requirements include estimation of
 
phenotypic and genetic relationships between disease and
 
production traits and assessing the feasibility of practical
 
applications of genetic selection for resistance.
 

MATERIALS AND METHODS
 

Two separate field experiments were utilized to provide
 
indications of heritability levels for aspects of parasitaemia,
 
anaemia control, immune response and animal performance.
 

At Mushie ranch, in Bandundu region, Zaire, 157 N'Dama
 
progeny of four sires, 95 males and 62 females, were available in
 
June 1987. They comprised three age groups, 21 months and 35
 
months for both sexes and 52 months for males only. The males
 
were exposed to a high natural trypanosome challenge, and body
 
weight, trypanosome aspects and PCVs were recorded wee!.ly on
 
eleven occasions covering a ten-week period. The females were
 
exposed to a low natural trypanosome challenge and recorded
 
weekly on eight occasions covering a seven-week period. The
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analysis approach was to estimate 
the heritabilities 
of parasitaemia aspects, anaemia control aspects and 
daily liveweight

change.
 

At Kilifi Plantation, on the southeast coast of Kenya, 
592
Sahiwal/Ayrshire crossbred 
cows were exposed to 
a low, natural
trypanosome challenge 
over 
a five-year period and maintained
under a chemotherapeutic strategy. 
 An excellent health package
for internal parasites, tick control, etc. was 
operated and each
animal had its PCV measured four to five 
times per year; any
animal with 
a PCV value of 29% or 
less was treated with a
curative trypanocide. The trypanocidal 
treatment required 
was
used as the indication of infection with 
trypanosomes.
analysis approach was to 
The


determine if acquired 
resistance
existed, if it 
was under genetic control and if it could be used
as 
a measure of ability to develop an effective immune response.
 

All traits were 
analysed by least-squares fixed- and mixedmodel procedures (Harvey, 1977), 
the effects fitted being indicated 
in each section. Interaction effects fitted were those
that preliminary analyses had 
indicated were significant or approached significance for any of the matching traits involved.
 

RESULTS
 

Mushie Ranch
 

The average weekly trypanosome prevalence in 
the male N'Dama
animals over 
the 11 weekly recordings was 22.5%. 
 Of the 95
males, 24.2% 
never had trypanosomes detected, 22.1% had 
trypanosomes detected in one week, 
9.5% in two weeks, 15.8% in three
weeks, 17.9% in four weeks and 10.5% in five 
or more weeks. The
average weekly prevalence in the females 
over the eight weekly
recordings was 5.1%. 
 Of the 62 females, 85.5% never 
had trypanosomes detected, 4.8% 
had trypanosomes detected in 
one week, 3.2%
in two weeks, 1.6% in three weeks, 3.2% in four weeks and 1.6% in

five weeks.
 

Least-squares analyses 
were carried out separately for the
two sexes, fitting sire and dam within sire 
as random effects and
age group as 
a fixed effect. 
 The traits evaluated over the tenweek period for males and seven-week period for females 
were
daily liveweight change 
as a performance aspect; 
 number of
infections by species and total and parasitaemia score by species
and total, as parasitaemia aspects; 
 and average PCV as an

anaemia control aspect.
 

Heritability of growth, parasitaemia aspects and PCV level
 

The heritability estimates for daily 
liveweight change, parasitaemia aspects 
and PCV level are indicated in Table 1. The
four sires 
had 23, 27, 24 and 21 male progeny and 16, 14, 17 and
15 female progeny, respectively. In both high-challenge and lowchallenge situations, 
while the heritability estimates 
for daily
liveweight change 
were within the expected range, there 
was no
indication of any of 
the aspects of parasitaemia being heritable.
In males under a high challenge, but with 
a wide range in number
of detected infections (from 0 
to 5 or more), the heritability
estimate 
for PCV level was 0.15, suggesting that evaluation of
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ability to maintain PCV levels be compared for different
 
trypanosome prevalence levels.
 

Table 1. 	Heritability estimates for daily liveweight change,
 
parasitaemia aspects and PCV.
 

Daily liveweight Parasitaemia PCV
 
change aspects
 

(6 traits)a
 

h2 	 h2 h2
s.e. 	 s.e. s.e.
 

Males, high tsetse
 
challenge .20 .49 0 - .15 .44
 

Females, low tsetse
 
challenge .68 .63 0 - 0 

aTotal number of infections, number of T. congolense infections,
 
number of T. vivax infections, total parasitaemia score, T.
 
congolense parasitaemia score, T. vivax parasitaemia score.
 

Therefore the males were split into two groups, the 46.3%
 
that had had trypanosomes detected in 0 or 1 week only, which
 
represented an average trypanosome prevalence of 5% and the 53.7%
 
that had had trypanosomes detected in two or more weeks, which
 
represented an average trypanosome. prevalence of 40%. The four
 
sires had 12, 11, 11 and 10 progeny under low trypanosome
 
prevalence and 11, 16, 23 and 11 under high trypanosome
 
prevalence.
 

Table 2. 	Heritability estimates for daily liveweight change and
 
PCV under low and high trypanosome prevalence.
 

Trypanosome prevalence groupa Daily 	liveweight PCV
 
change
 

h2 	 h2
s.e. 	 s.e.
 

Low (ignoring full sibs) .37 .55 .01 .33
 
Low (adjusted for full sibs) .28 - 0 -


High (ignoring full sibs) .57 .61 1.10 .81
 
High (adjusted for full sibs) .43 - .82 

aLow trypanosome prevalence = 5%, high = 40%
 

When progeny groups were subdivided, numbers were too small
 
for dam within-sire effects to be estimated. A rerun of the
 
analysis in Table 1 indicated that ignoring full sib effects
 
inflated the heritability estimates by 25%. This adjustment
 
factor was therefore used for the results in Table 2. With the
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heritability estimates for Jaily liveweight change falling within
the expected range under 
both 
low and high trypanosome prevalence, the heritability of 
ability to maintain PCV levels was zero
under no or low prevalence and 0.82 under high prevalence.
 

Kilifi Plantation
 

From 592 cows of 
two breed groups, 
1/3 Sahiwal 2/3 Ayrshire and
2/3 Sahiwal 1/3 Ayrshire, 1308 sets of records were 
analyzed in a
least-squares model including fixed effects of genotype, parturition number, number of previous trypanocidal treatments, year of
calving, month within-year of calving and 
a number of interactions. 
 Random effects included sire-within-genotype and
within-sire-within-genotype. 	 cow-
The traits analyzed as indicating
immune response aspects were the number of treatments required (=
infections) in monthly periods after parturition. 
 Confidence
use PCV as an 	 to
indication of trypanosome infection was 
based both
on 	the response to treatment and the
anaemia-causing infections 
fact that other potential


on the
diseases 	 ranch, namely tick-borne
and helminthiasis, 
were successfully controlled by
judicious dipping and strategic use of anthelmintics.
 

Occurrence of acquired resistance
 

3 

o -1 PAST 

. .,..,TREATMENTS
 

cc.< 2
 
2- 3 PAST 

=5=TREATMENTS
 
4- PAST 

cc 	 .5 
a- PAST
coW 	 0
 

Z 
 TREATMENTS 
P 1 3 5 7 9 11 13 

MONTHS AFTER PARTURITION 
Figure 1. Least-squares past treatment group means 
for number of
current treatments 
(cumulative) for trypanosomiasis
required at monthly intervals after parturition.
 

Figure 1 indicates that, when the number of
treatments required was 	 trypanocidal

used 
as 	an indication
resistance 	 of infection,
was being acquired. 
 The evidence 
was that the more
treatments 
an 	animal had had previously, the less
was 	 treatments it
liable to require in future. For example any animal with 0 to
1 past treatments would need 
3 treatments during the 
next postpartum period, whereas, any animal with 6 or more past treatments
would riot 
require any treatment.
 

Genotype differences in acquired resistance
 

There were 
significant differences 
between genotypes
number of treatments required 	 in the

(Figure 2).
quired less than half the 	

The 2/3 Sahiwal retreatments 
of 	the 1/3 Sahiwal over the
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complete calving interval; by the end of this period the 2/3
 
Sahiwal needed 0.53 treatments while the 1/3 Sahiwal required
 
1.45. A significant interaction between genotypes and previous
 
treatments showed that when very few previous treatments (0 to 1)
 
had been received, both genotypes required similar numbers of
 
current treatments. However, as the number of previous treat
ments increased, the 1/3 Sahiwal required progressively more
 
current treatments than the 2/3 Sahiwal, suggesting that the 2/3
 
Sahiwal acquired resistance better than the 1/3 Sahiwal.
 

C, 

0-	 BREED% A 3 S 

1.2 

0 W 	 BREED Y3A 2/,S 

P 1 3 5 7 9 11 13
 
MONTHS AFTER PARTURITION
 

Figure 2. Least-squares breed group means for number of current
 
treatments (cumulative) for trypanosomiasis required at
 
monthly intervals after parturition.
 

Heritability of acquired resistance
 

The 739 records of the 335 cows of the 2/3 Sahiwal group chat 
appeared more able to acquire resistance were divided into two 
groups, those with a low (0 to 1) number of previous treatments 
(406 records) and those with a high (2 to 10) number (333 
records). The two groups were analysed separately in a least
squares model including fixed effects of parturition number and 
year. Random effects included sire (16 in number) and cow within 
sire. The traits analyzed were the number of treatments required 
(= infections) in four periods after parturition (3, 6, 9 months 
and calving interval). The heritability estimates are shown in 
Table 3.
 

Table 3. 	Heritability estimates for number of treatments re
quired (= infections) in four periods after 
parturition. 

Number of 	previous treatments (= infections) 
Period after
 
parturition Low (0 or 1) High (2 - 10)
 

3 months 0 0.01 + 0.11 
6 months 0 0.09 + 0.14 
9 months 0 0.26, + 0.20 
Complete calving interval 0 0.23 + 0.19 
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When there had been zero 
or 1 previous treatment, the heritability of 
the number of treatments required 
for all four
periods after parturition was 
zero. In contrast, 
when there had
been a high number of 
previous treatments, the 
heritability
increased with the time period involved.
 

DISCUSSION
 

From the studies at Mushie Ranch 
and Kilifi Plantation, key
aspects designed to provide 
indications 
of heritability levels
of parasitaemia, 
anaemia control and 
immune response, are
indicated in Table 4.
 

Table 4. 
rndications of heritability levels for criteria of trypanotolerance at Mushie Ranch and Kilifi Plantation.
 

Criteria 

Heritability
 

Parasitaemia aspects
 

Number of infections per unit time
Infection score per unit time 
0
 

T. congolense number and score 
0
 
0
T. vivax number and score 
 0
 

Anaemia control aspects
 

PCV levels overall 

PCV levels when no, 

0.15
 
or low, trypanosome


prevalence 

0
PCV levels when-high trypanosome prevalence 
 0.82
 

Immune response aspects
 

Number of infections in 9 months when few
previous infections 

0
Number of infections in 9 months when many
previous infections 

0.26
 

These first results suggest

sitaemia aspects 

that these particular paraare unlikely to have sufficiently high 
heritabilities for practical selection 
approaches;
maintain PCV levels under 
that ability to
high natural challenge could well 
be
the basis of a practical selection approach for anaemia control;
and that in certain circumstances 
it might be possible to select
for ability to acquire resistance to trypanosomiasis.
 

Considerable efforts continue to be put into building up
paternal half-sib groups in situations in the ATLN, using both
single-sire matings and blood-grouping techniques.
to significantly The goal is
increase information on 
heritability estimates
and relevant genetic correlations.
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44 
The bovine MHC and trpanotolerance 

A.J TEALE and S.J. KEMP 

INTRODUCTION
 

The MHC comprises a series of genes encoding glycoproteins which
are expressed on the surface of cells. 
 The genes are physically
associated on 

group. In most 

a 
mammalian 
single chromosome 

species there 
and tend 

is 
as a
to be inherited 


a considerable number
of such genes, although not all have detectable products the
at 

cell surface.
 

The genes and their products can be placed into two distinct
groups. Class 
I gene products are expressed on the surface of
all nucleated cells, whereas class II gene product expression is
largely limited to the surface of 
some 
cells of the immune system
with rather specialized functions. 
 Class I and class II gene
products can be
also distinguished 
on the basis their
of bio
chemical nature.
 

An important feature of the MHC is its 
extreme polymorphism;
i.e., the degree to which the individual genes and their products
vary between unrelated individuals of a species. 
 The number of
loci and alleles at the different loci in 
man for instance, is
such that on theoretical grounds 
no two unrelated people will
have an 
identical set of MHC-encoded glycoproteins on the surface
of their cells. 
 Moreover, expression of MHC genes is codominant,
and so each individual expresses 
one set, or haplotype, inherited
from the mother and one haptotype inherited from the father.
 

The function of MHC glycoproteins is 
to bind and present
foreign antigens (proteins of non-self origin 
to which an immune
response is mounted) cells
to 
 of the immune system that
so an
appropriate immune response can 
be generated. 
 Parts of proteins
(peptides), of viruses, bacteria and protozoa, for instance, physically associate with MHC glycoproteins and then become recognizable by 
the immune system cells. Once these cells 
encounter
the foreign peptide/MHC glycoprotein complex antigen, they become
functionally activated and proliferate and, through various mechanisms eliminate the 
invading pathogen. However, 
a given MHC
glycoprotein will not 
be able to associate with, and so 
present,
all of the potentially immunogenic peptides which may 
be generated within an animal during 
its lifetime. Consequently, the
MHC profile of an individual 
can have a major effect on the
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immune response repertoire. Further, the MHC profile can result
 
in the failure of the immune response as a consequence of mimicry

of a particular peptide/MHC molecule combination by a second MHC
 
molecule, per se, within the same animal. As animals are
 
"tolerant" (a state in which immune responses are not mounted) of
 
their own proteins, which include their MHC molecules, in this
 
circumstance there can be no immune recognition of the peptide
 
concerned.
 

In view of the influential nature of the MHC in generation

of immune responses, it might be expected that disease suscepti
bility may be associated with the MHC profiles, or "types" of
 
individuals within a species; that is, that individuals with
 
certain MHC types exist which are either more or less likely than
 
the average of the species to suffer a given disease. In man,
 
for instance, there is now an impressive list of diseases which
 
show significant associations with MHC type (Tiwari and Terasaki
 
1985). Although many such associations involve non-fatal chronic
 
diseases, associations with important infectious diseases have
 
been reported, including malaria (Piazza et al., 1976), typhoid
 
and yellow fever (De Vries et al., 1979), poliomyelitis (Van Eden
 
et al., 1983) and leprosy (Van Eden et al., 1982).
 

MHC TYPING OF CATTLE
 

Clearly, in order to make strong associations in the first
 
instance, an ability to characterize the MHC in all its diversity
 
is a prerequisite. It is now possible to define polymorphism in
 
both the class I and class .II regions in cattle. In the case of
 
class I products, these are universally characterized in a
 
standard microlymphocytotoxicity test which is based on the
 
reactivity of the cells of an animal to be typed with panels of
 
antisera and monoclonal antibodies. When a class I gene product
 
is recognized by an antibody in a panel, the cell carrying the
 
MHC molecule is killed and the cytotoxicity measured. The over
all pattern of reactivity of the cells of an individual animal
 
with the panel of typing reagents gives the class I Dhenotype of
 
the animal concerned. Through international collaborative
 
efforts the definition of the bovine MHC has advanced to the
 
point where more than 20 bovine class I gene products are now
 
recognized by all laboratories working in this area. Over the
 
past few years, in collaboration with scientists at the AFRC
 
Institute of Animal Physiology and Genetics Research, Edinburgh,
 
we have been working at ILRAD to improve the MHC typing of
 
African cattle breeds in particular. Now, in addition to those
 
MHC types recognized internationally, we are able to define MHC
 
gene products which are apparently characteristic of African
 
breeds (Kemp et al., 1988).
 

We and others are also able to characterise class I and II
 
gene products with other techniques which include biochemical and
 
cellular methods. The class II region is proving definable at
 
the level of the DNA of the genes themselves, using the technique
 
of restriction fragment length polymorphism (RFLP) analysis. All
 
of these non-serological approaches are somewhat more tedious and
 
technically demanding than the standard microlymphocytotoxicity
 
assay, which is therefore likely to remain the most widely
 
applied for some considerable time.
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Although several 
class I loci are defined in man and laboratory animals, it is still not 
clear whether all of the class I
types now recognized in cattle 
are encoded by a single locus 
or
However, this ignorance of the complexity of
 
by multiple loci. 

bovine MHC 
haplotypes need not necessarily delay searches for
associations between MHC and
type disease resistance/susceptibility. This is because, given that 
there is a considerable
degree of linkage over length of
the the MHC, identification of
any of the products of an 
haplotype and its differentiation from
the products of 
other haplotypes in 
a study population, is
that is required to follow MHC inheritance. 

all
 

MHC STUDIES IN N'DAMA CATTLE
 

The trypanotolerant 

taurus cattle is 

trait of some West African races of Bos
well documented but 
the genetic control
unclear. 
 We have begun a study of the MHC 
is
 

of N'Dama in The
Gambia which involves collecting sufficient typing data to enable
a valid comparison of the MHC profiles of these cattle with those
of unrelated "susceptible" breeds. In addition, we have attempted
to identify extremes 
within the N'Dama population, with respect
to trypanotolerance, 
to enable a within-breed comparison. The
overall objective is 
to reveal haplotypes which may be associated
with trypanotolerance for 
further study in laboratory challenge
experiments prior 
to detailed analysis 
of the individual 
genes
carried on such haplotypes.
 

MATERIALS AND METHODS
 

MHC typing
 

This was 
performed essentially as 
reported previously (Teale et
al. 1983) with modifications 
required by an automated reading
system (Kemp and Teale, 1987).
 

Cattle populations
 

All of the N'Dama animals are under study the
at ITC
Gambia. The population sample for 
in The
 

typing is made up 
of two
 
groups:
 

A. Cattle in 
the Livestock Development Project (LDP) herds
at Kerr-Serigne and Keneba. 
These animals may be considered
to be representative of the Gambian population of N'Damas as
they were acquired from 
a number of different herds
various parts of the country. 
in
 

the 
They will form the nucleus of
LDP breeding programme. This 
group consists of
approximately 270 cows, calves and bulls.
 

B. Approximately 50 present and future breeding bulls in 4
village locations. 
 The bulls can be considered 
 representative to be
of the 2500 or so cattle being monitored for
various production/performance characteristics under village
management systems. 
 Disease data 
are also being collected
in this population. The 
bulls were specifically chosen
because they may be expected 
the
to have a major impact on
future MHC structures of the village herds.
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Sample preparation
 

Peripheral blood mononuclear cells (PBM) for typing were either
 
separated from whole blood samples and placed into liquid
 
nitrogen at the ITC using a standard method of cryopreservation,
 
or aliquots of whole blood samples were cryopreserved as
 
previously described (Kemp and Teale, 1984) for subsequent
 
preparation of PBM at IIRAD.
 

RESULTS
 

To date, the cells of more than 300 N'Damas have been tested with
 
our panel of 180 class I typing reagents. Antigen frequencies
 
have been compared with those in other populations of cattle.
 
The frequencies for a number of them and including all those
 
which show significant frequency differences between breeds, are
 
shown in Figure 1. The frequency of the null allele (i.e., genes
 
for which no product is detected) in the European, Boran and
 
N'Dama populations is 0.58, 0.44 and 0.54, respectively.
 

Boran0.14 

0.10 

0.021 I I 	 11 

Efropean 

C 

cr 0.0.6 

S0.02 

Ndamc 

W W W W W W W W W W KN KN KN KN KN Eu 

1 2 5 6 7 8 101112 16 4 8 12 171812 

Figure 1. 	Frequencies of BoLA class I antigens in three races of
 
cattle.
 

With respect to features of the MHC profiles which seem
 
characteristic of the N'Dama population, the most striking in
volves the KN18 antigen which is present in 21% of the N'Dama
 
cattle but in only 1.5% of the Borans and in only one of the
 
European animals. This is a very well characterized antigen and
 
such a difference in its frequency between N'Dama and other
 
cattle breeds is worthy of further investigation.
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Another well-defined specificity is wl0 which has been shown
to have two subgroups, KN3 and KNI04 
(Kemp et al., 1988). These
subgroups 
have never been observed in European 
cattle but are
common in African Boran and Zebu breeds. 
Most N'Dama wl0 animals
were found to have 
both of these subgroups and
considered so could be
to possess typical "African" wl0 antigens.
individuals with wl0 but However,

lacking both subgroups
the N'Dama. were found among
This is typical 
of the wl0 antigen in European
cattle and is extremely rare 
in Bos indicus animals.
 

Like Boran cattle, the N'Dama 
were found to have a low
frequency of w2, 
an antigen which is common 
in 93uropean breeds.
 
Other striking features of 
the N'Dama BoLA profile are the
relatively high frequency of KN4 and the low frequency of KN8 and
w8. The N'Dama also appeared to have 
a very high frequency of w3
and w5. However, we 
believe that the w3 and w5 antigens are not
being reliably detected in 
the N'Dama. Therefore, although the
differences in the frequency of the antigens detected is real and
possibly significant, the w3 and w5 
nomenclature should not be
taken to 
mean that the differences are 
in fact in frequencies of
internationally-agreed antigens.
 

CONCLUSION
 

Recently we 
have reported 
a detailed comparative analysis of 
the
MHC gene products of European taurine and African zebu types
(Kemp et al., 1988). 
 It is now apparent that there
differences are clear
in the BoLA profiles of 
the Gambian N'Dama by
comparison with the European and East African animals and each of
the major breed 
groups described therefore 
has some unique
features in its BcLA profile. 
 Thus the high frequency of KN18 is
a particular feature of 
the N'Dama population whereas
quencies high freof KN8 and KN12 
are more typical 
of the East African
 
are indications of 


Zebus. In some respects however, there 
 similarities between the N'Dama population and the Zebu population on
the one hand and between the N'Damas and the European cattle,
the other. This is illustrated by the 
on
 

occurrence
gene in both of the KN104
the N'Dama and 
Zebu populations but not 
in the
European breeds and by the occurrence of a particular wl0 subtype
in the N'Dama and European cattle which is not seen in the Zebus.
In some cases there are no 
significant differences in frequencies

within the three groups.
 

Differences where 
they are seen
lations between distinct popuwithin a species 
are not unexpected
documented in human races, 
and have been well
for example (Baur and Danilovs, 1980).
Whether 
the differences 
seen in 
the cattle populations are the
result of 
selection for advantageous types
environments whether they 
in the different
or 
 are the result of random drift 
is
not clear at the present time.
 

Nevertheless, 
these results are 
of value in that
it possible to they make
select haplotypes for further studies of
involvement of the
the MHC in trypanotolerance, 
on a logical rather
than on 
a random basis. The segregation of selected haplotypes
would be followed in animals 
in which response to parasite
challenge is monitored. Bulls 
carrying typically N'Dama
hapiotypes 
(e.g., KNI8) and haplotypes with low frequency in
population as the
a whole would 
be used to
families in matings with cows 
produce half-sibliiig


chosen on the 
same basis. In this
 

444
 



way calves with various combinations of "N'Dama" and "non-N'Dama"
 
haplotypes would be made available for field and laboratory
 
challenge studies.
 

Bulls seldcted for heterozygosity as described would also be
 
obvious choices for matings with cows of non-trypanotolerant
 
type, producing F1 and ultimately F2 animals which could be used
 
in challenge experiments to further investigate whether or not
 
the bovine MHC has an influence on the trypanotolerance trait.
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45 
Tr-gpanotolerarwcin East Africa: a summaryj
 
of studies in the Orma Boran cattle
 

A.R. NJOGCU A.A. ISMAEL, R.B. DOLAN, G. OKECH,
 
P D. SAYER, E.A. OP]YPO and H. ALUSHUL4
 

INTRODUCTION
 

Boran cattle (Dos indicus) originated from the highlands of
 
Ethiopia and migrated with pastoralists South and East about 500
 
years ago. One group which settled in the tsetse-free Kenya
 
Highlands has been selected over the last 100 years for growth

and now forms the major beef breed in Kenya. A group of these
 
animals was sent to Galana Ranch, in southeastern Kenya, in 1964
 
and are designated "Galana Boran". Other pastoralists migrated

with Boran cattle to the tsetse-infested Tana River Delta of
 
Kenya where they settled. These cattle have been selected for
 
milk production and are known as the Tana-land Boran but for this
 
study are designated the "Orma Boran". Studies by the Kenya

Trypanosomiasis Research Institute (KETRI) on Galana ranch 
in
 
1980 indicated that the Orma Boran had a degree of resistance to
 
African trypanosomiasis and further studies summarized below were
 
carried out in the laboratory and in the field to compare it with
 
that of the Galana Boran.
 

RESULTS AND DISCUSSION
 

Under needle challenge with T. congolense and T. vivax th
mortality of Orma Boran was about 20% compared with mortalities
 
of 68 to 75% for the Galana Boran. Under fly challenge with T.
 
congolense and T. vivax in the laboratory the mortality of the 
Orma Boran was 10-20% compared with 38-60% for the Galana Boran. 
Of the surviving animals, the PCV of the Orma Boran never dropped
below 20% while that of the Galana Boran was generally lower. 
Under T. congolense challenge, 60% of the surviving Orma self
cured compared with 80% self-cure under T. vivax. None of Galana
 
animals self-cured.
 

During the experiments in the laboratory, which lasted three
 
months, the Orma Boran had a net gain in body weight while the
 
Galana Boran had a net loss.
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Studies in the 
field under medium-to-high tsetse 
fly challenge (medium challenge: 
13.6 flies per unbaited biconical trap
per day; high challenge: 36.9 
flies per unbaited biconical trap
per day) were carried 
out on steers and breeding herds of both
Orma and Galana Borans. The two 
breeds were managed together.
Results show that under 
medium challenge the Orma 
Boran experienced 0.6 infection per animal per 
annum compared with 1.5 infections for Galana. Under high 
tsetse challenge the
experienced two infections per animal per 
Orma Boran
 

annum compared to four
infections per animal per 
annum 
in the Galana Boran. Genci:ally
the Galana Boran gained more weight 
under medium challenge and
lost more weight under high challenge. 
 The Galana Boran required
more drug treatments 
than the Orma Boran leading to higher drug

costs.
 

The breeding herds of Orma and Galana Borans 
were started in
1983. Ry the end of June 1987 
the herds comprised 182 Orma and
162 Galana Boran. Selection is being carried 
out using packed
cell volume and trypanosome susceptibility 
(number of infections
 
per annum) as markers.
 

To date the Orma Boran have a mean 
calving interval of 514
days compared with 533 days for the Galana Boran. 
 The mean birth
and weaning weights for the Orma Boran 
are 18 and 105kg, respectively and 21 
and 137kg respectively for the Galana Boran. The
Orma Boran have a pre-weaning mortality of 
8% compared to 17%
the Galana Boran. Analysis of 
for
 

the causes of pre-weaning deaths
shows that 
21% of the Orma were due to trypanosomiasis compared

to 60% in the Galana Boran.
 

These studies indicate that the Orma Boran 
can be productive
under tsetse challenge with minimum drug 
intervention. 
 There
have been reports both in Kenya and Sudan of other cattle breeds
and strains being maintained under 
tsetse challenge. A survey
should therefore be to
made identify 
these breeds and strains
demonstrating trypanotolerance with 
a view to utilizing them to
develop more productive beef cattle for tsetse-infested areas.
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IDEAS: a tool for improved evaluation and utilization 
of animal genetio resouroes 

NM WISSOCQ, R. BELL, J. DURKIN, G. GETTINBY, D.E. LIGHT, 
and J.C.M. TRAIL 

INTRODUCTION
 

Collection, analysis and utilization of 
data of a biological,

technical and economic nature are indispensable prerequisites for
 
increasing the productivity of livestock. The various livestock
 
recording systems operated in many developed countries have con
tributed greatly to that goal. While in recent years there has
 
been increasingly wide recognition and acceptance of the virtues
 
of performance testing as an aid to genetic improvement in
 
developing countries, there has been little demonstration of how,
 
in practice, programmes can be implemented.
 

A lot of research is conducted on livestock production in
 
Africa, but much of the information obtained remains unused
 
because of the lack of a suitable data collection and analysis

system in the national research programmes, many of which do not
 
have access to large computers. Added to this, there is little
 
consistency in the way in which the data are recorded, making

combined analysis of data from more than one source a long and
 
complicated process. Much information relates only to individual
 
performance traits, collected in a piece-meal fashion, not 
suit
able for integration into more meaningful indices of produc
tivity. In many situations, a dam productivity index is a
 
reasonable way of comparing different breeds.
 

ILCA reviewed the computer-based animal performance re
cording systems available on the world market but none met the
 
requirements of African livestock 
research situations : the
 
systems required too expensive, too large and too powerful
 
computers and dealt with only one aspect of livestock production
 
such as dairying.
 

Therefore, it was evident that 
a tool of major value in
 
Africa would be a standardized, easy to use microcomputer based
 
livestock performance recording system that would offer an integ
rated approach to recording and analyzing all biological facets
 
of animal production operations. Moreover a performance record
ing system is only useful if it includes on-farm analysis faci
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lities 
to give the most accurate estimate of the breeding value
or genetic merit of 
an animal, relative to the others in a herd
and 
 to increase the efficiency of the farm management.
 

As a result the centre decided to develop
computerized recording and analysis 
its own micro

program - IDEAS - to meet 
all the above requirements. 

IDEAS POTENTIAL
 

IDEAS (ILCA's Data 
Entry and Analysis System) 
is a microcomputer-based animal performance recording and analysis package
that has been designed for use 
in livestock production research

and development situations in Africa.
 

It is able to handle 
all important performance traits:
reproduction, viability, growth, milk, wool, 
traction and their
amalgamation into suitable indices of productivity for a range of
animal species: cattle, sheep, goats, camels, horses and
donkeys. It provides facilities for recording climate, nutrition
and management information 
that will allow biological interpretation of statistical output. With its 
ten interconnected databases, IDEAS offers an 
approach integrating all biological

aspects of animal production.
 

IDEAS provides standardized database 
files for regional
comparisons and national decision making.
 

IDEAS allows all information 
on an individual animal to be
immediately accessible, such as 
Paternal Summary providing a
summary of the weaning weight index 
of all the progeny of one
sire, for all the herd or a selected identification range (Figure
1).
 

Report Sanple Hard PUENAL SM9AY 19/85/88 PAU 1 
IL . ADDIS ABA---------------

B LD 
0 1 1 S Vean.Birth Service Partur. r v f Calf a Wat.Ident. Date Breed Date Date n e f Ident, x Index Dam 

79-08 07/08/79 HF 15/11/80 19/0 81 1 1 81-14 M 98.3 75-03
 
15/11/80 21/08/81 1 Abnormal Calf 79-06 
19/11/80 30/08/81 1 1 81-17 F 97.0 79-07 
21/11/80 02/09/81 1 1 81-19 F 76-05 
25/11/80 04/09/81 1 1 81-21 H 108.4 79-04 
01/12/80 15/09/81 1 1 81-25 H 98.6 76-06 
10/12/80 15/09/81 0 Stillborn 79-03 
10/12/80 18/09/81 1 1 81-26 M 100.4 77-06 
02/01/81 05/10/81 1 1 81-35 F 99.0 78-03 
01/12/81 Aborted Early 75-03 

24/08/82 1 1 82-17 H 76-05
 

9 8 100.3 

Figure 1. Paternal summary.
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IDEAS allows the analyses on an individual farm to run to
 
the point where all logical herd-level decisions can be made
 
without having access to large computer facilities. Least
squares analyses handling up to nine main effects are built into
 
the package to provide the mcst accurate information on which to
 
base herd management decisions and to carry out comparisons
 
between breeds, sire progeny groups, management regimes, supple
mentation levels, breeding strategies, etc.. Currently analyses
 
can be carried out on age at first parturition, first parit. and
 
subsequent reproduction, weaning and post-weaning weights, survi
val rate to weaning and to any post-weaning age, growth over any
 
specified period, milk production and maternal productivity. The
 
analyses attempt to estimate the effects of the most important
 
environmental factors to allow the more accurate evaluation of
 
individual performance and to contribute to improvements in
 
management as the process highlights the values of the effects
 
themselves. The effects that are evaluated in each analysis are
 
listed in Figure 2.
 

Effect Variable or variable set 

1 2 3 4 5 6 7 8 9 10 

Age of animal * * *
 
Age of mother * * * * *
 
Year/month of birth * * * * * * *
 
Year/month of previous
 

part'rition * 
Year/month of parturition * * 
Multiple birth/rearing * * * * * * * 
Suckling progeny * * 
Sex * * * * * 
Management Group * * * * * * * * * 
Breed Group * * * * * * * * * * 

1 = Age at first parturition 
2 = First parturition reproduction and litter size 
3 = Subsequent reproduction and litter size 
4 = Weaning weight 
5 = Survival rate to weaning 
6 = Weight at any postweaning stage 
7 = Survival rate to any postweaning stage 
8 = Growth over any specified period 
9 = Milk production (including yield, fat, etc) 
10 = Maternal productivity. 

Figure 2. Effects evaluated in least squares analyses variables.
 

Analyses results can be used at both the herd and national
 
levels: At herd level they are mainly used to arrive at the
 
decisions on culling and replacement.
 

Culling of breeding cows is based on their productivity
 
index combining their calving performance, the calf weaning
 
weight and/or the milk production (Figure 3).
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Report Sample Herd COMBINED PRODUCTIUITY R"(INGS 19/05/88 
 PAGE 1ILC. ADDIS ABABA -
(01/01/81 - 31/12/l) 
 CATTLE
 

B R S 
 Prodoctivity

G r e a Actual Actual Combined 
 Rank
Parturition r t a c Weight MilkIdent. Age Breed Q : 8.50) InDate Int.D h r k geared 
Yield Actual Corr. Breed
---------.--------
---- --.-.------.---------------------

73-03 
75-04 
70-01 
?0-02 

76-04 

74-03 

88 0 
6 80 
10 80 
1080 

5 80 
7 80 

22/07/81 
19/09/81 
01/08/81 
04/09/81 

28/08/81 

21/09/81 

373 A 1 1 Y 172.6 
362 B1 1 Y 150.5 
376 A 11 Y 193.5 
362 B I1 Y 141.9 
363 A1 1 Y 
359 B 1 1 Y 

1233.4 
623.5 
815.9 
967.2 

684.0 

537.8 

310.9 
225.7 
281.0 
257.8 

80.9 

64.3 

252.4 
230.6 
214.4 
188.4 

90.7 

69.2 

1 
2 
3 
4 

5 
6 

78-05 
79-07 
76-03 
77-03 
76-05 
77-04 
79-03 

3 80-HF 
2 80-HF 
5 BO-HF 
4 BO-HF 
5 0-11F 
4 B0-HF 
2 80-HF 

29/09/81 
30/08/81 
01/09/81 
02/10/81 
02/09/81 
26/07/81 

15/09/81 

355 8 2 2 Y 256.1 
350 8 11 Y 115.6 
368 B1 1 Y 197.6 
368 A 1 1 Y 171.8 
356 A 11 N 
370 8 1 1 N 
362 All N 

423.8 
1008.7 
525.9 
453,6 
1062.2 
1218.7 

730.3 

314.6 
244.3 
257.4 
223.3 
128.1 
141.4 

86.6 

304.9 
273,6 
264.3 
233.5 
140.4 
137.4 
123.8 

1 
2 
3 
4 
5 
6 
7 

74-02 
79-04 
76-06 
79-05 
74-01 
74-04 
77-05 

7 F 
2 HF 
5 HF 
2 HF 
7 HF 
7 HF 
4 HF 

06/08/81 
04/09/81 
15/09/81 
06/10/81 
05/08/81 
21/08/81 
02/09/81 

374 A 1 1 Y 141.0 
373 B 1 1 Y 166.9 
362 B 1 1 Y 172.3 
371 All Y 128.4 
359 B 1 1 Y 156.6 
360 8 11 Y 145.5 
375 A1 1 Y 130.5 

1016.6 
577.5 
628.3 
665.8 
718.7 
719.1 
975.4 

254.3 
229.8 
248.3 
203.4 
245.2 
233.3 
238.7 

262,0 
261.7 
255.3 
255.2 
247.5 
235.6 
234.3 

1 
2 
3 
4 
5 
6 
7 

Figure 3. 
Combined productivity rankings.
 

Selection of replacement heifers to enter the breeding herds
is based on their post-weaning weight 
index; selection of
bulls for sire replacement young
or 
for sale of breeding stock 
or for
castration is based on their post-weaning growth (Figure 4).
 

Report Sample Herd POST-WEAING WEIGHTRIIIZNGS 19/05/88 
 PAGE 2ILCA. ADDIS ABABA 
(01/01/81 - 31/12/81) 
 CATTLE

B R (Males) 
re G 540 
 Rank 

Ident. 
t a r Day Corr. In 

Birth Dam 
Date Age h r Breed Sire Dam p Wqt. Ugt. Inder Breed
 

.....--------.-------.---------


81-03 22/07/81 
8 1 80 74-05 73-03 A 339.281-16 28/08/81 5 11 BO 74-05 76-04 
 A 388.9
 

81-18 01/09/81 5 11 BO-HF 74-05 76-03 
 B 334.2 309.9 110.781-07 01/08/81 10 1 1 BO-F 1
75-06 70-01 A 372.4 299.8 107.081-08 05/08/81 27 1 1 80-HF 74-05 74-01 
 B 308.2 285.0 101.8 
 381-10 12/08/81 
 5 2 1 BO-HF 74-05 76-02 B 293.6 276.2 99.3 481-32 01/10/81 
 211 BO-HF 74-95 79-02 
 8 258.3 259.4 92,6 5 

81-21 04/09/81 2 1 1 HF 79-08 79-04 8 282.8 287.8 104.3
81-04 24/07/81 10 1 1 HF 173-C4 70-03 A 348.0 270.7 98.181-25 15/09/81 5 1 1 HF 79- 0 76-06 B 294.5 270.2 
2 

97,9 381-14 19/08/81 6 1 1 HF 29-08 75-03 A 306.0 264.4 95.8 4 
Figure 4. Post-weaning weight rankings.
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Additionally reports for herd management evaluation are
 
prepared on overall Production aspects at predetermined times.
 

At the national level, the aim is to evaluate the produc
tivity of different breeds living under different management
 
systems in different ecological zones and to build up com
parative proiuctivity information on important livestock groups
 
in Africa. Then decisions can be made more easily when a breed
 
has shown to be a constraint in a particular production system
 
and questions can be answered as to the value of alternative
 
genotypes for specific production systems in various ecological
 
zones.
 

Using IDEAS standardized files for the exchange of data
 
between recording sites and the certral evaluation of the 4f.ata,
 
it is possible to evaluate relative productivities at a national
 
level. When nadtionel livestock development projezts are
 
initiated, the measurement, through a recording scheme, of live
stock productivity as a component in monitoring overall progress
 
can be vital. In addition, with the data available from many
 
sources in this standard form, aiready corrected within-site for
 
specified environmental effects, it is relatively straight
 
forward to obtain up-to-date, valid comparisons of breeds, to
 
determine the effect of crossbreeding and to study any differen
tial performance of breed types according to the area of the
 
country where the animals are maintained. This enables logical
 
decisions to be implemented o:, the breed types to be promoted by
 
governments, for example through national AI services.
 

KEY FOR SUCCESS
 

Successful performance recording systems require ease and
 
rapidity of accurate collection, handling, analysis and use of
 
records covering the period from birth to final disposal of the
 
animals. IDEAS meets these requirements:
 

Accuracy : All economically important performance traits are
 
recorded accurately in a standard format in accordance with the
 
objectives thty are to serve. Therefore the ten databases are
 
designed for fixed standardized information. The system also
 
performs many internal checks to ensure that the information
 
entered is correct or within the range of values expected. How
ever, IDEAS offers flexibilicy to give adaptability to user's
 
requirements : non specific databases, free fields for recording
 
data of user's choice, wide variety of ways for selection of
 
animals whose performance is to be reported or analysed, inter
facing facilities with other software for specific analyses.
 

Rapidity : Outputs need to be available at the time when
 
decisions have to be made. Therefore instantaneous standard
 
reports and on-the-spot analyses can be performed as and when
 
desired on any performance traits of any group of animals.
 

Simplicity : IDEAS uses the dbase III program language which
 
allows interactive user-friendly database management. Menus and
 
screen prompts are offered at every stage.
 

Within the reach of most animal .esearch and production
 
units: IDEAS runs on IBM XT/AT microcomputer or any compatible
 
with at least one floppy diskette drive, 512kb of memory, a 10mb
 
hard disk and a printer.
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IMPACT OF IDEAS IN AFRICA
 

During an initial phase, 1986 
-
1987, IDEAS was introduced in 66
national agricultural/development 
situations
countries: in 17 African
Botswana, Burundi, Cameroon, Cote d'Ivoire, Ethiopia,
The Gambia, Kenya, Mali, Mauritius, Mozambique, Nigeria, Senegal,
Tanzania, Togo, Zaire, Zambia 
 and Zimbabwe.
requests Since then 23 new
from 14 African countries 
and 17 from outside Africa
have been registered. Moreover, IDEAS 
was introduced through
various training courses 
to 156 
African scientists
African countries from 32
and their inputs and suggestions
The training covered canvassed.
both the use 
of computers
interpretation of statistical outputs. 
and the
 

ILCA maintains close links with users, evaluates progress on
a continuing basis, undertakes 
software improvements 
as required
by users, assists in the optimal

to use of IDEAS and is contributing
the continuous adaptation of 
IDEAS to African livestock production systems.
 

An improved version is 
currently being released and
impact of IDEAS on the
users is being assessed. Among the
nucleus users a
of very active 
animal scientists
growing. is now progressively
Examples of 
the importance 
of IDEAS for the
sector livestock
are its use 
for the rehabilitation 
or foundation of
national performance recording 
centres in Tanzania (Mchau, 1987;
Heifer Project Exchange, 1987), 
 Burundi (Branckaert, 1987)
Kenya (Mosi, 1987). 
and
 

The installation of IDEAS in so many national situations has
highlighted 
the need to consolidate 
the links between
allow optimal use of users to
research on genetic
Africa. resources throughout
IDEAS has 
also demonstrated 
the need to strengthen
national research/development organizations in Africa by the
implementation of a standardized livestock performance recording
system in extensive range management and village situations.
 

CONCLUSION
 

Through its widespread and 
active distribution 
in Africa
will contribute IDEAS
to strengthening 
and developing 
the livestock
research and production systems of 
the continent and
introducing standardized methods by
to serve a common goal,
form the it can
basis of an effective network 
for the evaluation
utilization of animal genetic resources. 
and
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Research requirementsfor live3tock development 
in tsetse-affeoted areas 

C. de HAAN 

INTRODUCTION
 

constitute one of the Continent's
 
few underutilized resources and could play a pivotal role in
 
alleviating its food deficit, provided appropriate research and
 
development strategies are adopted to develop this potential. On
 
the other hand, inappropriate land use could lead to major re
source degradation in this zone. Livestock could make an
 
important contribution to land use sustainability, provided ap
propriate technologies are developed to control the main diseases
 
and improv? the poor nutritional levels. In this presentation I
 
propose to review briefly the World Bank's experience with live
stock development in the tsetse-infested areas and identify from
 
those experiences, my own development perspective and the results
 
presented in this excellent meeting, the research requirements
 
for this zone. I will not be comprehensive, but cover only those
 
topics which I feel to have significant relevance to the devel
opment cf the zone.
 

Africa's tsetse-affected areas 


THE WORLD BANK'S EXPERIENCE WITH LIVESTOCK PROJECTS IN TSETSE-

AFFECTED ZONES
 

The World Bank's involvement in livestock development in tsetse
affected areas dates mostly from the last decade. Out of a total
 
of US$1.8 billion World Bank funding for livestock development in
 
Sub-Saharan Africa, an estimated US$300 million was disbursed or
 
is committed to livestock development in the tsetse-infested
 
areas of West and Central Africa. Roughly US$80 million out of
 
this US$300 million was used for the financing of credit pro
grammes (mainly for small holder fattening and animal traction),
 
US$50 million for parastatal ranching, US$30 million for import
ation and distribution of trypanotoleran cattle, US$10 million
 
for tsetse eradication and US$100 million for the strengthening
 
of veterinary and livestock extension services.
 

1The views expressed in this paper are the author's and should
 

not be interpreted as reflecting World Bank views.
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Overall performance of these investments has been rather
disappointing; 
the main reasons 
were inappropriate macroeconomic
policies, 
weak institutions 
and inadequate technological
ages. Policy-wise, prices and exchange rates 
pack

the frequently favoured
consumer, 
but were not attractive

conducive to to the producer and not
increasing production. 
 Institutionally, the initial
emphasis was on 
parastatal ranching, which
technological catalyst was envisaged as the
for the modernization of
sector. While technically reasonably 

the traditional
 
successful
achieving acceptable fertility and 

and sometimes
 
mortality rates,
ranches proved these large
unsustainable 
because 
of excessive
and inflexible salary costs
central administration 
procedures incompatible
with the assertive management required in
Furthermore, livestock raising.
the technology and 
means applied in these
were so ranches
far removed from 
the possibiliies of
sector, that they did the traditional
not have the
Technically, project 
catalytic role envisaged.
performance 
was hampered by 
a lack of
appropriate technology in range management and sustainable tsetse
eradication and by adaptation problems 
of imported trypanotolerant cattle 
to their new environment.
 

The present trend in 
the World Bank's 
lending programme is
to move away from ranching (parastatals and private) and trypanotolerant cattle imports and focus on strengthening government and
private institutions 
in veterinary care
experience with those 
and extension. Initial
types of projects, for example, in Central
African Republic, Senegal 
and Zaire, has 
been good; all scored
IRRs over 100.
 

RESEARCH AND DEVELOPMENT REQUIREMENTS
 

In reviewing the 
research 

zone, and development requirements
I propose to of the
cover 
(i) future
use tsetse challenge;
in the tsetse-affected zone; (ii) land
(iii) the requirements of
present research and development priorities and the call for the
development -,f 
regional strategies.
 

Future scope of the 
tsetse problem
 

We observe, and 
this observation is confirmed in this meeting,
significant reduction in 
 a
West Africa of
tsetse flies the savanna type of
(Glossina morsitans and 
G. fusca) .is a result of This reduction
habitat destruction caused by
influx the population
from the overpopulated and
Sahelian
Furthermore, impressive progress has been made 
Coastal zones.
 

decade on the over the last
development 
of new control
screens and traps, methods (impregnated
alone, or 
in combination with 
sterile
and chemoprophylaxis) for the riverine Palpalin group. 
males
 

developments together indicate that in many We:-
These two
 

significant the 
African areas,
reduction of a
tsetse pressure is
these areas in sight. For
it would be extremely useful
projections to have more precise
on the medium-term fly pressure to
justify the use of 

better define and
scarce research and development funds.
 
On the other hand, it 
is clear 
that the progressive incursion of trypanosensitive livestock into tsetse-affected areas, as
we are 
observing in Central Africa, increases the fly pressure in
those areas. Furthermore, 
many areas
Africa still have such 

in Central and Southern
a low population density, 
that a fly
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reduction because of habitat destruction is still far away. A
 
continuous effort in tsetse and trypanosomiasis research seems
 
therefore justified, but the rapidly changing picture might re
quire a reassessment of present research and development
 
priorities and especially the development of regional strategies.
 

Land use in the tsetse-affected zone
 

Introduction
 

The soils of the tsetse-infested tropical lowlands are low in
 
fertility, especially in nitrogen and phosphorus. They produce
 
large quantities of biomass, but which are extremely low in
 
nitrogen, particularly in the dry season. This quality problem
 
is exacerbated by a -elative lack of browse plants. A mixed
farming system relyin, partly on the natural vegetation for live
stock feed and partly on crop residues with forage legumes to
 
increase plant and animal nitrogen would address these con
straints.
 

The dominant focus of past research and development activi
ties in this zone has been on increasing the yield per hectare
 
rather than on improving the return per man day or dollar
 
invested. However, in the land-abundant but labour- and capital
scarce situation of the tsetse-infested areas, farmers prefer to
 
cultivate additional land rather than to invest labour and
 
capital in maintaining soil fertility or practice land con
servation. The increased use of manure or fertilizer which are
 
labour-intensive and focus on yield increase per hectare has met
 
with only scant success in Bank-funded projects in the tsetse
infested areas and their adoption in this zone might be still far
 
away. On the other hand, animal traction to increase the
 
efficiency of labour and expand the area cultivated fits in well
 
and is being introduced successfully in a number of Bank-funded
 
projects, especially where a cash crop makes the introduction
 
financially viable. The better management of the natural
 
vegetation is also not very labour or capital intensive and would
 
have a good chance of adoption. Improved grazing management is
 
economically the most attractive solution as shown by the
 
Avetonou work presented in this workshop and confirmed by Bank
funded ranching projects, for example, in Cameroon and Congo.
 

Natural vegetation
 

Research on better management of the natural vegetation is also
 
important from the ecological viewpoint. If not properly used,
 
the sub-humid rangelands, with their low soil fertility and very
 
fragile perennial vegetation, degrade much more easily and are
 
much more difficult to restore than, for example, the Sahelian
 
vegetation. Even with the present low livestock and human
 
density, we see that important areas in the sub-humid zone are
 
already rapidly degrading, because of massive weed invasion or
 
bush encroachment. The inadequacy of the prevailing land use and
 
land tenure systems, the weakness of present administrative
 
structures to adequately control land use and the lack of
 
adequate technical packages facilitating sustainable land use are
 
the major reasons for this ecological degradation. Research to
 
develop sustainable rangeland utilization and weed-control tech
nologies therefore need to accompany any research and development
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effort aimed at 
increasing the cattle population of the tropical
 

lowlands.
 

Forages
 

The main agricultural crops 
(root crops, maize) do not
significant quantities yield
of high quality by-products;
quality by-products which do exist 
the high


(groundnut and cowpea hay, for
example) are 
difficult 
to conserve 
in this 
humid environment.
Strategic supplementation of 
the high fiber, low protein, natural
dry-season grazing with forage legumes,

means thus is an important
of livestock improvement in 
the tsetse-affected 
zone.
ILCA's sub-humid group has produced promising results with fodder
banks and intercropping of cereals

technologies and forage legumes. Both
have low labour and 
capital requirements
make and could
a positive contribution to soil fertility and hence to landuse sustainability. 
 These technologies need now 
to be tested in
development projects outside the close control and supervision of
ILCA scientists. 
 The possibility 
has been
Bank-funded projects (for example, 

created in several
 
Central African Republic,
Cameroo and Nigeria).
 

The introduction of better range management and fodder banks
is only possible if land 
tenure is secured. Although extremely
complex, the future development of the tsetse-infested areas will
depend 
to a large extent 
on the land tenure system which will
evolve and 
we have to 
tackle this problem. Although still of
pilot nature, the a
introduction of 
improved security of 
land
tenure is becoming more important in Bank-funded projects in this
area. 
 The model presently being discussed for a number of 
Bankfunded projects, combines individual land ownership for crops 
or
forages with group ownership of the natural range.
strongly focusses This model
 on crop/livestock 
integration,
specific requirements fits the
of the technologies proposed earlier
coincides with and
the models proposed in this 
workshop. In
pilot efforts, land these
tenure is 
 far as possible
traditional as based on
systems, as 
we feel that traditional 
structures
more reliable and are
stronger in cnforcing rational 
land use than
the public administration. 

research needs to address in 

The key question that socio-economic
 
this context is how to
adapt identify and
these traditional 
tenure systems and how 
to assure that
they are strong enough.
 

Trypanosensitive breeds
 

Chemoprophylaxis
 

Over the last decade, an estimated ten million zebu
progressively entered the 
cattle have


sub-humid 
savannas and in
countries some
the entire livestock industry depends
sitive on trypanosenbreeds kept 
under a low-to-medium fly challenge.
production systems rely heavily These
 
on 
the use of chemoprophylactic
and chemotherapeutic drugs, 
as proven by 
the high percentage
(frequently over 50%) that trypanocidal drugs constitute of total
drug sales 
in these countries. 
 These drugs
through are frequently sold
black market channels 
and handled 
by the herders
selves; official veterinary services are 

them
increasingly incapable
of providing the required services because of lack of funding for
operating expenses. 
 The improvenent of drug availability is
therefore an important feature of 
the 
more recent Bank-funded
livestock projects (Central African Republic, Chad and Guinea).
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In pursuing a i-ertain liberalization of drug sales, the
 
danger of drug resistance must be clearly recognized. Experience
 
shows, however, that liberalization of drug sales and admini
stration, combined with a strong producers training programme on
 
how to use these drugs is preferable to restrictive sales and
 
distribution regulations. Control combined with inadequate uis
tribution induces scar-city and scarcity leads progressively to
 
illegal drug use (trypanocidal drugs are a question of life or
 
death in tsetse infested areas), which poses a greater danger of
 
creating drug resistance than would a more liberal drug sales
 
policy, underpinned with a sound producer training programme and
 
an effective research and monitoring programme. I therefore
 
fully agree with Prof. Ilemobade's workshop recommendations for
 
more research on drug resistance and would recommend specific
 
work to determine: (a) the present extent of drug resistance;
 
(b) the dynamics (from his presentation it appears that drug
 
resistance was already reported in the early 1960s but still has
 
not emerged as a major problem); and (c) the specific conditions
 
which wouLd trigger resistance. Such research would be a major
 
support to ongoing development actions.
 

Other diseases
 

An increased research effort is needed in streptocicosis, as
 
already stressed by Dr. Ferguson in his presentation. With an
 
increased, incursion of zebus into more humid areas and a reduc
tion of the tsetse challenge as a real future possibility, this
 
disease acquires dominant importance and would prove as much a
 
constraint to the introduction of zebus and e-pecially exotic
 
breeds, as trypanosomiasis. For example, streptocicosis is al
ready cited as the major problem by producers in tsetse-cleared
 
areas in Nigeria and Cameroon. Except for the indirect control
 
methods (e.g. Pour On) described by Dr. Ferguson in his paper and
 
the work on control methods by the IEMVT network, it appears that
 
at present progress in tsetse control is significantly ahead of
 
streptocicosis control and that a reassessment of priorities is
 
necessary.
 

Screens and traps
 

The development of the impregnated screens and traps, eventually
 
combined with sterile male releases and with chemoprophylaxis. is
 
undoubtedly the most exciting recent development in tsetse
 
control. The enhancement of the efficiency and effective radius
 
of these screens through the use of easy-to-manage artificial
 
attractants seems to be the main technical problem remaining.
 
From the development point of view, we have little experience on
 
how to get local producers to participate in the cost and manage
ment of these screens. We should aim for having the local popu
lation take full responsibility for the fabrication, placement
 
and maintei Lnce of the screens. This aspect is presently being
 
tested in a number of Bank-funded projects and is of key
 
importance if a sustainable system is to be developed.
 

Genetic differences
 

Finally, the work presented in this meeting on genetic
 
differences in trypanotolerance within and between trypanosen
sitive breeds needs to be further explored. Drs. Murray and
 
Njoqu's presentations regarding the differences in trypanosen
sitivity between Orma and Galana Boran cattle gives an indication
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of what might lie ahead. 
 Several cattle populations
Africa have evolved under in West
 a permanent tsetse challenge and might
show 
similar differences 
in trypanotolerance; 
 a better characterization 
and understanding 
of the scope of 
these differences
would greatly contribute to 
the more efficient production of zebu
breeds in tsetse-affected 
areas. Research to enhance trypanotolerance through genetic improvement, including the use of innovative methods 
like genetic engineering, might be especially
applicable here.
 

Trypanotolerant livestock
 

Economic rationale
 

With trypanosensilive breeds increasingly populating tsetseinfested areas 
on a permanent basis 
and increasing prospects
tsetse control of
in the indigenous areas of 
trypanotolerant cattle
in West Africa, I feel 
that the P.TLN first of all
provide an needs to
economic rationale for these breeds beyond 
their
trypanotolerant characteristics. 
My personal feeling is that the
trypanotolerant breeds, with their 
proven high productivity,
their general 
disease resistance and their positive response
improved conditions, to
will remain 
a key factor

development of African tropical lowlands. 

for the livestock
 

An increased 
use of trypanotolerant cattle
constrained by their limited population 
is presently


size. The present population of 10 million head of trypanotolerant cattle is
the potential carrying capacity of 
far below


the tsetse zone 
of 34 million
head calculated 
by Dr. Tacher 
in this meeting,
head estimated by FAO. or 110 million
 
trypanotolerant 

Indeed, the Bank's major involvement with
cattle has 
been in 
financing multiplication
centres 
and the importation 
of these breeds to alleviate
scarcity in particular countries this

(e.g. Nigeria).
at achieving Measures aimed
a more rational use of
population, the existin~y trypanotolerant
or at enhancing their 
reproductive performance, 
seem
therefore to deserve a high priority.
 

A comprehensive technical and economic evaluation
the optimal conditions to define
for trypanotolerant 
livestock would be
first step in achieving a better use of 
a
 

This was the existing population.
the initial raison d'etre of the ATLN with its matrix of
situations varying in 
tsetse challenge, management system, breed
and nutritional 
conditions. 

forthcomig from the Network 

The excellent information
 
on the technical side
be coiplemented needs now to
with detailed economic 
evaluations.
economic evaluations ideally would compare not 

Such
 
returns of only the economic
specific interventions 
as proposed
but would also in this workshop,
include a comprehensive analysis
individual situation in of each
terms of economic revenue,
in this meeting by Mr. as presented
Itty for one 
situation
comprehensive economic analysis would provide 

in Kenya. This
 
a unique
for development planners, who now 

data base
 
frequently have
interventions without basic input/output relations. 

to plan
 

Improved utilization also implies that the production potential of the trypanotolerant 
breeds is
attention should not only be directed 
fully exploited. Thus,
 

to meat production, as
been the has
custom in the past, but should include milk and draught
production. 
 This diversification is 
extremely important. Pre
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sent meat export subsidy policies of the EEC constitute a real
 
danger to indigenous livestock industries in the coastal areas of
 
West Africa. Milk production results from The Gambia, presented

in this workshop by Dr. Agyemang, are therefore very important as
 
they show that trypanotolerant catttle can provide additional
 
sources of revenue and therefore provide overall rural develop
ment. Although the humid tropics seem to have no comparative

advantage in producing milk, the production of small quantities

of fresh milk for direct sale can well fill a special niche, as
 
shown in The Gambia. I feel therefore that the N'Dama milk story

needs to be vigorously pursued, especially under higher challenge
 
levels and the effect of chemoprophylaxis and nutritional inter
ventions on the production of milk investigated. Similarly,

animal traction is seen increasingly as a key step in agricul
tural development and is progressively being introduced in
 
tsetse-affected areas. As in the case of milk and meat pro
duction, trypanosome load seems to be an important factor
 
affecting work output of trypanotolerant breeds. Therefore
 
effects of chemoprophylaxis and nutritional interventions on work
 
output and on their economic 
the Network initiated in Kenya

returns 
. 

also need to be tested, as 

Reproductive Performance 

Poor reproductive performance is one of the main factors con
straining increased use of trypanotolerant breeds. Present
 
N'Dama populations under village conditions have been
 
characterized by low calving rates, late age at first calving and
 
long calving intervals. As indicated before, we have spent tens
 
of millions of dollars on multiplication centers and importations

of trypanotolerant cattle with disappointing results. Other ways

of improving the supply of trypanotolerant cattle need to be
 
developed. I therefore fully endorse the proposed programme of
 
the ATLN to better understand the reproductive cycle and would
 
encourage the Network also to look at other means of enhancing

fertility and multiplication rates, for instance the
 
possibilities of embryo transplarts.
 

CONCLUSION
 

The tsetse-infested savannas are Africa's only remaining land
 
resource with good physical potential. However, the ecology of
 
the zone is extremely fragile and sustainqble mixed-farming
 
systems, supported by more appropriate land tenure systems, need
 
to be urgently developed. With a decreasing tsetse challenge in
 
many areas, livestock production in these areas is increasingly

being based on trypanosensitive Zebus kept under chemoprophy
laxis, supported by other control methods like traps and screens
 
and the sterile male technique. The increased use of trynano
cidal drugs by non-professionals linked with this developlent,

requires careful producer training and monitoring to avoid taemo
resistance. For the trypanotolerant breeds, emphasis shou'.d be
 
on a more rational use of the existing population, not only in
 
meat production but especially in milk and traction and 
on a
 
concerted effort to find ways of enhancing their reproductive
 
efficiency.
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N~etworkc research: future developments 

J.C.M. TRAIL 

To help in visualizing the overall research area,
the problem tree, Figure 1 shows
as viewed up to 
the present. The octagonal
boxes indicate researchable areas, 
not necessarily all 
possible
in Network situations of 
course.
 

What we have been and 
are tackling within the ATLN is
out in laid
 
divided 

the matrix in Figure 2, with four broad themes. Each is
into three 
or four so-called projects with 
aspects of
these being handled in different sites.
 

Finally there 
are a set 
of basically one-page
indicating in protocols
a few sentences the justification, objectives
activities involved in each case, 
and
 

(Figure 3).
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Theme Project 
Site 

A B C D E F G H I J K L M N 
THEME 1 TRYPANOSOMIASIS EPIDEMIOLOGY 

Project 1.1 Factors affecting estimates of tsetsechallenge and trypanosom s risk 
Project 1.2 Diagnosis of trypanosomiasis 

Project 1.3 Factors affecting susceptibility totrypanosomiasis 

I 

1 

1 

Z 

Z 

2 

3 

3 

4 

4 

4 

5 

5 

6 

6 

7 8 

7 8 

7 8 

9 

9 

10 

10 

11 

11 IZ 

14 

14 
THEME Z TRYPANOTOLERANCE 

Project 2.1 Effect of trypano'jmiasis on animalhealth and performance 

Project Z.Z Effect of intel-actiums between trypano
somiasis and other diseases on animalhealth and performance 

Project 2.3 Criteria of trypanotolerance and their
linkage with animal performance 

THEME 3 GENETICS OF TRYPANOTOLERANCE 

1 

I 

2 

Z 

3 

3 

3 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

8 

8 

8 

9 

9 

10 

10 

11 

11 

IZ 

14 

14 

14 

Project 3.1 Genetic parameters of criteria oftrypanotolerance 

Project 3.Z The major histocomp~tability complex
(MHC) and trypanotolerance 

Project 3.3 Evaluation and use of blood typing for 
parentage determination in trypanotolerant cattle 

1 Z 4 

7 

13 

THEME 4 BIOLOGICAL AND ECONOMIC EVALUATION OF 
PRODUCTIVrY RESPONSES TO INTERVENTIONS
Project 4.1 Tsetse control 

Project 4.2 Use of trypanocidal drugs 

Project 4.3 Strategic nutritional supplementation 

Project 4.4 Genetic improvement of trypanotolerantlivestock 
1 

Z 

2 

4 

4 

5 

7 

7 

8 

8 

9 

9 

9 

9 

12 

13 

13 

14 

A 
B 

C 
D 

= 
= 

= 
= 

Kolo, Zaire 
Muahie, Zaire 
Idiofa, Zaire 
OGAPROV, Gabon 

E 
F 

G 
H 

= 
= 

= 
= 

Boumdiali, Cote d lvoire 
Tengrela, Cote dIvoire 
ITC, The Gambia 
ITC. Senegal 

I 
J 

K 
L 

= 
= 

= 
= 

Muhaka, Kenya 
Sokode, Togo 
Avetonou, Togo 
Mtwara, Tanzania 

M 
N 

= 
= 

M'vuazi, Zaire 
Ghibe, Ethiopia 

Figure 2. THEME X PROJECT X SITE MATRIX IN THE AFRICAN TRYPANOTOLERANT LTV l('W ,- . 



A.02 Research Theme 	 Trypanotolerance 

A.06 Project number Z.3 

A,07 Short project title Criteria of trypanotolerance 

A.08 	 Full project title Criteria of trypanotolerance and their linkage 
with animal performance. 

D.01 Justification 

The increased utilization of trypanotolerant livestock is a promising 
method for developing livestock production in tsetse affected areas. Improved 
performance may be possible by selection for trypanotolerance. In order 
to define effective management and genetic selection programmes, criteria 
for trypanotolerance must be defined and their relationships with production 
traits evaluat d. 

D.0Z Objectives 

-	 Definition of criteria for trypanotolerance 

-	 Evaluation of the relationships between the criteria for trypanotolerance 
and the production traits. 

D.03 Activities/experiments 

At all sites 

- monthly collection of ddta in selected herds and/or flocks on livestock 
health (trypanosome infection, species and parasitaemia score, PCV and 
intercurrent disease), viability and production (reproductive performance, 
growth, milk production and draught work as appropriate). 

At appropriate sites 

-	 evaluation of the effect of number and species of trypanosome infection 
and their parasitaemia score on traits based on PCV and on the production 
traits. 

Site details 

2.3.1 	 Kolo - N'dama cattle under ranch management at zero to low 
and medium trypanosomiasis risk. 

Z.3.2 	 Mushie - N'Dama cattle under the sale ranch management as 
at Kolo but medium to high trypanosomiasis risk. 

2.3.3 	 Idiofa - N'Dama cattle under village management at low and 
medium trypanosomiasis risk. 

Figure 3. Sample protocol.
 

Our overall research aims have been summarized in a number
 

of ways over the years; the summary that appears in current ILCA
 

planning documents is as shown in Figure 4.
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ILCA'S STRATEGY AND LONG-TERM PLAN
 
AFRICAN TRYPANOrOLERANT LIVESTOCK NETWORK
 

1. Collection and analysis of data on the productivity of trypanotolerant breedsunder varying levels of trypanosomiasis risk. 
2. Identification of more reliable indicators of trypanosomiasis risk. 
3. Definition selection criterionof a for trypanotolerance, in order to deviseoptimum breeding programmes. 

4. Evaluation of costs benefitsthe and of selected tsetse-control measures,and their interaction with prophylactic drugs. 

5. Testing of nutritional interventions to improve livestock productivity in
tsetse-infested areas. 

6. Study of the effects of trypanocidal drugs in order to determine appropriateinterventions in areas of medium to high trypanosomiasis risk. 

Figure 4. 
 Overall Research Aims.
 

It is 
first of all important to 
try and put
tive a time perspecon the first broad aim. 
 Everything measured
linked to has to be
the resultant 
livestock productivity.
used as If cattle are
the example, 
the trait requiring the
period is reproductive performance, as 
longest evaluation
 

measured by calving interval. A major target area is smallholder production systems and
Jeannin et al. 
 (article 19) have 
shown us
intervals in that typical calving
these systems are 
two years. A minimum of
intervals
calving are required two

for any meaningful productivity
estimation and an average of four years for 
two calving intervals
requires, in practice, five years of data collection.
 

However, a herd is dynamic with an
20% average turnover of about
per year. So in practice, if 
we record in
years, only -bout 50% a herd for five
of 
our animals will have this complete
information ror 
two calving intervals.

work are required on 

So a further two years of
at least a proportion of the herd to obtain
the optimal 
amount of information required.
 

The data that 
have been reported 
in the Meeting actually
covered January 19 8 4-December 1986, so by the end of
will be four years 1987 there
data available; 
 a further three years will
therefore be required. 
 In our December 1986 report, we indicated
that from 
1987 onwards we 

two aspects into 

would as often as possible introduce
the ongoing programme of collecting matching

data.
 

The first aspect was 

ventions into 

the fitting of properly designed intera site programme 
so that
simultaneously evaluated. 
their effects could be
Examples 
would be nutritional 
inter
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ventions as reported by Agyemang et al. in The Gambia (article
 
23); a partial prophylactic regime as reported by Ordner et al.
 
in Gabon (article 31); and a complete prophylactic regime as
 
reported by Maloo et al. in Kenya (article 29) and Hendy in
 
Tanzania (article 30).
 

The second aspect was the strategic manipulation of key
 
animal groups within geographical situations and seasons of the
 
year. Examples would be such as the temporary movement of young
stock at Ogaprov in Gabon (article 41) and Mushie in Zaire
 
(article 43) where this was done in order to take advantage of
 
the highest possible natural challenge conditions. So these are
 
the operational approaches we have started to use, in order to
 
tackle the other research aims that are summarized in points 2-6
 
of Figure 4.
 

Coming back then to the four themes laid out in the matrix
 
of Figure 2, some general points would be as follows. In theme
 
one, Jordan (article 4) brought out the need for evaluating, at a
 

over
representative group of sites, the development of challenge 

a reasonable period, suggesting ten years. An example from Leak
 
et al. (article 5) indicates the importance of this and we have
 
currently planned selected evaluations to run for seven years.
 
Nankodaba (article 6) emphasized the necessity of focussing on
 
herds within situations, to have a better chance of relating
 
tsetse challenge to the trypanosome prevalence situation. Our
 
colleagues in the ODA-funded tsetse operation at the ITC in The
 
Gambia, of which Wacher (article 8) is a member4 are trying to go
 
much deeper into challenge-estimate aspects than we have
 
personnel or facilities for at any other site. Murray (article
 
15) among others has emphasized the importance of the diagnosis
 
of trypanosomiasis. We look forward to the field testing of 
new
 
methods at our sites, when ILRAD and perhaps the International
 
Atomic Energy Agency are ready to undertake this.
 

In theme two, as far as criteria of trypanotolerance are
 
concerned, we think there are major possibilities in short-term
 
manipulation of animal groups to expose them to the highest
 
possible challenge for relatively short periods and link results
 
with an easily recorded performance trait such as growth (e.g.
 
article 41). With other traits, such as reproductive
 
performance, however, there seems to be little alternative but to
 
build up as much information as possible over much longer periods
 
at the sites that have the highest year-round challenge levels
 
(article 21). Obviously in interactions between trypanosomiasis 
and other diseases we are concentrating on situations where such 
possibilities really exist (e.g. article 12) . A key problem 
referred to in the meeting was the lack of high challenge
 
situations within which we are able to work. McIntire (article
 
34) emphasized how focus should be on studying differentials
 
within sites and exploiting their potential.
 

In theme three, we have presented the very first indications 
on possible heritability levels of criteria of trypanotolerance 
(article 43), which also illustrated the major prob.lems in 
arranging single sire matings to obtain paternal half-sib groups. 
The practical possibilities of blood grouping for parentage 
information, presented by Thorpe (article 42) , would seem to 
offer great opportunities to very rapidly progress in this 
important area. Teale (article 44) has samples collected at 
Mushie, Zaire, from N'Dama cattle whose trypanotolerance criteria 
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have 	been very extensively documented. This
Possibility of detecting 	 should maximize the
associations 
between the major histocompatability complex and performance and health aspects.
 
In theme four, 
we 
have had discussions 
range 	 on a considerable
of intervention possibilities. 
The 	evaluation 
of the
prophylaxis intervention 
in


Kenya, where 	
the Muhaka village situation
the biological 	 in
 

(article 29) 	
results were presented by Maloo
and the economic appraisal by Itty (article 35), 
are
very 	good examples of the capability of 
the Network operation to
carry through assessments to the point where they are
value to development planners in coming to decisions 

of genuine
 
on funding.
 

Thus, in summary, the 
outputs expected
programme cf 	 from the work
the ATLN, with significant 
results achieved by the
end of 1989 are:
 

1. 	 Determination of the contribution that tsetse evaluation can
make in planning 
for increased 
livestock production
resulting from predictions of animal health and performance.
 
2. 
 Accurate evaluation 
for field use of diagnostic tests for
trypanosomiasis 
that 	have been developed by 
other agencies
(using network animals serially recorded over time).
 
3. 	 Quantification of 
health and productivity data
trypanotolerant and susceptible 	 from
 

livestock under varying

conditions.
 

4. 	 Quantification of breed differences 
in trypanotolerance and
associated performance.
 

5. 	 Determination of 
the heritabilities 
of and the
relationships between 	 genetic

the three 
major characteristics
trypanotolerance and animal performance. of
 

This will indicate
whether 
it will be possible to increase 
production through
selection programmes based on 
trypanotolerance criteria.
 
6. 	 Determination of 
any association between the major histocompatibility complex and 
trypanotolerance 
that could then
be used in practical selection programmes.
 
7. 	 Determination of 
the relevance of future 
field research
based on artificial challenge regimes, by measuring the
phenotypic and 
genetic relationships 
found between the
effects of natural and artificial challenge.
 
8. 	 Identification of 
network sites 
with 	the
levels. These 	 highest challenge
are where maximal progress will 
be possible
if natural challenge is shown 
to be a prerequisite 
for
selection on 
some criteria of trypanotolerance.
 
9. 	 Scientific undertanding 
of the factors affecting economic
performance of trypanotolerant livestock in a wide range of
production systems.
 

10. 	 Development 
of a cadre of national 
scientists
technicians capable of 	
and


increasing livestock 
productivity
urder trypanosomiasis risk and of providing further training
to their colleagues.
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In planning research operations, it is not always realized
 
what an apparently straightforward decision, such as to
 
manipulate animal groups in a site, means to our colleagues who
 
are carrying out the field work. Tc obtain the highest possible
 
exposure to natural challenge means that animals probably have to
 
be moved to the most isolated, least developed area of the site,
 
at a time of year when rains make travel very difficult. They

then have to be very carefully reccrded o-er perhaps a six-month
 
period. It really requires dedication to operate in such
 
circumstances. So our colleagues throughout the Network must be
 
praised for the dedicated work they have put in over the past
 
year. It is to be hoped that they can continue to find such
 
enthusiasm and dedication over the next few years of our joint
 
research programme.
 

Finally, the results presented at the meeting clearly
 
suggest that further programme focussing and grouping of sites on
 
a regi',nal basis from 1988 onwards will allow optimal progress to
 
be achieved. Thus sites in Gabon aiid Zaire appear best suited
 
for research in genetic at.d animal breeding aspects; sites in
 
T?.e Gambia and Senegal for research in nutrition, reproduction
 
a.J milk extraction; sites in Cote d'Ivoire and Burkina Faso for
 
res ,3rch involving the 'Test African Shorthorn, interaction
 
between trypanosomiasis and other diseases, and the effect of
 
tsetse reduction on : .'1mal health and productivity; and
 
associated sites in ..'iopia and Kenya for research on
 
susceptible livestock and specific cattle groups that have
 
demonstrated a degree of adaptation to a trypanosomiasis affected
 
environment.
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