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SUMMARY 
Water is used by the herbivore as a medium for physical and chemical energy transfer, nanely for evaporative cooling and intermediary metabolism. Therefore animal water turnover cannot be considered inisolation from e~iergy metabolism. A detailed discussion of the physiology ofwater and energy use in theherbivore is given and a diagram of the interrelation between the two has been constructed. A simplifiedversion of this 'soft' model has been used to simulate the energv budget and water turnover of the mainlivestock pecies in the African pastoral production system during the dry season. The analyticalbackground to the model has been obtained from the literature, supported by field observations. How
ever, data from Africa are scarce.

The information obtained on water and energy use by livestock in the traditional pastoral -ystemhas been applied to water and livestock development in the context of range, woodland and livestockmanagement. There are numerous implications for research, notably for hypothesis and modelling, aswell as component research for which priority topics and species are given. The research emphasis isplaced on field work which isnot as difficult as it used to be, because technical equipment is becoming increasingly compact and rugged and communications between the field and advanced laboratory facilities
have improved.

An important contribution that the developer, and hence the scientist can make to the productivityof pastoral systems will be to increase the efficiency with which scarce water and energy resources are 
used. 
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PREFACE
 

Livestock development projects initiated in sub-
Saharan Africa over the past two decades have 
absorbed close to one billion American dollars 
worth of aid. Much of this aid, particularly during 
the period 1961 to 1975, has been directed toward: 
the semi-arid and arid zones where the provision 
of drinking water for man and his livestock has 
been the largest single item of expenditure. In 
these zones, which are occupied primarily by pas-
toral people, shortages of drinking water occur 
every dry season, of which there are one or two a 
year depending on the region. Therefore any 
form of water development might be expected to 
improve the living standards of pastoral people in 
normal years and their Qhances of survival in 
times of drought. 

Unfortunately this is o,'ten not so. Water de-
velopment may contribute to imbalances in the 
use of land and water resources in dry areas. 
These imbalances are exacerbated and intensified 
when they coincide with detrimental climatic fluc-
tuations, both wet and dry, making the effects of 
drought and flood more severe and leaving a 
legacy of erosion and desertification. Recent 
improvements in international communications 
have given extensive puiicity to natural disasters 
and helped to focus world attention on the prob-
lems of water and livestock. 

The most recent example of such a catas-
trophe in Africa was the drought in the Sahel from 
1968 to 1973. It caused the collapse of the live-
stock industry of five countries - Chad, Mali, 
Mauritania, Niger and Upper Volta - and severel' 
damaged that of two others, Senegal and 
Gambia. 

It was agains, :;ii., background that ILCA 
was prompted to put together a series of state-of
knowledge reports on water and livestock prob
lems in Africa. There were a number of scicntific 
disciplines involved, and the subject has been 
divided into four topics, each of which is dealt 
with ia a separate research report (RR) as fol
lows: 
RR 6. The water resource in tropicalAfrica and 

its exploitation, 
RR 7. Livestock waterneeds in pastoralAfrica in 

relationto climate and forage, 
RR 8. Organisationand management of water 

supplies in tropicalAfrica, 
RR 9. Economicsandplanningof watersupplies 

in pastoralAfrica. 
The four reports are best read in relation to one 
another. 

As well as providing technical and economic 
guidelines for national planning authorities, these 
reports review the interrelation of animal 
metabolism, water, climate and forage. They also 
consider the complexities of human organisation 
and management upon which the success or failure 
of the most carefully prepared and executed 
water development project will largely depend. 
The authors are primarily addressing senior per
sonnel engaged in scientific research, planning 
and implementation. The justification for this 
approach is that if there were simple solutions to 
the problems of water and livestock in Africa, 
they would have been found some time ago. 
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1. INTRODUCTION
 

The greatest threat to life on land is the danger of 

dehydration (Schmidt-Nielsen, 1975). Most live-

stock have to drink at least every other day to be 

productive, and every few days to survive. The 

provision of water is therefore of prime impor-

tance in all animal production systems. 
The overall water cost of animal production 

is rarely calculated, but a rough estimate can be 

mide using a number of assumptions. For exam-

pie, the mean body water turnover of a Boran 

steer (Large East African Zebu) was found to be 

140 ml.l'.d-', and its water pool between 65 and 

70% (King, 1979). If such an animal is marketed 

at 4 years, weighing 400 kg, then its total water 

use would be in the region of 28 t. If one also takes 

into account the water required to grow the for-

age eaten by the herbivore, which is between 150 

and 250 1.kg-'DM of grass, then this figure would 

increase considerably. McMillan (1965) estimat-

ed that the total amount of water required to pro-

duce 1 kg of steak was 110 t, and to produce 1kg 

of wool was 1000 t. Such information may seem 

more appropriate to the Guinness Book of Rec-

ords, but it does serve to emphasise a recurrent 

theme throughout this and the other research re-

ports in this series on water and livestock. The 

theme is that one cannot look at animal water use 

in isolation from the general metabolism of the 

animal, or water development to the exclusion of 

the overall production system for which it is re-

quired. The ramifications of research on water 

and livestock are numerous, and it is difficult to 

know where to draw the line. 
The problems of providing water for live-

stock vary with different species and breeds of 

livestock, and the ecological zones in which they 

occur. It is therefore important to establish the 

relative importance of different animals and their 

distribution across the continent, 
The area of interest to ILCA is sub-Saharan 

Africa, whose southern limit is the border of the 

Republic of South Africa. The distribution of 

livestock by country within sub-Saharan Africa is 

given in Table 1.The exact numbers vary between 
authors; for example, Watson et vl (1977) give 

higher figures for the Sudan than thcse in the 

table. Nevertheless, by relying mainly on one 

authority, FAO (1977), it is hoped that the bias 

will be in the same direction, namely an under

estimate. There are also a number of omissions in 

the table, but the species on which no information 
is given are probably unimportant in the countries 
concerned. The final two columns of Table 1 
express the biomass of livestock by country on a 

metabolic weight basis, so that the relative impor

tance of national herds made up of different mixes 

of species can be compared as a percentage of the 

total livestock biomass in sub-Saharan Africa. It 

can be seen that 4 of the 38 countries account for 

more than half the livestock biomass, namely 

Ethiopia 21%, Sudan 13%, Nigeria 9%, and Tan

zania 8%. The addition of a further 3, Madagas

car, Kenya and Somalia with 5% each, accounts 

for two thirds of the livestock biomass. On a 

regional basis, eastern Africa and the Horn con

tain 55%, francophone and West Africa 30%, 
central and southern Africa 10%, and Madagas

car 5% of the total livestock biomass. 
The use of metabolic weight for comparing 

the nutritional demands of livestock has its draw

backs. For example, desert animals have lower 

metabolic rates than arimals from temperate re

gions (Schmidt-Nielsen, 1972) even if they are 

smaller in size, as is the Bedouin goat compared 
with the Negev mountain goat (Shkolnik et al, 

1972). Also, dwarf West African livestock may 

have lower maintenance requirements than pre

dicted from the exponent of 0.75. because they 

may reduce neir endogenous heat production in 

response to a hot, humid environment. Neverthe

less, metabolic weight seems more appropriate 

than a 'numbers' approach which overemphasises 

I 



Table 1. Livestock numbers andbiomasspercountry in sub-SaharanAfrica, 1976. 

Country Donkeys Livestock numbers ('000 head)Horses BiomassMules Camels CattleAngola Goats Pigs5 Sheep1 0 Million kg-0 3000 % of total910 360 205 155 1.7BeninBotswana 40 6 0 S00
9 2 0 0 840 365Burundi 2200 8500 1050 590 0 19 425 0.6 
Cameroon 0 800 118 1.365364 3259 311
Central Afr. Rep. 0 2655 46 0.5I 16330 4120 2105
Ctad 0 610 170 1.8300 566145 62 76?Congo 310 3658 35 0.40 2424 60 0 2424Djibouti 0 2583 50 101 2.80 440 5225Equatorial Guinea 18 580 4 0.0

98
Ethiopia 0 4 9 0.13860 71510 81420 31960Gabon 25963 117064 0.00 0 0 17 23065to Gambia 0 19584 5 64 21.10 50 590Ghana 310 94 1 0.025 84 950Guinea 0 1100 16 0.23 2000 4001 0 1800Guinea Bissau 0 1550 94 1.03 385 350 0 420Ivory Coast 1 

0 258 180 176 
80 0.91 0 70Kenya 0 600 210 
17 0.2150 10002 1000

Liberia 0 564 7500 50 0.50 0 0 
4100 67 3611

Madagascar 0 35 175 461 5.01 932 1760Malawi 0 9842 6 0.1 . 1300 6800 700Mali 400 
0 700 739 483 5.2150 189? 88178 4080 43 0.53929 25 4219 303Mozambique 3.320Namibia

Niger 63 42 ? 0 14205 570350 200 ? 2850 1832000 132260 33 5000 762760 201 0.85100 2.227 2300Nigeria 243700 250 2.6 
Rwanda 17Senegal ? 11300 23000196 2260 0 0 900 7900" 717 570 87125 75 9.3Sierra Leone 2380 2520 873 420 0 160 1689 0.5

0 162305 1.8179 36 68 17 0.2continue ad
 



Table 1 cont. 

Country 

Donkeys Horses Mules 

Livestock numbers (000 head) 

Camels Cattle Goats Pigs Sheep 

Biomass 

Million kg0 7 5  % of total 

Somalia 

Sudan 

Tanzania 

Togo 

Uganda 

Upper Volta 

Zaire 

Zambia 

Zimbabwe 

22 

672 

162 

2 

16 

180 

0 

1 
93 

1 

20 

? 

3 

0 

100 
1 
0 

10 

21 

1 

0 

0 

0 

? 
0 
0 
1 

2000 

2827 

0 

0 

? 

5 

0 
0 
0 

2600 

15395 

14362 

235 

4900 

1900 
1144 

2300 
6100 

8000 

10105 

4602 

630 

2150 

2300 
2256 
283 

2050 

8 

7 

24 

270 

190 

150 

627 
36 

200 

7000 

15262 

2900 

750 

1100 

1300 
711 
50 

770 

413 

1186 

738 

28 

260 

137 

91 

110 
315 

4.5 

12.7 

8.0 

0.3 

2.8 

1.5 

1.0 
1.2 

3.4 

Source: Numbers derived from FAO (1977), and zeros from ILCA (unpublished observations). 
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Table 2. Relative demandfor iaterandforageof differentspecies of livestock in sub-SaharanAfrica. 

Species 
Number 
(x10') 

Mean 
weight (kg) 

Donkeys 7.2 125 
Horses 2.7 250 
Mule 1.5 188 
Camels 7.2 312 
Cattle 136.4 165 
Goats 104.5 20 
Pigs 6.2 40 
Sheep 89.1 25 

Total 354.8 

Body water pool (I) taken as 70% of liveweight (kg).
Source: Weights from ILCA (1979a); Wilson (1978b), 

distribution except in the presence of irrigation;750mm, demarcating the edge of the dry Sahelian 
zone; and 1250 mm for the humid end of the
Sahelo-Sudanian zone. The rainfall in most of
Africa does not exceed 1250 mm and, in those re-
gions, values for the Penman estimate of annual 
potential evaporation vary from about 1200 mm
in the highlands to 3100 mm at sea level (Wood-
head, 1968). Computation of the index of water
available for plant growth in East African range-
land (Woodhead. 1970) indicates a shortage of 
water for 2 to 9 months of the year depending on
the altitude, the amount of precipitation and
whether the rains are unimodal or bimodal. Sim-
ilar relations for rangeland production and rain-
fall have been produced by Le Hou6rou and
Hoste (1977) for the whole Sahelo-Sudanian 
zone. The more humid areas of West, central andEast Africa are of limited v I -e for livestock pro-
duction because of the ttse fly (Ford, 1971).
Trypanotolerant cattle do occur in the tsetse belt
(ILCA, 1979a) but they represent only about 5%
of the cattle population of sub-Saharan Africa. 

The number of countries in sub-Saharan 
Africa in which there is an annual shortage of 
water and grazing for livestock, and the possi-
bility of asevere drought, is 27 out of a total of 38.
Admittedly, 10 of these countries Lave highland 
areas in which the majority of the national herd 
are kept - for example, 80% of the livestock of
Ethiopia and Kenya (ILCA, 1977; Chemonics 
and Hawkins, 1977). Other countries, such as
Mali, Sudan and Chad, have extensive river and 

4 

Metabolic biomass Functional biopool"
(kg175) (I.H2)(x10 ,) (%of total) (x10 6) (%of total) 

269 2.9 281 2.9 
172 1.8 189 1.9 
74 0.8 79 0.8 

533 5.7 594 6.1
 
6 280 
 66.7 6 701 68.5 

988 10.5 909 9.3 
99 1.0 96 1.0 

996 10.6 932 9.5 

9411 100.0 9781 100.0 

and J.M. King (unpublished). 

lake floodplains. Nevertheless, after allowance 
has been made for the water resources in each 
country, which are considered in more detail by
Classen et al (in press), it is probably true to say
that 50% of the livestock of sub-Saharan Africa 
occur in areas where there is a shortage of water 
and forage at some time during the year.

There is thus a sizeable livestock population
at risk during the dry season, of the order of 175
million head. These animals are not raised under
commercial ranching conditions of the kind found
in the arid areas of the more industrialized coun
triec, such as Australia or the USA. They are kept
to provide the daily subsistence of people living
frequently on agriculturally marginal lands, peri
pheral to centres of power, assistance and invest
ment, and with few options open to them in the
face of adverse environmental conditions. 

The size of the human population largely de
pendent on these livestock can be estimated using
the following assumptions, based on information 
provided by the Kenya Maasai and substantiated 
by Dahl and Hjort (1976): cne twelfth of the cattle 
herd i;lactating at any one time; the average daily
yield of milk for human consumption is 1.5 I per

lactating cow in the wet season; this amount sup
plies the milk component of the diet of an average

member of the household, which is about two

thirds of a person's dietary calorific intake. Even
if only half the number of cattle given in
Table 2occur in areas where water and forage are
seasonally limited, the cattle population con
cerned is of the order of 68 million head. Because 



Figure 1. Cattle distribution in Africa in relation to highland and rainfall. 
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wealthy cattle owners need additional labour and 
also attract more dependants, it is reasonable to 
suppose that the human population is somewhat 
larger than the milk supply will allow on the basis 
of Dahl and Hjort's assumptions. Thus one may 
assume that 5 to 6 million people are dependent 
on these animals for their survival, or a much 
larger number for part of their livelihood. The es-
timate of the total human population in the dry 

lands of sub-Saharan Africa who base their liveli
hood on animal production is 17 million people. 
Of course the whole continent is not usually 
affected by drought at the same time, and 'only' 
100 000 to 200 000 people died when they lost 
about 80% of their livestock in,tile 'ahel drought 
(UN, 1977). Nevertheless, the slender resources 
of the pastoral production system are already 
being exploited to the limit in many regions. For 



example, a Rendille tribesman in northernKenya, weighing 	 It is ironic that this realization should occurover 70 kg at the start of theseason, may expect to have lost 10 kg by the end 	
at a time when traditional livestock systems aredisintegrating in the face ofnew technologies. It isof it; if he drops to less than 58 kg he will be in very impossible to put the clock back, but lessons mustpoor health (H.J. Schwarz, unpublished). There be learnt from the experiences of the past few decis only a small margin of safety left in the system,and any further degradation of the rangelands will 
ades. For a start, we should try to understand the 

result in drought conditions 
production systems with which we are interfering.over much larger From the animal science point of view, this meansareas of Africa during normal years.

What are the trends in livestock numbers and 
looking more closely at the indigenous livestock.
The pastoralist is primar.ly concerned with riskmanagement in the semi-arid rangelands of sub- reduction strategies, given the limitedSaharan Africa? The growth in numbers between resources 

the early 1960s and the mid-1970s was about 20% 
available to him and the likelihood that they will 

(Table 3). become scarcer in the future (unless there isNot all this growth occurred in the 	 a
semi-arid areas, in 	 dramatic breakthrough in such areas as tropicalfict in parts of East Africa legumes and population control).(D. Western, unpublished) and presumably the For the mo-
Sahel, herds which were severely depleted by the 

ment the tribal herdsman achieves productivity
droughts in the 1960s and 1970s may only now 

through the survival of his stock and its rapid
have recovered to their original numbers. How-

powers of recuperation, and by an increase in 
ever the cattle numbers in many arid and semi-

animal numbers rather than by high individual 
arid parts ofAfrica in the nid-1970s were still esti-

animal performance. Consequently, the intro
mated by Bourn (1978) 	

duction of temperate or locally 'improved' breedsto be above the optimum withlarge herbivore biomass suggested by Coe et al 
their higher demands for water and goodquality forage may be inappropriate at present.(1976).The outlook for livestock management, The agricultural role of the different speciesof livestock in sub-Saharan Africa, together withgiven generally scarce range resources, is hardlymore encouraging. It is now belatedly realized 

the relative importance of the different animal 
that some traditional pastoral systems 	

products, is shown in Table 4. As already indicathad ed, the dominant animal is the zebu cow, which isachieved a well balanced ecological adaptation to a multi-purpose animal whichtheir environment, maintained by 	 must supply thea complex so- household with milk. The average amount of milkcial structure which is closely related to the regu-lation of access to a limited water resource (Hel-	
taken per cow is about 90 kg per annum, whereas 

land, 1980). 	 calf production is in the region of 150 kg (ILCA,The provision of development aid,particularly water and veterinary services, 
19 79a). Camels take over the role of cattle in thecanhave a very disruptive effect on such systems. 	
drier areas, producing a similar weight of caif perannum but with more milk (1460 kg) being taken 

Table 3. Recent populationnumbers and trends ofdifferent species of livestock in sub-SaharanAfrica. 

Million head Population changesSpecies 1961-65 1974 1975 1976 Million head % 
Donkeys 7.31 7.04 7.11 7.19 - 0.12Horses 	 - 22.31 2.61 2.68 2.74Mules 	 + 0.43 + 191.35 1.44 1.44 1.45 + 0.10Camels 	 + 76.79 6.38 6.91 7.17Cattle 	 + 0.38 + 6106.25 129.78 132.59 136.40 + 30.15Goats 	 + 2890.94 99.50 102.46 104.46Pigs 	 + 13.52 + 153.73 5.83 6.22Sheep 	

6.02 + 2.49 + 6773.49 82.64 85.97 89.11 + 15.62 + 21 
Total 292.17 335.22 345.18 354.69 + 62.57 + 21 

Source: FAO (1977). 
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Table 4. The relative importance ofdifferent animal products in sub-Saharan Africa. 

%of total Agricultural role' 
Species biomass 

(kg0 
. 
75) Milk Meat Byproducts Draught Pack Riding Blood 

Cattle 67 ++++ +++ 


Goats 11 + ++4-


Sheep 9 + ...
 

Camels 6 ++++ ++ 


Donkeys 3 


Horses 2 


Pigs 1 ++ 


Mules I 


' + = positive role.
 

Source: Table 2and J.M. King (unpublished).
 

for human consumption (section 5.2.2). The per-

centage of the cattle herd kept for power varies 

from 0% in many pastoral communities to be-

tween 30 and 50% of the herd in the dryland farms 

of the Sahel and Botswana, and the highland 

farms of Ethiopia (Reed et al, 1974; ILCA, 1978; 

ILCA, 1979c). A figure of 15% for camels in 

Southern Darfur is given by Wilson (1978a). 

Smallstock are kept primarily for meat, although 

byproducts such as hides, skins for water bags, 

and wool may make an important contribution to 

the household economy. Pigs and small and dwarf 

breeds of ruminant livestock occur in the more 

humid zones where water is not a major con-

straint to production. They will therefore receive 

little attention in this report. The other species, 

with the exception of the horse and mule which 


make up only a small proportion of the total live-

stock population, will be considered in some 

detail. 


The emphasis of this report is on livestock 
water and energy turnover in the dry season 
under the present range management conditions 
in Africa, and those predicted for the immediate 

++ . + + +
 

++
 

++
 

++ ++ + ++ +
 

++ ... ++ 

++ 

++ 

++ +++ +++ 

future (chapter 5). The implications and applica
tions of this information to management, devel
opment and research will be discussed in chapters 
6 and 7. However, before embarking on the more 
practical aspects oi .fie problems of animal water 
needs in relation to climate and forage, a consid
erable part of the report has bcen devoted to gen
eral physiological principles (chapters 2, 3 and 4). 
These chaptcrs on body water, water balance and 
factors affecting water turnover describe some of 
the components of awater and energy model. 'he 
examples of physiological mechanisms are not 
confir, d to conventional livestock if the mecha
nisms are better understood or developed in other 
species, especially African game animals. 

The reason for this description of fundamen
tal physiology is that, once the animal scientist has 

grasped the underlying principles, he should be 
able to model his own field situation if this differs 
from the examples given. However, it is equally 
appropriate for the more casual reader to turn 
from this introduction to chapter 5 onwards, 
and treat the intervening sections as reference 
material. 
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2. BODY WATER
 
In order to understand livestock water needs andhow water dependence varies in different circum-stances, it is necessary to look at body ..ater func-tions in livestock, starting with the way water is 
stored and distributed in the animal.
2.1 FUNCTIONS 

Under semi-arid conditions and a daily wateringregime, indigenous livestock in Africa use, or turn over, between 5and 30% of their body water pool(defined in secti in 2.2) daily, depending on animalspecies 	 and scason (King, 	 1979). This water isused for two r iain functions; intermediary nietah-olism and couling. 
Intermediary metabolism includes all thebiochemical reactions and interconversions thattake place in the animal. Wateracts as a solvent ofabsorbed particles, including gases, conveyingthem to and from their sites of metabolism. The 

resultant solutions osmotically control the distribution of fluids within the body compartments,
with the aid of various feedback regulating mech-
anisms. This aspect of the subject is beyond the 
scope of this report, but for those who wish topursue 	 it further the main components of theintermediary metabolic system are described by 

Siebert (1973).


In most herbivores in sub-Saharan Africa,
the major function of water is to dissipate internal 
or absorbed heat by evaporative cooling through

sweating or panting.


The flows of water and energy through the
animal body have been simplified and combined 

in Figure 2. Most of these flows can be quantified,and an energy and water budget measured. Forexample, in zebu cattle in the Kenya highlands 
during the day, the main heat exchanges havebeen shown to be absorption of shortwave solar 
radiation and emission of longwave radiation bythe coat (Table 5). About 1% of the energy cx-

8 

changed is heat which is absorbed and stored during the day and dissipated at night. In the tropicallowlands, the environmental heat load is higherand evaporative heat loss more important. 

2.2 BODY WATER POOLAbout 99% of all molecules in the body are water,which forms about 70% of 	the bodyweight ofa tropical ruminant (Macfarlane and Howard,
'972). Its distribution through the body watercompartments is fairly constant if the alimentary
tract and fat content of the animal are excluded:
about 45% of bodyweight is intracellular waterand 25% isextracellular, divided between plasma
(5%) and interstitial fluids (20%).

The total body water pool is all the water inthe animal including the alimentary tract, which
has a large volume, particularly in ruminants. Themoisture content of the reticulo-rumen seldom 

Table 5. 	Energy budget of a zebu steer from 09.00 to
15.OOh ina near-naturalenvironmentat 1430,n 
altitudein Kenya. 

Heatexchange %ofnet %ofnet 
gain loss 

Absorption ofshortwavesolar 
radiation 

Metabolicheat production 
71 
29 

Longwave re-radiation 
from coat 

Sweating 
Conduction and convection 

57 
21 

from skin 
Respiratory evaporation 

16 
5 

Total 100 99 

Source: Finch (1976). 
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falls below 85%, even on a dry diet (Macfarlane,
1971). Based on this moisture content, the aver-age contribution of reticulo-rumen water to totalbody water has been calculated for a variety ofAfrican ruminants (Table 6), classified accordingto feeding habits (Hofmann, 1973). The volumeof rumen contents may vary by nearly 100% be-tween the wet and dry season or even on alternate 

days in livestock o: a 2-day watering regime,when sheep drink 18% of their total body water 
pool, goats 20%, zebu cattle 14%10% and camels(King. 1979). Larger fluctuations are asso-ciated with enforced dehydration. 

The proportion of body water in the othercarcass components of a uminant are given inTable 7, using as an example a 2 -year-old Boransteer fed adry maintenance ration. It can be seenthat the components with the lowest water con-tent are bone and fat, although the values arehigher than the 20% and 6-20% respectively
reported by Brody (1945), presumably becauseof a higher proportion of connective tissue,Bone is relatively inert, but fat represents themain energy pool of the animal, with a value of 
39.3 kJ.g*' comparedand with protein at 18(0 kJ.gcarbohydrate at 17.6 kJ.g t (Lusk, 1931).

Thus the energy value of the 
carcass of mostdomestic animals has been derived from analysis
based primarily on the fat content (Callow, 1947).
Because of its low water cootent an increase in the
proportion of body fat is often associated with a
decrease in percentage body water pool. At birth,the fat content of the body is negligible and thebody water pool is about 77% of bodyweight. Asthe animal matures, fat is deposited until itaccounts for up to 35% of bodyweight in rumi-nants in temperate regions, while total body watercan drop to 50%. It is difficult to measure thefat content of a live animal directly, but it has 

Table 6. Proportionof total lody ivater 

habits.
 

Grazers 

Species 

African bhffa.o 20 
Wildebeest 18 

Zehu 17 

Oryx 15 
Hartebeest 14 


Source: Sclmidt-Nielsen (1965); 

often been estimated indirectly from the tritiumpredicted body water pool (e.g. Shumway et al,1956; Searle, 1970). When this technique wasapplied to the zebu in Africa (King and Finch,
1982), the following regression was obtained: 

y = 60.46 - 0.801x (r2 
= 0.798, P <0.001)where y equals dissectable body fat, and x equalstritium-predicted body water pool, all expressed 

as a percentage of bodyweight of zebu steers witha dissectable body fat of (10%. Athough the in
verse relationship was expected, itwas not easy to
explain in lean, starving animals in which the proportions of other components with very different 
water contents, such as tone and hide, were alsochanging. The use of such prediction equations
outside the conditions in which they were derivedis therefore unwise. As Webster (1978) has remarked, 'The quite common predictive use ofcorrelations between marker dilutions and thecontents of compartments they do not mark, is athoroughly bad habit'. One can reduce the errorby using the approach of Little and MacLean(1981), who noted that in cattlr and sheep the sumof total body water plus total body fat minus the 

DM content of the alimentary tract was virtually80% of the fasted hodyweight. 

2.2.1 Water storage

The long held belief that there 
are sacs in the
forestomachs of the camel specifically for storing

water 
 has been refuted by Schmidt-Nielsen
(1965). Nevertheless, after drinking water movestwo or three times more slowly from the reticulorumen to the blood in camels than it does in cattle(Siebert and Macfarlane, 1971). The release ofingested water through the kidney does not startuntil after Iday in camels, compared with 12 iinMerino sheep, and 4 h in Bos tauruscattle (Mac

in the reticulo.runiten ofsome African aninsai 

Mixed feeders 

Species 

Haired sheep 

Flairedgoat 

Eland 

Thomson's gazelle 
Camel 

Hofmann (1973); King et al (1975); 

10 

classifiedaccordingtofeeding 

Selective concentrate 

feeders 
4 Species % 

24 Grey duiker 12 
24 Suni 10 
15 Steenhok 9 
15 Bushbuck 9 
13 Dik-dik 9 

Kay et al (1980). 



Table 7. Water content of carcasscomponentsof a 2-year old Boransteer. 

Water content 
WeightCarcass component 

(kg) 

Slaughter loss 
Blood 
Hide 

Horns 
Head 
Feet 
Heart, diaphragm, respiratory, urinary and genital tracts 
Urine and bile 
Liver 
Contents of forestomachs 
Contents of small intestine 
Contents of large intestine 
Gut wall 
Dissectable fat: internal 
Dissectable fat: subcutaneous, intermuscular. hump 
Butcher's bone: legs 
Butcher's bone: loin 
Butcher's bone: neck and thorax 
Carcass lean 
Kidney 
Dissection loss 

Total or average 

Estimate. 

Source: J.M. King and V.A. Finch (unpubilshed). 

farlane and Howard, 1972). The main purpose of 
this retention is to prevent hypotonic solutions 
passing into the bloodstream until salts have been 
added. Nevertheless the result is some degree of 
water storage, particularly in the more arid-
adapted animals. 

Water also appears to be stored in the extra-
cellular and intracellular fluid spaces in some un-
gulates under certain environmental conditions, 
judging by their tolerance of 15 - 20% dehydra-
tion without depression of appetite and lactation. 
For example, Shkolnik et al (1972) reported ex-
panded plasma volumes in Bedouin goats asso-
ciated with high tritiated water (TOH) spaces, 
although their figures of 85% TOH spaces may 
need downward correction. It has also been 
shown in cattle and buffaloes in the tropics that, 
as the water turnover rate increases in response to 
heat stress, the body water pool enlarges (Siebert 
and Macfarlane, 1969; Kamal and Sief, 1969). 

These illustrations suggest that there is a 

need to re-examine the concept that a camel 

drinks 'for the past' and not 'for the future'. It cer-

tainly drinks to make up a deficit, but its intake 

may also include a provision for the future.
 

I
 

7.0 80' 5.6 
7.2 81 5.8 
18.(1 	 67 12.0 
_ - 6.9 

-13.0 54 
6.0 49 2.9 
5.6 72 3.8 
0.1 903 0.1 
2.4 72 1.7 

18.8 86 16.1 
4.3 90 3.9 

..
4.9 82 4.1 
10.9 81) 8.8 
3.4 40 1.4 

11.2 47 5.3 
14.6 20 2.9 
2.8 42 1.2 
7.7 34 2.6 

74.3 75 56.11 
0.3 75 11.3 
3.6 801 2.9 

216.1 67 144.3
 

2.2.2 Oedema 
The oedematous condition is characterised by an 
excessive accumulation of fluid in tissue spaces. 
Fluid normally passes into these spaces from the 
arterial end of the capillaries, where the hydro
static pressure of the blood is greater than its 
osmotic pressure. It will stay there if the position 
is not reversed at the venous end of the capillaries 
or if there is a blockage of lymphatic drainage 
(Schmidt-Nielsen, 1975). 

A non-pathological oedematous condition is 
said to be achieved by camel traders, who allow a 
very thirsty camel to drink its fill after it has been 
given a large dose of salt. The resultant sub
cutaneous oedema can make a thin camel look 
temporarily well covered (Williamson and Payne, 
1978). 

There are numerous cases of pathological 
oedema in African livestock, frequently asso
ciated with a reduced blood osmotic pressure due 
to hypoproteinaemia. For example, failure of 
amino-acid anabolism isassociated with malnutri
tion and liver disease; continuous haemorrhage 
from the gastro-intestinal tract, resulting in a loss 



of blood volume and erythrocytes as well asplasma protein, iscaused by infestations of blood
sucking nematodes, or by coccidia or salmonella;
trypanosomes destroy erythrocytes. As a result,
fluid drains to the dependent parts of the body,
notably the submandibular space, brisket and ab-domen. Oedema of the limbs, scrotum or vulva 
are additional features of trypanosomiasis in thehorse (Blood and Henderson, 1960; BVA, 1976).

During starvation there comes a point when
the energy reserves of the animal have become
severely depleted and the rise in total body water
changes from a physiological to a pathological
condition, probably associated with a rise in extra-
cellular fluid volume (Macfarlanz et al, 1966c;
Springell, 1968). The stage at which this occurs in 
the zebu must be shortly after the dissectable fat 
reserves have been exhausted, when its total body 

water pool is 70% of it's liveweight (King andFinch, 1982). The clinical picture of oedema -3nbe complicated by dehydration and, in acute 
cases, by peripheral circulatory failure and anae
mic anoxia (Blood and Henderson, 1960).

Blockage of the lymphatic or venous drainage occurs following liver fibrosis and obstruction 
of the hepatic portal. For example, liver flukes 
cause ascites  an accumulation of fluid in theabdominal cavity. Cardiac insufficiency, due toendocarditis or pericarditis will also cause
oedema. The resultant congestion of the lungs isa common terminal event (Blood and Henderson,
1960). In East Coast fever in cattle such conges
tion may also be due to a terminal anaphylactic
reaction (A.D. Irvin, unpublished), which is 
another cause of oedema. 
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3. WATER BALANCE
 

In all animals, the body water pool must remain 
reasonably constant in the long term, although 
livestock adapted to arid areas may be able to 
tolerate fairly large short-term fluctuations. As 
already suggested, animals drink primarily to 
replace lost fluid, rather than in anticipation of 
future needs. Thus water loss largely dictates 
water gain, and will therefore be dealt with first. 
The size and speed of body fluid loss is affected 
partly by the factors outlined in chapter 4 and 
partly by the tolerance of the particular species or 
age group to dehydration. 

3.1 DEHYDRATION 

The symptoms of dehydration as described in 

man probably apply also to animals, although at 

greater levels of body water depletion. In man, 

signs of thirst are very strong when as little as 2% 

of bodyweight has been lost, but do not get pro-

gressively worse as dehydration proceeds; after 

4% weight loss the mouth is very dry and at 8% 

the tongue is swollen and speech difficult. Severe 

thirst and some mental derangement are apparent 

at 10%; at 12%, recovery is only possible with 

some assistance and it may be necessary to give 

fluids by injection orperrectun. The actual lethal 

limit for man is probably between 15 and 25% of 

bodyweight (Mount, 1979). 
By contrast, a 10% decrease in fat-free body-

weight (i.e. a 9% weight loss in a tropical ungu-

late) represents only moderate dehydration. It is 

countered by withdrawing fluid from the alimen-

tary tract, from tissue spaces and then from the 

cells to maintain circulating blood volume, pro-

vided that the osmotic pressure of the blood is 

sufficiently high. Essential parts of the body, in-

cluding the central nervous system, heart and 

skeleton, contribute little of this water: the major 

loss occurs from connective tissues, muscle and 

skin. Consequently the first and most important 

clinical sign of dehydration is dryness and wrinkl
ing of the skin which subsides slowly after beirq 
picked up into a fold. It gives the body and face a 
shrunken appearance. The eyeballs recede into 
the sockets, but this is due to peri-orbital fat loss. 
According to Blood and Henderson (1960), there 
is an increase in tissue metabolism of fat, then 
carbohydrate and finally protein to produce 
metabolic water, but Schmidt-Nielsen (1975) 
pointed out that much of the water produced in 
this way could be used up dissipating the heat as
sociated with its production. Loss of bodyweight 
occurs rapidly, along with muscular weakness, 
lack of appetite and increased thirst. The increas

ed tissue metabolism under relatively anaerobic 

conditions results in the formation of acid met

abolites, acidosis, and therefore a rise in the res

piratory rate. The temperature rises slightly, the 

heart rate increases and the pulse has smalla 

amplitude and low pressure (Blood and Hender

son, 1960). 
In a hot environment, the signs of more severe 

dehydration (15 to 30% decrease in fat-free body

weight) are acute. The immediate source of water 

loss is from the bloodstream. If the water is not 
more viscous,replenished, the blood becomes 

placing an additional load on the hea -t. The heart 

responds by an increase in stroke rate but a 

decrease in stroke volume, causing a decrease in 

blood circulation. As a result the body tempera

ture rises, because one of the most important 

functions of the bloodstream isheat transfer from 

the body core to the skin. If this condition is not 

reversed by spraying or immersion in cold water 

plus rehydration, death will occur as a result of an 

explosive rise in body temperature, rather than as 

a direct effect of water depletion. Clinical signs of 

hyperthermia occur in many animals at a rectal 

temperature of about 39.5"C. Heart and respira

tory rates increase, with a weak, large-amplitude 
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pulse, and nervous system activity is depressed, 	 els, which are good at maintaining their plasmaso that the animal becomes dull, stumbles while volume (Siebert, 1973). In man, the most imporwalking and tends to lie down. When the temper- tant event in heat acclimatization isthe expansionature reaches 42.0"C, respiration is laboured andgeneral distress is evident. Beyond this point the 
of the plasma volume (Senay et al, 1976). Lactat
ing Bedouin goats are reported to have an expulse becomes very rapid and weak, and respira-	 panded plasmation shallow and irregular. The prime 	

volume of 8.5% bodyweight,cause of which means that there candeath is probably from depression of the respira- be a 40% reduction 
tory centre before the plasma volume equates with the 5%in the brain. Collapse, convulsions value found in mostand terminal coma occur in most species when a 	

other ruminants (Shkolnik
et al,temperature of about 42.0"C ; reached (Adolph 

1979). Similar sized reductions in plasmavolume have beenand Dill, 1938; 	 recorded in IndianBlood and Henderson, 1960; desert 
Schmidt-Nielsen, 1975). 

sheep, but it is not clear whether the initial plasmavolume was an abnormally large proportion ofThe most common cause of dehydration in ahot environment is loss of water due to evapora-	
bodyweight (Purohit et al, 1972). Although theplasma volumetive cooling. Water turnover rates have not been 

decreased, the plasma sodiumconcentration remained constant, associated withmeasured in dehydrated animals in sub-Saharan a doubling of urinary sodium levels (Gosh et al,Africa, but a study was carried out with camels, 1976).cattle and sheep in the Australian desert, where

the maximum ambient temperature was 42"C and
solar radiation was measured at 1160 for W.m "2 . 3.2 CHANNELS OF WATER LOSSThe cattle (Bos taurus) lost 7 - 8% of their bodywater per day and survived for 3 -	

Under African ranching conditions, livestock use4 days, Merino
sheep lost 4 	 5 to 30% of their total body water pool per day- 6% per day and lived for 6 - 8 days (King, 1979).and camels lost 1 - 2% and survived for 15 - 20 

This loss is reduced to as little as 
days (Macfarlane and Howard, 1972). 

1.5% in dehydrated, arid-adapted animals such as 
In a cooler environment, death from dehy-

the camel (Schmidt-Nielsen, 1965).

There are 
four main avenues of water loss:dration occurs more slowly, with a deterioration evaporation, urine, faeces and lactation.
of body functions occurring at a greater degree of
dehydration. Much of this deterioration can prob-
 3.2.1 Evaporationably be related to the breakdown of the normal Evaporative cooling may account for 20- 30% offunctions of the blood. The most important ofthese functions 	 the total dissipation of the effective radiative heatinclude: transport of nutrients,

metabolites, excretory products, 	
load in a tropical ruminant and 80% of the watergases, hor- loss (Taylor,mones, and non-respiratory blood cells, transfer 	

1972; Finch, 1972b). In addition
there is an obligatory water loss from the respiraof heat, and transmission of force for ultrafiltra- tory tract which is probably >10%, and a small intion in capillaries and kidneys (Schmidt-Nielseii,

1975). 	 sensible water loss through the skin (King andFinch, 1982). In general biologicalThe commonest cause of dehydration in cool 	 terms, the 
environments is diarrhoea, 	

smaller the animal the larger the surface area towhich is often com-
bined with systemic states such 
volume ratio and thus the greater the efficiency of
as toxaemia or evaporative cooling. Onsepticaemia. Any form ofgastro-intestinal impac-

the other hand, the
 
tion, obstruction or distension also produces de-

larger the animal the greater the volume per unit
surface areahydration by stimulating saliva and gut secretions 
and hence the larger the water reserve which can(Blood and Henderson, 	 be used for evaporative cooling

Africa, scours 
1960). In sub-Saharan (Edney, 1966).
and heat stress frequently occur 
 Thetogether and are probably the main cause of death 

relative contribuion of sweating
panting to evaporative heat dissipation in 

or
a
in young stock.
The ability to wihstand dehydration number of different domestic animals is shown inhasbeen ascribed to the maintenance of a normal 	

Table 8. Among ungulates in Africa, buffaloes,camels, cattle, donkeysand some of the largeranplasma volume. This volume is maintained pri-marily by the osmotic pressure of the plasma pro-
telopes sweat, whereas wildebeest, oryx, sheep,

teins. These proteins leak out of the vascular bed 
goats and many smaller gazelles pant. Insensibleperspiration and non-panting respiratorymuch more quickly in animals such as cattle (Bos 	 heatloss account for a relatively small amount of thetaurus), which are not arid-adapted, than in cam- total loss in hot, dry conditions. Although panting 
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Table 8. The relative contributions (%)of sweating and panting to evapor.:tive heat loss invarious doinestic aninals in 

ahot, dry environment. 

Relative c,'.iribution(%) to evapot ative heat loss 

Donkey CamLI Cow Sheep/goat Dog Pig 

Sweat 100 95 65 40 10 0 

Pant 0 5 35 60 90 10W 

Source: Jenkinson (1972). 

seems to be completely adequate as the sole water. A fully hydrated camel weighing 260 kg 

means of heat loss among sheep, sweating can lost 9 1of water a day through sweat when stand

ing in the desert sun. This quantity represented aalso be important in closely shorn or haired sheep 

over the first few hours of heat stress (Hofmcyr et loss of 4% of total bodyweight, and a loss m'wih in 

al, 1969; Taylor et al, 1969; Jenkinson, 1972). excess of25% would probably be fatal. Assuming 

There are a number of reasons why smaller that heat load and therefore evaporation are 

animals, with their relatively higher heat produc- proportional to body surface, then water loss 

tion and absorption, should pant rather than under hot, desert conditions increases exponen

sweat. Panting appears to be the more efficient of tially with decreasing size. There is very little dif

the two methocus of evaporative cooling. Both ference in water loss per hour in the came! at 

and man at but the rate in animalsmethods use latent heat from the body core, but 1.0%, 1.5%, 

sweating can also use solar radiation on the body weighing 2.5 kg is nearly 5%. Many animals also 

have lower lethal limits than the camel (Schmidtsurface. P'nting also provides its own airflow 

over moist surfaces, thus facilitating evaporation. Nielsen, 1965). The need to preserve vital func-

Salt and electrolytes are not lost, as in sweating, tions, as an animal becomes dehydrated, results 

unless the saliva drips out of the mouth. Finally, in a reduction in the rate of evaporative cooling. 

panting cools the nasal and oral passages whence The sequel to this reduction is either a rise in body 

cool blood flows into the venous sinus, bathing temperature or a depression of heat production. 

the carotid plexus. Thus the blood supply to the Pathological conditions of the respiratory 

brain can be kept cool, even when the body tract and skin may interfere with normal evapora

temperature is rising (Taylor and Lyman, 1972). 	 tion. For example, dermatitis from mange mites, 

virus pox or bacteria may result in excessive fluidThe disadvantages of panting include a risk of res-

piratory alkalosis, particularly in the goat (Jen- exudate and require parenteral administration of 

kinson, 1972), and the increase in work and there- fluids (Blood and Henderson, 1960). 

fore h,;at production by the respiratory muscles. 

How-ver, much of this work is reduced by the 

elastic property of the respiratory system, which 3.2.2 Urine 

has its own natural frequency of oscillation. The Livestock species vary in terms of their ability to 

urine decrease renal urinehigh respiratory rate associated with panting has concentrate and/or 

the effect of keeping the system oscillating at its flow and retain metabolites in the body fluids. 

own resonant frequency with the minimum of Camels, sheep and goats are better adapted to 

muscular effort. Thus, the thermoregulatory effi- arid conditions in this sense than zebu cattle or 

ciency o" panting is high in such species as sheep, donkeys, as shown in Figure 3 (Maloiy and Tay

which show no increase in total body heat produc- lor, 1971; Maloiy, 1972). Although less water 

tends to be lost from the body through urine thantion above normal levels (Hales and Brown, 
through the faeces, the scope for varying urine1974). 

As I g of water changes from liquid to vapour, concentration and flow is greater. Thus, the des

whether by panting or sweating, it binds about ert sheep is only 30% more efficient than the zebu 

2425 J of heat. In terms of heat exchange this is a at extracting moisture from its faeces but at least 

100% more efficient at concentrating its urine.very efficient use of water when it is realized that 

to heat 1 g of water from freezing to boiling point Among African ungulates, the highest levels 

requires only 490 J. Nevertheless, evaporation 	 of urine concentration have been recorded for the 
" 

can represent a very significant loss of body gerenuk and dik-dik at over 40(10 mosm.kg 
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Figure 3. The maximal urinary osmolar concentrations ofseveral East African mammals under severe
dehydration. 
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1000 2000 3000 4000 5000Urinary osmolor concentration (mosm/kg H20) 
Source: Maloiy (1972) 

(Hoppe, 1976) - a low figure compared with des- 3.2.3 Faecesert rodents, which can concentrate their urine to Faecal water is a potentially largersource of waterover 9000 mosm.kg-1(MacMillen, 1972). The rea-
son for the difference may be that large animals 

loss than urine. This loss is not confined to eko
genous water, because half the total body watercannot avoid high environmental heat loads, and pool cantherefore have high water losses from evapora-

pass through the salivary glands and 
rumen per day. Therefore the ability to extracttion. The amount of water saved by concentrating and reabsorb faecal water in the colon is importheir urine is relatively little compared with that 
 tant. A breakdown of thelost by evaporation. In contrast, the entire water 

water reabsorption

mechanisms in the large-intestine results in diarbalance of small rodents living in burrows can be rhoea and can cause dehydration. Bos taurus cattledesigned round an efficient renal mechanism for can reduce faecal moisture content to 60%, sheepwater conservation (Schmidt-Nielsen, 1972). to 50%

Diseases of the urinary system will upset the 
and camels to 45% (Macfarlane, 1964).

The observation that the faeces of zebu cattlenormal water balance of the animal but are contain less water than do those ofEuropean cattlemasked by symptoms of pain and toxaemia. The 
commonest pathoiogical conditions are 

in the same dietary and environmental conditionscystitis (Quartermain et al, 1957) may explain in part theand pyelonephritis in cows following a difficult lower water requirementparturition, and urolithiasis in castrated males 
of the zebu (Phillips,

1960). Even in donkeys, faccal water content sel(Blood and Henderson, 1960). 
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Table 9. Average composition of milk from indigenous arid-adapted Ethiopian livestock and temperate-type cattle. 

Constituent 
Barka Adal 
battle goats 

Moisture 86.1 88.2 

Ash 0.6 0.6 

Protein 3.8 3.3 

Ether extract 5.0 2.9 

Carbohydrate 4.5 2.8 

Source: Knoess (1977); Williamson and Payne (1978). 

dom drops below 60%, so that in this species and 
cattle, one third to one half of the total daily water 
loss isin the faeces (Schmidt-Nielsen, 1965). 

3.2.4 Lactation 

Milk production represents a severe drain on the 

water resources of an animal. The water turnover 
of lactating camels and sheep in a hot, Australian 
environment has been measured at 44% above that 
of non-lactating animals (Macfarlane and Howard, 
1972), while dairy cattle in the tropics require an 
extra 3 1of drinking water for every litre of milk 
produced (Barret and Larkin, 1974). However, 
the moisture content of the milk of arid-adapted 
ruminants isnot very different from that of other 
livestock (Table 9), probably because the young 
suckling animal needs water as much as nourish-
ment from milk. 

3.3 CHANNELS OF WATER GAIN 

The provision of drinking water for livestock isthe 
main concern of this series of research reports on 
water and livestock. Accordingly, mean daily water 
requirements are given in Table 10. The problem is 

Milk composition (%) 

Adal Adal Temperate-type 
sheep camels cattle 

87.686.4 85.6 

0.6 0.9 0.7 

3.24.4 4.5 
5.44.1 5.5 
4.83.7 3.4 

that drinking isonly one of anumber of avenues of 
water intake, and it may not even be the largest 
one. The relative importance of the different forms 
of water intake will vary with weather, diet and 
management, within a species or breed as well as 
between them. 

3.3.1 Drink 
Mean values for drinking water intake by African 
ruminant livestock are given in Table 10. How
ever, when planning a water supply, the capacity 
isusually designed to meet the maximum require
ments of the animal, both in terms of its daily re
quirements and the amount it can drink at one 
visit. The requirements in practice (Classen, 1977), 
have been found to be well below the theoretical 
maximum values obtained by deducting the con
tribution of respiratory and metabolic water inputs 

from the maximum body water turnover rates 
obtained in the field (King, 1979). The explana

tion is probably that maximum values are asso
ciated with the ingestion of a good quality forage 
with a high rather than low moisture content. 

Table 10. Estimated daily drinking water requirements for non-lactating livestock under African ranching conditions. 

Daily drinking water requirement (I) 

Species Weight Mean Theoretical Practical guideline 
(kg) maximum for development 

5.0Goat 30 2.0 5.4 

Sheep 35 1.9 5.2 5.0 

Zebu bovine 350 16.4 56.1 25.0 

18.4 34.0 30.0(est.)Camel 500 


Source: Barrett and Larkin (1974); Classen (1977); King (1979).
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The maximum amount an animal can drink Severe water intoxication is uncommonat one visit to a watering point varies with its de- in 
gree of dehydration and the time it is allowed to 

ruminant livestock indigenous to the dry regions 
spend near the water. In many parts of East Afri-

of Africa. They have developed mechanisms to 
ca, Classen (1977) 	

cope with it, similar to those described for thefound that indigenous zebu camel and the Bedouin goat. In these last two specattle drank about 23 1when watered daily, up to cies, large volumes ofdrinking water are retained25 1after a very long walk on 2-day watering re- in the rumen until the osmolality has been raisedgime, and a maximum of 45 1on a 3-day regime, with urea and electrolytes from the extracellularbut at the risk of water intoxication and death, fluid, especially via the saliva, and also from des-French (1956b) found that mature zebu oxen on a
2-day watering regime could drink 701 in I h. Fc-

ert plants with a high salt content. Absorption of 
lowing severe water deprivation, cattle, sheep, 	

water is slower from the rumen than it is furtherdown the alimentary tract. Thus the osmotic stacamels and donkeys can all drink a large amount
rapidly (Schmidt-Nielsen, 1965). Macfarlane and 

bility of red blood cells in camels, zebu cattle, andcertain haired smallstock is probably never chal-Howard (1972) found that camels which were de-
hydrated by 20 	

lenged (Choshniak and Shkolnik, 1978).to 25% 	 Thereplaced 60% of theweight lost as water (80 	
same appears to be true of donkeys, even though- 100 1)in the first dink, their entire alimentary tract may be flooded whenwhile sheep and cattle replaced 75%. The animals they drink (Maloiy and Boarer, 1971).replaced all the weight lost from dehydration in McDowell (NRC, 1980) describes anotherI or 2 days. Field (1977) observed that camels form of water intoxication in studies of sheep in abelonging to pastoralists at North Horr, Kenya hot room. Under these conditions, onedrank three times over a period of 2.3 h and 	 in fiveas- sheep started to consume very large volumes ofsumed that this behaviour was necessary for com- water with a corresponding reduction in feed inplete rehydration. However, where there is con-


siderable pressure of stock 
take. These sheep died as a result of starvaticn,
 

animals may not be given 
on a watering point, due to the substitution of water for gut fill. A sima chance for a second ilar proportion of range sheep brought into feeddrink. In such a situation, it is not clear whether

the animal learns to drink a very large amount in a 
lots in Iran died for the same reason. 

Animals that are too weak to drink may beshort time, or whether body water use iscut back rehydrated with isotonic fluids con!9ining apto the smaller amount that can be replaced in one propriate electrolytes (0.60% sodiumdrink. Otherwise, many livestock would become 	 chloride,
0.27% lactate, 0.04% potassiuil chloride andmore and more dehydrated as the dry season pro-gressed. After a large drink, livestock often stagger 
0.02% calcium chloride). Oral administration issatisfactory provided gut absorptionabout, then lie down and are 	 is normal.left undisturbed Otherwise the intraperitoneal route is preferredfor an hour or two before being moved away (R. because a large intravenous injection may causeSandford, unpublished). Their behaviour may

relate to water 	
cardiac embarrassment. An adult bovine may beintoxication, or to physical dis- given 4 i of isotonic solution intravenously in 30comfort resulting from mechanical interference 	 minutes without untoward effectwith normal bodiJy functions caused by 	 (Blood anda dis- Henderson,tended rumen. 1960). Although this amount may

represent nearly 20% of blood volume, it makes
Water intoxication occurs following inges- less than a 2% contribution to the total body
tion of excessive quantities of water, especially if water pool.
a great deal of salt has been lost due to severe The quality of drinking water is often as imexercise or high environmental temperatures. The portant as the quantity. Water quality is affectedwater is absorbed into the bloodstream, reducing by total soluble salt concentration, the presencethe plasma osmotic pressure. This reduction may of some salts specifically toxic to animals even inbe sufficient to cause the erythrocytes to swell and low concentrations, and possible contaminationburst, resulting in a severe haemolytic anaemia, with disease-producing micro-organismsCellular hydration occurs, 	 or their

particularly in the spores.brain, causing a condition analogous to cerebral High evaporation rates from lakes and damsoedema. This results in nervous signs, including
muscle weakness, 	

in Africa can raise the mineral content of drinkingtremor, restlessness, ataxia,convulsions and terminal coma. It may be avoid-	
water; borehole water is also frequently brackish
(saline). The response of livestock to highly salineed in a susceptible animal by giving limited access drinking water is to increase their water intake,to water at the first drink (Blood and Henderson, but at1960). a certain concentration the appetite be
comes depressed and fluid intake is reduced. The 
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Salts which cause specific toxic effects arethat the higher concentration of salt re-
listed in Table 12, together with recommended 

reason i'i 
quires agreater proportion of the water ingested to 

working levels in drinking water (derived in Aus
be used for salt excretion, until not enough water 

tralia) which should provide an adequate margin
is left for ather functions. The salt concentration 

of safety. The amount of information on water at which this depression occurs is a measure of 
analysis is very variable across Africa, but therearid adaptation in a species, as shown in Table 11. 


In practice, if animals become accustomed to a are some documented cases of toxic ion effects.
 

salty water supply they can tolerate much higher For example, fluorosis in man and livestock is a
 

problem in volcanic areas and where drinkingsalt concentrations than if forced to drink the 

more concentrated solutions without a prelimi- water is obtained from deep boreholes (William

son, 1953; Walker and Milne, 1955; Murray, 1967;ary conditioning period (French, 1956a). 
Said, 1981). 

Contamination of stock drinking water with 
urine, faeces, other animal discharges, or evenTable 11. Tolerance ofsalty drinking water by different 
animal 	 carcasses sometimes occurs in pastorallihestock species. 

Examples of bacterial diseases spread by
%total salts in drinking water areas.Species each of these contaminants are leptospirosis, sal

monellosis, brucellosis and anthrax rcpectively.5.5Camel 
Drinking water is less likely to spread viral dis

1.5 eases, but may be implicated in the spread ofGoat 
Sheep 1.3-2.0 foot-and-mouth and rinderpest, among others. A 

Cow 1.0-1.5 number of stock parasites may spend part of their 

near water, such as protozoa,1.0 life cycle in or
Donkey 

flukes, flat-worms and round-worms (BVA, 
0.9 1976). Because they are frequently introduced via 

Pig 0.9 faecal contamination, the faecal coliform level 

may be used as an indicator of the presence of 

Source: 	 French (1956a); Wilson (1967; Macfarlane pathogens. The maximum monthly mean should 
(1971); Maloiy (1972). be less than 1000 organisms per 100 ml or five 

Horse 

times that in any one sample (Hart, 1974). 

Safe levels of toxic elements and ions in livestock drinking water.Table 12. 

Level (mg. 1') RemarksElement 

1.0 Inorganic oxide, especially from dipsArsenic (as As) 
Present at (4 mg.l "*, whereas 450 mg.I "' inhibits growthBoron (as B) 

0.01 Accumulates in liver and kidneysCadmium (as Cd) 
1000 (700 mg.l1 desirable for beef, esp. if Mg presentCalcium (as Ca) 

1-5.0 Industrial effluent, but not readily absorbed
Chromium (as Cr) 


0.5-2.0 Essential trace element, but could reach toxic level
Copper (as Cu) 
from wide agricultural use 

See textFluoride (as F) 	 2.0 
Scouring caused by grazing pasture irrigatedIron (as Fe) 	 10.0 

with high-Fe water 
Cumulative poisonLead (as Pb) 0.5 


Magnesium (as Mg) 250-500 Predisposes to rickets if Ca content low,
 
sulphate causes scouring
 

Health hazard to human beings consuming meat
Mercury (as Hg) 0.002 
Molybdenum (as Mo) 0.01 Only dangerous if accumulated in (irrigated) pasture 

Nitrate (as NOi) 90-200 Sources are deep wells filled by seepage from highly fertile 

soil, or dams containing much decaying organic matter, 
e.g. manure 

To compensate for plant ability to concentrate SeSelenium (as Se) 	 0.02 
1000 High magnesium sulphate causes severe problemsSulphate (as SO,2) 

Natural and industrial contamination, but relativelyZinc (as Zn) 	 20 
non-toxic 

Source: 	 Hart (1974). 
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Not muc& iiformation is available on othercontaminants, :,t these could nevertheless beborne in mind. Blue-green algae toxins have com-
monly killed livestock in Australia (Hart, 1974),
and pesticides such as DDT, which is still used inAfrica, could build up in the water of dams orlakes draining agricultural areas, particularly if
they do not have large outlets and if they lose
much of then water through evaporation, 

3.3.2 Water in food 
After deduction of water drunk from total bodywater turnover, tile balance of water intake is
made up of water in and on food, inspired and ab-sorbed through the skin, as well as from the oxida-
tion of organic compounds during metabolism,
The most important of these non-drinking water sources is water in the vegetation, 

During and immediately after the rains the
moisture content of grass may be more than 80% 

and of browse more than 70%. At such high moisture contents many herbivores can go for days
without drinking. However, during the rainy sea
son ephemeral water ponds are wideR&,-:.ad and 
so the ability to do without drinking water is not ofvalue. An exception is the grazing of porous, volcanic hills, which hold no standing water and can
therefore be exploited by livestock only during
the rains, whereas hills of other soil types are usu
ally held in reserve for dry-season grazing. Theability to go without drinking water for days or 
even weeks, once the ephemeral water has disappeared and the vegetation is starting to dry out, is 
a priceless asset of some game animals, camelsand to a lesser extent desert goats and sheep. The
forage moisture threshold at anwhich animal
does Pot need to drink is illustrated from a studyof domestic oryx under African ranching condi
tions (Figure 4). These conditions are defined 
as: day-grazing on natural pasture where forage 

Figure 4. Relation offorage moisture to water intakefrom forage, andto a rangeofvaluesforadjustedbody water turnover in the domestic oryx. 
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quantity is not limited, drinking water available Table 14. Estimated water content (%)ofdiet of differ
ent species under African ranching condi

daily, and penning anin.als at night. In Figure 4, tions.tions. 
the theoretical curve of water intake from forage 

has been constructed, starting with a low DMI 
(2% bodyweight) at low forage moisture content, 
and ending with a high DMI (3.5%) for very 
green grass. This curve has been superimposed on 
the actual maximum and minimum values ob-
tained for total body water turnover, adjusted by 
subtraction of estimates of respiratory and met
abolic water inputs. High levels of water intake 

from forage are usually associated with high levels 
of body water turnover. Nevertheless there are 
times when, and ways in which, the body water 
turnover can be kept below the water intake from 
forage, so that the oryx does not need to drink 
(chapter 4). 

The curve of water intake from forage is simi
lar for indigenous livestock, but their body water 
turnover rates are higher (Table 13). They will 
therefore be more dependent on drinking water 
than the oryx, unless they consistently eat forage 
with a higher water content. A rough estimate of 
the moisture content of the diet of each species 
was obtained by hand grab sampling the plant 

parts the animals were seen to be eating during 
each water turnover study (Table 14). The per 
cent moisture content of the diet of mixed feeders 
such as smallstock, Lnd particularly dry-season 
browsers such as e!and and camel, is higher than 
that of grazers such as zebu cattle and oryx. This 
finding is obvious from measurements, during the 

dry season, of the water content c." herbs and 
browse which is usually >30%, whereas grass 
may be <10%. Nevertheless, the contribution of 
water in browse to body water turnover over the 
year does not materially alter the ranking of dif-
ferent species' dependence on drinking water, 

Water content(%) 
Species 

Mean S.E. 

Oryx 13 3.8 
Zebu 15 5.4 

26 5.5Sheep 
Goat 29 3.8 

Camel 34 1.7 
Eland 36 2.6 

Source: King (1979). 

which is similar to their ranking for water turn
over (Table 15). The main reason is that the 
amount of water from forage obtained at dietary 
moistures <40% is relatively small (Figure 4). 

In arid areas there is usually a variety of juicy 
plants which would appear to offer livestock an 
alternative source of water as well as food. Some 

of these plants are sufficiently palatable to be 
selected even when there is drinking water avail
able, for instance the juicy herb Commelina and 
the swollen stem of Pyrenacantha malvifolia 
(Field, 1975). Other plants such as aloes are only 
taken towards the end of the dry season. Some 
bushes with juicy leaves also have a high salt con
tent, which may increase rather than decrease the 

herbivore's water requirements. For example, it 
has been found in Australia and the Middle East 
that sheep more than doubled their water turn
over rates when moved from a natural pasture to 
one high in salt bush (Atriplex spp.) (Wilson, 

Values for adjusted, body water turnover in African game and livestock on a day-grazing regime.Table 13. 

Species 

Small East African goat 

Eland 

Boranzebu 

Dorper-type sheep 

Camel 

Oryx 

Adjusted water turnover (ml.kg .d1) 
No. of 

Minimum Maximum trials 

62 166 12 

53 149 15 

51 150 I10 

50 140 12 

38 76 5 

21 102 15 

' Adjusted by subtraction of metabolic and respiratory water input. 

Source: Adapted from King (1979). 
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Table 15. Comparison ofwater turnover and water drunk (mlkg. .d) by browsing and grazing livestock. 

Species Adjusted turnover- Water drunk Feeding habit 
Mean S.E. Mean S.E. 

Goat 94 4.3 65 4.2Eland Mixed feeder83 4.2 68 3.6Sheep Browser78 4.8 54 4.7Zebu Mixed feeder74 5.2 47 4.5Camel Grazer
41 2.4 37 2.6Oryx Browser35 3.5 29 4.7 Grazer 

a Adjusted by subtraction of metabolic and respiratory water input. 
Source: King (1979). 

1966; Degen, 19 77a; 1977b). In Africa, game andlivestock browse salt bush (Suadeamonoica)dur-ing the dry season. Whether or not this diet in-creases their water turnover presumably depends 
on whether they sweat or pant, and, if they sweat,
how much salt is secreted by the sweat glands. 
3.3.3 Guttation, dew and hygroscopic plants
Thecontributionofdewandguttationtowaterin-
take has been measured on improved pasture inAustralia, where sheep obtained between 30 and130 mi.kg".d " from these sources (Brown andLynch, 1972). It would be extremely difficult tomeasure water intake from dew and guttation
under semi-arid conditions on natural pastures,
Dew forms nearly every night in some of the semi-arid regions of Kenya, but only during the coolermonths in real deserts. Wild impala have been ob-served licking water from short vegetation in theearly morning (Lamprey, 1963), and in much the 

same way sheep deprived of water were observedlicking dew off pasture and fences (Brown andLynch, 1972). 
Some plants become hygroscopic when des-sicated during the dry season, and may acquire a20 to 40% moisture content during the night, evenwithout visible dew. Such plarts can provide animportant source of water far nocturnal grazing


animals (Buxton, 1923; Schmidt-Nielsen, 1965).
For example, Taylor (1968) 
 estimated that oryx
and Grant's gazelle could obtain their water re-
quirements from the desert herb Dispermaif they
fed in the evening, night and early morning. If thewild oryx does not need to drink when the forage
moisture is <40%, then it has either increased itsDMI to 3.5% of bodyweight at 40% forage mois-
ture or lowered its minimum body water turnover 
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rate, which is more likely. Figure 4 relates to thedomestic oryx on a day-grazing regime. Unfortunately, most domestic animals in Africa have tobe penned at night to prevent human and animal 
predation. 

3.3.4 Respiratory and cutaneous water intakeAlthough there is a net water loss from the res
piratory system and through the skin, these twocomponents together make a significant contribu
tion to the input side of the water balance equation. The amount of water (kg) in the inspired airwhich is exchanged with the water pool accountsfor about 10% of total water intake, and may becalculated as follows (Weast et al, 1965):


water in inspired air (kg) 
= 
r.h. x sat. water vap. x resp. min. vol.


where r.h. is relative humidity (%), 
 sat. water
3yap. is weight of 1m of saturated water vapour(kg) and resp. min. vol. is respiratory minute vol

ume (m3).
The amount of air inspired (M 3) was calcu

lated from data on zebu cattle weighing about 
220 kg (Finch, 1973) as: 

6.64 + 3.00 f

where f is the breathing rate per minute. Normal
values over 24 h for zebu cattle on a maintenance
diet are in the region of 110 m3 of inspired air containing 1.4 kg water (King and Finch, 1982).

Cutaneous water exhange was not measured,
but it is assumed to be about 10% of the water exchange via the respiratory system (D. Robertshaw, unpublished). More water is absorbedthrough the skin if the animal is actually rained 

on, but cutaneous water intake probably remainsinsignificant compared with other forms of in
take. 



The effect of these two components was ob-
served during feeding trials in covered pens on 
Galana ranch, Kenya. It was noted that livestock 
reduced -,heir water intake on rainy days, which 
was explained by their lower requirement for 
evaporative cooling due to the drop in ambient 
temperature when it rained (Stanley-Price, in 
press). However in such a situation there is also a 
marked increase in the relative humidity and 
hence the wa.er content of the inspired air. 

3.3.5 Metabolic water 

The oxidation of organic compounds during 

metabolism leads to the formation of water from 

the hydrogen present. Attempts to measure this 

process in fasting cattle based on the dilution of 
tritiated water were unsatisfactory (J.E. Vercoe, 

unpublished). Therefore it is still calcalated in-

directly. An example of the calculation of met-

abolic water produced trom nutrient intake is 

given in Table 16. Alternatively, the amount of 

water (g) has been estimated at 0.0294 x total 

heat production (k) (Morrison, 1953). 
Besides being an avenue of water gain, there 

is a generally held belief that the oxidation of fat 

deposits makes a net contribution to the total 

body water pool, not just from the hump of the 

camel and the fat-tail of the sheep, but from dep-

osits in any animal, for example the pig (Skipita-

ris, 1981). However this assumption has to be 

qualified by the circumstances (Schmidt-Nielsen, 

1965). For instance, metabolic water is a product 
of oxidation but, in the process of inspiring the 

oxygen, water is expired. It has been calculated 
that in a hot, dry environment (ambient tempera-
ture 36C and r.h. 10%) an animal loses 23 5g of 
respiratory water in the process of producing 12.3 g 
of metabolic water (D. Swift, unpublished). As 
well as water, metabolic heat isgenerated (418 k). 

Part of this heat (13.6%) is offset by the heat of 
vapourisation of the expired water. If the remain
der (361 k) had to be dissipated by sweating, it 
would cost 149 ml of water (section 3.2.1). The 
relationship between metabolic water yield and 
the water that could be required to dissipate the 
heat of combustion varies with the organic matter 
being oxidised. Thus 1g of fat yields 1ml of water, 
but could require 14 ml for vapourisation; 1g of 
protein or carbohydrate yields about 0.5 nu of 
water and could require 6.5 ml of sweat. 

Schmidt-Nielsen (1965) has argued that the 

water of oxidation is only of value where the 

vapour pressure gradient between the expired air 

and the environment is shallow, for example in a 

humid burrow, and when the endogenous heat 

production is low enough to allow heat storage or 

dissipation by no.-evaporative means, for instance 

as metabolic rate decreases. Low metabolic rates 

may be expected to be associated with low water 

turnovers. Thus the relative contribution of met

abolic water to total input is much higher (15 
35%) when the rate of turnover (k) of the body 

water pool is low (k <0.05) than when it is high 

(k >0.15, metabolic water 5%). For example, 

penned zebu, eland, haired sheep and gc ias had a 

mean rate constant of 0.10 and metabolic water 

was calculated as 8% of total input, whereas oryx 

had a rate constant of 0.05 and their metabolic 

water production contributed 16% (King et al, 
1978). 

3.3.6 Milk 

It is recognized in pastoral production systems 
that the amount of milk left for the calf may not be 
enough to achieve maximum growth, unless the 
peak demands of man and the calf happen not to 
coincide. For example, if the average daily milk 
yield of a Boran cow is 3.7 kg and only half is 

Table 16. Indirect calculationof metabolic waterproduction in runinantseating a hayllucerne mixture 
(gH20.g'DMI). 

Data required Crude 
protein 

Crude 
fibre 

Ether 
extract 

Nitrogen
free 

extract 
Ash Total 

Amount per gDMI (g) 0.125 0.363 0.022 0.395 0.10W 1.000 

Digestibility 0.637 0.592 0.654 0.551 

Amount digested (g) 0.080 0.215 0.014 0.218 

Waterper goxidised (g) 0.420 0.560 1.070 0.560-

Metabolic water (g) 0.034 0.120 0.015 0.122 0I.291 

Source: King et al, (1978), based on van Es (1967). 
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available for the calf, then there will be ashortfall
of about 1kg below the figure of 2.9 kg required
for rapid growth (Dahl and Hjort, 1976). Thus
malnutrition from milk deprivation has come
be accepted to 

as one of the main causes of slow
growth and high.mortality of calves in pastoral 
areas.

However, the water content of milk may
be as important to the unweaned animal as its
nutritive value. For example, Stephenson et al(1981) measured the daily fluid intake from trough
water and milk by free-ranging Merino l.,nbs as
155 ml. kg' during the Australian si!mmer. They
concluded that milk intake was inadequate tomeet the lambs' flLid demands and that insuffi-cient watering points could be asignificant factor
affectin~g lamb survival. The daily fluid require-
ment of the Maasai lamb or Small East African 
kid, penned in the shade near the boma, or for-
tified night enclosure,would be lower than that of
the free-ranging Merino. However, it is likely tobe higher than the mean value for adjusted body
water turnover of the adult sheep and goat given
in Table 15. Based on data of milk yields in the
Small East African Goat (C.P. Peacock, un-
published) and Small East African Zebu (P.
Semenye, 1982), values for body water turnover 
must be: <110 ml.kg*'.d -' in kids weighing 7 kg at2 months, and <74 ml.kg-'.d-' in calves weighing
30 kg at 2 months. The conclusion isthat the water 
requirement of the calf may not be met because its 

turnover rate associated with optimum growth
would be higher than the rate given, which never
theless demands the peak milk intakof2.5 kg d.i' In Maasailand, stickling livestock are unlikely to be taken to water before they are 1 to 2months old, and it is not clear whether signs of 

dehydration are recognized. Where the climate ishotter and drier, as in the extreme north of theSahel in Mali, unweaned stock, which are kept in 
camp for 4to 6 months depending on the species,
are given water from a water skin. The amount
varies from I to 2 L.d" in kids to 5 to 10 1every
fourth day in camel calves (Swift, 1979). 

3.3.7 Faeces and urine 
When milk isthe only source of water input (apart
from respiratory and metabolic water), then milkintake can be estimated from the turnover oftritiated water inthe body of the young ruminant 

(Macfarlane et al, 1960). However, when thistechnique of tritiated water dilution was applied
to the milk intake of suckling rodents and dogs,
the results made little sense until it was found that50 to 80% of the water lost by the young was re
cycled by the dam by licking up the urine and
faeces. Thus more than 30% of thewatersecreted 
in the milk was recycled in the dam (Baverstock
and Green, 1975). It is not known if this form ofwater recycling isimportant in any large African 
ungulates. 
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4. FACTORS AFFECTING WATER TURNOVER
 

Different species of livestock have different rates 

of water turnover, and in general animals adapted 
to dry environments have lower rates of turnover 

than those in more temperate zones. Body water 

turnover is also determined by the size of the 

animal. The role of water in energy production, 
thermoregulation and other processes means that 

there are a number of other factors which affect 

the turnover rate of body water. These are discus-

sed in detail in this chapter. 
One of the main functions of water iii the 

body is as a vehicle for intermediary metabolism. 
There is a relationship between energy metabo-

lism and body size, derived by Brody (1945) and 

Kleiber (1947), which is: 
(4.01)F = 0.293 WO.71 

where F is fasting metabolism (MJ NE.d) and W 

is bodyweight (kg). 
one might expect a relationshipTherefore 

between body water turnover (y) and body pool 

size (x). This was demonstrated in six species of 

ruminant in Kenya by the following regression 

(Figure 5): 

log y = 0.836og x-0.619 (r2=0.82 ) (4.02) 

The exponent of x is very similar to that of 

0.82 obtained by Macfarlane and Howard (1972) 
from a wider variety of desert animals. 

The reason for the increase in the value of the 

exponent of body size in equation (4.02) versus 
equation (4.01) is that water serves another func

tion besides intermediary metabolism, namely 

evaporative cooling. The effect of having two 

different power functions is to increase the water 

to energy turnover ratio with increasing size 

(Table 17). However, larger animals may exploit 
water conservation mechanisms related to their 

bulk, and thus be an cxception to the rule (sec

tions 4.2.4 and 4.2.5). 
The interrelation between water required 

for metabolism, evaporative cooling, and total 

water loss may be expressed in asimple diagram 

(Figure 6) which links more complex diagrams 

(Figures 7 and 8). There is a wide range of values 

for total water loss (Table 18). Moreover, the rate 

at which water is used for metabolism or cooling is 

highly variable. The relative importance of the 

different avenues of water loss has already been 

discussed (section 3.2). The next step is to try and 

quantify the effect of the different factors on rates 

of passage. A model of the heat exchange of the 

animal with its environment, which calcuates 
evaporative water loss, is in preparation (D.M. 

Swift, unpublished). When it has been published 

it will provide a better structure for the contents 

of section 4.2 on thermoregulation. The next step 

would be to add energy production (section 4.1) 

Table 17. Daily water turnover versus fasting energy expenditure according to size. 

Bodyweight
(kg) 

Water turnover 
(1) 

Energy metabolism 
(Mi) 

Water to 
energy ratio 

40 3.90 4.66 0.84 

300 21.00 21.12 0.99 

500 32.20 30.98 1.04 

1000 77.45 52.10 1.49 

Source: Brody (1945); Figure 5. 
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Figure 5. Derivation ofan approximate metabolic unitfor body water turnoverfrom the slope (0.836)of the regression ofturnover on pool size between species. 

*Zebu cow 
1.75 	 A Goat
 

13 Sheep
*0ryx 
U 

*Eland 
* Camel 

1.50 
A own 

A a 

1.25 
- o0
 

0 

.~1.00 

0 

0 

-J1 	 A k0 
0.7 &A &43 0 0 

0.50 CI A 	 00 

0 
0.2 5 1--

1.25 	 1.50 1.75 2.00 2.25 2.50 
Log of body water pool ([)


Source: King (1979)
 

Table 18. Values for body water turnover in game and livestock on aday-grazing regime. 

Species 
Water turnover (ml.'. d") - Ratio (max: min.) 

Minimum Maximum
 
Small East African (oat 117 

Dorper-type sheep 

302 2.6

103 278 2.7Zebu cattle 97 274Eland 	 2.8
90 242

Camel 	 2.7 
53 106Oryx 	 2.0' 
41 170 4.1 

Probably an underestimate due to the small number of trials. 
Source: Adapted from King (1979). 
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Figure 6. Interrelationbetween energy metabolism, body temperatureand total water loss. 
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to the model. Neither topic has been addressed 	 cally. It is discussed in more detail in section 
sufficiently rigorously in this report to allow 4.1.3. 
modelling except at avery crude level. Neverthe
less it does lay the foundation for future work. 4.1.1 Forage intake and metabolism 

The effects of forage intake on body water turn
4.1 	 ENERGY PRODUCTION over depend on four major characteristics of the 

food eaten. The first is the water content of theNutrition exerts a profound effect on body water 
turno ier. There is a significant, positive, linear forage whicn, 11:certain situations, has a signifi
relaiiinship between faecal output and water cant positive correlation with water turnover 
turnover in cattle and sheep (Siebert, 1971; Mac- (King et al, 1975). Very green vegetation can 
farlane et al, 1974). However, the nutritional supplyallthewaterneedsoftheanimalandmore. 
effects are not constant but depend on the form in Theoretically, plant moisture ..ontent may even 
which food is acquired, thewayinwhichitisused, restrict appetite when it is retained in ingested 
and the heat increment of feeding and energy forage by the sponge effect of coarse structural 
utilisation. The interactions of those effects are components (Van Soest, 1982). However, the 

shown in Figure 7. Note that the diagram has two water is usually released from the forage and is 
components in common with Figure 6, namely rapidly absorbed from the rumen or passed out in 
body temperature and water required for metab- moist faeces. Absorbed water can be excreted 
olism, which are the main avenues by which nutri- from the kidneys of sheep at a rate of 30 I.d so 

tion influences total body water use and loss. The that the DMI of sheep grazing green grass was not 

effect of body temperature on metabolic rate can limited by its moisture content of 83% (Macfar
be either positive or negative as illustrated graphi- lane et al, 1966b). Similarly it has been shown that 
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Figure 7. Flow chart ofintermediary metabolisn 
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moeisa i h t on ianle de adeocattle can use grazing With a moisture content of75 - 83% very efficiently (R.E. McDowell, un-published), implying a high body water turnover 
rate.
There is a second reason for the significant,
positive correlation between vegetation moisture
and body water turnover. Green forage usually
has a high digestibility and nutritional value,
thereby allowing increased DMI and a raised
metabolism with its concomitant demands for 
water (Forbes, 1968; Springell, 1968).

At the other end of the scale, very dry forage
will produce a low demnand for water for inter-
mediary metabolism, but paradoxically might
increase the water needed to dissipate the extra
heat increment of feeding, and to facilitate diges-
tion and excretion. For example, if the DMI of 
grass (of 10% moisture and 40% apparent digesti-
bility) was 2% of bodyweight, then daily water 

"intake from it would be 3mi. kg bodyweight -'and 

h ayfor 
metabolism (Wor-

Hvr , h oaee ink _ ofthherbiore 
ssal the-----offer motipotn facor deerinn 

e rmnts me +rWilason anq rdy efaecal water outpf 7 ml.kg bodyweight(.
The salt content of the forage also affectswater turnover, as discussed in section 3.3.2.

modification of all categories of food digested.The term metabolism may be applied to theHowever, the total energy intake of the herbivore
is usually the most important factor determining
total output of animal products, as long as the
relatively small protein, mineral and vitamin
requirements are met (Williamson and Payne,
1978). This statement may not be entirely true for
high yielding dairy cows (Fuquay, 1981), but suchanimals are not associated with pastoral produc
tion systems. The main source of energy from forage is carbohydrate. The fat content of the diet ofherbivores is usually very low (1-4%), except in
the newborn suckling animal when it provides
30% of DMI and 50% of caloric intake (Van
Soest, 1982). Milk intake has already been dis
cussed in section 3.3.6. 
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Figure 8. Factors affecting environmental heat load and thermoregulation. 
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prd (seveerdction pdue iig use-of risen, 1975). raue Rbrthw Fnh3.i5nM coa r 
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in body water turnover by 30 to 40% is therefore 	 animal, by decreasing its activity and food intake. 

Walking and feeding account for 90% of the diuran expression of both a reduced DMI and a low-
nal activity of livestock under African commercialered resting metabolic rate (Finch and King, 
ranching conditions (Lewis, 1975; 1977; 1978).1979; 1982). 
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Table 19. Water requirements offarm animals in the British Isles at the highest temperatures experienced. 
Animal Environmental temperature Water intake 

1. Beofcattle 
(°C) (l.kg"DM eaten) 

15-21 
4.1 

21-27
>275. 4.7 

2. Lactating cows >75.5 
As for 1.with additional allowance 

I Pregnant cows(last4months) of 0.871 water/kg milk produced 
4. Sheep 15-201. valuesx 1.5

(growing and fattening) >20 

5. Pregnant ewes: 
3rd month
 
4th month 

5th month 


6. Lactatingewes:st8weeks2sd 8weeks 


Water from food and drink.
 
Source: McDonald et al (1976).
 

Pastoral cattle often have to walk long dis-tances between grazing and water. But the extrawater cost of walking per se is negligible if the 
solar heat load is moderate. For example, whenthe total solar radiation was2140 ± 138J.cm-2.d-',the cost of walking 16 km instead of 8 km.d " wasan extra 4.4 ml.kg-'.d-' for zebu cattle on a halfmaintenance ration. When total solar radiationrose to 2385 ± 59 J.cm-2.d-' the water cost oftravelling the extra 8 km was significantly higher 
(P < 0.005), by an extra 1lml.kg-'.d-.Thereasonwas that the walking period of the cattle travelling16 km.d-' extended into mid-afternoon, when theenvironment was at its hottest (Finch and King,1982). The impact and avoidance of high solar

heat loads will be considered in more detail in thenext section. The present discussion isconcerned
with the heat produced from walking, which canbe considered from two angles: total energy cx-penditure and heat production over a given dis-
tance is least when the zebu cow is encouraged to
walk at about 3km.h'1; however, the rate of heat
production will be reduced as speed declines to1.5 km.h -', when the energy cost flattens out at20% above that of standing still, except in thestarving zebu, when it appears to go on declining(section 5.1.3). Such control of endogenous heatproduction may be abandoned by dehydratedcattle when they approach water. Classen (1977)reported that very thirsty and debilitated animals 
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will run to water and may die from exertion andoverdrinking. Perhaps the extra exertion precipitates an explosive rise in body temperature (see
section 3.1).

The mechanism responsible for a reductionof food intake in heat-stressed animals is not clear(Van Soest, 1982), but its effects are. The reduction will affect the heat increment of feeding,which is about 40 kJ.MJ-' metabolisable energy(ME) when eating and ruminating fresh herbage 
temperate grasslands (Webster,on 1980). Thesequel to reduced intake will be a reduction in theheat increments of production and maintenance

(Robertshaw and Finch, 1976). This drop in heatproduction may be partly offset by mobilisation of
body tissues (section 4.1.2).

Thus the immediate effect of inactivity andinappetence is to reduce endogenous heat production by about 30% and the total heat load inthe free-ranging animal by 10 to 20%. The longerterm effect of the reduction in ME due to lack ofappetite is a reduction in metabolic rate which isrelated to or caused by a reduction in endocrineactivity. Chronic exposure to heat depresses thyroid activity, as well as plasma cortisol and growthhormone concentrations and turnover rates. Allthree hormones act in cooperation and are calorigenic (Thompson, 1976; Robertshaw and Finch,1976). Chronic exposure to heat stress also depresses libido and spermatogenesis, or suppresses 



oestrus and ovulation, and causes luteolysis and 
embryonic mortality, particularly in temperate 
breeds of livestock (McDowell, 1972). All these 
reductions in metabolic activity, and its byproduct 
endogenous heat production, will reduce body 
water turnover, 

4.2 THERMOREGULATION 

As 	already indicated, livestock insub-Saharan 
larger amounts of water for evapora-Africa use 

tive cooling than for intermediary metabolism, to 

dissipate the high solar energy load. The way in 

which the residual water available for sweating 

and panting (Figure 6) contributes to total body 

heat loss is shown in Figure 8. This diagram shows 

evaporative heat loss acting negatively, via total 

heat loss, on the same vertical column of compo-

nents of body heat gain through to body tempera-

ture as in Figure 7, but with the superimposition 

of the sun on top. Of course, not all heat loss 

occurs via evaporative cooling, nor is it always hot 

in the tropics. The way in which thermoregulation 
affects body water turnover involves a complex 

interaction of climatic variables with behavioural 

responses and anatomical or physiological adap-

fations of the animal. 

4.2.1 Environmental heat and humidity 

During the daylight hours almost all the heat 
gained from the environment comes directly or 
indirectly from solar (shortwave) radiation. Heat 
is gained from convection, conduction and long-
wave radiation only if the temperature of the air 
and ofobjects in the habitat is higher than the skin 
temperature of the animal. The degree to which 
the habitat heats up varies with its composition. 
For example, desert sand reflects 30-40% of the 
incoming radiation, desert shrubs 30-38%, and 
green grass about 25% (Barry and Chorley, 1971). 
Although green vegetation reduces the rcflectivity 
(albedo) of the ground, it does not heat up. In-
stead it acts as a heat sink for longwave radiation, 
for example from awarm animal, because it isat a 
lower temperature than its surroundings as a result 
of transpiration. Thus, even during the day, there 
is usually a net outflow of longwave radiation 
from the animal, and this increases at night. In 
order for this dry heat loss to balance the solar 
heat gain, the ambient temperature must be low, 
as it is at high latitudes or high altitudes. There is a 
6.5°C drop, or adiabatic lapse rate, for every 1000m 
increase in altitude. Therefore, if sweating ac-
counts for 21% of the net heat loss of a zebu cow at 
1675 m a.s.l. near the equator in Kenya (Table 5), 
it will account for a much larger proportion at sea 

level provided the atmosphere remains dry. Be
cause sweating can account for up to 80% of the 
water used by a ruminant in the tropics, it;.rot 
surprising to find correlations betwee,. ambient 
temperature or solar radiation and total body 
water turnover. For example, on a ranch in Kenya 
situated 180 m a.s.l. a significant correlation was 
obtained between daily mean ambient tempera. 

ture up to 29C and body water turnover (x) in the 

zebu (Figure 9), namely: 
y = 21.518x - 390 (r2 = 0.71) 

Equally significant relationships (P <0.001) 

were obtained between direct and diffuse solar 
water turnover, forradiation tnd total body 

example in eland and oryx (Figure 10). It should 

be noted that the intercept of the regression line 

in Figure 10 is lower in the oryx than the eland, 

but that thereafter the response of body water 

turnover to increasing heat load is similar in both 

species - a point which will be discussed in sec
tion 4.2.3. 

Figures 9 and 10 both illustrate that at high 

heat loads, above 29C 'mean' ambient tempera

ture for the zebu, or at high levels of solar radia

tion - 505 W.m 2 for the eland, and 475 W.m 2 for 

the oryx - the body water turnover rate declines. 
The regressions have been interrupted at this 

point to emphasise the phenomenon. Inclusion of 
plots to the right of the dashed vertical lines or the 
use of curvilinear regressions does not improve 
the fit. The explanation for the sudden decline in 
response would appear to be that the animals dis
sipate the increasing environmental heat load by 
increased evaporative cooling only up to a level 
determined by the body water turnover rate. In 
eland and cattle this rate approached 18 and 24% 
respectively, and if exceeded could result in 
severe dehydration even when drinking daily. The 
cut-off point of 12% in the oryx ismore difficult to 
explain. It may be associated with less extrava
gant water cooling mechanisms, and be related to 
a natural inclination to avoid daily watering even 
when it is offered. For all species, the reduction in 
body water turnover rates at higher heat loads 
than those mentioned above implies that (a)other 
forms of heat load are being decreased and/or (b) 
other thermoregulatory mechanisms are being 
brought into play, or (c) homeothermy is being 
abandoned (sections 4.2.3, 4.2.6 and 4.2.7). 

The value of sweating as a cooling mech
anism varies in the different climatic zones of Af
rica, because the rate at which water evaporates 
from the body varies inversely with the water 
vapour pressure in the air. However, at moderate 
humidities this reduction is much smaller than 
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Figure 9. Relationbetween daily totalbody waterturnoverandmean ambienttemperaturein zebu cattleunderAfrican ranchingconditions. 
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might be expected. It can be explained by assum-
ing that the rate of sweat secretion is unchanged
and an increase in humidity causes a temporary
reduction in evaporation and a build-up of mois-
ture on the skin. As a result the vapour pressure atthe skin surface increases, automatically re-estab-
fishing the vapour pressure gradient between skinsurface and air until evaporation is in equilibrium
with the rate of sweat secretion. At extremely 
high levels of humidity there are more marked reductions in evaporation (Thompson, 1976). Suchhigh levels of vapour pressure can occur, both inthe humid tropics and in housed livestock, where
they may be the main cause of variation in heatstress and body water turnover rather than the 

relatively small seasonal fluctuations in ambient 
temperature (Kamal and Seif, 1969; Sicbert andMacfarlane, 1969; Kamal and Johnson, 1971).

The combined effect of temperature andhumidity has been developed into an index (THI)
by the United States Weath.,r Bureau to describe
discomfort in man. The index appears to beapplicable to animals (McDowell, 1972):

TH 0.72 (oCdb + -C b) + 40.6 
where db =dry bulb temperature in 'C, andwb = wet bulb temperature in C.

When this index was applied to Holsteincattle at the University of Missouri by Johnson etal (1963) it was foLd that cows appeared comfortable when the index was below 70, but there 
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Figure 10. The relation between daily body water turnover and solar radiation in domestic eland and oryx 

under African ranching conditions. 
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was reduced milk yield and food intake above 75; 
all age groups showed measurable degrees of dis-
comfort at an index value of 78 and above. These 
findings from North America are relevant to a 
number of dairy projects in the coastal areas of 
West Africa, where potentially high-yielding Hol-
stein cattle are producing barely enough milk to 
support their calves, despite expensive housing. 
The cattle are often thin and their lack of produc-
tivity is blamed on such factors as poor nutrition 
and intermittent water supply. However, when 
the THI values for adjacent areas, calculated 
from climatograms published by Pagot (1974), 
are plotted on a monthly basis and related to the 
response observed by Johnson et al (1963), it 
becomes apparent that temperate dairy breeds 
kept in these areas suffer from heat and humidity 
stress for much of the year (Figure 11). 

4.2.2 Cold and rain 

Although most of the discussion in this report is 

concerned with heat stress, in the northern and 
southern African deserts (in winter) and in the 
highlands (every night) the ambient temperature 

falls sufficiently far below the animal's critical 
body temperature to stimulate thermogenic heat 
production. Rainfall accelerates heat loss from 
the animal by increasing the conductivity of the 
coat. The result is an extra demand on the nutri
tional intake and reserves of the animal, which 
may be sufficiently important to influence the 
type of animal selected by the pastoralist as well 
as its management (sections 4.2.4 and 7.2.1). 

Thermogenic heat production causes a slight 
increase in body water use. However, this is ac
companied by a reduction ininsensible water loss 
from the skin as a result of peripheral vasocoai
striction, as well as increased condensation of 
saturated expired air in the respiratory passages 
which have been cooled by the cold inhaled air 
(Schmidt-Nielsen, 1975). Thus the net effect of 
cold ambient temperatures is to reduce water 
loss. 

4.2.3 Behavioural response to heat stress 

The activity of herbivores on tropical rangeland is 
a mixture of vital activities, such as feeding and 
walking to water, plus 'behavioural amelioration' 
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Figure 11. Mean monthly valuesfor THI atplacesoforigin of West African cattle, and the effects of asimilarclimate on Holstein cattle in Missouri. 
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(Macmillen, 1972) of a frequently hostile environ-
ment. The resultant compromise gives the typicalactivity pattern of herbivores on a day-grazing,
night-enclosure regime (Figure 12). Herbivores
with access to night grazing may be expected to 
spend a greater proportion ofthe day idle or in the 
shade, whereas those that are confined at nightcan only avoid high heat loads at the expense offeeding time (Lewis, 1977; 1978). 


Shade seeking is one 
of the more conspicu-

ous forms of behavioural amelioration. As the dry
season progresses, wild impala have been ob-served to move lower down the catena on which

they graze, moving to where 
 the vegetation is greener and the shade is deeper (Jarman, 1973).
In the absence of shade, sheep will stand withtheir heads under each other's bellies; this 
manoeuvre may serve the dual purpose of avoid-
ing overheating the hypothalamus and the atten-
tions of the nostril fly (Oestrusovis). 

A S N D 

Wallowing is also a us_ al behavioural adap
tation, allowing an animal to use evaporative
cooling without any loss of body water. A high
rate of evaporation can be sustained for morethan 2 h if the animal wallows in mud rather than 
water (Ingram, 1965). 

4.2.4 Coat characteristics 
The structure and colour of an animal's coat will
affect the flow of energy and water across the skin
(Hutchinson and Brown, 1969).

The heat stress on the animal from the radiant environment has been defined as the inward
sensible heat flow at the base of the coat (Finch,
1972a). This heat stress on the skin has been cal
culated by Iewis (1977)infour African ruminants
 
at varying air temperatures for a constant radia
tion load (Figure 13). Because the intercepts ofthe regressions were different, he concluded thatthe hair barrier to solar heat was different. The 
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Figure 12. Mean hourly distributionof main activities of African ruminantson a day-grazingregime. 
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greatest heat stress occurred in the African buf-falo, with ', sparse black coat. Next was the 

land, which has a coat colour with a low absorp-
tion coefficient (0.75) similar to the brown zebu(0.78) but a coat structure which is sparse and 
short (hairs 0.22 mm long) compared with the cow 
(0.30 mmn long) (Finch, 1972b; 1973). The least 
heat stress occurred in the oryx, which has a coat 
colour with an absorption coefficient of about 
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structur0.65 (Stewart, 1953) and a coat which is 
dense and long (hairs 0.4 mm long) (V.A. Finch, 

unpublished). riele fact that the slope of alln four 
regression lines were parallel implied that con
vective heat loss was essentially tie same in all 
species and is directly related to air temperature. 

The heat arriving at the skin surface makes 
thermoregulatory demands oil anl animal, and tile 
physiological response of evaporative cooling by 
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Figure 13. Predicted relationship between heat stress on the skin and air temperature in African ruminants with different coat characteristics. 
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sweating or panting increases the water turnover,
For example, it has 

than in white cattle (Table 20). Water drunk, on abeen found that shearing daily watering regime, followed a similar patternMerino sheep during the Australian summer to radiation absorbed.doubled their water turnover compared with that 
When drinking was restricted to every 2.5 days, all colours drank theof unshorn sheep (Maclarlane et al, 1966b). same amount, which was to the limit of their gutSimilarly, the lower bndy water turnover of oryx capacity. During the days between drinking thecompared with eland :it a given solar radiation dark cattle becameload (Figure 10) could be ascribed dehydrated. more rapidly,not only to their body temperaturessuperior water conservation mechanisms but also 

rose more, and their
appetites were depressed more than in the lightto the different characteristics of the coat. coloured cattle.Within a species which has a variety of differ-ent coat colours, the effect of colour can be con-

The same authors point out that dark coat 
siderable. For example, Finch and Western (1977) 

colours become an advantage with increasing alti
tude and decreasing air tempexl'res, which mayshowed that the inward sensible heat flow at the

base of the coat was greater in black cattle than in 
drop to 5°C at night in certain pastoral areas of
Kenya. In such situations the local zebu cattlebrown, where in turn it was considerably greater have to expend energy on thermogenesis because 
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Table 20. Mean values (±SE) of sensible heat flow (W.m-) towards the animalfor I black, I white and 2brown steers 

for 3 days measured between 09.00 and 15.00h at 1430 m a.s.l, in Kenya. 

Cattle colour Radiation absorbed 

Black 691 ± 14 

Brown 630 ± 6 


White 549 ± 14 

S6urce: Finch and Western (1977). 

they are poorly insulated and not physiologically 
adapted to a cold climate. When the sun rises, 
black cattle rapidly absorb solar radiation, where-
as white cattle continue to waste chemical energy 
on thermogenesis to keep warm. At the end of the 
dry season, if animals are starving, coat colour 
may make the difference bu!tween life and death, 

Finch and Western (1977) found a number of 
field situations where cold and heat appeared to 
exert a strong selective pressure on cattle coat 
colour in Kenya, and concluded that the relation-
ship was clearly recognized by the pastoral tribes, 
For example, in a country-wide survey of cattle 
colours they found a linear decrease in the pro-
portion of light coloured cattle in the herd with 
altitude, and an increase with predicted heat stress 
and potential evaporation, these last two environ-
mental parameters being closely correlated. The 
relation between per cent light cattle per herd (y) 
and potential evaporation (x) was: 

y = 0.07x-73.9 (r'= 0.82) (Figure 14). 
During thedroughtsof1973and 1975, signif-

icantly more white than black cattle died inthe 
Amboseli area of Kenya, where dark cattle pre-
dominate and night temperatures fall below 10"C. 
However at Hola, in the hot dry country of east-
ern Kenya where white cattle predominate, the 
Orma herders reported that proportionately more 
black than white cattle die during droughts. 

Coat characteristics which are favourable for 
evaporative heat loss may be different from those 
which provide insulation from the environmental 
heat load. Under dry conditions, sweat evaporates 
at the skin surface and the hair insulation en-
courages heat to be drawn fiuni the kin and not 
the air (Schmidt-Nielsen, 1965; Edney, 1966). 
Thus evaporation of sweat under a thin layer of 
insulating hair is probably the best physical com-
promise in allowing the skin to lose heat while 
providing protection from high solar radiation 
(Macfarlane, 1964). In the hot humid tropics, 
where high ambient temperature and relative 
humidity may contribute more to heat stress than 

Sensible heat loss Inward sensible heat flow 

573 ±7 118 ± 24 

531 ±7 99 ± 17 

499 ± 8 50 ± 15 

solar radiation, a thick coat may not be an advan
tage. The sweat evaporates more slowly than it 
accumulates and the hair becomes wet. One can 
speculate that as a result environmental heat is 
conducted through the wet coat to the skin sur
face, while evaporative heat loss occurs at the tip 
of the hairs. 

Woolly coats can be an advantage in animals 
that pant to lose heat. There is no doubt about the 
advantage of wool as an insulator against the cold, 
and McDowell (1972) has suggested that wool is 
an advantageous covering in a hot dry climate, 
but not in a humid one. The reason given is that 
wool growth is usually associated with more 
sebaceous secretion than hair, and the resultant 
oily coat absorbs less radiation and also tends to 
retard evaporation from the skin. However, 
woolly coats are not a feature of smallstock in sub-
Saharan Africa, where Wilson's 'rule' tends to 
apply - namely that coats are hairy rather than 

woolly in hot regions (Edney, 1966). However, 
exceptions can be found, such as the woolly 
Macina sheep indigenous to the hot, humid Niger 
delta in Mali. Haired sheep and gopts sweat con
siderably as well as pant to lose heat, although 
they can reduce cutaneous evaporation when de
hydrated (Maloiy and Taylor, 1971; McDowell, 
1972). 

There are a number of other coat characteris
tics that have not been considered, such as reflec
tance rather than colour (e.g. black isoften shiny), 
and protection of skin against photosensitisation. 
However, the subject of coat characteristics has 
probably been discussed as much as is warranted 
here because, in some instances, the coat may be 
little more than a phenotypic expression of other 
physiological adaptations to a particular environ
ment. For example, the fawn coat colour of Afri
can donkeys looks as if it might contribute to heat 
tolerance, but the coat structure is thin and no 
marked temperature gradient has been measured 
between the outer hair surface and the skin (Bul
lard et al, 1970). 
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Figure 14. The relationbetween proportionof light-colouredcattle in herdsandpotentialevaporationin
Kenya. 
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4.2.5 Mass, shap and appendages 	 altitudes (Figure 15).Although 	 Thus at midday the directthe outward appearance of an indig- solar radiation absorbed by a Boran steer is onlyenous animal cannot be used in isolation from its
internal physiological adaptations to explain its 

58% of that absorbed by a cylinder. The radiation
absorbed by a Sussex bull has been shown to besuitability for particular environment (McDowell, 17% more than that absorbed by a Boran steer.1972), external body characteristics do play a rolein the interaction of the animal with its environ-
This difference may be partly explained by the 

ment. Their effect on body 
fact that the entire male has a thicker neck andwater turnover is shoulders than the steer, but it may also be due toexerted primarily through their influence oin the the Sussex having a broader and longer back thanheat exchange of the animal. For example, a largebody mass 	 the razor-backed zebu.may be an advantage in absorbing

residual body heat, but if the 	
A number of hypotheses have been formusun is the main latedconcerningtheeffectsofclimateonthemass
source of heat load, the less direct sunlight that is 
 and shape of animals. Bergson's rule states thatabsorbed by the body the better. Therefore theprofile area at right angles to the solar beam 	

similar or related animals are smaller in warm regions than in cold ones, and Allen's rule that the
should be as small as possible, particularly at solar 	 peripheral parts of animals in hot regions are exaltitudes between 40 and 90" when radiant inten- tended. Mount (1979) has shown that pigs rearedsitv is reaching its peak. At these higher solaraltitudes it has been shown that the profile areas 
at 5"C had shorter limbs, smaller ears and were 

of cattle decrease in proportion to their total sur-	
more hairy than their litter mates reared at 35*C.Edney (1966) suggested that the advantage offace area at a rate greater than radiant intensities 

are increasing. This results in 	
long legs, neck and ears is to present agreatersura decrease in heat face area for convective cooling.absorbed at higher solar altitudes (Finch, 1976). In sub-Saharan Africa,For a cylinder, the ratio of the profile area to total 

another generalisa
surface tion seems to apply - namely that wild and domesarea remains constant, and the radiation tic ungulates are smaller in the hot, humid regionsabsorbed continues to increase at higher solar than their conspecifics in the hot dry savannas 
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Figure 15. 	 Variationin the amount ofdirect shortwave radiation absorbed at different solar attitudes by a 
cylinder, aSussex bull and a Boran steer. 
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(Dorst and Dandelot, 1970; ILCA, 1979a; 1979b). environment in which it is difficult to dissipate 
Pagot (1974) noted an association between the heat (see also section 4.1.3). 
volume of acow's body and the surface and posi- The indigenous Bos taurus breeds of West 

tion of the climatogram for the piace in West Africa have been displaced from all but the tsetse 
Africa where it had evolved. The salient features fly belt of Africa by zebu cattle and their estab

of the climatograms have been summarised in lished Sanga crossbreeds with the pure Bos tau-

Table 21, which shows an inverse relationship be- rus. The reasons behind the success of zebu will 

tween bodyweight or height against atmospheric be examined further in section 7.3.2. Th conspic

humidity at similarly high mean ambient tempera- uous features of mass, shape and appendages of 

tures. The places referred to in the table are the the animal have been assumed to have something 

same as those for which the THI has been plotted to do with its more successful adaptation to drier 

in Figure il. The conclusion is that, notwith- environments. Howeve, the experiments carried 

standing the accepted influences of genetics and out to test this hypothesis have proved difficult to 

disease, the evolution of dwarf breeds may also evaluate, particularly when they do not relate to 

be related to a chronic hormonal response to an the kind of environment in which the zebu nor
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Table 21. Heightand weight of variousracesof West African cattleand the climate where they evolved. 

Adult cow 
Species Breed Withers Weight 

height(cm) (kg) 

Bosindicus Zebu 125 350 
Bos taurus N'Dama 110 280 
Bostaurus N'Dama 105 260 

Bos taurus Savannah 95 200 
WAS" 

Bostaurus Dwarf WAS 85 170 

WAS = West African Shorthorn. 
Source: Pagot (1974); ILCA (1979a; 1979b). 

mally thrives. An example of such an environment 
on Galana ranch in Kenya is given in Table 22,
and will be referred to in the ensuing discussion. 

The larger size of the zebu (especially Boran 
cows weighing 400 kg) is appropriate to the hot,
dry Galana environment. They are reputedly
better walkers than Bos taurus breeds, but it is
unclear if this attribute has been tested or if zebu
have proportionately longer legs. The main heat
load is from solar radiation and so the narrow,
short profile to the sun is relevant, particularly
when examining skin area in relation to size. Ac-
cording to Brody (1945) and Macfarlane (1964),Bos indicuscattle have a greater surface-area to 
mass ratio (12 20%) than Bos taurus. However,
Branton et a] (1966) found that the differences 

Place Altitude Mean Mean 
(ma.s.1.) relativetemp. humidity 

"C SE± % SE± 

Tahoua, Niger 386 28 1.3 38 7.4 
Lab, , Guinea 1025 23 0.5 66 5.2 

Odiennd, 432 27 0.4 70 4.4 
Ivory Coast
 
Bouakd, 376 27 
 0.3 75 2.3 

Ivory Coast 
Cotonou, 
 167 28 0.4 83 0.8 
Dahomey 

were more apparent than real in some zebu cross
breds, especially after adjusting for weight at con
stant age, because what some Bos taurus cattle
lack in appendages they make up for in extra body
length. The appendages of the zebu, notably the
dewlap and navel fold, are poorly vascularised 
and not adjacent to the main sources of heat pro
duction in the body, which reduces their value as
radiators and convectors (McDowell, 1972). On
the other hand, the location of the skin folds on
the dependent parts of the neck and trunk increases surface area without increasing exposure 
to the sun at midday.

The sweat rate on the dewlap was 70% lower 
than elsewhere (McDowell, 1972). The density of 
sweat glands was also 36% lower on the dewlap 

Table 22. Example ofan environment in which zebu cattle thrive: Galanaranch, Kenya, 180m a.s.l. 

Environmental factor 

Annual rainfall (mm) 
Annual potential evaporation (mm) 
Daily solar radiation (W.m') 

Ambient temperature ("C):daily maximum 

dailyminimum 

daily range 


Daily wind speed (km.h -') 

Values at 15.1h for:ambient water vapour pressure 
THI 

Mean Maximum Minimum 

500 1000 150 
2200 2500 2000 
500 600 400 

33.5 
21.0 
12.5 

37.9 
23.7 
16.6 

28.2 
14.2 
8.8 

8.7 12.8 4.7 

2.5 
81.3 

4.2 
86.5 

1.9 
76.7 

Source: Woodhead (1968); Bille and Hecmstra (1979); J.M. King (unpublished). 
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than on the side of Sindhi and Sahiwal cattle, but 
still 10% more than on the sides of Jersey, Frie-
sian and Red Poll cattle (Nay and Hayman, 1956). 
Sweating is undoubtedly an efficient way of cool-
ing for the zebu, because the ambient vapour 
pressure is usually low (Table 22). Yet, in an en-
vironment in which water is severely limited for 
much of the year, it seems unlikely that cattle 
could maintain high sweating rates for very long 
without suffering severe dehydration (section 
3.2.1). Radiant heat loss is probably the main 
component of loss because the mean temperature 
gradient is from the animal to the environment. It 
is augmented by convection, particularly in the 
late afternoon when wind speed is at its highest 
(Tables 22 and 23). 

Table 23. 	 Rectal 'e.ueratures (0C.) of hydrated live-
stock in Africa. 

Species Rectal temperature (0C) 

Camel 	 36.0-39.3 

Horse 	 37.5-38.3 

Cow 	 37.6-39.0 

Sheep 	 38.3-40.5 

Source: Schmidt-Nielsen (1965); MacKenzie and 

The ears of zebu cattle are larger than those 
of European breeds but, although they are very 
vascular, their surface area in relation to total 
body surface area is small (2%), making them of 
questionable significance in terms of overall heat 
loss capability (McDowell, 1972). However, the 
capacity of the vascular bed and the blood flow 
can be increased by vasodilation and arterio-
venous a,.astomoscs, which have been found in 
the ear of the calf (Goodall, 1955). Peripheral 
vasodilation is important in allowing heat flow to 
the skin surface for evaporative, radiative and 
convective heat loss (Thompson, 1976). For these 
last two avenues of heat loss to be effective there 
must be a marked temperature gradient between 
the ear and the environment, which is not usually 
present during the heat of the day. Animals such 
as the elephant, which use their ears for cooling, 
do not dilate the blood vessels and increase blood 
flow in the ear until about 18.00h. Then the 
temperature in the ear becomes higher than that 
of the general body surface as well as the environ-
ment (Hiley, 1975). 

There is one other conspicuous appendage, 
namely the hump, which increases in size as a zebu 
improves in condition. It has been postulated 
that localised storage of fat may reduce the inter
ference of fat layers over the body with the dissi
pation of heat (Schmidt-Nielsen, 1965). On the 
other hand insulating layers of fat could work 
both ways, and need not interfere with the trans
ference of heat from the body core to the surface 
via the cardiovascular system. Looking at the 
hump in terms only of heat exchange and ene. gy 
storage may be wrong, because it contains a con
siderable amount of lean and fibrous tissue which 
could relate to the zebu's role as a draught animal 
in its places of origin in Asia (McDowell, 1972), a 
role which it still occupies in parts of Africa, par
ticularly Ethiopia. 

An attempt was made to assess the collective 
value of these appendages for heat loss by com
paring the response to heat stress of intact zebu 

(Red Sindhi) bulls with those from which the dew
lap, hump and about 10 cm of each ear had been 
removed (Branton et al, 1966). The authors con

cluded that there was no justification for the pop

ular association of a superior heat loss capacity 

with the external characteristics typical of zebu 
breeds. However it is difficult to relate their 
experiment to the real world in which the African 
zebu is to be found. The thermal stress applied in 

the laboratory was a temperature of 35 -40"C and 
a relative humidity of 60% for 6 h. In such condi
tions the temperature gradient from the animal to 

the environment could be reversed, and conduc
tance of heat into it would then be reduced by 
vaso-constriction (Schmidt-Nielsen, 1965; 1972). 
The appendages would therefore have been a dis
advantage unless they were the prime site for 
sweating, which they were not. The THI in the 
laboratory was much higher, at 92.8, than that on 
Galana ranch, which was 81.3. The latter value is 
high enough to cause discomfort in temperate
type cattle (Figure 11) but the THI is not the most 
appropriate description of the main heat loau, 
which is from the sun, for which the size, shape 
and appendages of the zebu may be adapted. One 
of the two criteria taken to indicate susceptibility 
to heat stress, namely raised rectal temperature 
and respiratory rate, is also suspect because it fails 
to take into account the value of a labile body 
temperature (section 4.2.7) in a natural environ
ment with a reasonable diurnal temperature 
range (Table 22) and a shortage of water. 

The zebu cow may not be the best example of 
adaptation of mass, shape and appendages to the 
natural thermal environment by African live
stock. The preceeding discussion could have 
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focused on other long-legged, razor-backed des- By contrast, the variability in core temperaert livestock with fat humps, rumps or tails. For tures is particularly wide among N'Dama cattle.example, the large, pendulous ears of the black- During March in the Gambia, when the days arehaired and black-skinned Nubian goat look par- hot and sunny and the nights are cool and windy,ticularly functional: the dorsal surface of the ear is the mean rectal temperature of 10 N'Dama cattlecovered with short grey hairs, presumably to tethered in the open with ad lib food and waterreduce absorption of solar radiation, was 35.9 ± 0.77 ' C in the early morning and 39.7 ± 

4.2.6 	 Body temperature fluctuation 
0.84°C in the late afternoon, giving a range of 3.8± 0.84°C with or without trypanosome parasitae-All mammals must maintain a fairly stable deep mia. Extreme values were 34.4 to 41.1°C, with abody, or core, temperature in spite of fluctua- range of 6.7'C in one animal, apparently relatedtions in the environmental temperature and the to greater exposure to solar heat load (Greig andanimal's activity. However, different species and McIntyre, 1979). The N'Dama requires far lessbreeds tolerate slightly varying ranges of core 

temperature, and this characteristic may be 
water than the zebu (Pagot, 1974), probably as a 
result of this high thermolability.related to environmental heat tolerance. Marked

departures 	 When an animal is dehydrated there is oftenfrom the core temperature are as- a 'urther extension of the thermoneutral zone bysociated with extremes of ambient temperature,
disease, injury 	

an upward shift in the threshold temperature foror the administration of drugs evaporative heat loss and a downward shift in the(Mount, 1979). threshold temperature for heat production (Bligh,In a moderate African climate, most hydrat- 1972). The best known example of this increaseded ruminants show a diurnal fluctuation in core 	 diurnal core temperature fluctuation in responsetemperature of 1.5 to3.9'C (Bligh and Harthoorn, to dehydration is in the camel (Figure 16). The1965). This diurnal fluctuation is due tosome heat animal saved about 1.3%storage during the day and heat loss at night. Any 
of its body water pool

by allowing its body temperature to rise fromfurther rise in core temperature is accompanied 34°C to 41'C during the day and disposing of theby an increase in evaporative heat loss and some 
depression of endogenous 

stored heat at night. An important reduction inheat production. A heat gain from the environment was also achieveddrop(in core temperature causes energy expendi- at high body temperatures due to the reducedture as thermogenesis. temperature gradient. The combined effect ofEast African sheep and goats are examples of these two factors was observed to reduce heatanimals with a narrow range in core temperature, 	 dissipated by a 260 kg camel during the 10 hottesti.e. they are obligatory homeotherms. These spe- hours of the day in the Sahara to 380 kJ, comcies appear unable to increase their range of diur- pared with 1265 kJ in the hydrated state. Waternal body temperature by more than 1-2°C in re- lost by evaporation was reduced from 9.1 to 2.81,
sponse to heat stress (Maloiy and Taylor, 1971). 
 that is from 4.7% to 1.4% of the body water poolInstead, they maintain a relatively constant body 	 (Schmidt-Nielsen, 1965).temperature by panting as soon as they are 
sub- More recently, loss of homeothermy at night
ject to heat stress. Water intake in African sheep has been demonstrated as a response to starvahas thus been related directly to respiration rate tion. Boran steers on(Quartermain, 1964), 	 daily watering but halfand it has been assumed maintenance rations allowed their body temperathat the heat tolerance of both species depends on
the availability of water to support heat loss by 

tures to drop to 36.8'C compared with 37.8"C in 
steers on a maintenance ration. The saving inevaporation (Bligh, 1972). Degen (1977c) has thermogenesis was estimated as 740 kJ, withoutpointed out that sheep have relatively high rectal which the starving cattle would have had to raisetemperatures of 38.7to 40.5C, which implies that their metabolic rate 1.3 times. There was also athey absorb less environmental heat and use less

evaporative water than might have been expected. 	
lowered sweat rate, so that the body temperature 
rose rapidly during the morning but was then reg-African donkeys also have a narrow range

of core temperature, from 37 to 
ulated at the upper range for well fed cattle. The39°C in fully advantage of regulating heat storage in this wayhydrated animals. Under heat stress, they keep lay not in conserving water (although water losstheir core temperature within this range by was reduced), but in maintenance of body temevaporative cooling, with a sweat rate 2.5 times perature at an optimum level for metabolic effithat of camels (Schmidt-Nielsen, 1965). ciency (Finch and King, 1982). 
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Figure 16. Daily temperaturefluctuation in a hydratedand dehydratedcamel. 
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Thermolability is exploited in different ways 

by African game animals, according to their size. 


The core temperature in an eland can be as low as 


32.8 0C in the early morning. It takes a lot of solar 

energy to raise the body temperature to nearly 

40C, when evaporative cooling is initiated. In 


small animals such as the gazelle, weighing 10 to 

60 kg, the body heats up too quickly in the sun for 


the low early morning temperature to conserve 

much water. Inste, 4. the upper critical tempera-

ture is allowed to rise quickly from 40'C to about 

42°C without initiating panting or sweating, thereby 

reducing the temperature gradient to the environ-

ment. The oryx, a desert dwelling ruminant of in-


termeuiate size weighing about 150 kg, employs 

both mechanisms (Taylor, 1970a; 1970b). 


4.2.7 Counter-current cooling 

The term counter-current cooling refers to the 
flow of blood in opposite directions in contiguous 
blood vessels. The heat in the arterial blood, 
which is coming from the body, is transferred to 
venous blood from the surface, so that the arterial 
blood is cooled before it reaches the brain, 

The lethal limit to the rise in core tempera-

ture is about 6°C above the normal maximum, 

and depression of central nervous activity, par-


3 4
 
(days)
 

ticularly in the respiratory centre, occurs before 
that (Schmidt-Nielsen, 1975). Yet rectal tempera
tures as high as 46.5'C have been observed in run
ning antelopes, and may be a normal response. 
Overheating of the brain in such circumstances is 

prevented by selective cooling of its blood supply. 
In ungulates this supply comes primarily from the 

aexternal carotid artery, which passes through 
pool of venous blood at the base of the brain 
where it divides into a rete (network) of fine 
vessels. The venous blood comes mainly from the 

rich submucosal capillary network of the nasal 
turbinate bones. These capillaries have been 
cooled by evaporation from the walls of the nasal 
passages as the animal breathcs (Figure 17). It fol

lows that selective cooling of the brain is probably 
better developed in ungulates that pant rather 
than sweat to lose heat. Nevertheless, the carotid 
rete has been demonstrated in domestic bovids 

and the oryx, and may be called into play when 
the animal is dehydrated (Daniel et al, 1953; 
Taylor, 1969). Apart from saving water by limit
ing evaporative cooling to the brain and not the 
whole body, the amount of water vapour lost may 
be reduced by recondensation in a well developed 
nose. Hoppe (1977) observed that droplets of 
water appear at the nostrils of the dik-dik, and 

that these are immediately licked off and swal
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Figure 17. Heartof an ungulateshowing counter-currentcooling mechanism to reduce the brain tem
perature. 
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Counter-currentcoolingof arterialblood on its wayfrom the heartto the brainoccurs in the cavernoussin:us, wherethe carotidarteryramifies into hundredsofsmaller vessels (......... ). There venous blood (-the oryx's nasalpassages,cooled by respiratoryevaporation,lowers the arterialblood temperature Arrows indicate 
directionof bloodflow. A braincooler than the body temperaturemay be vital to desert survival. 
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Source: Taylor (1969) 

lowed. He also remarked that the trunk-like noseis longest in Gunther's dik-dik, which lives in the 
hottest areas inhabited by these species.Selective cooling of the brain to less than 
41"C, which was 2.9"C below body temperature,
has bee onmonstrated i sheep, goats and gazelle
(Baker and Hayward, 1968; Taylor and Lyman,
1972; Degen, 1977c). In the goat, an additional 

source of heat exchange can be provided by the 
horn, which is the only superficial area that has 

a major drainage through the cavernous sinus(Taylor, 1966). There does not appear to be any
information on the possible thermo-regulatory 
function of the horns of other tropical rum inants. 


Counter-current cooling also occurs 
in the 
scrotum, because spermatogenesis is suppressed 
at normal rectal temperatures. The combinationof dropping the testes away from the body and 
coiling the artery round the scrotal veins results in a temperature of the testes about 6"C below the core temperature of a ram in an ambient terpera-
core temperaitesfar ann m e nt t -ture of2C(Waites and Moule 1961). 

4.3 WATER AVAILABILITY 
The effect of excess water intake is to raise body
water turnover. This excess is rarelydrinking but is commonly caused caused byby very green
forage (sections 3.3.1 and 3.3.2). Lack of water is
associated with dry forage and an inadequate 
watering regime. It obviously causes a reduction 
in body water turnover, buttheway it does sois of 

interest. 

4.3.1 Watering regime 
For the watering regime to be adequate for ungu
late eating dry forage, the following criteria must 
e s e d er e e f olohyd m ust
r in 

be met: the degree of dehydration must not ex
ceednte temporary water holding capacity of the 
alimentary tract; the animal must have enoughtimecto drink its fill; and the frequency of watering 
must be such as to prevent body water loss from
reaching the stage of clinical dehydration.

In general, ruminants can replace 15-20% oftheir bodyweight atwithin 1-2.5 the first drink and 2(-25%hours (section 3.3.1). The capacity 

and speed of fluid replacement appears to be 
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higher in the more arid-adapted animals. For 

example, Saharan camels, weighing presumably 
about 450 kg, tolerate a loss of 100 1body water 
and replace it within 7-30 minutes (Gauthier-
Pilters, 1974). Haired sheep and goats can drink 
up to 24% of their hydrated bodyweight in a few 
minutes. Dehydration does not reach a critical 
level in Indian desert sheep until they have lost 
30% of their bodyweight, which is the stage at 
wblich Bedouin goats stop eating (Taneja, 1965; 
Shkolnik et al, 1972; More and Sahni, 1978; Wil-
liamson and Payne, 1978; C.R. Field, unpublish-
ed). 

The donkey has a depressed appetite at 20% 

dehydration, but can restore all the water lost in 
2-5 minutes. The ingested water floods the whole 
alimev y tract right up to the anal sphincter 
(Sch,...,t-Nielsen, 1965; Maloiy, 1970). 

4.3.2 Water restriction 

The effects of water restriction are felt mainly in 

the areas of energy production (section 4.1) and 
thermoregulation (section 4.2). 

Where food is freely available a reduction in 

water intake reduces food intake. For example, 

when access to water was reduced to I h at 48 h 

and 72 h intervals, zebu oxen reduced their con

sun'ption of chaffed hay to 94% and 92% of their 

inta,:e when water was available all the time. 
Theii water consumption also decreased to 88% 
and 69% respectively of the original intake. All 
decreases were highly significant. There was no 
significant decrease in the starch equivalent con

sumed on 48 I watering, despite the 6% reduction 
in DMI. The reason was that more of the crude 
fibre fraction of the hay was digested than when 
water was freely available. There was, however, a 
significant lowering in energy intake when water
ing frequency was reduced to once every 72 h 

(French, 1956b). 
When fed a ration which provided only half 

their maintenance needs, zebu cattle on alternate 
day watering suffered no restriction of appetite 
compared with those on daily watering. But the 

reduction in their fasting metabolic rate to two 
thirds the value at maintenance (section 5.1.2) 

occurred more rapidly (Figure 18). The resultant 

energy saving, due to the quicker drop in demand, 
was estimated at 66 MJ NE (95 MJ ME) less than 

in cattle on daily watering (Finch and King, 1979). 

This work needs repeating because of the limited 

number of points on the graph. 

Figure 18. 	 The effects ofdailyandalternateday wateringon the metabolicrateofzebus walking 1 6km.d 

on a halfmaintenanceration. 
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When the quality of grazing is low, cattle 
voluntarily restrict their intake and turnover ofwater, thereby controlling their nitrogen balince 
and achieving proteinmaintenance on diets which
would normally be below maintenance require-
ments (Payne, 1963). The reason is that, on a low
nitrogen diet, a high water intake and high urine
volume flush urea out of the plasma so that it is 
not available for re-use in protein nor to stimulate
microbial digestion of crude fibre. Thus differ-
ences in performance between animals fed a low
nitrogen diet, or those grazing pastures low in
nitrogen, may be partly related to differences in
nitrogen metabolim caused by differences in
water intake (Vercoe, 1971). 

Lack of residual water for cooling and itseffect on the ruminant, notably on thermolability
and 	endogenous heat production have already
been discussed in sections 4.2.6 and 4.1.3 respec-
tively. 

Donkeys are relatively unaffected by a water
loss of 12 to 15% of their bodyweight. Food in-
take decreases by 27% at 15% dehydration, but
this decrease is associated with an increase in ap-
parent digestibility from 41 to 51% due to alonger
retention time, particularly in tie large intestine,
which favours microbial digestion. Evaporative
water loss also falls by about 50%, notably

through the skin, and this is associated with an in-

crease in respiratory rate and range of rectal tem-

perature by 2 to 5.2"C. At between 15 and 30% 

dehydration, appetite is depressed and hence 

water loss through faecal output is decreased to

20% of the fully hydrated levels (Schmidt-Nielsen,

1965; Bullard et al, 1970; Maloiy, 1970; 1972). 

4.4 	INTEGRATION OF ENERGY 
METABOLISM, 
THERMOREGULATION AND WATER 

Figure 19 picvides a model of ungulate water 
needs in relation to climate and forage. It inte

grates the factors discussed above and illustrated 
in Figures 6,7 and 8. 

The core of the mcdel is the animal's body
temperature, shown in the centre of the figure.
This temperature must be maintained above a
lower critical level to support respiratory function
and metabolism, and below an upper critical limit 
to prevent heat death. The main source of heat
gain at night is endogenous coming irom inter
mediary metabolism, which is shown on the left
half of the figure. The body temperature is above
that of the environment and heat is lost from the
skin by conduction, convection and radiation.
This sensible heat exchange is illustrated in the
middle of the right-hand segment of the figure.
During the day, the sun heats up the animal andits environment, as shown at the top of the figure,
causing a net inflow of heat to the body. Sensible 
heat loss may no longer be enough to control body
temperature and the animal has to draw on resid
ual water, surplus to metabolic requirements,
for additional cooling. The body water cycle is
illustrated in the bottom right-hand corner of the
figure, and the contribution of sweating and pant
ing to total heat loss is above it and to the left. A
lack of residual water for cooling will cause a re
duction in the contribution of sweating/panting to
total heat loss, thereby allowing the body temrer
ature to rise. The effect will be twofold: (a) to
increase the temperature gradient at the skin and
hence the sensible heat loss; and (b) to reduce 
activity and forage intake and hence the
metabolic heat contribution to total body heat
gain. The two feedback mechanisms combine to
reduce residual body heat and hence body tem
perature.
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Figure 19. Ungulate water needs in relationto climate and forage. 
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5. ENERGY AND WATER USE IN PASTORAL SYSTEMS
 
The purpose of this chapter is to relate the physio-
logical aspects of water and energy turnover dis-
cussed in chapters 2 to 4 to the real-life situation 
as influenced by climate and livestock manage-
ment. Emphasis will be placed on the dry season 
when water is scarce, and on the more important
livestock species. 

The effects of the different seasons on 
domestic herbivores are well illustrated in a tradi-
tional pastoral system because there is little 
opportunity to alleviate adverse conditions with 
supplements of food and water. 

5.1. ANALYTICAL BACKGROUND 
The way in which the energy use of the grazing
animals is affected by different watering regimes 
can be simulated in1 simple tables. Thc level of de-
tail is much coarser than that shown in Figure 19 
and described in chapters 2, 3 and 4, but it is 
beyond the scope of this report to try and develop 
a complicated model. Instead, a number of as-
sumptions have been made: the environmental 
heat load has been kept constant between water-
ing regimes, and is assumed to be high. As a re
sult, drinking water intake has been elevated by a 
constant related to temperature and varied pri
marily by DMI. The prediction of forage intake 

has not been discussed so far, and it must be 

established along with energy to allow the com-

pletion of simple energy budgets. 

The zebu has been used in this illustration be-
cause it is the most important species of livestock 
in sub-Saharan Africa. 

5.1.1 Energy units 
Metabolism in the ruminant is currently ex-
pressed in one of two ways derived from different 
systems of analysis: one based on metabolisable 
energy (ME), proposed by Blaxter (1962), adopt-
ed by the UK Agricultural Research Council 

(ARC, 1965) and put into practice by the Ministry
of Agriculture, Fisheries and Food (MAFF,
1975); the other, based on net energy (NE), pro
posed by Lofgreen and Garrett (1968) and adopt
ed by the USA National Research Council (NRC,
1970). The relative merits of each system have 
been reviewed by Webster (1978), who points out 
that it does not matter which convention one uses 
provided that one recognizes that it is not possible 
to combine estimates of the energy value of foods 
from one system with estimates of the energy re
quirements of the other and get a sensible answer. 
The reason is that the expressions are based on
different conventions. 

For the purposes of the present analysis, ME 
units have been chosen. Therefore other compo
nents of energy metabolism in the ruminant, 
which is illustrated in Figure 20, must be con
verted into ME, using coefficients which will be 
described in the text. Most of these coefficients 
have been taken from Konandreas and Anderson 
(1982), and modifications from other sources 
have been cited. 

5.1.2 Forage intake 

Forage availability varies with season for a given
 
set of soil and vegetation types and conditions.
 
These seasons have different climatic characteris
tics in different parts of sub-Saharan Africa: in 
East Africa there are two dry seasons, one hot 
and one cool, each year; in West Africa there is 
only one dry season, which begins cool and becomes hot; and in central and southern Africa 
there iEa single cool dry season Such differences
affect water turnover more than energy intake 
and use. Therefore, one can generalise by stating
that at the start of the dry season conditions are 
uniformly good for food intake; there is usually 
an adequate crop of standing hay, and intake of 
nutrients is not depressed by lack of drinking 
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Figure 20. Energy metabolism in the ruminant. 
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water, by a high parasite challenge or by high ficiencies of the conversion processes themselves. 

THI. Thereafter there isincreasing dessication of These are equally important (Blaxtcr, 1969b). 
Before describing the way in which forage inthe vegetation and drying up of watering places as 

the dry season progresses. Thus there isa steady take iscurrently predicted, it isworth mentioning 

decline in the quality and quantity of herbage on the reservations that have been expressed about 

offer, except where pastoralists exploit floodplain 	 the approach, particularly in the tropical situa
tion. These reservations have been summarisedgrazing, such as that of the inland delta of the 

Niger in Mali (Wilson et al, 1983). 	 by Freer (1981) as follows: 'There are at least 

Within the animal, the process of conversion 	 three areas where the simple model based on the 
amount of herbage and its digestibility avoidsoffeedsourcesofenergyintoanimalproductscan 

be divided into the absolute capacity of the animal 	 important complexities of the real situation.... 
Firstly it isprobable that weight per unitarea isanto ingest metabolisable energy, and the partial ef-
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insufficient predictor of the availability of her- W, = expected liveweight (kg) for animal'sbage to a grazing animal. Secondly it is certainthat digestibility is an inadequate index of those 
age and sex.
 

quality changes in herbage which affect its rate of 
The gross energy content of tropical pasture


is relatively constant (17.2disappearance from the gut.' to 18.7 MJ.kg"DM),Van Soest (1982) giving a mean value of about 18 MJ.kgfound that there was ahigher correlation between 
-', which is

about 0.5 MJ'kg*' less than the mean for temperintake and plant cell wall content (-0.76)than in- ate pastures (Minson, 1981). As shown in Figuretake and digestibility (0.44) in 187 forage species 20, portions of this energytested. Freer (1981) are lost as faeces,continues: 'And lastly, little
is known on 

urine, methane, and fermentation hcat during thehow the two variables (weight and conversion to ME. Thus the energy (E)digestibility) interact with inc.'eases in energy de-
from a

given intake (1)can be expressed as:mand, during growth and lactation for example, E = I x 18 x d x 0.81 MJ ME (5.02)to increase intake.' 
that 

But he goes on to point out more experimental information is needed 5.1.3 Energy usebefore substantial improvements can be achieved. Energy demands vary with the body functions forIn the meantime the amount and digestibility which energy is used. Thus the net energy (NE)of the herbageprincipal components of the model of forage in-on offer will continue to be the 'demands of the product (e.g. lactation, growth)tapartic a rly 
 s fthemdeltake, particularly as they have been studied con-
en fecn-
 are converted back to ME using different coeffiprehernsively in 

cients. For maintenance the NE, or total metabolan African situation (Elliot and
Fokkema, 1961; Elliot et al, 1961). The general 

ic heat production, is estimated from a specific 
relationship variant (Table 24) of the general formula for fastobtained to determine intake has ing metabolism: 0.293 Wt kg"71een (MJ.d'), moredeveloped by Konandreas and Anderson familiar in its original form of 70 Wt kg 7kcal.d"(1982) to give the following equation: (Brody, 1945; Kleiber, 1947). The amount ofMEm(dt).m(Q).m(D).m(t).m(xt), 

used for maintenance in the zebu cow can be esti-m(p.t)..,.W,' (5.01)Each variable is listed below with its range of val-
mated from the equation:
 

Em = 0.343 Wt11.7 /km MJ ME
ues likely to be obtained for pastoral cattle in the (5.03)
where km is the efficiency with which ME is useddry season: fr maint ean cen

I = 
 dry matter forage intake (kg.d') for maintenance and
m(d,t) = digestibility-of-forage-correction mul- km = 0.55 + (0.3 x 0.81 x d)tiplier = /(l-d), where d (5.04)= digestibil- To maintain bodyweight,ity between (.40 and 0.65 the cow must also 
m(Q) = quantity-of-forage-correction multiplier 

graze and walk to water, which increases energy
expenditure above basal rates by30-70% (Young(t.ha'), with forage o offer (Q)vary- and Corbett, 1972; Lewis, 1975).ing from 0.7 - 2.1 with threshold for The cost of prehension,intake reduction (Q') 0.8. Thus tearing and eating
 

m(Q) I at all values for 0>0.8, and Q/Q 
coarse dry grass hasbeen estimated at 40 kJ.MJ " '
= 

ME of ingested food, based on Webster (1980).below 0.8 The energy cost of walking per horizontal kmm(D) = grazing-time-correction multiplier, a is similar for Bos taurus and Bos indicus cattle onfunction of the distance walked per day adiet at or above maintenance. The most efficient(D),which above 14 km (D*) reduces speed is between 2.5 and 3.5 km. h-' when the costforage intake by 1.0 - 0.05 (D-D*); is 1.8 kJ.kg " (Ribeiro et al, 1977; Finch and King,otherwise m(D) = 1.0 


m(t) = age-correction multiplier = 
1979). At faster and slower sij,:eds the energy cost
1m(x,t) = sex-correction multiplier = 
per metre increases.

I Productivem(p,t) = physiological-status-correction multi-
uses of energy include growth,
 

pregnancy and lactation. The ME used for lactaplier, which for dry females = 1, and tioji is calculated from the NE required for milk,for lactating cows = 1.15, partially due divided by the efficiency with which ME is conto an increase in chewing and ruminat- verted to NE for lactation. This efficiency (k,) ising (Dulphy et al, 1980)
a less than for maintenance:= intake coefficient (kg DM.kg"' 75 .d-') k, = 0.463 + (0.24 x 0.81 x d)which is equivalent to the rate of pas-

(5.05)
The NE requirements for milk are calculatedsage, and taken as 0.042 for dry cows from the milkand 0.049 for lactating cows 

yield (kg.d " ) multiplied by its energy content (e). The energy content is given 
approximately by the following equation: 
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Table 24. Fastingmetabolism of livestock. 

" 

Species Weight (Wt) 
(kg) 

Fasting metabolism (MI NE.d ) 

Predicted Measured
(0.293WtO.71), 

Equation Source 

Donkey 
Horse 

160 

350 

13.2 

23.7 

9.6 

24.3 

0.73 (0.289Wt o
.75) 

0.289Wto-7  

CEEMAT(1972) 
Robinson and Slade (1974) 

BDPA (1974) 

Y, 
-

Bovine 
humped 
humpless 

N'Dama 
European 
European 

Camel 

Eland 

Goat 

Sheep 
British 

350 

260 

500 
600 

450 

300 

30 

50 

23.7 

19.0 

31.0 
35.5 

28.6 

21.1 

3.8 

5.5 

24.7 

-

35.2 
37.0 

20.4 

30.2 

3.2 

4.2 

0.343Wt o .73 

0.376Wt o.73 

0.305Wt .75 

0.209Wt 0. 
7 

5 

0.464Wt O.
7

3 

0.251Wt -75 

0.243Wt-
7 3  

Rogerson (1968) 

Blaxter(1969a) 
Flatt et al (1969) 

Schmidt-Nielsen et al (1967) 

Rogerson (1968) 

Macfarlane and Howard (19 7 2 ) 

Blaxter(1969a) 

Source: Kleiber (1947; 1969). 



el = 0.0386BF + 0.205SNF - 0.236 (5.06) 
where 

BF = butter fat content (g.kg'), and 
SNF = solids.not-fat content (g.kg-').

For the zebu, BF = 54 g.kg' and SNF = 85 g.kg " 

(Williamson and Payne, 1978) while e, = 3.6 
MJ.kg-'. 

The efficiency with which surplus ME is con-
verted into energy for weight gain (kg) is lower 
than that for lactation. It is obtained by multiply-
ing ME by kg where: 

kg = 0.03 + (0.81 x 0.81 x d) (5.07)
However livcweight gain during lactation is 
achieved at a similar level of efficiency as lacta-
tion, thus: 

kg = k, (5.08) 
The liveweight gain from the available NE de-rived from equation (5.07) or (5.08) is calculated 
as follows: 

DW = Eg/( 6 .2 8+0.018W+0.3Eg) (5.09)
where 

DW = liveweight gain (kg.d1 ) 
Eg = available NE (MJ.d') 

W = present liveweight (kg). 


5.1.4 Energy budgets 
Simple budgets can now be compiled to simulate 

real(life situations, which 
are developed further 

in section 5.2.1. First 
 the parameters listed in 
Table 25 are derived, in this case from sample
data given by Konandreas and Anderson (1982). 

The factors affecting energy intake and output can now be estimated separately. For exam-
pie, forage intake (1) is calculated by inserting the
values from Table 25 into equation (5.01): 

I = 1/I - 0.50.1.0.8.1.1.1-15.0.049.250,'7. 
which yields an intake of 5.08 kg DM.d. This 
value is entered into the energy balance table 

(Table 26), where it is expressed as MJ ME, using 
equation (5.02). 

5.1.5 Tissue mobilisation 
It can be seen from the example given (Table 26),
that feed intake is insufficient to meet the ani
mal's total energy requirements. The deficit con
sists of 12.9 MJ ME for lactation and 0.7 MJ ME
for maintenance, and is made good by mobilisa
tion of body tissue. The energy value of the tissue 
mobilised is taken as 20 MJ.kgj (MAFF, 1975),
although the mean value for the meat in the car
cass may be lower (Ledger and Sayers, 1977). It is 
used with an efficiency of 0.84 to produce milk 
energy (NE) (ARC, 1980).


The energy yield of milk from each 
 kg of 
body tissue mobilised is: 

20 x 0.84 = 16.8 MJ NE (5.10)
This is equated to dietary ME by dividing by k, 
(equation 5.05): 

16.8 + 0.560 = 30 MJ ME 
The amount of tissue mobilised for milk produc
tion is therefore: 

12.9 + 30 = 0.43 kg 

The same efficiency coefficient is assumed whenenergy released from hody tissue mobilisation is 
used to meet maintenance requirements (Konan
dreas and Anderson, 1982). Therefore the 
amount of tissue mobilised for maintenance is: 

0.7 + 30 = 0.02 
Thus, total daily tissue loss is 0.45 kg. 

5.1.6 Response to chronic energy deficit 
Table 26 illustrates the 'typical' energy status of a
zebu cow about one third of the way through the 
dry season. Thereafter the quality and quantity of 
herbage will decrease still further, so that the esti
mated daily bodyweight loss will increase above 

Table 25. Basis for estimation ofdaily energy budget ofazebu cow watered daily. 

AbsoluteParameter Functional formvalue Unit and value 

Forage digestibility 0.50 fraction d = 0.50Her age (DM) on offer 2.10 t.ha- m(Q) = 1.00Distance walked 18 km m(D) = 0.80Milk yield 2 kg m(p,t) = 1.15Intake coefficient 0.049 fraction a = 0.049Expected liveweight 250 kg W = 250 

Source: Konandreas and Anderson (1982). 
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Table 26. Estimated daily energy ofa zebu cow, based on Table 25. 

Absolute 
Activity value 

Forage intake 	 5.08kgDM 

Maintenance at rest 	 250 kg 

Extra costs: feeding 37.0 MJ ME 
walking 	 18km 
lactation 	 7.2 MJ NE 

Energy balance 

0.45 kg and one might expect the animal to be 
dead within 2months. The fact that it is not can be 
explained by anumber of changes that occur in its 
metabolism, and in its management by the herds-
man. These changes must be quantified where 
possible. 

In their study of the response of zebu cattle to 
protracted periods of undernourishment caused 
by reduced intake of a high quality diet, Ledger 
and Sayers (1977) concluded that the 33% drop in 
maintenance requirements was partly due to in-
creased conversion efficiency. But Finch and 
King (1979) founa that the reduction in fasting 
metabolic rate of zebu steers, in response to a 

Equation ME 
Coefficient number (MJ) 

(5.02) 37.0 

(5.03/4) 28.8 

40 kJ.MJ'ME 	 1.5 
1.8kJ.kg'.km' 	 8.1 

(5.05) 21.9 
Subtotal 	 50.6 

-13.6 

progressive reduction in food, was one third, thus 
accounting for all the difference observed by 
Ledger and Sayers. The drop in maintenance de
mands during the dry season will therefore be 
quantified using metabolic rate only (Figure 21). 

Further conservation of energy is achieved 
when the cow depresses its milk yield, and the 
herdsman decreases the distance walked by the 
animal per day by reducing the frequency of 
watering. Both these variables have already heen 
quantified in section 5.1.3, but in the case of the 
undernourished animal there is a significant 
(P <0.01) reduction in the cost of walking con
pared with the cow on a maintenance diet. For 

Figure 21. 	 Fasting metabolic rate change with reduction in ration below maintenance (M) ofzebu steers 
watered daily. 
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both classes of animal, the energy cost of horizon- testine for microbial digestion, and is particularlytal walking, above that of standing still, has been
plotted using data from Finch and King (1979) 	

well developed in species frequently exposed to
low protein diets such as the zebu and the camel(Figure 22). For 220 kg zebu steers at mainte- (Livingston et al, 1962; Schmidt-Nielsen, 1975).nance the equation is: This source of non-protein nitrogen is incorporat-Ew = 3 .012x - 3.225 (r2 = 0.82) ed into microbial protein, thereby increasing theand for 200 kg steers on a half maintenance ra- microbial population and its digestion of cellulosetion: 
before it in turn is digested.2E, = .068x - 2.122 (r2 = 0.81) The mechanism of thermolability allows thewhere 
body temperature to drop below normal at nightE = energy cost of walking (kJ ME.kg'.h- ), without increasing thermogenesis, and to riseand above normal during the day by regulating sweatx = speed of walking (km.h-'). ing rates at a low level (section 4.2.6). The resultAt speed of between 2 and 5 km.h " the is body conservation of water and energy. Theenergetic efficiency (kJ ME.kg'.km  ') of walking mechanism of thermolability is initiated in reis higher in the undernourished zebu (Table 27). sponse either to dehydration or to depressed foodEnergy saved by walking more slowly must be intake.

balanced against loss of grazing time. 
There are two other energy and water saving 5.1.6.1 Droughtmechanisms which have not been quantified but The extent to which the mechanisms, described inwhich should be mentioned, namely nitrogen re- the previous section, come into play will dependcycling and thermolability, on whether the season is a normal dry one or aAs the diet becomes more fibrous and there- drought.fore less digestible, food intake is primarily lim- The word drought tends to be used ratherited by physical processes. The ruminant stops loosely. There is a need to distinguish between afeeding when a certain level of fill is reached in the

reticulo-rumen. dry year and a drought year, as well as droughtForage will be retained in thc conditions in a dry year, because the causes andrum n until it has been reduced to small particles effects can be different.of ean length 0.5 mm for cattle and 0.25 mm for Drought means dryness. It is a serious defisheep. The reduction is achieved by microbial
degradation and chewing. 

ciency of water for herbage production caused byLow digestibility is
correlated with low nitrogen content of the diet, 

the cumulative effect of above-average evapora
tion and/or below-average rainfall (Munn, 1970).which in turn depresses the cellulytic activity of In sub-Saharan Africa, rainfall is the more variarunien microorganisms (Dulphy et al, 1980). ble of the two components. The level at which lowKonandreas and Anderson (1982) accounted for rainfall represents a drought and how it should below digestibility by an additional multiplicative calculated is a matter of opinion. In the semi-aridadjustment of voluntary intake at levels of crude areas of Kenya it has been found that the distribuprotein <6% and digestibility <40%. But lack of tion of values for annual or seasonal rainfall iscrude protein is partly offset by recycling urea normal. Instead the probability curve is skewedfrom the kidneys to the digestive tract via the


bloodstream. This mechanism is present in ungu-
by the inclusion of occasionai very wet years.
 

lates employing either the rumen or the large in-	
Thus the value for mean annual rainfall is higher
than the median. For the purposes of range and 

Table 27. The effect ofsub-species and feeding regime in steers on the energetic efficiency ofwalking. 

Sub-species Weight Feeding Energetic efficiency (kJ ME. kg'.km- )(kg) level 2km.h "1 3km.h" 4km.h" 5km.h-' 
Bostaurus 500 Maintenance 2.0 1.8 2.8 2.0 

Bosindicus 

Bosindicus 
220 

190 

and above 
Maintenance 

Halfmaintenancc 
1.4 

1.0 

1.9 
1.4 

2.2 

1.5 

2.4 

1.6 

Source: Ribiero et al (1977); Finch and King (1979). 
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Figure 22. 	 The energy costabove standingstillofhorizontalwalkingatdifferentspeedson atreadmillfor 

200 kg zebu steers. 
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animal management, rainfall expressed as a mean
is less useful than median and quartile probabili-
ties (Bille and Heemstra, 1979). It is suggested
that a drought year is one in which the total an-
nual rainfall is at or below the lower decile value 
on the probability curve. The effect of low rainfallon primary production will also depend on the 
amount of rain in each shower and the interval be-twee i showers, bearing in mind that about 25 mm
of precipitation is required for growth of peren-nial grasses and shrubs and 40 to 60 mm for seed
germination of annual grassland (J.C. Bille, un-published). 

The combined effects of sun, wind and feed-
The cmbinvedt erbiretsfsgrduying by invertebrate herbivores is gradually ted-to re-

move the leaves from the herbage so that all thatremains is a standing crop of stems. Thus the nu-
tritive value of the rangeland will fall below thelevel for cattle maintenance whether or not it is 
grae. fo calanteancehetheygrazed. On Galana ranch, Kenya, in March 1971,
after only 170 mm of rain 

not h 1 , 

had fallen over 16months, the standing crop of Brachiaria spp. had 
a crude protein content of 3.5%, while Schoenfel-
dia transiens had 4.5%. These two grasses com-
prised most of the diet of the grazing stock, which
could not supplement their diet with browse be-
cause most of the palatable trees and shrubs hadlost their leaves. Under such conditions, the re-
spopse of different herbivores varied: Boran
cattle lost so much condition that they had to bemoved long before the grazing was exhausted, 
whereas domestic oryx in the same paddocks con-
tinued to grow (King and Heath, 1975). One of
the reasons for the difference between the tworuminants appeared to be the ability of the oryx toselect what was left of the more nutritious plant
parts, whereas cattle with their broad mouths 
were ingesting a lot of grass stems (Field, 1975).

The very fibrous diet of the cattle with inadequate

nitrogen content to support normal rumen micro-bial activity obviously slowed digested passage
rate and hence intake. Thus the cattle were starv-ing in paddocks full of grass. Furthermore the
provision of water daily, as is the case on a well-
run commercial ranch, may have delayed the
transition of the animals' metabolism to a 'siegeeconomy'. As a result the body tissue reserves 

the quality of the herbage is the main limiting fac
tor. The use of the word 'drought' attributes theblame to the climate and obscures the fact that the
conditions often arise because of a lack of range 
management. 

5.1.7 Compen. 1tory growth 
Although the oisI5, of the rains is greeted withrelief, it may precipitate many deaths in a starving
livestock population. At the end of a drought,
animals have practically exhausted their energy
reserves. The first heavy rain lowers the ambienteev s h is e v anl w r h m i n 
temperature and soaks the animal's hair, therebyreducing the insulating effect of its coat. Heat lossfrom the animal exceeds heat gain and triggers off
thermogenesis and shivering, albeit at a lowercritical body temperature than in an animal ingood condition (Finch and King, 1982). Thisgodcnion(nhadKn,192.Ts 
waste of the last nutritional energy reserves is notimmediately compensated for by improved energy
intake. In the first place, unless there is a green
flush following a fire which preceeded the rain, ittakes a few days for the grass to grow after the firstshower. Secondly the abrupt transition from 
sparse, dry grass stems to highly nutritious moist 
green grass causes the animal to scour (French,
1956b). In fact rainfall over a 21-day period always
appears to have a negative effect on liveweight
gain (Potter, in press).
 
For example:
 

LWG = 442.22 - 9.82a + 9.84b + 
 0.83c 
= r' . 68 
(r2 = 0.68) 

where
 
LWG = liveweight gain (g,'head/d)
 
a = rainfall within last 3 weeks (mm)

b = rainfall 3 to 6 weeks ago (mm) 
c = rainfall 6 to 9 weeks ago (mm).

If the cow survives the dry to wet season
transition, it usually starts putting on weight even more rapidly than would be estimated from its in
gestion of green grass with a high digestibility (e.g0.65 in ILCA, 1975). Part of this gain has been attributed to an increase intheweight of thealimen
tary tract. Gut contents have a water content of85%, so that one might expect the total bodywater of the animal to increase from 70% to aboutmay have been depleted at a faster rate than if 72%, whereas it has been found to drop to 65%,they had been forced onto a restricted watering

regime earlier in the dry 
and on carcass analysis it was revealed that fat hadseason. Eventually, in been deposited (V.A. Finch and J.M. King,this type of situation, the quantity as well as the un
published). An explanation for this phenomenonquality of the forage will become limited, of compensatory growth is that the demands forDrought conditions can also occur in a series maintenance form a much lower proportion of theof dry, but not drought, years. They occur as a re- diet in an emaciated animal than in one in goodsuit of overgrazing so that the quantity rather than condition. This is so because the animal has an in
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creased efficiency of fo~d conversion, a smaller 
proportion of active tissue in the carcass and a de-
pressed metabolic rate. During the weeks it takes 
to rehabilitate the animal there is therefore a 
larger surplus of ME available for body tissue 
deposition than might be expected. 

Forage intake during the rains is not a con-
straint to animal production. Nevertheless there 
are a number of factors which are counter-pro-
ductive. For example, the rainy season provides 
conditions favourable to the rapid multiplication 
of other forms of life, such as insects and hel-
minths which irritate -nd sap the productivity of 
the herbivore. Ambient temperature is not at its 
highest, but the water vapour pressure of the air 
is. The combination of the two may produce peak 
THI readings - for instance at Tahoua, Niger in 
the Sahel (Figure 11) - and could conceivably 
cause discomfort even in zebu cattle. Humidity 
values of 75% r.h. may not be sufficient to reduce 
the efficie.ncy of evaporative cooling, but the as-
sociated cloud cover, which insulates the earth 
and the animal from radiation to the nigh" 
may reduce heat loss. If the animal cannot dissi-

pate the large amount of endogenous heat asso
ciated with maximum productivity, it will cut back 

its food intake and metabolic rate, whatever the 

state of the vegetation. 

5.1.8 Body water turnover 
In order to understand the effect of different man-
agement strategies in the dry season, total body 
water turnover (TBWT) must be divided into the 
components for which it is used, and also the sour-
ces from which it comes. Very little work has been 
done on livestock under African ranching or pas-

toral conditions. I have had to rely on my own 
data on TBW.r in zebu steers on Galana ranch in 
Kenya and extrapolate from there. 

The TBW.r of steers during the long dry sea-

son (June to October), when the mean ambient 

temperature is about 25"C, is 150 ml. I'.d" (Fig-

ure 9). Given a bodyweight (Wt) of 250 kg and a 

body pool size of 168 I (67% Wt), then the ab-
solute volume of TBWr is 25.2 L.d'. 

The two most important costs contributing to 
TBWT are evaporative cooling of the heat load, 
and water for forage intake. Unfortunately these 
two costs have not been separated here, anymore 
than they have been in the information on farm 
animals in the British Isles (Table 19). However, 
a model on heat exchange is being developed 
(D.M. Swift, unpublished), which should allow 
separation in future. For the time being, the water 
cost of forage intake is related to a particular 

temperature which is assumed to remain constant 
for each example within a species (section 5.2). 
The forage intake (I) can be predicted from equa
tion (5.01), assuming in this case a digestibility of 
0.50: 

I = 1/(1 - 0.50). 1.1.1.1.1.0.042.250' 7 

I = 4.73 kg.d 
The energy value of this intake is 34.5 MJ ME 
according to equation (5.02). 

Because the animal is not lactating, norwalk
ing great distances, the TBWT. can be related 
entirely to forage intake at that temperatLre, 
assuming the animal isat maintenance. When met
abolic water (WM) and respiratory and cutaneous 
water (WRc) have been deducted from TBWT, 
the balance represents water from food (WF) and 
drink (W,) and the values are directly comparable 
with those in Table 19. 

W, + W, = TBW1 - (WM + Wc) (5.11) 
Metabolic water can be estimated in two 

ways when energy intake or expenditure is known 
(section 	3.3.5). For example: 

Wm = 0.029 x total M ME (5.12) 
WM = 0.029 x 34.5 = ME .d2 

Alternatively WM can be roughly estimated 

from TBWT using the following equation from 

King at al (1978): 
° 73 
My = 0.013k 8 (r2 = 0.86) (5.13) 

where 
y = WM as fraction of total input, and 
k = flux rate of body water pool (fraction of 

body pool.d'). 
Respiratory and cutaneous water intake 

(section 3.3.4) is estimated as follows: 
WRC = 0.1 1TBW.r (5.14) 
WRc = 0.11 x 25.2 = 2.77 1.d" 

Equation (5.11) can now be solved: 
W + W = 25.2 - (1 + 2.77) = 21.43 l.d 

Thus the water cost, in food and drink, of forage 

intake is: 
I, = (W, + W,)/I 	 (5.15) 
Iw= 21.43/4.73 = 4.5 l.kg'DMI 
This value for the coefficient Iwfalls within 

the 	range for cattle breeds in the British Isles 
(Table 19) although the environmental tempera
tures may have been calculated differently in the 
British and Kenyan situations. A lower value of 

2.7 l.kg DMI was calculated for zebu cattle in the 
semi-desert of northern Kenya based on measure
ments by IPAL (1982) of DMI and water drunk. 
The herd average for DMI was 2.9% bodyweight 
compared with 1.9% in the Galana example. 

There is an extra water cost of walking 
(WK.) in high solar heat loads (section4.1.3): 
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WK, = 0.0014 x Wt l.km-1 
(5.16) 

where Wt is the weight of the steer in kg 

WK = 0.0014 x 250 = 0.35 l.km "
 ' 
In the hydrated animal at maintenance or 

above, this water cost is incurred between about 
10.00h and 16.30h local time. If the herd leaves 
from and returns to the night enclosure at 08.00h 
and 18.30h respectively, then theoretically it can 
walk for 12 km (4 h at 3 km.h-2) without increasing 
its water loss. In practice, cattle usually drink 
between 10.00h and 14.00h, so part of the 12 km 
(e.g. 6 km) will incur an extra water cost. Thus: 

Water for walking = WK. (WK - 6) (5.17)
where 	WK is distance walked (km). 


It should be noted that in 
 undernourished 
cattle, sweating rates remain high for a much 
shorter period of the day, namely from 11.00h to 
14.00h (Finch and King, 1982). Therefore the 
water cost of walking must be adjusted to a lower 
estimate of the distance walked during those 3 
hours. 


Another extra water 
cost for the lactating 
cow is the water secreted in the milk (MY.) which 
has been estimated from Table 19 as: 

MY, = 0.87 .kg"MY (5.18) 

The sources or inputs to TBWT can be stated as: 


TBWT = W + W11 + W -1 Will (5.19) 
(The relation of water intake from forage 

(WF) to forage moisture content is illustrated in 
Figure 4, and described by the equation: 
W1 = (I x forage moisture)/(1 - forage moisture) 

(5.20)
Water drunk can be estimated in a number of 
ways, by solving equation (5.11) or (5.19) for W,,, 
by combining equations (5.15/16/17/18): 

W, = (Ix 1.) + (WK x WKW) + (MY x MY) -
WF (5.21) 

or by estimating the maximum volume the animal 
can drink during one visit to the watering point
(section 4.3.1) and dividing by the numberof days
between drinks. The estimation of metaLolic 
water (WN,) has already been given in equations 
(5.12/13) as has WC (equation 5.14); but where 
TBWT has not been measured but its components 
have, WRc can be estimated: 

WRc = +0.12 (W'. + W', WM) (5.22)
Once the analytical background has been es

tablished it is possible to estimate the water costs 
and sources of TBW-r (Table 28), and use them to 
construct a table of daily water intake (Table 29).
The example chosen is the zebu cow whose 
energy buJget was shown in Table 26. 

The values in Table 29 look realistic: the lac
tating cow is drinking 28 l.d" compared with a 
practical guideline tfor 	the dry cow of 25 L.d
(Table 10); adjusted body water turnover, by
P" .,aon of metabolic and respiratory water,

"is 117 ml.kg'.d ' compared with a range of 51 
to 150 ml.kg'.d 1 (Table 13); TBWT is 201 ml.l"' 
compared with a range of 97 to 274 ml.l'.d-' 
(Table 18). 

The maximum values for TBWT were asso
ciated with a daily watering regime in thu hot dryseason. Higher rates, or maintenane of the same 
rate on an alternate day watering regime, would 
result in severe dehydration. Therefore body 
water conservation mechanisms are assumed to 
become increasingly important at the expense f 
evaporative cooling which must give way to dry
heat loss. The latter mechanism is assisted by a 
weather pattern of clear nights and substantial 

Table 28. Basis for estimation of daily water intake in azebu cow. 

Item 

Forage intake 

Forage moisture 

Watercostof I 
Distance walked 

Cow weight 

Waterforwalking 

Milk yield 

Waterin milk 

Total ME 

Bodywaterpool 

Symbol Amount 

I 5.08 kg DM 

- 0.15 fraction 

1w 4.5 l.kg"DM 
WK 18.0km 

Wt 250 kg 

- 4.21 

MY 2.0 kg 

MYw 1.741 

- 50.6 MJ 

TBW 0.67 1.kg*' 

Source Application 
to equation 

Table 26 (5.20) 
Table 14 (5.20/21) 

equation (5.1) (5.21)
 
Table 25 
 (5.16/17) 

Table 25 (5.16) 
equation (5.16/17) (5.21) 
Table 25 (5.18) 
equation (5.18) (5.21) 
Table 26 (5.13) 

estimate 
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Table 29. Estimated daily Kater intake of azebu cow. 

Watersource 

Item Equation 

Forage (5.20) 

Drink (5.21) 

Metabolic (5.12) 

Respiratory
 
and cutaneous (5.22) 

Total input 


Source: Table 28. 

diurnal temperature fluctuation, which is from 22 
to 35'C in parts of Kenya. 

When a zebu cow stops maintaining a con-
stant body temperature by evaporative cooling, 
and instead allows its body temperature to rise 
during the day and fall at night, its feed intake and 
hence its nutritional energy circuit is likely to be 
depressed (Figure 19). 

5.2 SIMULATION BY SPECIES 

The purpose of this section is to show the effect of 
traditional management practices on water and 
energy budgets of the most important species of 
livestock in pastoral areas. Each simulation is pre-
ceded by a brief description of the role of each 
species in the traditional pastoral system. Be-
cause some sort of development has already oc-
.urred in much of Africa traditional systems are 
defined as those not requiring large inputs of 
skills, equipment or money from outside (Sand-
ford, in press). 

5.2.1 Zebu cow 

The management of cattle for subsistence dairy 
ranching is different from that forbeef. Onacom-
mercial beef ranch it may be appropriate to dry 
off the cow as soon as possible in the dry season, 
whereas the opposite may hold true in the pasto-
ral situation. The pastoral zebu cow may have to 
maintain her lactation despite a declining plane 
of nutrition, decreasing watering frequency, in-
creasing distances between grazing and drinking 
water, and an increasing environmental heat load. 
The cow must be able to draw on body reserves 
for lactation when its nutrition is inadequate, and 
rebuild these body reserves when grazing im-
proves, rather than increase the overall lactation 
(Lampkin and Lampkin, 1960b). Seasonal weight 
loss is also an important means of supporting a 

Body water turnover
 

I ml.kg -' ml.I
 

0.9 4 5 

27.9 112 166 

1.5 6 9 

3.6 14 21 
33.9 136 201 

higher livestock population, and of achieving 
a higher productivity per ha, in an arid, water 
limited environment than would be possible if 
bodyweight were maintained (Western, in press). 
When the rains come there is more than enough 
fora.'-. for the surplus live-.tock population. For 
instr.ce, the carrying capacity of an area north of 
Lake Chad, in Niger, was estimated at 65 (XXJ TLU 
in the dry season and 200 000 TLU during the 

rains (Rippstein and Peyre de Fabregues, 1972). 
The race chosen for simulation is the Small 

East African Zebu, indigenous to Maasailand. It 
is a small cow with a mean adult female weight of 
only 250 kg (King et al, in press) and a peak daily 
milk yield of 3.5 kg 4 months post partum (Seme
nye, 1982). The energy budget and water turn
over of this animal have been calculated at three 
phases of the long dry season associated with 
daily, 2-day and 3-day watering, assuming the fol
lowing scenario: the animal calved in March just 
before the long rains, which were below average, 
so that its milk yield has been depressed, and by 

the beginning of July the daily yield is down to 
2.0 kg, of which the family are only milking out 

0.5 kg. 
At this stage, the ,wis still drinking every 

day and grazing on the way to and from the water
ing point. The borna is located 8 km from water 
and animal is walking 18 km per day. Up to now, 
the grazing has been adequate and the cow has 
lost only 10 kg of bodyweight, but forage will 
become scarce in the near future. 

When it does, the boma will be moved to a 
second location 11 km from water and the cow 
watered every second day. On one day the cattle 
are herded away I m water over adjacent per
pheral grazing which is adequate in quantity but 
has declined in quality. The cow walks about I I 
km. The next day the herd is walked in an almost 
straight line to the watering point and returned 
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home the same evening, co,. ing a distance of23 km (Western, 1975). The specific effect of 2-day
watering reduces milk yield by <5% below the.level of daily watering (Semenye, 1982). However
the continuing energy deficit and declining plane
of nutrition combine to reduce the daily yield to1 kg. 

If the dry season is particularly harsh orextended, or the area severely overstocked, thecattle may be placed on a 3-day watering regime.
They then have to search for forage further away
from the main borna, Fe,-aus,. the adjacent peri-pheral grazing areas have been denuded. Con-sequently they are unable to return home on the same day, and have to spend the night at a more
distant temporary boma, returning to main boma 
on the second night. The first and second days are
thus devoted to grazing, which involves walkingabout 10 km.d1 .
 

On the third day the cattle have to get towater by the shortest route, i.e. 1( km,and afterthey have drunk there is usually only time to takethe direct route home. On the third morning, thecattle could be in the desperaf. straits described
by Classen (1977) (see also ,ection 4.1.3) butaccording to French (1956a) tL issteady dehydra-
tion does not lead to unruly behaviour when the 

animals approach water-holes. In fact, it is a common dry-season sight in Maasailand to observe
thousands of cattle waiting patiently in their turnto drink. On reaching the water, they drink steadily
for several minutes during which they swell visibly
and then stand for 10 to 15 minutes before takinga further short drink prior to the usual 10-mile 
return journey to their night quarters. Apparently
the 3-day watering regime cannot be continued forlong, but drinking on alternate days is a system
which can be continued for weeks without apparent
harmful effects on the animals.' 

Three-day watering during the dry season isless common in Maasailand nowadays, because ofwater development. But it is still practised
elsewhere on the continent, for example in EastAfrica by the Borana (Helland, 1980) and the
Turkana (N. Dyson-Hudson, unpublished), andin West Africa by the Maure (H. Breman, unpub
lished) and the Tuareg (Swift, 1979).

Assuming the above scenario, the changes inforage availability are listed in Tables 30, and theestimates of energy budget and water turnover inthe cow in Table 31. The calculations required toconvert the values from one table to the other
have been shown in section 5.1, where Tables 25,26, 28 and 2 9 give almost identical figures to those 

Table 30. Basis for calculating daily energy budget and water turnover ofazebu cow on daily, 2-day and 3-daywatering. 

Unit 

Forage digestibility fraction 
Herbage on offer t DM.ha" 
Distance walked km 
Milk yield kg 
intake coefficient fraction 
Expected liveweight kg 
Forageintake 
 kgDI* 
Actual liveweight kg 

Walkingcost kJME.kg'.km-' 

Forage moisture l.kg-' 
Walking in the sun km 
Body pool 
 l.kg.' 

Source: Tables 25, 26, 28 and 29. 

60 

wateringDaily 

0.50 

1.8 

18 

2 
0.049 


250 


5.08 

240 


1.8 

0.15 

12 

0.67 

Basis forenergy budgets 

2-daywatering 3-daywatering 

0.45 0.40 
1.6 0.: 
17 14 
1 0 

0.049 0.042 
250 250 

4.90 3.94 
230 215 
1.8 1.4 

Basis for water turnover 
0.12 0.10 
6 0 

0.68 0.70 

http:kJME.kg'.km


Table 31. Estimateddaily energy budget andwater intakeof a zebu cow on daily, 2-day and3-day watering. 

Energy budget (MJ ME)
Item 

Daily watering 2-day watering 3-day wateri.,g 

Forage intake 37.0 

Maintenance at rest 27.9 

Extracosts: feeding 1.5 

walking 7.8 

lactation 12.9 

Total expenditure 50.1 

Energy balance -13.1 

Forage moisture 0.9 

Drink 21.7 

Metabolic 1.5 

Respiratory and cutaneous 3.6 

Total input 32.7 

Source: Tables 25, 26, 28 and 29. 

listed in the daily watering column of Tables 30 
and 31. 

The first column in Table 30 rtLates to the be-
ginning of July when the cow is still lactating and 
drinking daily, but at the expense of its own body 
tissue. The daily energy deficit is 13.1 MJ ME 
which, according to section 5.1.5, gives a weight 
loss of 0.45 kg.d "', 3.15 kg.week-1 , and 12.6 kg. 
month These figures are based on the status of 
the animal at the beginning of the month and do 
not take into account the daily decline in weight 
and milk yield and hence also the decline in 
energy demands for maintenance, walking and 
lactation as well as in forage quality, quantity and 
intake. Nevertheless, it is reasonable to suppose 
that, by the end of the month, the cow will weigh 
not more than 230 kg and a change in manage-
ment will be required. 

The change to 2-day watering in August has 
the effect of increasing forage accessibility by ex-
tending the grazing orbit away from the water 
point, but without increasing the distance walked 
daily. Nevertheless, there is still a daily energy 
deficit of 10.3 MJ ME despite the drop in milk 
yield, which is where the greatest energy saving 
is made. The deficit represents a weight loss of 
2.36 kg per week which may be tolerated for 
another month. By September the cow weighs 

32.1 2. 
27.6 17.9 

1.3 0.9 

7.0 4.2 

6.5 0 

42.4 23.0 

-10.3 0 

Water intake (1) 

0.7 0.4 

24.2 17.3 

1.2 0.7 

3.1 2.2 

29.2 20.6 

only 220 kg and has probably stopped lactating, so 
that weight loss is reduced to less than 1 kg per 
week. 

As there is no sign of rain in October, the 
cattle are forced onto a 3-day watering regime be
cause of the scarcity of herbage within the existing 
grazing orbit. The grazing that is now brought 
within range is nevertheless of poor quality 
because it is so late in the season. Consequently, 
energy intake is depressed to only 60% of the lev
els given for daily watering 3 months earlier. But 
the animal is in energy balance for the first time in 
about 4 months. The reason is that the chronic 
energy deficit coupled with intermittent partial 
dehydration has stimulated the conservation re
sponses described in section 5.1.6. 

ii, daily body water turnover follows a sim
ilar trend to that of energy declining from 210, to 
187 and finally 137 ml.Il of body pool. The 
amount drunk on visits to the watering point at 
daily, 2- and 3-day intervals was 28 1,181 and 521 
respectively. 

There are few field data with which to vali
date this modelling of different pastoral watering 
regimes. As far as weight loss is concerned, un
improved Boran cows under drought conditions 
in the Kenya highlands lost up to 15% body
weight during the course of a 36-week lactation 
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when supplied with water and hay supplement
(Lampkin and Lampkin, 1960a; 1960b). Pre-
dicted values for the different components and 
sources of body water turnover look realistic. An
exception could be the requirement to tolerate 
21% dehydration (i.e. 2 x WD), and still produce
1 kg of milk a day. The weakest link in the chain 
of calculation could be the water cost of forage
intake (IQ). 

It is concluded that the calculated values are 
near enough to the real values. They reveal the
comparative effects of the different watering
regimes, and their objectives. The change from
daily to 2-day watering is an attempt to maintain
production for man, whereas 3-day watering is a 
sirvival strategy for the cow. By then, the animal
has practicaly exhausted its reserves of fat, having
used about 12.5 kg. It has also used about 12.5 kg
of its original 95 kg of muscle, liver and gut wall. 
Therefore whatever equilibrium it has achieved is
extremely precarious. In this weakened state of
ambulatory aestivation, an energy deficit of only
a few MJ ME may cause the animal to collapse
from exhaustion during the period of greatest
stress in the management cycle. This period occurs 
on the third day without water when the cow has 
to walk the 22 km to water and back with scant 
prospect of finding forage. Thirst may keep the
aqimal on its feet until it has drunk, but there may
be little incentive to keep going after that. 

5.2.2 Camel 

The camel replaces the cow as the main milk pro-

ducer at or below 200 mm mean 
annual rainfall 

(Western, in press). Its physiological adaptations

have been referred to in many of the preceding

sections. Briefly, they include slow absorption of 

water rumen, 
amount excreted by the kidneys after drinking;
good reabsorption of water from faeces and kid-
neys; reabsorption of nitrogen by the kidneys and
its recycling in the body; and a diurnal range in
body temperature which increases from 2°C in the 

from the thereby reducing the 

hydrated animal to 6C in the dehydrated state, 

The camel has a tolerance of dehydration of at
least 27% of its bodyweight (Schmidt-Nielsen,
1965). Its long neck enables it to reach the lower
branches of most trees and, unlike the giraffe, it
also has no difficulty feeding on dwarf shrubs at
ground levl. Camels also eat good quality stand
ing hay (Aristida spp.), and salt bushes (Sueda
spp.) to offset sweating when there is a salt deffi
ciency in the diet (Gauthier-Pilters, 1974; Wil
liamson and Payne, 1978; C.R. Field, 1978 and
unpublished). The camel population in Africa ap
pears to be increasing, possibly because desertifi
cation is extending into large areas south of the
Sahara (UNEP, 1977) and opening up new habi
tats for the camel. There is also a growing demand 
for camel meat (C. R. Field, unpublished).

It follows that the staple food of pastoral
people in arid regions of Africa is camel's milk. 
Among the Rendille in northern Kenya, for ex
ample, milk constitutes 60 to 90% of the diet, and 
80 to 90% of this milk fromcomes camels
(Schwartz, 1979). Young men herding camels 
away from the household may even have to rely 
on camel's milk to provide their water needs for 
up to 1month at a time (G. Powys, unpublished).

Milk production is more important for these
pastoralists than a high level of calf production. In
fact, they compete with calves for milk, which is

possibly why calf mortality rates of up to 40% are

recorded (Bremaud, 1969; Spencer, 1973; Dahl
 

Wilson,and Hjort, 1976; Williamson and Payne, 1978;1978a).
The male camel is also important in the pas

toral way of life as a water carrier for the house
hold. The number of baggage camels dictates the 
amount of water that can be fetched and hence
the distance a settlement can be from water; the 
further it is away, the more forage there will be
available and hence the more productive the live
stock will be, particularly the lactating females 
(Table 32). Despite the important role of male
camels, short-term human needs take precedence 
over the longer term interests of the settlement to 
raise healthy stock. Male camel calves are first 

Table 32. Relation between number of loading camels per household, maximum settling distance from asingle watersource andpotentialarea ofutilisationin northernKenya. 

No. of loading camels per household 
Frequency of water transport 
Maximum settling distance (km) 
Potential area ofutilisation (km2) 

Source: Schwartz (1979). 

nil 0.25 0.5 1 
daily daily 2days 4days 
2.5 5 12 . 27.5 
177 314 962 3318 
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deprived of milk; thenxas juveniles they are bled 
to the point of exhaustion, providing up to 35 I of 
blood per annum, presumably mainly at the end 
of the dry season; and at 3 to 4 years they are 
castrated to make them more amenable. If they 
survive to become water carriers they are at-
tached to the settlement and work long hours 
before being let out to browse in the immediate 
environment, which may have been stripped of 
vegetation (Schwartz, 1979). The same problem 
of water carrying does not occur in cattle-herding 
communities because the grazing must be better to 
support cattle, and the distance to water shorter. 
Donkeys can therefore be used as water carriers, 
and rarely have to supply an additional nutritional 
role. 

Even less information is available on the 

camel than on the zebu cow, so extra groundwork 

has to be done and assumptions made before the 

energy and water economy of the animal can be 

modelled, 
As far as the energy budget is concerned, for-

age DMI has been found to vary between 1.4 and 

2.5% of bodyweight (C.R. Field, unpublished); 

the gross energy and metabolisability of the 

camel's diet, which is mainly browse, has been 

calculated using the same coefficients as for grass. 
The following assumptions have been made about 
energy expenditure: cost of feeding and lactation 

are the same as for cattle, but camels are faster 
and more efficient walkers. 

The components of TBWT can be built up in 
much the same way as for cattle (section 5.1.8), 
once the three coefficients, MY., WK. and 1. 
have been estimated. The water cost per kg of 
milk (MY.) is taken as the same as for cattle, 

"namely 0.87 l.kg1 . The likelihood of an extra 
water cost from walking in the sun (WK.), apart 
from that incurred foraging (I,), has been dis
regarded in the management situations which will 
be illustrated. Therefore the only remaining, and 
most important, coefficient to be determined is 
the water cost per kg DMI (Iw)at specified envir
onmental temperatures. No specific experiments 
have been designed to discover the value of Iw, 

but two pieces of fieldwork in Kenya can be used 
figureto arrive at estimates from which a mean 

can be taken. 
In the first trial, on Galana ranch, tritiated 

water turnover and related meas-trements were 

made on eight camels during June and August, 

the long dry season. The animals were male or dry 

non-pregnant females and so were treated as one 

group. The equation to be solved is (5.15), for 

which only WD has been measured (Table 33): 

IW= (W, + Wo)/l l.kg -'DM.d' 
However water from food (W) can be roughly 
estimated from equation (5.19): 

Table 33. Datafor estimateof watercost offorageintake in camels. 

Item 


Mean ambient temperature 


Moisture indiet 


Water drunk (W0) 


Total body water turnover (TBWT) 


Water turnover rate constant (k) 


Bodyweight 

Period between drinks. 


Bodyveight 


Maximum amount drunk 


Waterdrunk (W,,) 


Milk yield (MY) 


Moisture indiet 


Forage intake (1) 


K
 

U.lit n 

"C 3 

fraction 3 
" L.d	 8 
" L.d 8 

fraction 8 

kg 8 

days 

kg 

I 

I.d 
kg.d " 

fraction 

kg 

Mean S.E. 

25.4 1.00 

0.36 0.003 

12.9 0.86 

20.2 0.86 

0.006 0.0026 

430 19 

17 

500 (est.) 

100 (est.) 

5.9 (est.) 

6 (est.) 

0.7 (est.) 

12.5 (est.) 

Source: J.M. King et al (unpublished); C.R. Field (unpublished). 
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WF = TBWT  (WD+ WM + Wac) l.d'
where 

TBWT = 20.2 (Tahle 33) 
WD = 12.9 (Table 33)
WM = 2.2 (Table 33 and equation 5.13)
Wac 	= 2:2 (Table 33 and equation 5.14)

Food intake (I) can be even more roughly esti-
mated from equation (5.20) rewritten as: 

1= WF(1-forage moisture)/forage moisture
I = 2.9 (1 - 0.36)/0.36 
1= 5.16kg DMAd' 

Equation (5.15) can now be solved: 
Iw= (2.9 + 12.9)/5.16 
Iw= 3.06 l.kg-'DM.d -

The value for 1. could be an overestimate 
because it is based on a forage DMI ofonly 1.2%,whereas at the minimum DMI measured (C.R.
Field, unpublished) the value for Iwwould be 2.6. 

In the second trial near Mount Kulal in north-
ern Kenya, lactating camels walking 2 km.d' in
dense green vegetation went without drinking for
14 to 20 days (C.R. Field, unpublished). Given
this information a number of assumptions can
be made based on measurements of the assumed
values in that or similar environments (Table 33).
The equation to be solved for I. is, in this case,
(5.21): 

1w = (WD+ W) - (WK xWKw) 
(MY x MYw)/I. 

Figures for some of these variables can be substi
tuted directly from Table 33: 

lw = (5.9 + WF) - 0 - (6 x 0.87)/1
Values for intake of very green vegetation by

lactating camels are likely to be at the top of the
recorded range, namely 2.5%. Given this infor
mation, WF can be solved (equation 5.20): 

WF = (12.5 x0.7)/(1 - 0.7) 
"WF = 29.2 l.d
 

Reverting to equation (5.21):
 
Iw= (5.9 -29.2) - (6 x 0.87)/12.5
 
Iw= 2.4 l.kg-'DM.d -


The mean 
figure 	for Iw from the two studies is
2.7 l.kg-'DM.d-', and this will be used in the fol
lowing illustrations. 

The purpose of the examples is to demon
strate the effect of the application and removal of
constraints on energy and water use in the lactat
ing camel. In the first situation the camel is being
kept in a poor settlement, 5 km from water, to
provide 	milk for the women, children and old
people. In the second, the same animal has been
released to complete the second half of its lactation in the mobile herd, which is managed by boys
and young men (Dahl and Hjort, 1976).

The basic data required to model the energy 
budget and water turnover of the animal are given
in Table 34. 

Table 34. Basis for calculating the daily energy budget and water turnover ofacamel in two different situations. 
Item 

Expected liveweight (WE) 
Forage intake 

Forage digestibility 

Actual liveweight 
Distance walked 

Walkingcost 

Milk yield 
Milk energy 

Forage moisture 

Unit Settlement 5km Mobile 
from water herd 

Energy budget
kg 500 500 
%W, 1.9 2.4 
kg DM 9.6 11.8
fraction 0.45 0.55 
kg 500 460 
km 16 16 
kJ.kg''.km*' 1.0 1.0 
kg 5.0 4.0 
MJ.kg' 3.5 3.5 

Water turnover 

l.kg.' 0.35 0.64 
Source: 	 Nutritional analysis by University of Hohenheim of dietary grab samples collected .by C.R. Field, who alsomeasured DMI, distances walked and daily activity; Schmidt-Nielsen et al(1967); Dahl and Hjort (1976);Knoess (1977); Williamson and Payne (1978); King (1979). 
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Table 35. Estimateddaily energy budget and water intake ofa camel in two different situations. 

Energy budget (MJME)
Item 

Settlement 5km Mobile herd 
from water 

Forage intake 

Maintenance at rest 

Extra costs: feeding 

walking 

lactation 

Total expenditure 

Energy balance 

Forage moisture 

Drink 

Metabolic. 

Respiratory and cutaneous 

Total input 

Source: Table 34, section 5.1. 

The results of the calculations are presented 
in Table 35. Looking down the first column of fig-
ures, it can be seen that the camel attached to the 
settlement is losing weight at 2.9 kg per week. 
Any energy deficit that the animal might be ex-
pected to have during the first half of its lactation 
is accentuated by the lack of forage accessible to 
the camel from the settlement. At this proximity 
to permanent water, the vegetation will almost 
certainly be overused by livestock. It is, of course, 
man and not the animal who has to stay near 
water; the camel only needs to drink every 4 days. 
After 3 months at the settlement the animal will 
have lost about 40 kg, i.e. 8% of its bodyweight, 
and might then be moved to the mobile herd. 

The mobile herd provides most of the food 
and water needs of the herdsmen, and so it is not 
tied to the watering place by man's drinking water 
requirements. The herd therefore can exploit the 
more inaccessible parts of the country where the 
vegetation is of better quality and greener, unless 
the herding range is restricted by intertribal fight-
ing (Field, 1978). The camel, introduced to this 
herd from the settlement, is able to revert to a 
positive energy balance. The rate of weight gain is 
calculated from equations (5.08) and (5.09) as 
0.8 kg per week, so that within approximately 7 
weeks it will have regained its original weight. At 
the same time its water turnover rate has in-

63.0 	 94.6 

33.5 	 30.4 

2.5 	 3.8 

8.0 	 7.4 

31.8 	 25.5 

75.8 67.1 

-12.8 +27.5 

Water intake (1) 

5.2 	 21.0 

25.1 	 14.3
 

2.: 1.9
 

3.9 	 4.5 

36.4 	 41.7 

creased, but its drinking requirement has de
creased due to the moisture content of the forage. 
It would need to drink once in 7 days. 

The above calculations of the rate of water 
use by camels can be compared with data from 
C.R. Field (unpublished) who found that camels 
drank 100 to 135 1of water every 6 to 7 days when 
attached to a settlement. 

5.2.3 Smallstock 
Sheep and goats are the 'petty cash' of livestock 
capital, and are used by man to fulfill a variety of 
different social and religious obligations. They 
are also an insurance against a dry year because 
smallstock, and in particular goats, may outsur
vive cattle. Even if it isnot so dry that cattle survi
val is in doubt, it is likely that cows' milk will have 
dried up and people will have resorted to bleeding 
male animals and using smallstock (Dahl and 
Hjort, 1976). Sheep and goats will be slaughtered 
for food, or sold to buy maizemeal. Goats, in par
ticular, will be expected to give milk under the 
driest conditions (A.C. Field, 1978). 

Smallstock exploit a broader spectrum of 
natural bushed grassland, and a wider range of 
rainfall than cattle (Knight, 1965; Topps, 1967). 
Sheep and goats are usually herded by women 
and children nearer to the homestead than zebu 
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cattle and camels, but theycan cover considerable 
distances when required to do so (Dahl and
Hjort, 1976, B.edouin goats often walk 17 km.d " 
'or grazing and return to the encampment every
evening to suckle their kids. The encampment may
be 25 km from the watering point (A. Shkolnik,
unpublished). Australian sheep covered 15 km.d " 
at 2 to 2.5 km.h' when food and water were sepa-
rated (Squires and Wilson, 1971). As the distanceof separation increased, food intake decreased 
almost linearly; at first water intake remained the 
same, but then it declined; the distance walked 
per day increased to a peak and then dropped to
the initial level, and frequency of watering de-
creased (Squires, 1978). 

Although the two species are herded to-
gether, that iswhere the similarity ends. They are
kept for different purposes, and their products 

not entirely interchangeable:are for instance,
sheep are kept for their fat and goats for their lean 
meat. They have different susceptibilities to dif-
ferent diseases (BVA, 1976), so by keeping both 
the pastoralist is spreading the risk. In arid areas,both species will take more than one third of their
annual diet as browse and browse litter, but the 

composition of the diet differs. 


In the lowlands of northern Kenya it was

noted that sheep seldom raise their heads above

20cm from the ground when feeding, and goats
normally do not lower their heads below 20 cm
(IPAL, 1983). Goats can extend their feeding 
range by standing on their hindlegs (A.C. Field,1978), or even climbing trees. Consequently they
can ingest a higher proportion of trees and shrubs
than sheep (Table 36). In fact the presence of 

goats is frequently associated with overgrazed,
degraded areas. It has been pointed out that goats
may not have been the cause of the original over
grazing (Devendra and Burns, 1970; Joubert,
1973). They are merely delivering the coup de 
grace: for example, Turkana people with goats 
can survive after Rendille and Gabra have grazed
out an area with their camels and cattle (C.R.
Field, unpublished). 

Water balance is unaltered during the first 2
days of water deprivation in sheep, with water
drawn from the digestive tract; only after that
does physiological dehydration develop (Hecker
et al, 1964). It reaches a critical level only when 
desert sheep have lost 30% of their bodyweight
(More arid Sahni, 19 78), and at an even laterstage
in desert milking goats (Shkolnik et al, 1972).
When deprived of water, sheep and goats reduce 
water loss by the excretion of sodium in concen
trated urine (Macfarlane et al, 1961; Taneja,

1965; Schoen, 1968). Faecal water loss is also

limited, particularly by breeds originating from
 
arid areas (Slagsvold, 1970).
 

Differences in food selection and water re
quirements between breeds of the same species
 
are nearly as large as differences between the two 
... *.1es in different parts of Africa: for example,
( .. pare Gihad (1976) and King (1979). "- er
theless the practice of grouping sheep and goats
together under the heading of smallstock should
be discontinued as more field data become avail
able. 

From the foregoing remarks it is apparent
that it will be difficult to generalise from one
chosen example. And data on water and energy 

Table 36. Difference in the diet of sheep and goats in the dry season in northern Kenya. 

Plant species Type Percent of diet 

Sheep Goats 
Cordia sinensis 

Acaciatnubica 

hidigoferaspinosa 

Indigofera cliffordiana 

Hermannia kirkii 
Leptothrium senegalense 

Kohantia caespitosa 

Large shrub 

Large shrub 

Dwarf shrub 

Dwarf shrub 

Herb 

Grass 

Herb 

0 

0 

21 

I 

1 

14 

6 

3 

13 

39 

1 

9 

7 

1 
To tal 47 

43 73 
Source: A.C. Field (1978); C.R. Field (unpublished). 
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budgets are so sparse that differences between 

species and breeds cannot be illustrated with con-

fidence. 
One animal 'which has been and is being 

studied, is !he Small East African goat, which is 

common to all but the coldest or driest parts of the 

region. 
The forage intake of the goat has been taken 

as2.5% ofbodyweight, basedonarangeof2.1 to 

3.2% (Devendra and Burns, 1970; A.C. Field, 

1978). The gross energy and metabolisability of 

the diet has been calculated using the same coeffi-

cients as for grass; the cost of feeding has been 

made the same as for cattle; walking cost was 

taken as higher and cost of lactation as lower than 

for large stock, but based on a higher nutritional 

value (Dahl and Hjort, 1976) than that shown in 

Table 9. 
The water cost of each kg of milk has been 

taken as the same as for cattle, and the extra water 

used in walking as negligible. The water required 

per kg DMI (Iw) at a given environmental temper-

ature has been calculated from data on Small East 

African goats at Galana ranch, which were includ-

ed in the-field trials with the camels (Table 37). 

The water intake in relation to forage intake 

is estimated from equation (5.15) as follows: 

1w = (W, + WL))/I 
1, = (1.02 + 2.20)/0.90 
Iw = 3.6 l.kg'DM.d*' 

This value compares reasonably well with the value 

for growing sheep under hot conditions, namely 

3 l.kg 1 DM.d' (Table 19), because the goats on 

Galana were not particularly arid-adapted, and 

the temperature was higher. 
The application of the values derived above 

to the energy and water turnover of the goat is 

shown in Table 38. It can be seen that the animal' 

would have an energy deficit of 1.64 MJ ME.d -', 

resulting in a weight loss of 0.38 kg per week. 

Such a rate of loss could be tolerated for about 3 

months, assuming that forage intake was also de

creasing. It is more likely that the animal would 

dry off before then and eliminate the reason for 

the deficit, which is the energy cost c't :fi.:ton. 

Frequency of watering would need to be at least 

every third day to avoid depression of appetite 

and lactation (section 4.3.1). 

The Small East African goat is not as desert

adapted as the Somali she.ep or Galla goat, which 

Table 37. Data for estimate of water transactions in Small East African goats. 

Item Unit 

Mean ambient temperature "C 

Moisture in diet fraction 

Water drunk (W[,) L.d. 

Total body water turnover (TBWT) l.d"' 

Water turnover rate constant (k) fraction 

Bodyweight kg 

Source: J.M. King et al (unpublished). 

Water from food has been derived from 

equation (5.19): 

W, = TBWT - (WD + WM +WRc) l.d" 

where 
TBWr = 3.86 (Table 37) 

W, = 2.20 (Table 37) 

= 0.22 (Table 3'; ;.nd equation 5.13) 

W,,, = 0.42 (Table 37 ;,id equation 5.14) 

Hence WF was 1.02 l.dl. The mean value for for-

age intake (I) during the period fror. June to 

August was taken as one third of the way up the 
. Therange of observed values, namely 0.90 kg.d 

forage moisture content was then calculated as 

53% from equation (5.20). 

n Mean 

4 25.4 

4 )..53 

12 2.2) 

12 3.86 

12 0.155 

12 36.6 

S.E. 

0.66 

0. 118 

1.295 

0.187 

00.)75 

1.67 

only need to drink once a week when cattle are 

being watered every second day (Mares, 1954). 

Furthermore the goat'hiasa higher TBW.r than thL 

zebu cow (Table 13). Nevertheless it possesses, in 

some degree, the attributes which allow small-
Itstock to outsurvive cattle in times of drought. 

requires less water per kg DMI than zebu cattle in 

the same environment. Its food intake is higher 

because of its superior ability to select nutritious 

food, except during the rains when there is ade

quate forage anyway. As a browser it obtains 

more water from forage than do grazers. Never

theless in a severe drought, when the leaves turn 

brown and fall off even the deep-rooted shrubs, 
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Table 38. Daily nergy budget and water intake ofa Small East African goat. 

Item Value Unit Coefficient Equation Energy 
number (MJME) 

Forageintake 
 0.90 kg DM d = 0.50 (5.02) 6.40Maintenance at rest 35 	 ' 750.251 WO (5.04) 5.38Extra costs: feeding 6.40 MJ ME 
0.26

walking 8 km 1.9 kJ.kg'.km -' 0.53lactation 0.35 kg 
 3.OMJ.kg" (5.05) 1.87 
Total expenditure 

Energy balance 	 .4 

-1.64 

Water intake 
(1)Forage moisture 0.50 fraction - (5.20) 0.88 

Drink -
 1w
Metabolic 8.04 	
= 3.6l.kg-'DM (5.21) 2.40MJME - (5.12) 0.23Respiratory and cutaneous - (5.22) 0.42 

Total input .93 

Source: Clapperton (1961); Young (1966); Graham 	
3.93 

(1964); Corbett et al (1969); Devendra and Burns (1970);McDonald et al (1976); A.C. Field (1978); Webster (1978); King (1979); nutritional analysis by University ofHohenheim of dietary grab samples collected by C.R. Field. 

smallstock may lose their edge over cattle when Saharan Africa. In subsistence societies whichfaced with the same indigestible diet. They may value multi-purpose animals, the retention of abe able to find natural supplements such as specialist animal is surprising. Equines are nobrowse litter. For example, acacia flowers rich in longer milked in Africa as they are in Asia (Jarprotein and soluble carbohydrates are shed at the rige, 1980), and dor keys are eaten only as a lastend of the dry season (Schwartz and Said. 1980). resort. The animal owes its survival ,othe fol
5.2.4 	Donkey lowing attributes: it can carry a heavier load inrelation to its bodlyweight than other baggage andThe donkey has been described as the ubiquitous
beast of burden in southern 	

riding animals (Table 39); it is more efficient atSudan (Wilson, walking than man, or even than the mule (Yousef1978b); a role that it also fulfills in much of sub- and Dill, 1969); it appear, to thrive on neglect; 

Table 39. Daily performance figures ofbaggage and riding animals. 

Body-
Animal 	 Load toweight 	 NaturalJob bodyweight 	 Distance 

(kg) 	
Load speed travelledratio (kg) (km.h") (kin)


Donkey 
 125c 
 Pack 	
3.21 16,

0.60b 
 75 


160c 
 Ride 0.50 80 
 4.0' 
 20'
Horse 350h 
 Ride 0.23 
 80' 
 8.0 30Camel 450 
 Pack 
 0.51 
 230d 4.Od 24d 
450' Ride 0.27 

12 0d 10.0d
Ox 	 4 8d350h Pack/Ride 
 0.311 110' 
 5.5b 20'
 

Source: 'Wilson (1978a); b CEEMAT(1972); 'Wilson (1978b); dWilliamson and Payne (1978); estimate; 'Ishizakiet al (1961);, E.M. Wathuta (unpublished). 
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and it can withstand droughts better than most 

species of livestock, as was illustrated in Niger in 
the early 1970s (Eddy, 1979). The characteristics 
which enable it to survive are summarised below, 

African equines exploit the rangelands in a 

very different way from the ruminant. Their food 
intake is not depressed by a low protein, high 
fibre diet (Robinson and Slade, 1974), and so the 

donkey remains productive with little loss of con-

dition. The concomitant demands for water for 

cooling and for intermediary metabolism are 

high. The working donkey uses water at much the 

same rate as man (Dill, 1938), but the water that it 

carries back to the borna isfor the household and 

not for itself. Fortunately the animal is more 
adept than man at maintaining its plasma volume 
at the expense of other extracellular and intracel-
lular fluids. Its appetite is not depressed until de-
hydration is severe, by which time the donkey is 
back at the watering point where it rapidly re

risk of intoxication (Schmidt-hydrates.without 
Nielsen, 1965; Maloiy, 1970; Maloiy and Boarer, 

1971). When the animal is not working, minimum 
2 .5 % (Dill,water expenditure could be as low as 

1938), which would allow the animal to go with-

out drinking for at least 10 days, because it can 

tolerate 30% dehydration. But donkeys in north-

ern Kenya appear to water more frequently than 

smallstock (C.R. Field, unpublished). 
Donkeys are used to carry grain, forage, fire-

wood, people, household possessions and water, 

as well as to pull carts. In Maasailand, the animal 

usually weighs about 120 kg and carries a load of 

35 to 45 kg. In the dry season the location of a 

bomna may, in part, be determined by the distance 

walk to a source of drinking watera donkey can 
and back to the household. The journey should be 

completed during daylight, i.e. within 13 h at 

speed of about 3 km.h*' (Table 39). Thus a settle-

ment can be up to 20 km from a source of drinking 

water, and a donkey will be expected to make the 

trip there and back every second or third day dur-

ing the 	dry scason (D. Western, unpublished). 

On the days it is not working the donkey may fol-

low the cattle out to graze, but go less far, and be 

brought back to the vicinity of the boma in the 

evening. It is not enclosed at night unless there isa 

high risk of predation. 
The example chosen is less extreme than the 

limits of endurance credited to the donkey would 

permit and is more in line with the 2-day watering 
regime of zebu cattle, where the bcraa was locat-
ed 1 km from water (section 5.2.1). When the 
animal is being used to collect water on alternate 
days, .ts daily TBW.r and energy budget will be 

approximately as shown in Table 41, based on the 

coefficients and equations listed in Table 40. 
The first point to note is the high estimate of 

forage intake (2.7% of bodyweight) despite the fi

brous diet. The donkey being a simple-stomached 
herbivore, achieves microbial digestion of plants 
in its large intestine, which has several functional 
similarities to the rumino-reticulum, including 
the synthesis and digestion of microbial protein 

(Stevens et al, 1980). The efficiency of cell-wall 
digestion of forages is 30% less in Equidae than in 

ruminants, while the apparent digestibility of the 

cell contents is similar. The digestibility (d) of for

age can be predicted from either of the following 
equations, or preferably the mean of the two: 

d = 0.31 + 1.45 CP (5.23) 
where CP = crude protein fraction, or 

d = 1.45 - 2.82 CF (5.24) 
where CF = crude fibre fraction. 

The reduced breakdown of cell-wall carbo

hydrates in the large intestine of Equidae is 

primarily due to a shorter retention time than in 

ruminants. The latter must retain fibrous vegeta

tion in the rumen until it is small enough to pass 

through the reticulo-omasal orifice and between 

the leaves of the omasum. This process may be so 

delayed that food intake falls below the level re

quired for maintenance regardless of the quantity 

of herbage on offer. No such depression of intake 

in the equine which compensates for itsoccurs 
less efficient digestion with a 30.% longer feeding 

time than the ruminant. The conclusion is that 

caecal digestion isin fact a superior adaptation for 

dealing with high fibre content herbage, provided 

that intake is not limited by the actual quantity of 

herbage 	 available. Amongst the Equidae, the 

appears to have a higher capacity fordonkey 
crude fibre intake than the horse (Robinson .;nd 

Slade, 1974; Jarrige, 1980). For example, the 

donkey is one of the few species that can use the 

short spiky leaves of Sporobolus spicatus, a com

mon grass of alkaline flats in Africa (Pratt and 

Gwynne, 1977). 
The metaholisahility of the food digested is 

slightly higher (0.90) than for ruminants, so that 

the energy derived (E) from a given intake (1) is 

predicted with a different equation than equation 

(5.02). For equines: 

E = I x 18 xd x 0.90 MJ ME (5.25) 

The efficiency (k,,) with which ME is used for 
maintenance has been derived from an adapta
tion of equation (5.04): 

k,, = 0.55 + (0.3 x0.90 x d) (5.26) 
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Table 40. Estimates ofdaily energy budget and water turnover ofadonkey carrying water on alternate days. 

Item 

Bodyweight (Wt) 


Forage intake (1) 

Crude protein (CP) 

Crude fibre (CF) 

Forage digestibility (d) 

ME intake 


Efficiency ofME use (k,) 

Maintenance cost at rest 

Feeding cost 


Walking unloaded (including grazing) 

Walkingloaded 

Forage moisture 


Water cost relative to food intake (I,,) 

Walking speed 

Distance between water and boma 

Time walking loaded and hot 


Water cost, walking loaded 
and hot (WKL) 

Metabolic water 
Respiratory and cutaneous water 

Source: 

Coefficient 

or equation 

0.027 Wt 

(5.23/4) 


(5.25) 


(5.26) 


(5.26/7) 


53 kJ.MJ ME 


1.0 kJ.kg-' 
bodyweight.km" 

1.4kJ.kg' 

bodyweight.km" 

(5.20) 

3.6 l.kg-'DM 

-

0.0133 Wt 
(5.12) 
(5.22) 

Value Unit 

gnergy budget
 

120 
 kg 
3.2 kg DM 

0.06 fraction 
0.42 fraction 
0.33 fraction 
17.1 MIME 

0.639 fraction 

12.0 MIME 
0.9 MIME 

11.5 kin 

5.5 km 

Water turnover 

0.1 
 fraction 
11.5 1 
3.2 km.h-' 
11 km 
1-8 
 h 

1.6 i.h-' 
0.5 l.d-' 
1.6 l.d-

Dill (1938); ARC (1965; 1980); Fonnesbeck (1968); Vander Noot and Gilbreath (1970); Wooden et al(1970); Hintz et al (1971); Vander Noot and Trout (1971); CEEMAT (1972); Robinson and Slade (1974);Schmidt-Nielsen (1975); Pratt and Gwynne (1977); E.M. Wathuta (unpublished). 

Thus the amount of ME used for maintenance by
the donkey is given by the equation: 

Em= a.Wt. 75/k, (5.27)
where a = 0.211 (Table 24). 

The energy costs above maintenance are 
feeding and walking with and without a load.Feeding costs per MJ ME have been increased by 
one third to account for the extra feeding time.
Walking costs have been based on the assumption
that the donkey walks only 3 km while grazing on
the day it is carrying water but 9km on the day it is
not. To this total must be added the 11 km jour-
ney to water carrying empty containers. The load 
on the 3.5 h return journey has been estimated at 

45 kg, 	i.e. less than 40% of the animal's body
weight, which is not hard work for a donkey.
Larger loads and longer working hours will in
crease energy requirements by two to four times 
that of maintenance (CEEMAT, 1972; BDPA, 
1974). 

Water intake from forage islow, because the 
grass is dry. Drink therefore accounts for most of
the animal's water intake. It is calculated using a 
variation of equation (5.21), namely: 

=W0 	 (I x I) + (WKU x WKU,) + 
(WKL x WKLW) - WF (5.28)

where the water required per kg DMI (I.) has
been taken at the same value as for the light horse 
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at a moderate ambient temperature (150C) 
(Table 40). 

The water cost of walking unloaded (WKUW) 
has been taken as negligible, for two reasons. Be-
cause the donkey is an efficient walker it gener-
ates relatively little heat and there is no marked 
increase in sweating in response to exercise, as 
there is in man. Speed of walking is dictated by 
the animal's ability to maintain thermoregula-
tion, and it will not be driven any faster. Thus the 
inherent stubborness of the animal enables it to 
avoid working at a rate exceeding its thermoregu-
latory capacity (Yousef and Dill, 1969; Bullard et 
al, 1970). Secondly, the animal will have covered 
the distance to water before the day heats up. 

There is a water cost of walking back loaded 
" 
(WKIw) during the heat of the day of about 1.6 l.h 

(Table 40). If the return journey is not delayed 
until the afternoon this cost will be borne by the 
animal for 3.5 h, which must be divided over 2 
days. Equation (5.28) can be solved: 

WD = 11.5 + 0 + 2.8 - 0.4 
WD = 13.9 l.d" 

Estimates of metabolic and respiratory and cu-
taneous water input have been made using equa-
tion (5.12) and (5.22) respectively. 

The final picture of energy and water turn-
over in the donkey (Table 41) is very different 

Table 41. Estimated mean daily energy budget and 
water intake of a donkey carrying water on 
alternate days. 

Activity Energybudget 

MI ME 

Forage intake 17.1 

Maintenance at rest 12.0 

Extra cost:. ;ceding 0.9 
walkingunloaded 1.4 
walking loaded 0.9 

Total expenditure 15.2 
Energy balance +1.9 

Waterintakc (I) 

Drink 12.4 

Metabolic 0.5 

Respiratory and cutaneous 1.6 
14.9Total input 

Source: Table 40. 

from that in cattle belonging to the same house
hold, also on a 2-day watering regime (Table 31). 
The donkey has an energy surplus whereas the 
cow has a deficit. The reason appears to be that 
the donkey has a high ME intake, which in the 
ruminant would be associated with high energy 
demands, for example in lactation, whereas in 
fact the donkey's maintenance requirements are 
very low. 

However, water expenditure (ml.!') is sim
ilar in both animals. There are two reasons for 
this: firstly, although the water cost per kg DMI 
(Iw)is lower in the donkey, food intake must be 
higher for a given ME intake; secondly, the evap
orative water needs of the donkey walking in the 
heat of the day are nearly three times those of the 
cow walking unloaded and more than offset the 
cow's extra water need for lactation. 

The rate of water loss in the donkey is partic
ularly marked at the outset of the 2 days between 
drinking, because of the sweat lost carrying the 
water back to the boma. This loss must not reach a 
level which will depress the animal's appetite dur
ing the next grazing day, even though it may be 
able to graze during the first night. On the morn
ing after work, the degree of dehydration will be 
approaching 13% and by the afternoon 15%. At 
this stage the person who has walked with the 
donkey, and sweated nearly as much, would be in 
a coma if he or she had not drunk. However, don
keys are relatively unaffected by a water loss of 
12 to 15% of their bodyweight; appetite is not de
pressed until the level of dehydration reaches in 

excess of 15%, or as high as 23% in Sinai donkeys
(A. Shkolnik, unpublished). By the time the 

animal returns to drink on the second day it will 
have lost 21% of its body water, but will rapidly 

and completely rehydrate (section 3.3.1). 
The foregoing examples and equations have 

been based largely on data and situations in 

Kenya. Nevertheless, the approach is readily 
transferable to other parts of Africa. For example, 
given baseline data of the sort provided by Swift 
(1979) on the Tuareg in Mali (Table 42), water 
and energy turnover of four species can be simu

lated. 
The value of the model is that the behaviour 

of livestock throughout the year can be illustrat
ed and related to a variety of options for water 

development, whereas practical guidelines for 

development were formerly based on a single 
conservative estimate of daily drinking water 
requirements (Table 10). 
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Table 42. Distribution of nomadicflocks andherds in relationto water during dry seasons in arid Mali. 

Species Water Distribution of flocks and herds (%) 
frequency (d) Distance between pasture and wells (km):

10-19 20-29 30-39 40+ 
Camels 

Cattle 

Sheep 

Goats 

5-6 

2-3 

3 

2 

25 

19 

30 

54 

23 

66 

54 

46 

39 

15 

16 

0 

13 

0 

0 

0 

Source: Swift (1979). 
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6. WATER AND LIVESTOCK DEVELOPMENT
 

Modem strategies of livestock production require 
exogenous inputs of skills, equipment and mon-
ey. A fundamental elemeut of these strategies is 
the new ability to place water points where one 
wants them to be, rather than where they occur by 
accidents of nature. Unfortunately these techno- 
logical innovations are entirely dependent for 
their success on the human organisation and man-
agement of livestock and grazing resources. In 
pastoral systems, where the traditional organisa-
tion has collapsed and has not been replaced by an 
alternative, overgrazing becomes a certainty and 
the provision of extra water a liability. However, 
water development makes such an immediate im-
provement to the quality of life of pastoral people 
that its provision can hardly be denied. Having 
accepted the social and political obligations to 
provide water, the emphasis must be on minimis-
ing its deleterious effects. 

6.1 RANGELAND 

In theory, the objective of water development in 
is similar to that for commercialpastoral areas 

ranching areas, but in practice it is quite difecrent 

because of this lack of grazing control and the 

resultant range degradation around watering 
points. The extent of this degradation has been 

ondescribed by Jarrige (1980) relying largely 

information from Le Houdrou (1977). 
"The quality, productivity and surface of the 

arid ai.d semi-arid pastures of Africa (and the 

Middle East) have deteriorated at an alarming 

rate over the last decades as a result of overstock-

ing and the increasing pressure of human popula-

tion. Production is currently one third to one fifth 
of its potential and sometimes even as low as one 
tenth in the arid zone of Africa. The numbers of 
livestock have increased sharply (38% in all of 

Africa between 1950 and 1973; 53% for cattle) as 
a result of better sanitary protection and increased 

rainfall in the 1950s and 1960s, sometimes helped 
by unsound water development projects. Heavy 
and continuous overgrazing have resulted in the 
replacement of perennial grasses by annual grasses 
and of forage shrubs and trees by undesirable 
ones. At the end of the 1968-1973 drought in the 
Sahel, the vegetation cover was 32% less than 30 
years ago. Tens of thousands of hectares are con
verted to desert by wind erosion every year. The 
human population explosion has led to more and 
more pastures being turned into cereal cropping 
and fallow being reduced or suppressed. This 
periodical cereal cropping with modem ploughs 
eliminates the perennial forage species. Destruc
tion of woody species for fuel around the cities not 
only suppresses some browse species but also re
suits in the disappearance of valuable forage 
species that grow in the shade." 

The prospects for the future are not encour
aging. Food problems in tropical countries are 
well known. The rise in food production will have 

to exceed population growth in order to remedy 

present-day shortages, which cause 'half a billion 

people to suffer from undernutrition or nialnutri

tion. There is little chance of this happening in 

the near future, because the population has been 

growing and continues to rise at an unprecedent
ed rate (>2% p.a.). This population explosion is 

expected to last several more decades. In the in

tertropical zone by the year 2000 the population 

will probably reach 2950 million people, or 47% 

of the world's population and 60% more than at 

present (Jarrige, 1980). 
If pastoralism in any form is to survive, the 

range resources must be protected above all else. 

6.1.1 Uncontrolledgrazing 

The most conspicuous effects of range degrada
tion are to be found around permanent wells and 
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boreholes. For example the man-made desert 
round the settlement at Kom in northern Kenya is 
nearly 8 km in radius and 200 km 2 in area (iPAL, 
1982). In Niger, Rippstein and Peyre de Fab
regues (1972) estimated that proper exploitation
of a circle of 8 km radius around a pumping sta-tion, with o .'rexploitation during 9 months of the 
dry season, allowed a maximum of 3000 TLU on 
pastures having an annual primary productivity of

1700 kg DM.ha " . The actual biomass of stock wa 
usually more than 10 000 TLU. The authors made 
a number of standard recommendations on how 
water could be used to improve range manage-
ment. The system of transhurrance was to be
maintained and the time spent in the wet season 
dispersal area was to be increased by increasing
the number and depth of temporary ponds. The 
early return of transhumant herds to dry-season
grazing grounds was to be discouraged by delay-
ing the date at which the borehole pump starts 
operating. The number of pumping hours per day 
were to be varied to deliv, - 'he daily water needs 
for the correct stocking rate. This daily ration was 
carefully calculated for each month, and varied 
from 24 i in January to >42 I in October. In 
addition, dry-season grazing reserves were to be
created particularly from wooded pastures and 
firebreaks were to be introduced. Control of per-
manent water points, stocking rates and livestock 
distribution was to be placed in the hands of the 
nomads wflo traditionally use the area. 

However, it should be noted that the effec-
tiveness of such plans can be limited by: isolated
and sporadic rainstorms which may not fill all the 
ponds in the wet season; pump a,,endants and 
range management officials may be bed or 
coerced into operating pumping stations (Sand-
ford, in press); the committees set up to manage
the rangeland may not be very effective; and furl

delivery and maintenance of pumps and engines 

in remote areas may be difficult at best. 


Further water development in areas of un-

controlled grazing 
 may temporarily alleviate 

overstocking. However, 
 it will merely postpone

the day of reckoning when the rangeland will be a 

desert unless limited extent of range management
in Africa is recognized. The emphasis in water de-
velopment must be on the continuing use oftradi-
tional watering practices for which the labour and 
social organisalion required act as a constraint on 
range utilisation (Helland, 1980). An example of
such a development plan is given by King et al 
(1983) using carefully spaced hand-dug wells. The 
preference for wells rather than ponds was based 

with the unreliability, high evaporation rate, as 
well as erosion, silting and polluted water, asso
dated with ponds (IPAL, 1982). 

6.1.2 Controlled grazing
 
In certain situations 
 grazing is controlled. For 
example, in parts of Kenya Maasailand with an 
annual rainfall >600 mm individual ranches have 
been created whi, are a natural extension of the 
Maasai practice of reserved grazing areas. Most 
households have reserv.d grazing areas for their
calves (called olepolole), and some have reserved 
"ireas for grazing in the early to mid dry season 
(dokoya unkishu), as well as reserves (enkaroni)
for the final period of the dry season. Households 
associated with a specific reserved area do not 
have exclusive rights to that area, but they do col
lectively decic.e when livestock may enter for 
grazing. A meeting of men from a particular
neighbourhood makes this decision, and disputes
about entry often occur. Nevertheless, collective 
action may be taken against any person herding
prematurely in the reserved area, whether they 
are from the controlling neghbourhood or from 
elsewhere (Peacock t 1, 1982). 

In such cases, water development should be
largely a question of economics, which means that 
a watering point would be required to support the
equivalent of 1250 adult zebu cattle (Classen et al,
in press). Conventional range management prac
tices may be applied (Pratt and Gwynne, 1977),

but these are 
unlikely to include expensive im
provement of natural pastures until research has
 
shown that new 
interventions (e.g. forage leg
umes) are a realisti proposition. Food and min
eral supplements can 
be considered, provided

they are cheap enough. For example, the provi
sion of urea when forage digestibility is low has in
creased the milk yild of Meino ewes (Stephen
son et al, 1981).
 

Consequently the protein and fibre content 
of the diet may place a ceiling on ruminant DMI 
particularly by bulk grazers such as cattle. Crude 
protein levels of less than 7% markedly reduce 
the intake of natural grasslands in the tropics
(Osbourn, 1976), and are considered the major
limiting factor to liveweight gain, for example in 
Botswana (Pratchett et al, 1977). Therefore one 
can apply the old adage that 'water can be limited 
when forage is short' (in quality or quantity).

Earlier in the dry season, water should be 
accessible enough to allow the lactating cow to 
satisfy its appetite and maintain energy balance.on their reliability and water quality, compared That situation is illustrated in Table 46 where the 
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lactating zebu cow is inenergy balance, walking 
about 9 km.d-. The distance itself is not critical 
because the water and energy costs ofwalking are 
relatively small. Long distances (estimated at 
>14 km by Konandreas and Anderson, 1982) are 
nevertheless associated with a loss of grazing 
time, which is probably a more important factor, 
Daily watering is necessary for maximum produc-
tivity when grass digestibility is above 50% but 
moisture content below 50% or thereabouts. The 
conclusion reached is that doubling the density of 
watering points in an underdeveloped area pro-
duces a spectacular improvement in productivity, 
but that there is a rapid diminution in the return 
with each doubling in density thereafter (Sand-ford, inpress). 

6.2 WOODLAND 

The contribution of trees, particularly acacias, to 
pastoral systems is considerable. Besides provid- 
ing green leaves for browsing, all the litter which 
falls on the ground, in the form. of dead leaves, 
flowers and seedpods, is eaten. Dead wood is 
used for firewood and live branches for bomas. 
This last practice 'esults in the destruction of 
woodland in the vicinity of bomas. Tree regenera-
tion is prevented by overbrowsing particularly 
by goats which should be excluded f om an area 
for 5 years to allow young trees to grow out of 
the animals' reach (IPAL, 1982). The destruction 
is exacerbated by the likelihood of traditional 
watering places being located where ground water 
is at or near the surface and trees are concen-
trated. Careful spacing of new watering points 
away from some areas of woodland may reduce 
destruction, but is unlikely to eliminate it because 
smallstock can forage up to 20 km and bomas can 
be located up to 15 km from water. 

6.2.1 Tree shade 
Tree shade provides a shelter for nutritious plants 
and the resultant green vegetation acts as a heat 
sink for radiant heat from the animal. Its value 
for pastoral production in semi-arid rangelands is 
unquestioned but unquantified. It may be less 
important for indigenous stock, such as Boran 
cattle, in more humid less water-limited environ-
ments but tree shade is needed to maintain high 
levels of production if there are high solar heat 
loads (Fuquav, 1981). Thus shade from mature 
coconut palms significantly increased the milk 
yield of Friesian x Boran cow's (+18%) on the 
Tanzanian coast (Macfarlane and Stevens, 1972). 

6.3 LIVESTOCK 
Water development projects which take into ac
count the need to minimis2 range degradation 
from uncontrolled grazing will clearly need to 
limit the number and size of water points. The 
attributes of indigenous livestock in energy and 
water conservation show them to be better suited 
to such pastoral production systems than are 
exotic breeds and crosses. 

6.3.1 Beef versus milk 
The main reason for the existence of 100 million 
of the 135 million cattle in sub-Saharan Africa 
(FAO, 1977) is to provide a staple diet of milk 
unAOr 197)is to pre as die of milunder conditions which are harsh for both man 
and beast for much of the year. The amount of 
milk produced is, of necessity, only a few litres per 
day but is usually shared between the household 
and the calf, so that there is scope for marketing 
immature animals. Furthermore, the high per
centage of females in the herd (55 to 60%) pro
vides scope for rapid population recovery after a 
drought (King et al, in press). 

The dependence of pastoralists on milk may 
be decreasing with the trend towards smallstock, 
dryland farming and a more cash-oriented econ
omy. Nevertheless, the transition from pastoral 
milk to commercial beef production is not the 
logical extension of this trend because it fails to 
provide a livelihood for the vast majority of the 
pastoral community. The slums and shanty towns 
around most African cities bear witness to the 
hopelessness of trying to find alternative employ
ment for these people. 

Furthermore, lc'ere is iothing inefficient 
about dairy ranching versu', beef. The value, in 
terms of human nutrients, ci a kg of milk is much 
the same as that of 1 kg ci liveweight gain. The 
efficiency of conversion ot feed energy (ME) to 
milk is much higher than to meat and fat. Lacta
tion also enhances the conversion efficiency of fat 
deposition. The actual ce.vcrzirn coefficients 
vary with the digestibinty of the diL.!, which has 
been fixed at 60% for the purposes of the example 
(Figure 23). The comparative water content may 
also be relevant in the drv season when water in
take is limited. At that time fatty tissue, contain
ing only 0.45 I.kg' 1, is unlikely to be deposited and 
the water content of milk (0.87 l.kg" ) and lean 
meat (0.75 l.kg-') are quite similar. 

6.3.2 Cattle improvement 
The African cattle breeds which are most fre

quently improved are zebu and Sanga. Compared 
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Figure 23. Relative efficiencies ofmetabolisableenergy usefor cattleproduction, atodigestibility of0.60. 

Sa 

b,0.
 

Live

weight 

Source: Moe and Flatt (1969); Konandreas and Anderson (1982); Van Soest (1982) 

with European breeds, zebu cattle are generally
more tolerant of the heat, parasites and diseasesof the African environment. They require lesswater per kg bodyweight and per degree rise inambieut temperature, but this is mainly due to asmaller food intake and a lower metabolic rate.
The threshold ambient temperature at which they
start to sweat ishigher (28oC as opposed to 17'C),but they sweat at a higher rate once they havestarted (Winchester and Morris, 1956; Horrocks
and Phillips, 1961; Brown and Hutchinson, 1973).Zebu cattle digest low-quality grass hay slightly
better than Herefords and show less depression ofappetite when water is restricted (Phillips, 1960;1961a; 1961b). The N'Dama, an indigenous Bostaurus breed found in the humid areas of West
Africa, is reputed to have an even lower waterrequirement than the zebu (Pagot, 1974).


The improved breeds 
are usually exotic toAfrica and come from Europe, North America orAsia. Their introduction is often not questionedbecause, at the level at which decisions are made,
both the donor and the recipient are familiar withthe exotic animal in its original environment. Forexample, attempts to establish the Red Sindhi xJersey as a dairy breed in the southern United
States were abandon d in favour ofexisting Euro-pean breeds (Brantcn et al, 1966). The reason was that it was more economic to ameliorate theenvironment with cool buildings and reduce the 
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heat increment of feeding with a low fibre, highprotein and energy ration than replace high yielding European cattle with more robust zebu crossbred cattle of lower productivity. Since the earlydays of domestication, 'invaders have persisted
with the introduction of livestock to which theyare accustomed, even when the habitat was in
appropriate' (B6k6nyi, 1969).

In many parts of the tropics, for example inQueensland and East and central Africa, thereis only limited opportunity for improving the environment and zebu crosses have proved superior
to pure European breeds (Lampkin and Kennedy,
196:- Redfern, 1968; Sacker et al, 1971; Frisch,
1972; Brown and Hutchinson, 1973; Trail andGregory, 1981). In such situations, the genetic
potential for higher productivity of the pureEuropean breed isless important than the super
ior ability of the zebu to rear a calf without losingtoo much condition, so that it conceives again.

In the pastoral or subsistence dairy ranching
situation it is the relative stability of the small milk

yield under fluctuating environmental conditions
which is all important. The zebu achieves this stability because it lays down tissue reserves duringthe rains, whereas high-yielding European cows
divert a greater proportion of dietary energy intomilk (Trigg and Topps, 1981.). As a result theEuropean crossbred cow fails to provide a reliable
milk supply in the dry season, because of lower 



tissue reserves as well as higher metabolic de-
mands. Futhermore in European breeds of cattle, 
milk yield is depressed by water restriction (e.g. 
Little et al, 1976), whereas the admittedly smaller 
milk yield of zebu cattle is largely unaffected by 
alternate day watering by the time range condi-
tions demand it. The conclusion is that if cross-
bred cattle produce more milk during the rains, 
when there is a surplus anyway, and less during 
the dry season when it is really needed, then they 
should not be considered an improvement, even if 
ther overall lactation yield is higher. 

In Kenya Maasailand, there is a trend with 
increasing group ranch development towards 
using introduced zebu bulls, notably the 'im-
proved' milking Sahiwal and 'improved' beef 
Boran, on the Small East African Zebu. It also 
happens that the most developed group ranches 
have the highest rainfall, and it will be interesting 
to see how far down the aridity gradient the prac- 
tice of crossbreeding is taken before it becomes 
counter productive (King et al, in press). 

Both the Sahiwal and Boran are bigger than 
the Smail East African Zebu, as well as being 
more productive. But when forage is scarce the 
small animal may prove to be the better -ilker, 
because it will walk and feed at much the same 
rate as the larger ones but have a smaller mainte-
nance requirement. Livestock appear to get 
smaller as the average THI increases (Table 21). 
The phenomenon appears to apply to wild as well 
as domestic African ungulates (Dorst and Dande-
lot, 1970). While poor nutrition, high parasite 
loads and disease challenge may be contributory 
factors, dwarfism may be the physiological re-
sponse to a humid, hot environment. Having 
accepted the general principle of using small in-
digenous animals because of their adaptation to a 
hostile environment, it is inconsistent to still 
select for bigger size. 

The main objection to the use of 'improved' 
livestock in pastoral areas is their inability to 
realize their genetic potential in the absence of 
some improvement in management. At present 
livestock in much of pastoral Africa do not need 
to have a high production potential, btcause the 
low nutritive value of forage, supplied by grass-
lands and crop byproducts, allows but a limited 
yield if not supplemented with arable crops, 
which is unlikely (Jarrige, 1980). 

6.3.3 Breeding cattle for pastoralism 

It has been suggested that the amount of exotic 
blood in livestock should decline, as the produc-
tivity of the pastoral system declines, but the suit

ability for pastoralism of the genetic material in 
'improved' breeds has so far not been questioned. 
Under conditions of heat, water or nutritional 
stress the exotic genes may be working at cross 
purposes with the objectives of the system. 

It has also been suggested that pastoral cattle 
should remain reasonably independent of water. 
But emphasis on water conservation efficiency 
means that the criteria evolved in the developed 
tropics for livestock selection cannot be strictly 
applied. In the southern United States and north
ern Australia, research has been concerned with 
identifying lihestock, particularly cattle, which 
exhibit the least rise in rectal temperature in re
sponse to heat stress. This attribute isdescribed as 
heat tolerance, and has been related to higher 
growth rates, lower embryo mortality and higher 
birth weights (McDowell, 1972; H.G. Turner, un
published). Heat tolerance is primarily due to 
efficient heat dissipatory mechanisms, notably 
sweating, but it could also be due to a depression 
in endogenous heat production which is why heat 
tolerance tests are not particularly sensitive in
dicators of productivity (Branton et al, 1966). 
Lower heat production implies a lower metabolic 
rate and consequently lower growth potential. 
The basis for selection has therefore been refined 
to that of maintaining a normal rectal tempera
ture without a reduction in food intake (Vercoe, 
1976; Frisch and Vercoe, 1977; 1978). 

If sweating is to be kept at a minimum in the 
pastoral cow then either high heat loads must be 
avoided and dry heat loss increased, or the body 
temperature must be allowed to fluctuate (Figure 
8 and section 4.2). 

The value of a light or medium coloured, 
dense coat to reduce solar radiation reaching the 
skin surface is generally recognized, as is (he dis
advantage of a 'woolly' coat in cattle which has 
been negatively correlated with weight gain and 
milk production in the tropics, probably because 
it reflects a physiological imbalance (McDowell, 
1972). 

The best shape for reducing radiant heat load 
is that of the camel, with its long legs, short, slab
sided body and razor-back. The sale of imnature 
steers may be an important component of produc
tion and the objectives of beef production may be 
in conflict with those for water conservation. For 
example, the Boran beef breeder is looking for a 

long, broad, straight back, avoiding rangy anim
als because they are indicative of slow maturity 

and stocky ones because they lack the more ex
tensive and expensive back joints. 
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There is some debate about the efficacy ofbeef breeding selection programmes in changing
the shape of the animal. For example, McDowell
(1972) noted that the effect of zebu genes in a
crossbreeding programme in the USA was to
shorten the length of the back. In a crossbreeding 
programme in western Uganda, Trail et al (1971)
found that at the same weight,there was no differ-

ence in side and leg length between Boran, zebu
and Redpoll crosses. Ankole crossbreds, which 
are a Sanga type, were both longer and taller. The 
only crossbred that was 
longer backed and shorter

legged was the Aberdeen Angus crossbred, re-
flecting the more intensive selection for blocki-
ness which has gone on in this breed. The equable
climate in western Uganda did not seem to favour one crossbred more than another. More extreme
climates might have done so, and also altered the
shape and size of the growing animals (section
4.2.5). 


The role of appendages has not been 
com-
pletely clarified and there is not enough evidence 
to promote them at the expense of other charac-
teristics. Thus skin folds should not extend into
pendulous sheaths, nor should horns be retained
just for their possible thermoregulatory function,
On the other hand there may be good reasons not 
to dehorn animals in a pastoral situation, where
horns may be highly prized. For example the size,
shape and colour of the horns of the Ankolc cow,
which may be up to 8 5-90 cm long and weigh 7 kg 
or 17% of bodyweight, are second in importance 
only to coat colour in the eyes of their breeders,
the Abahima people (Mackintosh, 1938). Horndisbudding had no significant effect on growth
rates from birth to 3 years (Trail and Sacker,
1966), and it is possible that horns would act as
radiators in hotter, drier environments, 

There are also other beI'avioural responses

to be encouraged, apart 
 from shade-seeking,
Camels are adept at exposing the mil.imum 
face area 

sur-

to solar radiation under conditions of
water deprivation. When the herdsman notices


that all the camels have turned to face the sun, it is

time to take them to water (C.R. Field, unpub-
lished). Schmidt-Nielsen (1965) describes how
the dehydrated camel sits on the ground with its
legs under its body facing the sun, and how groups
huddle together couched on the ground to reduce
heat flow from the environment during the hot-
test hours of the day in the Sahara. 

The alternative of allowing the body temper-
ature to fluctuate was addressed by Bligh (1972)
who suggested that the benefits which thermo-
lability bestows on the camel could apply equally 

sure to new markets (King et al, in press).
The ratio between the species varies with the

rainfall since it is partly related to heat tolerance 
and water needs. Attributes in water conserva
tion efficiency are normally thought to be traded
off against productivity, but enough evidence has
been produced in this report to show that this re
lationship is not constant. In a direct comparison
of the water cost of production between species
on Galana ranch, it was found that the growth
rate of domestic oryx, eland and cattle was of the same order, but that oryx had about one third of
the water requirements of the other two (Table 

well to cattle, sheep and goats. As has already
been indicated (section 4.2.6), smallstock proba
bly do not have a large enough mass to store a significant portion of the day's radiant heat load to
make thermolability worthwhile. Cattle are big
enough and at least one breed, the N'Dama,
allows its body temperature to fluctuate. The
mechanism has been associated with trypano
tclerance. but it has also been noted that the
N'Dama has low water requirements. Further
more thermolability does not seem to have affect
ed the N'Dama's productivity compared with
other indigenous breeds of cattle (Table 45).
Selection for thermolability runs contrary to the
philosophy behi,.i the heat tolerat,.a tests men
tioned earlier 'athis section. 

Because of the relatively small milk yield ofthe pastoral co%, it may be tempting to replace it
with a beef animal. But the criteria for selecting a
pastoral cow are slightly different from those for
the beef cow, which may be selected on :he basis
of her calving interval, ability to maintain body
weight while suer!-ir.- a calf, and on the calf's 
vi. bility and weight at weaning. Admittedly the
'improved' Boran is only a few generations away
from its role as a pastoral cow, and may retain the
pastoral characteristics. To support this last sug
gestion it has been shown that 'beef' Brahman 
cattle imported into tropical Australia, milked 
more than Herefords and used feedstuffs and nutrients from body stores to lactate at the expense

of reproduction (Turner, 1980).
 

6.3.4 Species mix 
Despite the attributes of the pastoral cow dis
cussed above, pastoralists cannot rely on cattle
milk throughout the dry season, and in arid areas
they may not be able to keep cattle at all. Thus a
mix of species is kept, related to the rainfall in the 
area (Figure 24). This mix is also affected by such
factors as sedentarisation, range trends and expo

43). 
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Figure 24. T.e relative composition of pastoral livestock holdings under various rainfall regimes 
in Kenya (total herbivore biomass figures include wildlife). 
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No similar work has been done in the pasto-
ral situation, but one can make a preliminary 
assessment of whether or net big discrepancies in 
the water cost of production are likely to occur. 
The first step isto obtain ameasure of the proJuc-
tivity of different species on natural rangeland. 

A useful index was developed by ILCA 
(1979a) which measured productivity in terms of 
the weight of the yearling calf and the calf equiva-
lent of milk taken by the herdsmen, divided by the 
weight of the dam maintained annually. The same 
sort of index was applied to sheep and goats, with 
the difference that the weight of the progeny was 
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taken at weaning (5 months), although produc
tion was still expressed on an annual basis. In 
order to compare large and small stock in the 
same index, production has been expressed on an 
annual basis in terms of what the female weans. 
Weaning age is taken as 12 months in camels 
(Bremaud, 1979),9 months in cattle and 5months 
in smallstock. Thus yearling calf weights given in 
ILCA (1979a) have been corrected to weight at 9 
months using the following equation: 
9-month weight = 12-month weight - (12-mor" 
weight - birth weight)/7 (kg) (6.01) 

Table 43. Comparison of daily growth" and water turnover in dornestic oryx, eland and Boran cattle. 

Water turnover Growth Water cost of 
Species (ml.l" NZ) (g.kg'/W"' 1) growth (ml.g') 

Ory 68 3.2 21 

Eland 2(02 3.1 65 

Boran cattle 188 3.4 55 

' From birth to 98% of asymptotic weight (Wm). 

Source: Carleset al (1981). 
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Table 44. Annual productivity estimates for the camel. 

Parameter Unit Code Calculation Value 
Calving % A 
Calf viability to weaning 50 

% B 
60Cahvesweaned % C A x B + 100 30Calf weaning weight kg D 150Total weight of weaners kg% E CxD

Milked out yield 	 4500 
kg F 

Liveweight equivalent of milk 
1460 

kg G F + 9 162.2Female viability % H 95Females maintained 
 % I H + [(100-H) + 2J 
 97.5]Female weight kg j 420Female metabolic weight kg°75 
K Jo.75  

92.8 
Per cow maintained 
Weight ofweaner kg L 
Liveweight equivalent of milk 

E + I 46.2 
kg M G x (A + 100) + 1 83.2Productivity index, kg N L + M 129.4Productivity index' g.kg' N x 1000 + J 308.1Productivity index, 	 7 5g.kg.-0 N x 1000 +K 1394 

Defined as the total weight of weaned calf plus liveweight equivalent of milk produced per annum.Source: Mason and Maule (1960); Bremaud (1969); Spencer (1973); Dahl and Hjort (1976); Williamson and Payne(1978); and Wilson (1978a). 

Camel productivity traits have had to be de- with a twofold diffqrence between the Smallrived from a variety of sources (Table 44). The East African goat (at 300 ml.l -. ) and camel (atlow calf viability to weaning (60%) is a reflection 150 ml.l "82) it. the same environment (Galana).of the demands made by the household. These The conclusionneeds can hardly be reduced: in times of drought 	
.s that differences in the

water cest of production between species, if notthe Rendille of nothern Kenya let the male camel breeds within species, are worth more study, parcalves die first, then their own children, and then 	 ticulai-y in e context of pastoral water developthe female calves (H.J. Schwartz, unpublished). ment.

The values of the productivity index for spe

cies and breeds from all over sub-Saharan Africa
have been brought together in Table 45. 
 6.3.5 Centripetal wateringWhen the productivity index is expressed in This management practice involves herding live-Table 45 as g of weaner produced per kg of dam
maintained per year, it can be seen that goats are 

stock as far from water as possible at the start of 
more productive than sheep, 	

the dry season, when the vegetation is green andand sheep more the days are cool, and gradually bringing themthan cattle and camels. However, when size is dis- closer as the vegetation dries out and the days becounted, there is no difference between the 20 kg
West African Dwarf goat and the 420 kg camel. It 	

come hotter. It is commonly practised with cam
ets and smallstock, for example by the Rendilleis difficult to know if differences between breeds and Gabra of northern Kenya (IPAL, 1982), butwithin sheep or goats are real or due to a paucity not with cattle. Herders of cattle -.ormally adopt aof data, compared to cattle. The mean values for practice of centrifugal watering, which involvessheep, goats, cattle and camels are remarkably

similar with a range of 1085 to 1395 g.kg' WO.
gra7ing near water first and extending their range 

" 
7 5 . as ti,- 4ry season progresses. The reason for theyear i (30%). In contrast the values for mean diffec: . vractices probably relates to the lowerdaily water turnover are remarkably different, water :equirements of camels and smallstock and 
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their higher water intake.from forage, compared presses lactation at the beginning. The milk yield 
to cattle. will be at its peak at the end of the rains when 

Nevertheless, the observation of cattle in the cow will be expected to walk as far away from 
Niger suffering fatigue and weight loss but walk- water as possible. An energy budget for that 
ing maximum distances at the end of the dry sea- period suggests that the animal should not walk 
son and at the hottest time of year, prompted more than about 10 km.d-' (Table 46). 
Rippstein and Peyre de Fabregues (1972) to rec- The estimated energy deficit of 1.8 MJ ME. 
ommend centripetal watering. The practice was d-1, or 0.4 kg weight loss per week, is unlikely to 
adopted by Klein (1981) in an experiment to depress lactation. However the boma can only be 
determine the optimum stocking rate on Sahelian located a maximum of 5 km from the watering 
pastures in Niger. A traditionally managed herd point. Therefore the cow must be watered every 
was included as a control, but the comparison of second day so that it can graze away from water 
the two systems of watering was confounded by on alternate days, thereby increasing the radius of 
the fact that the animals on the centripetal system. the grazing area from the watering point to about 
were in paddocks, and may even havegrazed at 9 km. The problem with the implementation of 
night. 2-day watering when the cow's water needs are 

The value of centripetal watering in main- still high (due to high DMI and milk yield) is that 
taining bodyweight at the end of the dry season the animal may become severely dehydrated. This 
may be negated in the pastoral system if it de- will become apparent if it drinks more than 50 1 

Table 45. Comparisonof the productivityinde:. in different breedsof livestock undersubhumidto semi-aridranching 
conditions, and low t6 no tsetse fly challenge. 

Weaner per dam per year	 75)Species 	 (g.kg) (g.kg-rW . 

CAMEL 1395 

CATTLE 

Humpless: 	 N'Dama 325 1310 
West African Shorthorn 334 1215 

Humped: 	 Boran 349 1530 
Small East African Zebu 319 1295 
Sokoto Gudali 274 1175 
White Fulani 394 1690 

Huinolessx humped: 	 Africander 256 1180 
Ankole 284 1230 
Tswana a 1540 

Species mezJ " 	 1 1325 

GOATS 

Dwarf: West African 648 1390 

Intermediate: Small East African 428 975 

Long-legged: Sahel 363 840 

Sudan Desert 618 1495 

Species mean: 	 51A U 

SHEEP 

Thin-tailed: 	 West African Dwarf 639 1405 
Sahel 434 1095 
Suddn Desert 530 1335 

Fag-tailed: 	 Maasai 297 710 
Tswana 	 3n 89
 

Species mean: 	 454 

Source: Adapted from ILCA (1979a) and Table 44 for the camel. 
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Table 46. Estimated daily energy budget ofazebu cow on centripetal watering. 

Item Absolute
value 

Forage intake 6.34 kg DM 
Maintenance at rest 250 kg 
Extra costs: feeding 46.3 MJ ME 

lactating 2.0 kg
walking 9.5 km 

Total expenditure 

Energy balance 


every second day, i.e. it has a daily drinking
requirement of 25 1.The degree of dehydration
represented by 50 i every second day in a 250 kg
cow is 20%. Any further water needed to offset
the demands of DMI and milk yield must come
from water in forage, which can be calculated
using equation (5.21): 
WF 	= (IxlQ)', ,WKxWK.)+(MYxMY,)-WI 

= (6.34 x 4.5) + (0 x 0.35) + (2 x0.87) - 25 
= 5.3 l.d 


The moisture content 
 of the grass which will
achieve this water intake is obtained from equa-
tion (5.20): 

Forage moisture = WF/(I + WF) 
= 5.3/(6.34 + 5.3) 
= 0.46 

The conclusion reached is that lactating zebu 
are unlikely to maintain full productivity on a cen-
tripetal watering system when the grass moisture
falls below 0.46. This value is based on a mass of
assumptions which need to be validated. How-
ever, the example illustrates the principles in-
volved and one of the main constraints to the 
innovation. 

The other major constraint in Niger, and of course elsewhere, is how to destock around the
pumping stations so that centripetal watering can
be adopted. The pasture within a radius of 8 km of
these pumps is about 20 000 ha and should sup-
port <3000 TLU, whereas in practice it carries 
>10 000 TLU (Rippstein and Peyre de Fab-
regues, 1972). 

6.3.6 Restricted watering
When the rains have failed and it is likely to be a
difficult dry season the transition to 2- and 3-day
watering should be made earlier in order to 
precipitate a 'siege' condition in the animals. The
value of reducing cattle maintenance require-
ments to two thirds of normal, is that it allows the 
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Coefficient Equation
number Metabolisable 

energy (MJ) 
d= 0.50 (5.02) 46.3 

(5.03/4) 29.0 
40kJ.MJ'ME 

3.6 MJ.kg*' 
1.8 kJ.kg"'.km-' 

(5.05) 
1.9 

12.9 
4.(5.30 

48.1 
8 

- 1.8 

grazing to last one third longer or carry one third 
more animals. There is also a saving in tissue re
serves compared with an animal on a daily water
ing regime, which could be in the region of 95 MJ
ME.(Figure 18). This saving does not look much
compared with a daily maintenance requirement
of 23 MJ ME until one realizes that the cow with a 
depressed metabolic rate is approximately in 
energy balance (Table 31). The decision to
change from a production to a survival strategy is
normally associated with lack of grazing, but it
should also be taken when the quality of the forage
is low. As Rogerson (1963) showed and has been 
mentioned in section 4.3.2, cattle on a roughage 
diet with a low protein content are better able to
maintain energy balance if water intake is reduced.

The trend of decreasing frequency of water
ing is usually associdted with increasing distance
of the boma from the watering point, which puts
added strain on the water supply to the house
hold. This constraint can be overcome with the
provision of baggage animals. In the semi-arid 
areas donkeys appear to be in plentiful supply, 
but in the de,erts where camels are used there is 
not enough slack in the system to rear an adequate number of males (section 5.2.2). Conse
quently there may be a case for providing mature
baggage camels to poor settlements to allow them 
to get away from water into better browsing
areas, tiereby breaking the vicious circle in which 
they have neither milk nor forage enough to rear
their own males. In fact this is one of the recom
mendations of the resource management plan for
the Rendille area of northern Kenya (IPAL,
1982). 

Another category dependent on carried 
water are young, unweaned livestock in the hot
test pastoral environments. For example, in the 
northern Sahel, the Tuareg keep their camel
calves in camp for the first 4 months and give them 
5 to 101 water from a waterskin every 3to 4 days, 

http:5.3/(6.34


and goat kids are kept in camp for 6 months and 
drink 1 to 2 1every day (Swift, 1979). The provi-
sion of inadequate water to compensate for the 
milk taken by man could be one more factor con-
tributing to the high mortality rates in young 
stock. 

6.3.7 Night grazing 

Except where intense sun forces herdsmen to let 

their livestock out before dawn, night grazing is 

not practised in pastoral Africa. The main reason 

is that it isvery labour intensive, and also danger-

ous for the stock (predators) and the herdsmen 
(snakes). A prerequisite for night grazing is fenc-

ing and predator control, both human and animal. 
The value of night grazing is that it provides extra 

time to eat vegetation with a higher moisture 
content at low environmental heat loads. It is 

practised by many wild herbivores in desert areas, 

and makes them largely independent of drinking 
water (section 3.3.3). In cattle, its most important 

contribution is to the high yielding dairy cow 

which can be identified by the extent of its forag-

ing at night (Stobbs, 1975). Good night paddocks 
are desirable for optimum dairy production on 

tropical pastures. At the other end of the scale, it 
was found in Tanganyika that Small East African 
Zebus allowed to graze at night were only 3 kg 

heavier after 72 weeks than their counterparts 
which were penned at night (Meyn, 1970). In a 

similar comparison, Boran zebus put on an extra 
23 kg with night grazing. It was concluded that a 

small breed of zebu can satisfy its nutritional re-
quirements under traditional pastoral manage-
m -nt whereas a larger breed, like the Boran, can

not. In another trial in Tanganyika with Boran 
and Angus x Boran steers, the 5 to 6% improve
ment in liveweight of 24 h grazing over night pen
ning was offset by the loss of 2 steers killed by 
lions (Wigg and Owen, 1973). The same authors 
noted one benefit of night grazing, not previously 
mentioned, namely the manure the pasture re
ceives which would otherwise accumulate in the 

night enclosure. This extra fertilizer visibly assist

ed the spread of a most useful perennial star grass 

(Cynodon dactylon). 
From the foregoing, it can be seen that the 

value of night grazing to small breeds of indige

nous livestock is not automatic; it also varies with 

environmental -id pasture conditions. For exam

ple, when West African Shorthorn cattle were left 

out during the whole 24 h in Ghana, the amount 

of time they chose to spend grazing at night was 

found to vary with the environmental conditions 
(Rose Innes, 1963). In Uganda, Joblin (1960) 
found that the restriction of night grazing led to a 

significant det line of 30% in liveweight gain in 

zebu oxen, but the difference was largely attribut

ed to periods of moderate grass shortage, when 
those animals with the longer grazing period were 

able to select a diet of superior quality and quan
tity. Under good or very bad grazing conditions 
the provision of night grazing made no difference. 
In many areas of Maasailand the nights can be 
clear, cold and windy, particularly towards the 
end of the dry season. Crowding cattle together in 
a thorn bomna for the night must reduce their heat 
loss and their need to waste limited body energy 
reserves on thermogenesis. 
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7. RESEARCH IMPLICATIONS
 
Successful livestock management in a pastoralproduction system is the art of balancing produc-
tion objectives agai-'st highly unpredictable and 
variable forage arn water resources. Such a
scenario is difficult to recreate on a research sta-
tion and the scientist must be prepared to extend 
his experiments into the herds and flocks of the
pastoralists. 

7.1 MODELLING AND HYPOTHESIS 
The value of a modelling approach is that it disci-
plines the scientist to piece together scattered 
facts from isolated experiments and ideas into a
coherent form (Figure 19). It may be difficult to
define the units of a model. For example, there 
was a strong case for adding considerations of
protein and mineral metabolism, but this has 
been excluded. 

The consideration of an overall model also 
has the benefit of indicating factors in need of in-vestigation (Van Soest, 1982). Simple models are
the first step in providing scenarios for a range of
conditions in applied situations (for example,
Table 32 on daily, 2-day and 3-day watering), en-
abling better management decisions to be made
(Christian, 1981). Governments and aid agencies
need the most sophisticated projections they can 
get, if for no other reason than an insurance 

against expensive failures, 


7.2 COMPONENT RESEARCH 
A study of 'm!rost any section of this report re-
veals opportunities for component research,
either in tht field, the research station or the
laboratory. The research priorities outlined 
below are based on the -n, ;t important topics and 
species and are biased towards the pastoral situa-
tion rather than the laboratory. 

7.2.1 Priority topics
There is a need to improve the precision of the
estimates in the following components of energy
production, heat exchange and water turnover. 

The most important and yet weakest link in
the research chain of energy production is the 
measurement of forage intake. The fibre c, mpo
nent ofthe diet may prove to be a more useful pre
dictor of intake (e.g. Thornton and Minson, 1972;Van Soest, 1982) than digestibility and crude pro
tein which are more frequently used at present
(Konandreas and Anderson, 1982). The fasting
metabolism or at least the maintenance require
ments of the wide variety of breeds of African 
livestock need to be measured. The biggest drain 
on the pastoral cow is probably lactation, not
walking, despite the cow's small milk yield. The 
energy expended (MJ ME) in producing 1 kg of
milk was estimated to be the same as walking 
14 km (section 5.1.3).

More work on heat exchange between the
animal and its environment needs to be done in
the field. Up to ntow much of it has been done in 
the laboratory and the calorimeter. The value of
the work is unquestioned but it still has to be
translated into the field or pastoral situation. The 
main difference between the two environments is
of course the sun, but solarimeter readings are
probably of less general value than temperature 
recordings in sub-Saharan Africa. The reasonthat the heat load on the animal decreases with in-

is 

creasing altitude whereas solar radiation may in
crease. The overall vertical decrease in tempera
ture (lapse rate) is between 0.50C and 1.1°C per
100 m of altitude in the tropics, depending on the 
season, with a relatively constant rate of 0.6'C per
100 m in the highlands of eastern Africa (Barry
and Chorley, 1971; Brown and Cochemd, 1973).
Measurements of environmental heat load can beobtained from standard meteorological sites, but 
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a more accurate picture of the microclimate 
affecting the animal is required. 

A number of different indices of the thermal 
environment are discussed in the textbooks, each 
requiring different recording instruments (Kers-
lake, 1972; McDowell, 1972; Mount, 1979). Ideally 
these should integrate solar radiation, ambient 
temperature, wind velocity and air water vapour 
pressure. A simple index which has proved useful 
for reducing heat casualties in man during army 
training is the 'wet bulb: globe temperature index' 
(WBG T,). If the normal wet bulb temperature 
(TWb) is used, from a forcibly ventilated wet bulb 
not exposed to radiation: 

WBG Tg = 0.7 T,b + 0.3 T9 (6.02) 


Tritiated water studies of TBW have in-

creased our understanding of animal water trans-

actions under field conditions. The most impor-

tant intake is drink but water intake from forage 

requires further study. The separation of evapo-

rative water loss (Maloiy, 1973) from that re-

quired for intermediary metabolism might be the 

next requirement of the model, if, indeed, the 

extra precision justifies the-effort. 
Work on nutrition, heat load and body water 

tlrnover should proceed in parallel, otherwise it 

is very ditficult to integrate the three components. 

7.2.2 Priority species 
The zebu cow remains the most important animal 
in the pastoral system (Table 2), but priorities for 
research may be modified slightly towards other 
species for a number of reasons. There is a trend 
towards pastoralists keeping more smallstock, at 
least in certain areas such as Maasailand. The 
value of camels is becoming increasingly appar-
ent, notably because more areas are being made 
available for them by the desertification process 
and also because their exploitation of fragile habi-
tats is less destructive than that of goats, cattle 
and sheep. The donkey may thrive on neglect, but 
that does not mean that a small research input 
would not improve the lot of this much abused 

animal. 

7.3 FIELD METHODS 

Field work on the priority topics already dis-
ctissed (section 7.3.1) is not as difficult as it used 
to be; technical equipment is becoming increas-
ingly compact and rugged so that samples can be 
collected, processed, preserved or even measured 
in the field. Communications by 4 wheel drive 
vehicles, light aircraft and scheduled air services 

provide ready access to advanced laboratory facil-

ities. 

Studies of the nutritional value of the diet are 
complicated by the difficulties of herding fistulat
ed animals in a pastoral environment. Fortunate
ly, where the preponderance of shrubs threatens 
to dislodge the fistula plug, the herbivore changes 
from a guazer to a browser and simulation of the 
diet by hand-plucking becomes more realistic. 
Similarly, while bagging techniques may be ap
plied to free-ranging cattle (Dicko, 1981), the fae
ces produced by herbivores in dry, thorn scrub are 
often pelleted and easy to collect. One advantage 
of the nutritionist in Africa compared with col
leagues in some other parts of the world, is that 
labour-intensive methods can be employed. The 

high ratio of good herdsmen to livestock also
 

means that the animals are easy to catch and
 

handle. There remains the problem of obtaining a 

representative sample of the herbage on offer 

from natural grassland. 

Measurements of energy balance are fre

quently done using a portable weighscale. Such 

scales may not be accurate to more than 2% of 

bodyweight (e.g. 5 kg on a cattle weighbridge), 

which may mean that 20% of the body fat reserves 

may be missed. Similarly, it is easy to obtain a 

rough measure of milk yield and iistance walked 

(e.g. Semenye, 1982) but difficult to get an accu
rate one. 

Measurement of heat exchange in the animal 
in the field is the province of the specialist, but the 
general animal scientist should at least under
stand the principles involved and be able to de
scribe the microclimate of the free-ranging herbi
vore. Whether or not an index such as WBG T. is 
applied, two of the most useful portable in~tru
ments are: the whirling hygrometer which can 
measure shaded dry bulb temperatuire as well as 
wet bulb depression for calculations of total heat 
of evaporation, and the globe thermometer which 
measures the combined effect of radiation and 
convection. 

Much useful information can be obtained 
from field observations of drinking, such as the 
physical limits to the volume that can be drunk 

and the time taken to completely replace lost 

body fluid. Is water intoxication really a problem 
in indigenous ruminants adapted to semi-arid 

envirorments, or are the symptoms caused by dis
tension of the rumen, discomfort and weakness? 
What is the le%,el of dehydration which will de
press appetite and lactation in each breed and 
species under field conditions? The forage mois
ture content of the diet must be estimated as accu
rately as possible using hand-grab samples of the 

observed diet. Accuracy is most important when 
forage moisture is above about 35% when its con
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tribution tl total water intake starts to increase 
rapidly (Figure 4). Tritiated water studies should
be continued, provided the potential size of the
discrepancies between predicted and actual water 
input under intermittent watering regimes are
recognized and precautions taken to minimise 
them (King and Finch, 1982). 

7.4 CONCLUSION 

An important contribution that the developer,
and hence the scientist, can make to the produc

tivity of pastoral systems will be to increase the
efficiency with which scarce water and energy
resources are used. As much as possible of the re
search should be undertaken in the enviro'ment 
in which the pastoralist is living so precariously, in
order to understand the realistic possibilities for 
improvements in livestock production iri pastoral 

systems. 
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ABBREVIATIONS USED IN THE TEXT
 

ABA Animal Breeding Abstracts, 
CAB, U.K. 

ARC Agricultural Research Council, 
U.K. 

BDPA Bureau pour le Ddveloppement 
de la Production Agricole, France 

BVA British Veterinary Association, 
U.K. 

Bwt bodyweight 
CAB Commonwealth Agricultural 

Bureaux, U.K. 
CEEMAT 	 Centre d'Etudes et d'Expdrimen-

tation du Machinisme Agricole 
Tropical, France 

CNRA 	 Centre National de la Recherche 
Agronomique, France 

d 	 day 
DDT pp'-dichlorodiph(:nyltrichloro-

ethane 
DM dry matter 
DMI dry matter intake 
FAO Food and Agriculture 0rganisa-

tion of the United Nations, Rome, 
Italy 

HMSO Her Majesty's Stationery Office, 
U.K. 

IAEA International Atomic Energy 
Agency, Vienna, Austria 

IEMVT 	 Institut d'Elevage et de M6decine 
Vdt6rinaire des Pays Tropicaux, 
Paris, France 

IFS 

ILCA 

IPAL 

LU 
MAFF 

m a.s.l. 
ME 
mosm 
NE 
NRC 
OAU/STRC 

Pa 
r.h. 
TBW-
THI 
TLU 
TOH 
UNESCO 

Wg 
Wm 
W.m "2 

Wt 

International Foundation for 
Science, USA 
International Livestock Centre 
for Africa, Addis Ababa, 
Ethiopia 
Integrated Project on Arid Lands, 
Kenya 
livestock unit 
Ministry of Agriculture, Fisheries 
and Food, U.K. 
metres above sea level 
metabolisable energy 
milliosmole 
net erie gy 
National Research Council, USA 
Organisation of African Unity/ 
Scientific and Technicai Research 
Council 
Pascal 
relative humidity 
total body water turnover 
temperature-humidity index 
tropical livestock unit = 250 kg 
tritiated water 
United Nations Educational, 
Scientific and Cultural 
Organisation, Rome, Italy 
water in gut 
water for metabolism 
Watts per square metre 
weight 
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THE CONSULTATIVE GROUP ON INTERNATIONAL
 
AGRICULTURAL RESEARCH
 

The International LivestockCentre for Africa (ILCA) is one of the 13 international agricultural research
 
centres funded by !he Consultative Group on International Agricultural Research (CGIAR). The 13
 
centres, located mostly within the tropics. have been set up by the CGIAR over the last decade to pro
vide long-term support for agricultural development in the Third World. Their names, locations and re
search responsibilities are as follows 

IFPRII 

eCIP 

Centro Internacional de 
Agricultura Tropical (CIAT),
Colombia: cassava, field beans, 
rice and tropical pastures. 
Centro Internacional de 
Mejoramiento de MaIz y Trigo 
(CIMMYT), Mexico: maize and 
wheat, 
Centro Intcmacional de la Papa
(CIP), Peru: potato. 
International Centre for 
Agricultural Research in the Dry 
Areas (ICARDA), Lebanon: 
farming systems, cereals, food 
legumes (broad bean, lentil, 
chickpea), and forage crops. 
International Board for Plant 
Genetic Resources (IBPGR),
Italy. 

RAO 

International Crops Research 
Institute for the Semi-Arid 
Tropics (ICRISAT), India: 
chickpea, pigeon pea, pearl 
millet, sorghum, groundnut, 
and farmingsystems. 
International Livestock Centre 
for Africa (ILCA), Ethiopia: 
African livestock production. 
International Rice Research 
In3titute (IRRI), the Philippines: 
rice. 
International Institute of 
Tropical Agriculture (IITA), 
Nigeria: farming systems, maize, 
rice, roots and tubers (sweet 
potatoes, cassava, yams), and 
food legumes (cowpea, lima
bean, soybeai). 

I 

International Laboratory for 
Research on Animal Disease 
(ILRAD), Kenya: trypano
somiasis and theileriosis of cattle. 
West Africa Rice Development 
Association (WARDA), 
Liberia: rice. 
International Service for 
National Agricultural Research 
(ISNAR), the Netherlands. 
Intr*.,-tional Food Policy 
Research Institute (IFPRI),
USA: analysis of world food 
problems. 
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