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ABBREVIATIONS AND ACRONYMS
 

A area 
AID U.S. Agency for International Development
 
ARD Associates in Rural Development, Inc.
 
BuRec U.S. Bureau of Rezlamation
 
C catch
 
CAS catch assessment survey 
cm centimeter
 
CPUE catch per unit of (fishing) effort
 
CV coefficient of variation
 
d desired confidence level
 
E effort:
 
FAO Food and Agricu).ture Organization of the United
 

Nations
 
FBS fish biology sa:ap).ing
 
FSP fish sampling program
 
gm gram 
gn gill :let
 
GSDR Government of the Somali Democratic Republic
 
ha hectare
 
hl hook line
 
hn hoop net
 
ICA International Center for Aquaculture
 
JESS Jubba Environmental and Socioeconomic Studies
 
JuDAS Jubba Development Analytical Studies 
kg kilogram 
km kilometer 
maxcoue maximum catch per set 
mcpue mean catch per set 
mincpue minimum catch per set 
MEI morphoredaphic index 
MFMR. Ministry of Fisheries and Marine Resources 
mg mii l. igram 
mm millimeter
 
MNPJVD Ministry of National Planning and Jubba Valley 

Development 
MSY maximum sustainable yield 
N number 
ppm parts per million 
SEBS socioeconomic baseline survey 
SSh Somali shillings 
SMP Somali. Marine Products 
spp species (plural)
 
TARDA Tana and Athi River Development Authority
 
TDS total dissolved solids
 
wt weight
 



PR.EFA CE
 

The Jubba Environmental and Socioeconomic Studies 
(JESS)

project is a three-year program of 
river basin investigations in

Somalia. 
The project is part of a larger project, Jubba
 
Development Analytical Studies 
(JUDAS), a cooperative effort
 
between the U.S. Agency for International Development (AID) and

the Ministry of National Planning and Jubba Valley Development

(MNPJVD) of the Government of the Somali Democratic Republic
(GSDR). Associates in Rural Development, Inc. (ARD) was

contracted to provide technical assistance and project management
 
for JESS.
 

The long-range goals of JESS and JuDAS are to provide MNPJVD
with needed infoniiation on soils/land use, natural resource
utilization, social and environmental issues, staff training, and 
technical support. 

Under a consultancy contract with ARD, Mr. Earl Meredithstudied T-he fishery resources in the Jubba Valley during 2 field
trips, October-November 1986 and March-May 1987. Mr. Mohamad
Hassan Aden of MNPJVD assisted Mr. Meredith with the frame survey
during the first consultancy. Further assistance was provided by
Mr. Ahmed Abdulaahi Yassin of the Ministry of Fisheries and 
Marine Rescurces (MFMR). 
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I. EXECUTIVE SUMMARY
 

This report details the results of a consultancy to assess
the potential impacts of construction of the Baardheere Dam on
downstream fish populations and fisheries development in the
 
Jubba Valley. The goals of this 
fishery assessment were to
 
describe the status of the fisheries in the Jubba Valley,

identify effects of the proposed dam on the fish populations in
the Jubba River, and discuss fishery development and management

issues relevant to the Jubba Valley.
 

The preliminary consultancy consisted of 2 field trips. Thefirst, from the mouth of the Jubba River to the Faanoole Barrage,
took place from 6 to 20 October 1986. The second, from Saakow to
Luuq, was conducted from 30 October to 17 November 1986. Field 
notes 
from the first trip are included in Appendix A of this 
reporz. 

A second consultancy was completed between 22 March and 17May 19P,7. Five field trips were conducted during this period.
Three of these trips sampled fish populations in the Jubba
Valley. The other 2 assessed fishery potential and observed 
fishing activities at the Johar Reservoir on the Shabeelle River.

A Somali fishery biologist was trained in rotenone chemofishing 
during these trips. 

Ichthyomass (fish biomass) was estimated to be 350 to 1,250
kilograms per hectare, using an 80 percent confidence interval.
Approximately 20 fish species were collected during the study.
Based on predictive models, the annual sustained harvest could be
1,600 metric tons, with a potential value of US$900,000. 
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II. INTRODUCTION
 

The Jubba River flows south from the highlands of south-central Ethiopia and the northeastern corner of Kenya. 
The
headwaters of 	 the Jubba River are formed by the confluence of theGestro, the Genale, and the Dawa rivers, as they flow intoSoma3,ia at Dolow (Figure 1). Daget and Iltis 
(1965) and Welcomme
(1985) would classify the Jubba River as a Sudanian floodplainriver, flowinq through a semi-arid savanna region, with 
associated Njotic fish 
fauna.
 

The hydrological cycle of the Jiubba River, shown in Figure2, 	 is bimodal. Three levels of discharge correspond to the5axm.Lmum, average, and minimum flow regimes at Luuq from 1951 to
1982. 
 The early flood occurs from April to June each year;second flood, the major 
the 

high-water period, from 	 tois September 
Novemb r. 

The primary development effort at this time is theconstruction of a mainstream dam on the Jabba River-,- .ppro.ximatelykilometers35 	 upstream from Baardheere Town, or 400k;i].ometers from the mouth of the river at the port town of},ismlayo Fi.gure !.). 

ohjec'ves theS 	 -efc of fishery assessment were to: 

6, 	describe the fish community in the Jubba River; 

V1 	determine present fishing activities and fish

consumption by local communities along the river;
 

o 	estimate the present economic value of the Jubba 
River fishery;
 

* 	 forecast downstream effects of the proposed

Baardheere Dam on fish populations; 

o estimate potential fish production in the reservoir
 
of the proposed dam; and
 

* 	 discuss development and management issues relevant 
to fish resources in the Jubba River.
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III. GENEP}AL RIVER CONCEPTS AND PREDICTIVE MODELS
 

Rivers and floodplains provide water for households,

livestock, industrial use, transportation, irrigation, and
 
hydroelectric power generation. A major use 
of African rivers is 
fishing, and most African river fisheries are local or regional.

These small-scale, artisanal fisheries provide a source of income 
and valuable protein-rich food for families living along the
river. Fishing usually is not a full-time activity, but is 
integrated into household, agricultural, and pastoral customs,
which change with the hydrological cycle. On a continental 
basis, African rivers provide 40 to 50 percent of the total fish 
harvest (Welcomme 1985) and 25 percent of the total animal 
protein cornsumed by African pe-oples (Shell 1.986) 

Fisheries biologists in Africa have directed their efforts

primarily to.:ard 
 assessing the status and potential of marine and 
lake fisheries. Until recently, rivers have received little 
attention, as is the case on a worldwide basis. One reason for

this is that rivers are very complex ecosystems. They are open
ended, with potei,t ially large variations in environments caused
 
by seasonal ci::ianges in hydrological cycles and fluctuations in
 
flow regimes. This diversity of habitats makes sampling,

char;?cterizing, assessing, and riverine
managing fisheries very
difficult. The sheer size of these systems, which sometimes 
cross inte .national boundaries, compounds the management and 
developm<cnt -. rob Vems. 

The .'-ce.sity for comprehensive preimpoundment studies of 
African rese,.'air projects has been clearly recognized and 
discusf-ec>. 'horton (1980), Adenifi et al. (1981), and Marshall 
(1984) have offered predictive models of primary production and 
fish yields from African reservoirs using available
 
preimpoundiment information. Welcomme (1985) discussed the 
effects of river management and floodplain development practices 
on fish populations and river-bdsin ecosystems. His summary of 
the effects of hydraulic works on river fish communities is
 
presented in Table 1.
 

5
 



T'ble mi..s u-tary of Lhe Efrects of Hydraulic Works on 
River Fish Communities
 

Changes 

Temporal chan-es 

Disruption of spawning patterns 
through inappropriate stimuli 

or unnatural short-term flows 

Shift from pulse-regulated to 

stable--:ystem dynamics 


Increase in flow rate (usually 

due to channelization) 


Decrease in flow rate 


Prevention of flooding by

dams and levees 


in Flow 

Effects
 

Changes in community structurf
 
from seasonal spawners to
 
species with more flexible
 
spawning
 

Diminished productivity at
 
community level
 

Young fish in drift swept
 
past appropriate sites for
 
colonization
 

Local shifts in species
 
composition in tail 
race
 
with accumulation of
 
rheophilic (preferring flowing
 
water) predators
 

Shifts from rheophilic to
 
lentic communities in
 
reservoir upstream and in
 
controlled reaches downstream
 

Changes in flushing rate
 
resulting in accumulation or
 
low dilution of toxic wastes
 
or anoxic conditions leading
 
to fish mortalities
 

Loss of Habitat
 

Loss of floodplain area
 
available for spawning growth;
 
loss of habitat diversity;
 
change in species composition

with loss of obligate flood
plain spawners
 

General diminution in produc
tivity of whole system
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Drowning of spawning sub-
strates upstream of dams 
or in channelized reaches 

Variable effects usually

involving decline of 

lithophils or psammophils,
although new wave-washed shore 
or riprap may simulate 
rhithronic habitats 

Blockina -of Channel 

Interruption of migratory 

pathways by dam walls or by

tiie creation of conditions 
unsuitable for passage 


Changesin 

Changes in channel form (due 

to channelization 
 or to changes
in deposition/erosion process) 

Increased rate of :i.t 
deposition (usually upstream 

at dams but also in newly cut-

off portions of channel or 

channelized reaches do,;nstream) 


Decrease in suspended silt 

load 


Lack of sediment (downstream 

from the dam) 
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Elimination of diadromous or
 
obligate migrants by

preventing movement to 
upstream breeding sites by
 
adults and slowing down
stream movements of juveniles
 

Silt: Load 

Reduction of habitat and
 
community diversity: loss
 
of species
 

Choking of substrates for 
reproduction in lithophils/
 
psammophils (species that
 
prefer rock or sand habitats, 
respectively) 

Changes in density of vege
tation, usually in favor of
 
phytophils (vegetation
preferring species)
 

Changes in quantity and type
 
of food available and in the
 
benthos (bottom substrate), 
leading to restructuring of
 
the fish community toward
 
illiophages
 

Changes in fish community,
 
reduction in number of non
visual predators and omnivores
 

Changes in nutrient cycle and 
in the nature of the benthos, 
leading to loss of illiophages
 
and increase in benthic
 
limnivores
 



Chanqes in Plankton AbuLndzance
 

Increase in phytoplankton in 


reservoir or downstream due 


to slower flow and higher water
 

transparency
 

Chanqges in 

Changes in mean temperature 

caused by low-flow regimes 


Stratification 
in reservoirs 


Increase in abundance of
 

planktivorous fish
 

Temperature 

Increasing temperature
 
can cause shiftsvariation 

in success of spawning due
 

to adverse temperatures
 
for cold- or warm-water
 
spawners
 

Difficulties of passage for
 

migrant species
 

Elimination of fish in the
 

deoxygenated hypolimnion
 

Fish mortalities downstream
 

of dams due to emission of
 

anoxic waters and H2 S
 

Uptake of Water
 

Induction of water into power 


stations or through pumps or 


irrigation canals 


Water transfers between river 


systems 


Source: Welcomme 1985.
 

Entrainment of fish into
 

currents diverting them;
 

impingement of fish on
 

turbines and pumps resulting
 

in loss of fish, particularly
 

juveniles
 

Transfer of species and
 

disease organisms from
 

one system to another
 



- / , pointed tI. ,
inadequacies in available catch data for African rivers, analysis
of fish-vield patterns gives a fairly coherent picture of factors 
tht c be used to determine the catch expected from a 
pitrticulir river system. Welcomme (1985) presented predictive
models for annual fish catch for African rivers, using total
 
basin area 


' - ) OuL L: ' rious 

and main channel length. These models were applied to 
20 African rivers and the results are presented in Table 2. 

Table 2. M,.n Channel Length , 3asin Area and Catch from 

Af'ican Rivers 

Channel Length Basin Area Annual Catch
Ri.ver t square kilometers) (tons) 

Nile 6,669 3,000,000 40,840

Zaire 4,700 4,014,500 82,000

Ubangi 1,060 772,800 4,670
 
Kasai 1,735 342,116 7,750
 
Niger 4,183 1,125,000 30,000

Benue 1,400 219,964 12,570

Zainbezi 2,574 1,300,000 21,000

Senegal 1,641 335,000 16,000

Gambia 1,120 77,000 3,000
 
Volta B. 650 45,324 1,560
 
Volta R. 260 
 6,871 370
 
Volta W. 255 6,602 
 70
 
Pendari 330 
 11,226 140 

-ue 700 40,150 646 
Mno 360 22,000 533
 
Tana 600 
 38,000 500
 
)andama 950 97,000 3,408
 
Sassandra 650 75,000 1,518

Comoe 1,160 78,000 2,142
Ru figi/Ruaha 750 17,700 3,600 

Source: Welcomme 1985. 

Excluding catches from exceptionally large flooded areas,
 

the sample conformed to the following relationship: 
9 7 C = 0.03Ac 0 . (r=0.91) 

C and AC are equal to annual catch (tons per year) and river 
basin area (square kilometers), respectively. Welcomme pointed
 
out that, because river-basin area and total length of the
 
longest channel (L) are correlated, fish catch can be depicted as 
a function of L (kilometers):
 

C = 0.0032L1 9 8 (r=0.90) 
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Thus, catch is approximately equal to L2 /300. 

These models should only be used as tools to give fishery 
managers or resource administrators an estimate of potential
 
harvest for riverine fisheries.
 

Marshall (1984) discussed using physical, hydrological, and
 
chemical data 	 to predict ecological parameters and fish yields 
preimpoundment river-basin studies. Henderson and Welcomme 
(1974) pioneered the use of the morphoredaphic index (MEI) to 
predict fish yields in African reservoirs with the following
 
relationship: 

0 4 6 8 1
 
Y = 14.3136 MEI
 

'Y equals the fish yield in kilograms per hectare and MEI the
 
total dissolved solids (TDS) or conductivity divided by mean
 
reservoir depth. This relationship was modified by Toews and
 
Griffith (1979) to predict total catch (YT) from any particular
 
system by adding lake surface area (A.) in square kilometers to 
produce the following equation: 

Log YT 1.4071 - 0.3697 log MEI - 0.00004565 Ao 

Marshall (1994) discussed the use of preimpoundment physio
chemical data to predict fish yields in African reservoirs. 
These data include: 

o 	physical data -- reservoir shoreline length (Lo) 
in kilometers; reservoir surface area (A ) in square 
kilometers; mean Oepth (z) in meters; volume (V) in 
meters cubed x 10 ; catchment area (Ac) in square
 
kilometers; and
 

o 	 chemical datT -- conductivity in S cm-l;
 
- .
TDS in mg 1 

By using this information, it is possible to predict yields 
from simple, readily available morphometric Hata. Youngs and 
Heimbugh (1982) showed that lake area alone is a powerful 
predictoL of fish yields in African reservoirs. They derived thE
 
following model to predict total yield (Y = total yield in tons)
 
using lake area:
 

Loge Y ;= 3.57 + 0.76 loqe Ao (r=0.858) 

A second approach uses a more detailed morphometry 
technique. Two concepts form the basis of thi.s model---a 
dendritic (many coves and arms) reservoir would be more 
proauctive than a non-dendritic one and a shallow reservoir more 
productive than a deep one. Lake shoreline development (DI) ,
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calculated using the following formula, indicates how dendritic a 
reservojr is:
 

= (2 - A0)-1L0 

Fish yields were plotted against Dl/z for 7 African

reservoirs, resulting 
in the following model, which nad 
a good

correlation:
 

Y (krj/ha) : 19.996 + 32.038 (Dl/z)
 

Estimates of potential fish yield 
in the proposed BaardheereReservoir can be made when the above physical and chemical data
 
become available.
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IV. METHODS 

The assessment of the fisheries of the Jubba Valley was 
based on a fish biology sampling (FBS) program and a catch 
assessment survey (CAS). The CAS was conducted to determine the
 
levels of fishing and the extent to which the resource is being 
exploited. in addition, fishery-related questions were added to 
the socioeconomic baseline survey (SEBS) to determine the amount 
of fish being sold in the marketplace and the role fishing and 
fish consumption play in the households of Jubba Valley 
villagers.
 

A. Fish Bi cogy Samjp=1inq 

The objectives of the FBS program were to: 

0 	 identify speci'es present in the river; 

ID 	 determiinre relative abundance of each species; 

(D 	 establish length-frequency distributions for each 
species caught;
 

411 begin providing data which will be useful in
 
establishing weight-length relationships and
 
condition tactors fcr each species;
 

C1 	determine length at maturity and seasonality of 
spawning for valuable commercial species; 

0 	attempt to identify fish migrations; and
 

0 	 establish baseline catch per unit of fishing effort 
(CPUE) measures for experimental fishing gears for 
future comparisons of relative stock density. 

The FBS was conducted using experimental gill nets, hoop 
nets, hook lines, and rotenone chemofishing techniques. Fish 
captured were weighed, mecsured, and identified by taxa. Sex and 
maturity were determined by visual observation of the gonads and 
ranked according to the following scale: 

C 	 sex not visuaily discernable; 

* 	 immature--sex discernable, but gonads translucent;
 

o 	 developing gonads--maturing testis creamy white, 
ovaries with eggs that are colored and lightly 
granulated to fully developed; 
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mature and in spawning condition--running eggs or 
milt either by stripping or upon handling of the 
fish; and 

0 maturo and spent---gonads well developed but empty 
and flaccid, much vascularization;
 

The adult stock of a particular species was considered to
 
all individuals equal to, or larger than, the smallest fish
 
collected at MAturitv Stage 4.
 

1. Experimental Gill Net Sampling
 

Experimental gill nets were monofilament and multifilament
 
each with 7 panels, 50 feet long and 8 feet deep. Mesh sizes f
 
both types of gill nets, in both inch and millimeter bar measul
 
twine sizes, mounti-ng ratios, and net depths measured in numbel
 
of meshes, are shown in Table 3.
 

Table 3. 	Gill Net Specifications Used During the Fishery
 
Investiaations in the Jubba River
 

Monofilament Experimental Gill Nets
 

Mesh Size Twine Mounting Number of Meshes
 
jinchL__(nmlj Sie_ Ratio -(in depth of net)
 

1.0 22 69 12/12 	 54
 
1.5 35 69 8/12 	 36
 
2.0 47 104 8/14 	 27
 
2.5 60 139 6/15 	 21 
3.0 73 139 5/15 	 18 
3.5 86 208 5/17.5 	 15
 
4.0 98 208 5/20 	 13
 

Multifilament Experimental Gill Nets
 

Mesh Size Twine Mounting Number of Meshes
 
_inch) (am)_ Size Ratio (in depth of net)
 

1.0 22 104 12/12 	 54
 
1.5 35 104 8/12 	 36
 
2.0 47 139 8/14 	 27
 
2.5 60 139 6/15 	 21
 
3.0 73 139 5/15 	 18
 
3.5 86 208 5/17.5 	 15
 
4.0 98 208 5/20 	 13
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Thije moriof ilament.. giilI i.='i Lad a on<--ounlce i~,e :!V,.L':v 

other tie along the bottom line, and a #125 float every 60 inches 

along the top line. The top and bottom lines were #6 braided 
poly-nylon lines. Multifilament gill. nets were mounted with 
float-core too lines and lead-core bottom lines. All nets were 

Tennessee, USA.constructed by Memphis Net and Twine of Memphis, 

Experimental gill nets were set in the main channel and 
along the shoreline. During high-water season, nets were set at 

varying depths from the bottom to the surface; during low-water 

season, they usually tilled the entire water column. The nets 

were generally set in the afternoon and fish were removed the 

following morning. 

2. Hoop Net Sampling
 

The hoop nets, a design proposed by Ahmed Yassin, were the
 

type used extensively by the MFMR freshwater research group.
 

They were constructed locally, using steel reinforcing bar and
 

fishing net of 2 different multifilament nylon mesh sizes, 0.5

end, mesh forinch stretch mesh for the cod and 2-inch stretch 
the remainder. Hoop nets were installed on the bottom of the
 

river in several locations and in various depths of water. The 

openings were set facing downstream to trap fish swimming
 

upstream. Traps were baited with fish and fish trimmings and 
most were set to a maximum depth of about 6 feet. The majority 

of hoop net sampling was done during the low- and rising-water 
seaisons.
 

3. Rotenone Chemofishing
 

The rotenone sampling technique allows standing crops
 

(nurbers or, kilograms per hectare) of fish to be estimated with
 

relative nonselectivity for species and sizes of fish. Fish
 

toxicants have been used worldwide for sampling fish populations.
 

In the United States, rot!none, which inhibits respiration in
 

gill-breathing organisms, has been most widely used for
 

chemofishing sampling programs. Rotenone is an extract of the 

roots of plants of the family Leguminosae. Derris, a native of 
commonAustralia, Oceania, and Southern Asia, is the most genus. 

(C2 3H2 2 06 ) are insolubleThe crystalline forms of this substance 

in water, but soluble in organic solvents. Emulsified liquid
 

formulations are most frequently used for fishery biology. The
 

chemical is relatively safe, effective, and available.
 

Numerous fishery biologists in Africa have used this
 

technique to classify fish populations in lakes and rivers.
 

Toews and Griffith (1979) used chemofishing to estimate the
 

ichthyomass (in kilograms per hectare) and potential yield for
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the Lake Bangweulu system .in Zainha, .entral(1974) Africa, and Kapetused this technique zc determine ichtnyomass andproduction in fishthe Kafue River- floodplain there.
 

Chemofishing 
 was conducted in the Jubbawater season, from 31 March to 
River during low

2 April 1987 
in the Baardheere
area, 
and from 23 
to 24 April 
1987 in the Jilib area. 
One
rotenone sampling was conducted in the Johar Reservoir on the
Shabeelle River between 4 and 6 May 1987.
 

The objectives of the rotenone sampling program were to:
 

0 estimate ichthyomass in the Jubba River and Johar
Reservoir to 
compare fish populations and estimate
potential 
fish populations 
in the proposed

Baardheere Reservoir;
 

n describe fish species compositions in the Jubba
River and Johar Reservoir; 

) develop length-frequency distributions for each 
species; and 

il train a Somali fishery biologist in chemofishing
 
techniques.
 

Materials used for rotenone samplinc 
included:
 

d 5 percent liquid emulsified rotenone; 

a one block net 12' X 100' X 1/8" 
(ace mesh);
 

0, one block net 
10' X 150' X 1/4" (knotted mesh);
 

o 
 boat and outboard motor with necessary gear;
 
G dip nets, buckets, measuring boards, and weighing scale!
 

* 
 survey equipment (tripod, survey level, Philadelphia

rod, data book, etc.);
 

a crystalline potassium permanganate 
(KMnO4 ) used for
detoxification of rotenone; 
and
 

0 miscellaneous materials, including rope, anchors,
floats, water 
jugs, cameras, knives, calculator, and
fish collection jars with 
formalin.
 

Holder and Crochet (1984) described methods of setting up
stream sampling sites and application of rotenone.
are more applicable to 
These method
the United States, where proper equipment
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and loq i. tpcp. support are available. '.hey were adapted to localconditions !or use in the Jubba River.
 

Most river ichthyomass estimates are on
based low-watersamplinq pr-0c21-ams, since flows are too swift for rotenonesampling during the flood or high-water season. Small 
floodplain
or riverbed pools created by exposed sandbars provide dessassumed that, during floods, the ichthyomass in the river wouldnot differ significantly from that of the open water areas of thefloodplain. On the basis of repeated rotenone and seine samplingin open-..atcr floodplain, the estimated 
ichthyomass was 337
kilograms per hectare. Samples taken during low water were less,204 kiloarams per hectare, but it was shown that the dry-season
estimate was ±ow due to fishing pressure and variability in
 
samp 1 rig.
 

Sample sites were chosen based on the absence of current andthe ease of closing off the area with block nets. These nets
 were relatively small, thus restricting the choice of sampling
sites. No main-channel sampling was possible because thepotassium permanqanate, used to thedetoxify rotenone downstreamfrom the sample site, did not arrive until the water levelincreased and flows were too fast. Welcomme (1983) described
several roten2none-sampling methods used by fishery workers onlarge rivers. He pointed out that roteno:- sampling, and indeedany fish s!amplin in the main channel, is difficult due to strong
currc,.ts, chrnnel width, laborand force requirements. 

For thi reason, sampling in the Jubba River was done in
small pools, ucanging 
 in size from .006 to .20 hectares, createdby e:<posed or deposited sandbars and connected to the
channel. The 2 pool habitats 
main
 

can best be described as "dead-arm"and "slack-arm" pools (Figures 3 and 4). Welcomme (personalcommunication) dc-scribed interactionsthe bet'leen these pools and

the nain channel of the river.
 

In a dead-arm pool, the sandbar is located on the outside ofthe river bend and has created a small island with narrowa armseparating it from the main bank. As the water level recedes and
sand is deposited at the upper end, the upstream inlet closes andthe small channel is blocked at the upper end. The downstream
outlet remains open, but very little water exchange orinteraction between the dead-arm pool mainand river channel 
occurs (Figure 3).
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A slack-arm pool is created on the insidci of the river bend
 
and by exposed sandbars, but the upstream portion of the bar is
 
not isolated from the main bank. The slack-arm pool is usually
 
smaller than the dead-arm pool. There is much more water
 
exchange due to eddy turbulence created by the strong current
 
close to the pool entrance (Figure 4). The small size of the
 
pool contributes to interaction and water exchange with the main
 
channe ].
 

During rotenone sampling, the block net was placed in the 
water at the downstream end, completely blocking off the pool 
from the rest of the river, and the sink line was checked to make 
sure it was lying along the bottom so the net blocked the entire 
water column. The sample site was surveyed to determine surface 
area, mean depth was estimated, and enough 5 percent rotenone was 
applied to the area to insure a 1 to 2 parts per million (ppm) 
concentration. All fish were collected, identified, measured,
 
and %.weighed. Sometimes, because of a large number of fish and
 
lack of trained manpower, a 10 percent subsample was taken, and 
individual weights were not taken. 

Ichthyomass wa-s calculated by dividing the number of 
kiloqrams of fish collected by the area sampled (in hectares) 
Fish biomasses were estimated for these small-pool habitats and 
do noL necessarily reflect the entire river. However, the 
information collected will give first-order estimates of the fish 
population biomass, species composition, and length frequencies. 
These data, combined with the other stock assessment methods, 
will provide a valuable data base for fishery administrators. 

B. Catch Assessment Survey 

For - :ss exploited river systems, or for very dispersed 
fisheries, data collection is more difficult. Landings are not 
centralized or well defined, and few, if any, fish markets exist, 
making it difficult to sample fishermen to determine effort and 
catch. The sheer size of some river systems .nd the extremely 
low water conditions that can t ist during dry periods also 
contribute to sampling problems. !- these situations, other 
sampling methods, incorporating fish t_..nsportation and 
consumption surveys, have proven valuable. 

Statistical sampling designs are varied and depend on the 
complexity of the system. Gulland (1972) described several 
sampling and statistical methods used by fishery biologists. In 
many designs, it is desirable to stratify the river system into 
relatively homogeneous spatial and temporal units to reduce 
variability and increase the effectiveness of sampling. It is 
also necessary to randomize sampling to reduce potential bias. 
Stratified random sampling is a common sampling method when 
physical and logistical conditions are favorable. 
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Basic estimates needed for fi.S11(rieis assessment, monitoring, 
and subsequent management are: 

f: 	 effort (E) -- the number of fishing units operating 
on the system, i.e., individual fishermen operating 
out of small dugout canoes or walking along the 
bank, or groups of fishermen operating out of larger
 
boats;
 

W 	 catch (C) -- an estimate of total harvest; and
 

fu 	CPUE -- a measure of fishing success, dependent on
 
catchability and relative abundance of fish. 
 CPUE
 
can also be a measure of the profitability for an
 
individual fishing unit. Malvestuto and Meredith
 
(in press) used the distribution of individual CPUEs
 
on the Niger River in Niger, West Africa, to
 
determine the percentage of no-profit days that
 
fishermen experienced on that system. 

After completing a preliminary fisheries survey in the Jubba 
Valley during the first consultancy, a stratified random sampling 
program was desi(ned and implemented. This program proved to be 
difficult for the fishery technician to conduct, and manpower was 
very 1i mited. During the second consultancy, the sampling design 
was modified so one person could collect as much data as 
po :sible. The fishery technician has begun to interview fishing
households on a -andom basis in villages adjacent to FBS sampling
I Cr_.Ions. This information is not available yet, but the data 
prol:,!bly will be scant and marginally valuable. Detailed 
analv.Is of the fish-related questions from SEBS should provide 
more ce, tiiled information. 
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Photo 1. Selection of "slack-azmn bo" t1or rotenone samplinq in the Jubba 
River, 10 kilometers dcwnstreain from Ba-ardhcre, 15 April 1987. 

Photo 2. Settinq net at muth of "dead-arm pol" for rotenone sampling 
in the Jubba Valley. 
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Adu.aahi Yassn solveytnq fishtdung Jlhar rtenon
Photo 4. Ahe 

sampling. 
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AN' 

Photo 5. Ahned Abdulaahi Yassin packinq large Clarias gariepinus and 
Bagrus 	spp collected during rotenone sampling in the Jubba 

iver, 15 April 1987. 
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Ph o t o 6 . Al m i d N i i Yas s i n wi t h l a rci e i u o l c e---,:x i ul a "a 
f.(xii thc-? ,Atfvl; River roteiminc sI.:Q e. 

Photo 7. Ea]rl Merdith collecting fish in "dead-ax-m pool" of the 
Jubba River.
 

23
 



El;ii ; I , ,1 

IL "+ iT URI 

Photo 8. I.sAsills of Bartus spp collected 
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during rotenono SampIing in the 
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Phto9 Waai.inoction of Iarqe- Clarias~g,!.i nrus captured in t he
Jubba River. T e tip of the knife oit's to the ripe ovary. 
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V, STUDY RESULTS
 

of FBS are presented in thisPreliminary results the and CAS 

section. Further analysis will take place upon receipt of the 
It is strongly
data presently being collected by Mr. Yassin. 


sampling 	 continue in a standardizedrecommended that 	 programs 
fashion in order to monitor pre- to post-impoundment changes in 

the fish populations. Further data collection will improve the 

statistical validity of the assessment presented here. 

for gear are follows:The current sample sizes each used as 

gill net (gn) 20 sets
 

hoop net (hn) 9 sets
 
hook line (hl) 3 sets
 
rotenone 6 samples
 

A. Catch Per Unit of Effort
 

Calculation of CPUE, frequently used as an index of fish 

abundance, will allow comparisons of fish abundance before and
 
The CPUE for each
after impoundment of the Jubba River. 


in Table 4.experimental fishing gear type and size is presented 

Number of samples taken (sample freq.) , mean catch per 

set (mcpue), minimum catch per set (mincpue), and maximum catch 

per sct (maxcpue) for each gear type and gear size by strata are 

shown. Gear types are abbreviated as gill net (gn), hook line 

(hl) and hoop net (hn). Gear sizes are in inch bar mesh. 

Table 4. Stratum 1 (Northern Region)
 

gear gear sample mcpue mincpue maxcpue 

type size frea. (qm) (gim) (gim) 

gn 1.0 8 725 50 1600
 

gn 1.5 12 3063 200 18180
 
6027 670 14730
gn 2.0 9 

5139 400 15100
gn 2.5 	 7 


7 5051 1460 12200
gn 3.0 

gn 3.5 7 2157 600 4700 

gn 4.0 4 7468 870 10500 

hl * 3 5633 2000 10000 

hn * 9 1513 40 9650 
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Table 4. Stratum 2 (Southern Reg ionj_ 

gear gear 
 sample mcpue mincpue maxcpue
 
type size freq. (qm) (qcm) gin)
 

gn 1.0 1 2540 570 4830
 
gn 1.5 2 2481 220 8725
 
gn 2.0 6 2293 700 6200
 
gn 2.5 5 2770 700 6500
 
gn 3.0 4 3752 2200 5500
 
gn 3.5 4 9000 2400 18500
 
gn 4.0 3 3367 590 6000
 

*Hoop nets and hook lines are of one size only.
 

By analyzing CPUE for cill net mesh sizes combined into a
 
single fleet, rather than by individual mesh sizes, it is more
 
practical to determine the number of sets needed to 
accurately

estimate CPUE within 
a certain percentage confidence limit. The
 
following formula was used to calculate the number of samples

needed to obtain 80 percent confidence intervals of +25 percent
 
and + 30 percent: 

n:(t 2) (CV2 )/d2
 

where: n = necessary sample size; 
t = student's t value at n-1 degrees of freedom and 

at alpha=.20; 
CV = coefficient of variation; and 
d = desired confidence level. 

CV and d are expressed as percentages. The resulting information
 
is given in Table 5.
 

Table 5.
 

Gear 
Mean 
CPUE 

Minimum 
CPUE 

Maximum 
CPUE CV 

Sample size 
at d = 

type 19-mh .(qm) gm) (.%) 25% 30% 

gill net 3800 50 18500 105 29 20 
hook line 5633 2000 10000 72 13 9 
hoop net 1513 40 9650 202 107 74 
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B. SpeC.es Comos t on
 1 

1. K24]perimenta. Gill Net Samplinc
 

Tha species composition by percent weight and number from 
experimental gill net sampling on each stratum of the Jubba River 
is shown in Table 6. Eleven positively identified species, and 3 
species that could be identified to genus only, were captured in 
Stratum I (northern region). Six positively identified species
and 3 species identified to genus only were caught in Stratum 2 
(southern region) . 

Table 6. Percent Srecies Composition by Number and Weight in 

Each GeocLr_pfhical Stratum
 

Genus and Species Grou.s Northern Region Southern Region 

1 wt 1% wt _N 

Mormyrops deliciosus 0.39 0.67 0 0 
Petrocephalus gliroides 0.02 0.34 0 0 
Mormyrus !Kannume 2.85 3.6- 0 0 
Alestes affinis 0.02 0.34 0 0 
Labeo spp 2.37 3.69 5.98 7.19 
Labeo bottegi 10.30 ]4.43 22.51 12.50 
Bagrus urostigina 3.32 2.25 2.64 0.63 
B. b.avad macropterus 0 0 0.28 0.31 
Clarotes spp 25.62 ?.4.43 3.11 1.56 
C. laticeps 9.01 7.38 35.67 24.69 
Malapterurus electricus 0.90 0.34 0 0 
Eutropius depressirostris 35.17 32.55 16.50 28.13 
Clarias gariepinus 3.90 1.68 0 0 
Synodontis spp (schall) 6.11 17.79 11.77 21.88 
Oreochromis niloticus 0.02 0.34 1.55 3.13 

In Stratum 1, the following 4 genera made up 88.6 percent of 
the catch by weight: Eutrcpiusdepressirostris (35.17%); 
Clarotes spp (34.63%); Labeo spp (12.67%) ; and Synodontis spp
(6.11 %). In Stratum 2, 95.5 percent of the experimental gill
 
net catch in weight was composed of Clarotes spp (38.8%), Labeo
 
spp (20.6%), Eutropiusdepressirostris (16.5%), and Synodontis
 
spp (-1.8%).
 

Eutropiusdepressirostris was app: oximately twice as
 
abundant in the northern stratum as in the southern stratum, 
habeo spp were approximately twice as abundant in the southern 
region as in the northern region, Synodontis spp were about 
twice as abundant in the south, and ClaLrotes spp were about 
equally abundant in both strata.
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In Stratum 1, 90.3 percent of the species captured was 
composed of utr':ius depressirostr-s (32.6%), Clarot:es spp

(21........oO spp (18.1%), and SynodonLis spp (,.7%). In 
Stratum 2, 95.6 percent of the catch was composed of Eutropiusdepress Lrostr-is (28.1%) , Clarotes spp (26.3%) , Synodontis spp 
(21. 9') and Labeo spp (19.7%) 

2. Hooj ilSmljng
 

The hoop net sampling program provided much fewer data than
 
the other stock assessment survey methods. This was primarily
 
because turtles caught in tl 'eopening of the funnel entrance
 
prevented fish from entering and being trapped. Modifications
 
did riot improve the performance of these nets and further work is
 
unze- way to improve the design. More sampling with this type of
 
gear is necessarv before data analysis would be warranted.
 

3. Rotenone ChemcfishinQ.i
 

Five rotenone samples were taken in the Jubba River and one
 
in the Joh.ar Reservoir on the Shabeelle River. The samples were 
taken from relatively small areas, particularly Sample #4. It 
wil.l be ncessary to take more rotenone samples to validate the 
current results, although the kilograms per hectare expansions 
seen reasonable in magnitude and exhibit the normal range of 
variability for data of this nature (Tables 7 through 12) . A 

isher ~t-echnician has been trained to conduct rotenone sampling 
for future monitoring purposes. 
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Table 7. Rotenone Data for Sa pleA
 

_Number tSpecies Wqt (_cslNflj WL %)qg./ha 

Alestes affinis 10 140 27.8 2.3 7.0 
Eutropius depressirostris 1 30 2.8 0.5 1.5 
Oreochromis niloticus 2 100 5.6 1.7 5.0 
Eleotris spp 12 150 33.3 2.5 7.5 
Synodontis spp 4 490 11.0 8.0 24.5 
Clarias gariepinus 1 2500 2.8 41.2 125.0 
Labeo spp & Barbus spp 6 2660 16.7 43.8 133.0 

Total 36 6070 100 100 303.5
 

Sample taken 31 
March 1987. The area of this sample was .02
 
hectare; 10 kilometers south of Baardheere.
 

*
Table 8. Rotenone Data for Sampe_jj
 

-
Spec _ NNumberu Wt (gms) N (%) Wt (%) ka/ha 

Alestes iffinis 8 90 4.6 0.2 2.25 
Eutropius depressirostris 4 770 2.3 1.5 19.25 
Oreochronis niloticu-s 6 220 3.5 0.4 5.5 
Eleotris sop 5 70 2.9 0.2 1.75 
Synodontis schal]. 7 560 4.1 1. 24 .0 
Synodontis spp 2 670 1.2 1.3 16.75 
Clarias garie-. nus 14800 4.0 29.1 370.0 
Labeo spp & Barbus spp 127 30940 73.4 60.9 773.5 
Clarotes laticeps 7 2700 4.0 5.3 67.5 

Total 173 50820 100 100 1270.5
 

*Sample taken I April 1987. The area of this sample was .04
 
hectare, 10 kilometers north of Baardheere.
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Table 9. iotenone Data for Sampe] 3* 

r ecies 

Alestes aflinis 
Eutropius depressirostris 

Oreochromis niloticus 

Eleotris spp 

Synodontis scha!l 

Physailia soualensis 
Clarias gariepinus 
Labeo spp & Barbus spp 
Clarotes laticeps 
Bagrus urostigma 
Malapterurus electricus 
Mormyrops deliciosus 

Total 


Sample taken 2 April 1987. 

Number Wt mLN % WtL jk/ ha 

35 320 12.2 0.3 2.7 
33 870 11.5 0.9 7.3
 
5 120 1.8 0.1 1.0
 
2 100 0.7 0.1 0.8
 

18 1364 6.3 1.4 11.4 
6 70 2.1 0.1 0.6 

17 34800 5.9 36.2 290.0 
148 43690 51.7 45.4 364. 1 

15 3410 5.3 3 .5 28.4 
4 9260 1.4 9.7 77.2 
1 1700 0.4 1.8 14.2 
2 510 0.7 0.5 4.3 

286 96214 100 100 P01.8
 

The area of this sample was .12
 
hectare, 10 kilometers south of Baardheere.
 

Table 10. Rotenone Data for Sample 4 

Species 

Aiestes affinis 

Eutropius depressirostris 
Oreochromis niloticus 
Eleorris sop 
Synodonti schal1 
Physailia somalensis 
Clarias gariepinus 
Labeo spp & Barbus spp 
Clarctes laticeps 
Bagrus urostigma 
Malapterurus electricus 

Mornyrops deliciosus 
Glossogobius giurus 


Total 


Number 

35 

7 
3 

0 
0 
0 
1 

8 
8 

0 
0 

0 
5 


67 

t (cns) 

460 

100 

600 


0 
0 
0 

600 

620 

i10 


0 
0 

0 

20 


2510 


N (%) Wt %' kg/ha 

52.2 18.3 76.7
 
10.4 4.0 16.7 
4.5 23.9 100.0
 

0 0 0 
0 0 0 
0 0 0 

1.5 23.9 100.0
 
].2.0 24.7 103.3 
11.9 4.4 18.3
 

0 0 0 
0 0 0
 
0 0 0 

7.5 0.8 3.33
 

100 100 418.3
 

*23 April 1987. The 
area of this sample was .006 hectare, 5
 
kilometers upstream from Jilib. 
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Table 11. Rotenone Data for Sarnpl. . 

iSpecies Number m fms__ 

Alestes affinis 188 1400 13.9 1.8 
Eutropius depressirostris 
Oreochromis niloticus 

45 
30 

1600 
1200 

3.3 
2.2 

2.0 
1.5 

Eleotris spp 
Synodontif-s schall 
Physailia somalensis 

0 
0 
4 

0 
0 

200 

0 
0 

0.3 

0 
0 

0.3 
Clarias gariepinus 
Labeo spp & 3ar:'bus spp 

2 
963 

1330 
70900 

0.2 
71.4 

1.7 
90.0 

Clarotes laticeps 
Bagrus urostigmia 
Malapterurus electricus 

116 
0 
0 

2000 
0 
0 

8.7 
0 
0 

2.5 
0 
0 

Mormyrops deliciosus 
Glossogobius giurus 

i 
0 

70 
0 

* 

0 
* 

0 
Muqil spp 1 60 * * 

Total. 1355 78760 99.9 99.9 

Denotes values below .1 percent. 

• Sample taken 24 April 1987. 
 The area of this sample was 


heczare, 5 kilometers downstream from Jilib. 

Table 12. Rotenone Data for Samp~.e__46 

Species Number Wt (qms)_ N ILW .L 

Alestes affinis 0 0 0 0 

Eutropius depressirostris 0 0 0 0 
Oreochromis niloticus 398 149600 64.0 43.0 
Eleotris spp 0 0 0 0 
Synodontis schall 0 0 0 0 
Physailia somalensis 0 0 0 0 
Clarias gariepinus 41 145200 6.6 41.8 
Labeo spp & Barbus spp 183 52800 29.4 15.2 
Clarotes laticeps 0 0 0 0 
Bagrus urostigma 0 0 0 0 
MElapte rurus electricus 0 0 0 0 
Mormyrops deliciosus 0 0 0 0 
Glossogobius giurus 0 0 0 0 
Mugil spp 0 0 0 0 

Total 622 347600 100 100 

*Sample taken 5 May 1987. Main pool at drain of Johar 

Reservoir. The area of this sample was .20 hectare. 
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21.5 
24.6 
18.5 

0
 
0 

3.0 
20.5
 

1090.8 
20.8
 

0 
0 
1.1
 

0 
0.92 

1211.7
 

.065
 

kQ/ha
 

0
 
0 

748.0
 
0
 
0 
0 

726.0 
262.5 

0 
0
 
0 
0 
0 
0 

1736.5 



VI. DISCUSSTON OF STUDY RESULTS 

A. PreliminaryPredictions o- Yield from the Jubba River 

The World Concern project has predicted potential annual 
catch for the Jubba River aL 2,407 metric tons, using Welcomme's 
basin area (A) model, with A equal to 98,000 square kilometers. 
More up-to-date estimates of basin area for each of the 3
 
countries sharing the Jubba Valley drainage 
basin are shown in
 
Table 13.
 

Table 13. Drainaqe asin Areas for the Jubba River System* 

Country Area (A) in Square Kilometers 

Ethiopia 134,000 
Soma l ia 76,000 
Kenva 10,000 

Tota 1 220,000
 
Data provided by the MNPJVD-Baardheere Dam Project. 

The estimated annual sustainable yield for the Jubba River
fishery in Somalia is 1,600 metric tons, using A equal to 76,000
 
square kilometers (Table 13) in Welcomme's basin 
area model.
Expanding this to i,. U.S. dollar value, using 50 Somali shillings
(SSh) per kilogram of fish and 100 SSh per dollar, gives an 
estimated potential annual economic yield of US$800,000, or 80 
million SSh.
 

Usincl Welcomm main length model, the's channel estimated
 
annual catch could be approximately 1,800 metric tons. This

expands to an estimated value of approximately US$900,000, or 90
 
mill ion SSh.
 

It must be emphasized that these values are based on general
river-fishery predictive models, which allow for general
estimates of fishery potentials for resource managers. Local
environmental or socioeconomic conditions can cause variations in 
these figures-


B. Biomass Estimation from Rotenone Sampling
 

The mean estimated fish biomass based on 
the rotenone
 
samples taken in the Jubba River was 
801 kilograms per hectare
 
with a coefficient of variation (CV) of 55 percent. CVs

associated with cove rotenone sampling programs conducted in 
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between 5O and 100 percent. The 
ae usuallyAlabama -r 

350 to 1,250the mean are 
30 percent confidence limits around 

kilograms per hectar e. 

on the Shabeelle
of the Johar Reservoir

The f.ish biomasS 
based on oneat 1,736 kilograms per hectare,River wa estimated 	 for the Jubba River was twice the estimate 

sample. This about 	
for Lake Karibabiomass reported

and 3 to 4 times the fish 	 andMitchell 1976;

quoting Balon 1973;
(Kapetsky and Petr 1984, 	 (personal communication)
. WelcomitieLongerman, unpublished) 


stated that the habitat sampled 
was not representative of the
 

to drainagefish are attracted 
entire Johar Re:servoir because 	 by theis highly recommendedFurther samplingand canals.dams 	 Food and Agriculture
author and ffishery biologists from the 

More reasonable
(FAO).

Organization of the United Nations Johar 	 wouldReservoirfor thefish biomassof potentialestimates hectare.500 to 1000 kil;.'ms pe rbe from 

s it iOllece5_CnPpC. 	 S 


by colonial scientists have
 
Previous fishery investigations 

would be expected to
50 fish speciesthat approximatelyindicated 

in the Jubba Valley. Welcoimie (1985) discussed the
 
occur 	 river systems and 

fish soecies between n nurber ofdifferuc's 	 used estimate thecan be to
the following model xthat Vob_ 	 river,Qresente-d c e (N(N) to be xpeced--	 in given Africanof sp-	 anyTIum1berub o -pcIc5 

(A) in square kilometers:
 
correlated against total basin area 


N = 0.449A 0 '34 (n=25; r=0.
9 1) 

River 
Using 220,000 square kilometers 

for the entire Jubba 
occur. Excluding the
 

species are estimated to 
drainac,- basin, 93 	 species should
 
Ethiopia and Kenya drainage areas, 

an estimated 58 


occur. Approximately 20 freshwater species 
were collected during
 

Several marine and estuarine species 	
from the
 

this study. 

Sciaenidae, Carangidae, Arriidae, 

Clupeidae, and
 
families 

Mugilidae were collected at the 

mouth of the river.
 

The number of species in the 2 geostrata appear to be 
equal.
 

Approximately 20 species were collected in both the northern ana
 

The only 3 species that did not 
occur in the
 

southern strata. 
 Eleotris spp,

sample from the northern stratum 

were 

The absence of these species
 

Glossogobius giurus and Mugil 
spp. 


might be attributable to the Faanoole 
hydroelectric facility,
 

which may have cut off upstream 
fish movement from the marine and
 

The Faanoole facility could possibly
 estuarine environments. 

have contributed to the elimination 

of several obligate migratory
 

species, resulting in a smaller number of fish species 
than
 

expected.
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the ancie, diversity of the
than Johar Reservoir was smallerthat measu:ei in the Jubba River. This 
is based on one
sample and is not necessarily representative ofreservoir. In impounded 

the entire
rivers, the lotic (riverine)is usually more diverse than the lentic 

fish fauna 
(reservoir) fish fauna.
Typically, the 
riverine genera which tend to thrive, or whosepopulations expand, in reservoirs are 
Tilaria, Oreochromis,

Labeo, Ba,-bus, Clarias, and ( 7 ifrot..s. Vhe Clariascontributed 43 speciespercent and Oreochr:.zmns 42 percent by weightthe sample catch in Johar Reservoir. to 
weight of the 

The percent contribution to
Clarias catfish in the Jubba River was variable,
with estimates ranging from 1.7 
to 41.2 percent. Labeo and5arbus spp contributed 15 percent by weight to the fish biomassin Johar Reservoir, bur 25 to 90 percent in the Jubba River.
 
Length-frequency distributions for 
rotenone sampling are
shown in Figures 5 through 13. 
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(breeding) c':, I tion with ripe gonads and were mrobab.yrigrating 
for spawnin(o puposes. 

Since the construct ion of a mainstream dam in the Jubba 
Valley will disrupt the normal hydrological cycle and flooding, 
discharge regulations and policies should be defined early in the 
rlanning process. It should be understood that the impounded 
river channel is as much an artificial, man-made and man
controlled freshwater ecosystem as the reservoir upstream.
 

Bernacsek (1984) discussed dam design and operation to
 
optimize:: fish production in impounded river basins. He stated
 

that the most extreme effect on downstream aquatic environments
 
can occur soon after the closure of the dam because initial
 

filling can reduce flows to virtually zero, resulting in fish
 

kills. During the initial filling of the Cahora Bassa Reservoir 
on the Zambezi River, flows were reduced from normal dry-season 

flows of 2,00 to 3,000 cubic meters per second to 60 cubic
 
meters u)er second, against the advice of ecologists who 
recommended no less than 400 to 500 cubic meters per second. 
This caused large fish kills and stranding of breeding fish. 
Initial testing of hydroelectric equipment can create erratic 
flows, which have adverse effects on downstream environments. 

Subsecuent to initial filling of a river impoundment, 
downstream flow zends to become more constant, with smaller 
fluctuations and reduced flooding. This causes a change from a 
lentic to a more ictic fish species composition. Malvestuto and 
Meredith (in press) showed that during the Sahelian drought, low
flow regime- on the Niger River in Niger contributed 
substantially to the decline of the fishery; species composition
 
of the harvest became less diverse with higher contributions by
 
lentic species.
 

During drought years, reduced flows decrease the
 
productivity of river fisheries by decreasing the amount of
 
inundated floodplain. Welcomme (1986a) correlated a 20-year
 
series of discharge data for the Niger River with fish landings
 
at Mopti in Mali. The resulting rnltiple--regression equation had
 
a high degree of predictability (R =0.87) when the catch from one
 
year was regressed against hydrological indices for the 2
 
previous years. Catches were positively correlated with flows,
 
implying that higher flows inundated more floodplain area, which
 
enhanced reproductive success and survival of young fish. Thus,
 
under the low-flow regime of the drought, or with reduced flows
 
due to impoundment, it is certain that the carry, g capacity of
 
the river will be reduced.
 

Large dams also have a substantial impact on water quality
 
downstream. Hydroelectric turbine intakes usually draw water
 

from the hypolimnion or metalimnion water layer in the reservoir.
 

The resulting discharge is much cooler, witn lower or depleted
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dissolved oxygen, and sometimes contains hydrogen sulfide. Fish 
mortalities caused by oxygen depleticn are common in large 
tailraces below dans.
 

Bernascek (1984) presented various options for reoxygenation
 
of discharge water.
 

First, discharges through floodgates or overflow spillways 
can create tremendous turbulence as the water jet strikes the 
stilling pool below the dam and mixes with turbinated discharge 
water. This is often sufficient to effect reoxygenation. 
Unfortunately, not all dams have such discharge structures. For 
those that do, the reoxygenation benefit can be variable, since 
it will be realized only when the discharge structure is in 
actual use. Increasing the hydroelectric capacity of a dam's 
power station (a fai'rly common practice) results in more 
turbinated and less floodgate and spillway flow, thus further 
reducing the reoxygenation benefit. 

Second, "natural" reoxygenation occurs mainly by diffusion
 
from the atmosphere and by photosynthesis by phytoplankton and
 
submerged riacrophytes, whose growth is favored by the increas.ed
 
transparency of the water. These processes are, however, more
 
gradual and the Latter can be slowed considerably by the presence
 
of toxic hydrogen sulfide. 

Third, some rivers possess waterfalls or 
downstream from the dam, with resulting water 
responsible for reoxygenation. This, however, 
the Jubba Valley. 

cataracts 
turbulence 

is not the case in 

None of the processes available for artificially improving 
the oxygen content of water discharged from dams, including 
aeration of the hypolimnion or the tailrace, is installed on 
African dams. In view of the magnitude of mechanical, hydraulic, 
and electrical power developed at multipurpose dams, artificial 
reoxygenation should not be expensive. Because of tne drawbacks 
of the 3 reoxygenation processes discussed above, none can be 
relied on to rapidly restore oxygen to biologically nonstressful 
levels and to ensure complete protection against hydrogen sulfide 
throughout the year. There would appear to be no alternative to 
the use of artificial reoxygenation processes. It is strongly 
recommended that such processes be considered for incorporation 
into the design of the Baardheere Dam.
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VIITi. FTS>-SERTFSY:DEV]; OPM!,-P AND MANAGEMENT ISSUES
 
FOR THE PRO POSE.1 .[.AARDH ERESERVOIR
 

The contribution of riverine fisheries in meeting the 
economic, social, and nutritional needs of African countries has 
bee.n poorly understood or played down in the past. River and 
floodplain fisheries contribute substantially to household food 
and financial budgets in many riverside villages across Africa.
 
Malvestuto and 'ecredith (in press) 
 show that on the Niger River 
in West Africa, 20 percent of the catch is consumed by fishing

households and 80 percent of the catch is sold for income. 

In the Jubba Valley, the "Maley Madow" (Somali for
 
"blackfish") , C7rlas gariepinus, is believed 
to be valuable as 
a treatment for nalaria. This is an example of a social value 
associated ..,ith Lhe fishery which should be inconsidered 
evaluation of "yield" from the fish resource. Though most of the 
population of Soma-lia is traditionally nomadic and non-fish
consuming, :herc seems to be a substantial number of villagers

along the J.ubba River who are fish consumers. More information
 
on this will be availanlo-. from the SEBS.
 

Development and management of the river fish resources and 
the potential fishery created by the Baardheere Dam should be an
integral part of the overall Jubba Valley development strategy.
In the FAO (1.986) strategies for the development and management

of fisheries, it ,as stated that, "while acknowledging the
specific circ:um.-t:nces of each country, the following guidelines

should be 
 taken into 'ccount when examining the contribution that 
fisheries can make to the achievement of national economic,
social and nutritional objectives." Those gulidelines are 
repeated here ;-ith modification and elaboration with regard to 
speciric circumst'ances in Somalia. 

A. General De\-oLment Guidelines 

1. Fisheries comprise complex human and intersectoral 
activities in the overall national economy and within society in 
general. Therefore, fishery development plans should be an 
integral part of national economic development and food security
plans and in accord with social and nutritional goals and 
established priorities. The formulation of medium- and long-term

plans, as central elements of fishery development, should be
 
considered in planning river basin development.
 

2. Objectives should be based on an assessment of the
 
fishery resources available, existing technology, markets to be
 
served, social and economic conditions, and the potential impact
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factors, 	 includingof other economic activitie:s and relevant 

foreign operations, where applicable. 

to meet several3. Fisheries develoumert is often planned 

complementary ob:ectives, but multiple objectives are not always 
have to be made, objectives shouldcompatible. Where compromises 

and prioritiesbe explicit, comparative advantages indicated, 

made clear.
 

are4. 	Since the conditions within which fisheries 
highly dynamic, objectives appropriate at one timeconducted are 

may not be appropriate at another. Therefore, periodic 

evaluation of objectives is necessary. 

5. There is a need for governments to establish mechanisms 

and develop skills for fisheries planning, involving all relevant 

disciplines. 

6. Careful management and investment planning are necessary 

to achieve optimum utilization of resources. Countries should
 

introduce appropriate conservation and management measures based 
is little information on the on scientific evidence. Where there 

expansion or investment should be resources and potential yields, 
undertaken carefully and continually monitored to allow detection
 

of declining returns. 

7. Reliable, timely data and statistics on all aspects of 

fisheries are nceded for planning, implementation, and subsequent 

monitoring of fishery management and development. The national 

capalility co collect data and information should be developed. 

Regic,,ial and subregional cooperation on collection and 

dissemination 	of data should be encouraged wherever necessary. 

(it should also b- noted that intergovernmental agencies must, by 

necessity, cooperate and share responsibil.'ty in management and
 

development of resources.)
 

to enhance the stock assessment
 

so that they can determine the
 
8. It is essential 


capability of coastal states 


allowable catch of living resources in the areas where they
 

exercise sovereign rights. This point applies to marine
 

fisheries and inland freshwater fisheries where expatriate,
 

migratory fishermen are exploiting fish resources and exporting
 

the products. This is the case on the Niger River in West Africa
 

where Malian and Nigerian fishermen migrate to Niger to fish and
 

export the smoked fish to neighboring countries. In Somalia,
 
quite likely. These
fishery exploitation by foreign fishermen is 


fishermen could be encouraged to exploit the potential fishery
 

created by the Baardheere Dam. Export of the fishery products
 

would help generate foreign currency. Local consumption could be
 

encouraged also.
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9. Development plans schould Take into account all aspecrs 
of the fisheries sector, not on'y harvesting, processing, 
marketing, servicing, and material supply, but also the 
developuent of the infrastructure, technology, and human 
resources to enable better use of fishery resources. This will 
increase the value added to the economy and improve employment 
opportunities. It is essential to make all those involved 
understand the social value of fisheries as a source of food, 
employment, and profit, hence the need and the desirability of 
using fishing methods and processes which do not jeopardize 
economic viability by exhausring resources. 

10. The fornulation and execution of fisheries management 
and development plans require close consultation and
 
collaboration among administ-rators, scientists, and those 
involved in fish production and marketing. Agencies and 
organizations such as IRNPJVD, MFMR, SMP, FAO, and AID need to 
form an alliance for fishery development and management in 
Somalia. Allocation of responsibilities can be distributed among 
these agencies and overscen b a single governing body, such as a, 
Somali Fishery Developmer't Authority. 

11. Legal frameworks and institutional structures are 
essential if the objectives of fisheries management and 
development are to be achieved. This applies to marine fisheries 
as well as to inland fisheries arid aquaculture and is of 
particular importance where there is competition among commercial. 
fishermen and among commercial, artisanal, and recreational 
fisheries, and where there is intense competition from other land 
and water uses. For example, regulations or laws governing 
minimum flow rates or simulated flood in accordance with
 
preimpoundment standards could be developed for the Jubba Valley.
 

1.2. Small-scale fisheries development requires special
 
support from governments. An integrated approach with 
participation of fishing communities is often the best way of 
channeling technical, financial, and other assistance, since it 
is important to design and adopt technologies appropriate to
 
local conditions.
 

13. Support from government could range from financing
 
schemes for the implementation and expansion of fishing groups to 
extension activities for small-scale artisanal or medium-scale
 
pelagic commercial fishing operations. Extension activities
 
could encompass such topics as improvements and modifications to
 
fishing gear, preservation of the catch via drying and smoking 
techniques, use of fishery products by the local non-fish
consuming segment of the population, and management inputs for 
self-managed community fishing organizations. 
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IX. RECOMMENDATIONS
 

Due to the lack of adequately trained fishery personnel

within MNPJVD and restrictions on time available for fisheries
 
surveys during the consultancies, the assessment program reported

here was the most ambitious possible. Results from this survey 
are limited, but provide a better understanding of existing fish
 
resources and fishery potential in the Jubba River Valley and

should be useful for planning purposes. More trained personnel.
and more time for fisheries monitoring would result in larger
sample sizes, improving the value of the FBS and CAS data. The
 
optimum number of field personnel for fisheries work on the Jubba 
River system would be 3 in each of the 2 geostrata. These 
persons should take at least 20 samples per gear type per 
hydrological season.
 

More extensive training for selected field personnel in
 
fisheries and aquatic ecology is highly recommended. The AID
supported aquaculture training program of the International
 
Center for Aquaculture (ICA) at Auburn University is 
a good

hands-on training course in aquaculture and fisheries management.

MNPJVD desperately needs to develop technical expertise within
 
its staff. The Auburn program offers an excellent opportunity to
 
begin this development. 
There are a number of international
 
training facilities in Africa and numerous 
fishery consulting

fi.rins that can provide in-country training programs as well. At
 
the very minimum, MNPJVD should provide fishery administrative
 
training to one of the present staff members, enabling logical

interactions with associated government ministries 
(MFMR) for
 
planning of fisheries development and management in the Jubba
 
Valley.
 

A serious problem identified in the Tana River Basin
 
development in Kenya is the lack of coordination and cooperation
 
among concerned agencies within the government structure. There
 
is very little interaction between the Ministry of Tourism and
 
Wildlife (the Fisheries Department is within this Ministry) and
 
the Tana and Athi River Development Authority (TARDA), with
 
resulting duplication of fishery research and contradictory
 
management policies. 
MNPJVD and MFMR should develop a
 
cooperative infrastructure for development and management of the
 
Jubba Valley to avoid the problems associated with the Tana
 
River.
 

Another problem identified in the Tana River Basin is lack
 
of availability of information from TARDA. 
 Scientific research
 
and project information must be available for review by

scientists and project administrazors at all times to help avoid
 
duplicating costly mistakes.
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The potential for freshwater fisheries development on theJuba and Shabeelle rivers is evident. Ongoing assessment 
surveys and short-term fishery development programs withextension activities are r=commended. Predictions of' maximum 
sustainable yield (MSY) can be fine-tuned for management purposes
by creating ongoing monitoring programs, which will establish

relationships among E, C, and CPUE. 
Welcomme (198Cb) discussed
these relationships for African rivers. 
Government agencies

involved in fisheries management and development in the Jubba

Valley .ill then be able to 
assess fishery development and
 
encour ge appropriate expansions, or implement necessary

restrictions, to insure the viability of the 
resource.
 

Development and extension programs should include
 
encouragement of fish consumption by local villagers, development
of local and international freshwater fish markets, and creation
of community fishing centers that could provide low-cost fishing
gear on a revolving-credit basis. 
These centers might implement

extension efforts concerning fishing techniques, fish
preservation, and formation of professional fishermen 
organizations.
 

Beri-Yami and Anderson (1985) discussed the guidelines for

establishment and operation of community fishing centers.

Several of these small fishery centers can be established around

the reservoir and along the river to assist in development of the
 
fishery resources in the Jubba Valley.
 

In Cameroon, West Africa, the ice plant built and operated

for the construction of Lagdo Dam 
on the Benue River is now
 
providing ice for preservation and shipping of fish from the

reservoir to all parts of the country. 
Other infrastructure
 
improvements made for the construction of the dam can benefit the

fishery development process. Improved access roads and

availability of electric power will encourage private--sector

enterprises such as fish transporters, fish merchants, and
 
fishing gear distributors.
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Field Notes for Fisheries Frame Surveyj-Tr 1 

6-17 October 1986
 

Monna{y, 6 October and Tuesday, 7 October, mouth of river to
 
Faanoole Dam.
 

Made final preparations for field trip arid travel to
Qorioli, where we stayed the night in the Save the Children
compound. This is a convenient stopoff if a team gets 
a late
start from Mogadishu on the way to Jilib and needs a comfortable
place to stay about 3 hours from Mogadishu. 
This stop allowed us
to check the boat and trailer for any modifications or
adjustments that needed to madebe after assembling in Mogadishu.On Tuesday, we drove as far as Jilib and stayed the night inJESS/U.S. Bureau of Reclamation (BuRec) compound. 
the 

We met with
the m'ayor, Mr. Djamma, as the DC was out of his office and busywith other matters. The mayor answered many of our questions and
 
gave us his impressions
region. of the value of fishery resources in thisHis impression is that fish is 
consumed quite a lot
here. 
He said that there is no set price on fish, but it
based on supply and demand. is


He told me 
that there is no central

fish i'ar- Jilib.in When people want to buy fish they go to afisherman's house to 
see if he has caught any that day. I later
found that there is a special location in the market where driedand fresh fish are sold. The majority of the fish consumed inJilib is 
from the local dhesheegs. 
 He said that people even go
out to the dhesheegs to buy fish. I found that there is a
vehicle which goes out to the dhesheegs on a daily basis and
distribut, fish to villages along the road from Yontooy to
Jilib. He indicated that there 
are a few people who are more orless occasional fishermen and fish in the river with hook andline. Occasionally there 
are deliveries of frozen fish from
Kismaayo marine fishery which are sold in 
the market place in
Jilib and distributed to other villages in the district. 
We saw
a broken-down refrigerator truck that Mohamad Hassan told me was
once used by 
a private merchant to haul frozen fish from
 
Kismaayo.
 

Wednesday, 8 October.
 

We drove to Kismaayo and met with the DC and local
authorities to inform them of 
our intentions and work schedule.
We also met with Captain J. R. Christensen of Somali Marine
Products 
(SMP) to discuss trawl design and marine fishery systems
in this area. 
 Two trawl designs were discussed. Plans were made
to build these nets and other necessary equipment to facilitate
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fish SImp]i lng along the coastal area outside the mouth Of theJubba River. 
vesl.:ror, SMP 

We also discussed the Possibility of hiring a trawl 
had thatno vessel available 

to conduct 
and 

these 
didn't 

rawils, 
want 

but J.R. said he 
to commit himself to thist...e of activity. We discussed using our boat forsampling and I expressed this type of 

of 
doubt as to the applicabil ity and safetyus3 inq this boat in the ocean. Two trawl werenets designedand begun. One is a tri-net to be used with two 15-kilogramtrawl doors and towed behind the boat along the coast. Thesecond net ai 

for samplinj 
is 

deen 
2-meter 

mid-river 
beam 

habitat. 
net that is to be used in the river 

The mesh size of this net(2-inch stretch) will allow sampling adultbacT of 1/4-inch woven mesh be 
of fish. A special

can inserted into theallowing large mesh,larval or juvenile fish studies. J.R. told us thatthere had been a man from upriver (Malenda, a village north ofJilib, just downriver from the Faanoole Dam) who wanted toestablsh freshwater fish sales SMP.to He claimed he wouldorganize a ,:-oun of fishermen in that
with 3 on 

area and could supply SMPtons fresh fish per day from the river. This nevermaterial Vei, however. J.R. asked him
sanple but never saw the 

to bring in a 2 0-kilogram 
man again. J.R. also told us of an
o1a7niztion (PRODMA, a subsidiary of Kellogg Seafoods) that did 

OIXT' "1eimental traawls offi'e rhaps this information the Kismaayo coast in thecan be found and late 1960s.comparisons drawn frompre- and post-impoundment sampling to determine changes incoaal-estuarne2 thefish communities. J.R. told us 
that some riverishmenc buy fishing nets or hooks from the SMP stores and someDllild se.ines, alledlonrlg F 1ahibeach seinesand Yuma, (100 to 150 feet 50 to 60 feet
the long and most commonly used inmarine fishery). These nets are also purchased in the:i ishu. storedcEc He didn't know the prices. Hooks can be purchased
in most towns or villages. 

ThUrsday, 9 October, GooL ,eyn to mouth of river (on-water work). 
This was 
the first on-water reconnaissance.
boat the We launched theat old ferry site, where there is an old concrete ramp.It1s easier to launch the boat during high tide 
as there are
many large rocks in the 
water at the foot of the ramp which have
a tendency to eat props. This is 
a difficult location to land
the boat because the current 
is very swift just as you line the
)),a' 
 up for pulling onto the trailer.


experience in boat loading in order to 
You must have a lot of
 
drive right up ontotrailer. theI showed Mohamad Hassan how to do this and he tried it
a couple of times. 
 I think he needs more 
practice and experience
in boat handling but he learns very fast and will pick it up


soon.
 

We found 

to help us 

one hippo near the mouth and the fishermen we hired
said they smelled crocodiles. 
 I entered the water
near 
the mouth to see if the current was too fast for 
a 50-foot
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beach seine trial. The fishermen started yellinq for me to getout of the .rater and not go in again as the current would carryme out to sua and the crocodile would eat me. We saw many ducksand various other water birds along this section of the river. Atrial seine sample using the 150-foot seine was attempted and waspartially successful. The water was very shallow, which mademaneuvering the boat very difficult, and the current was very
strong. 
We did, however, catch 3 fish in the family Cyprinidae.

[ gave Mohamid Hassan some training in boat handling and
launching. The trial seine haul was also intended as a trainingexperience and proved to be valuable, as it was marginally

successful and very difficult, demonstrating the difficulty of

fish sampling in flowing-water environments.
 

_FrJday_, 10 October, Yontooy. 

Location: on the main road from Jilib to Kismaayo, about 10 to 12
kilometers north Goobof Weyn. 

Upon arriving at Yontooy we found a fisherman checking hisgill, net and we interviewed him before he took his fish into town ,o - marketing. His name is Mohamad Awes Hadji and he works atthe agricultural project there. 
He was fishing out of a small
fiberglass boat, which belongs to the agricultural project and isused for repairs. He was fishing just downstream from the pumpstation for that project. He caught one Clarotes laticeps,weighing about 1.5 kilos. We didn't have the scales with us so we had to estimate the weight of this fish. 
 He was using a 4finger (40-millimeter stretch mesh) gill net, 
15 fathoms long and
35 meshes deep, which he bought in Kismaayo last year for 900SSh. He set this net yesterday evening at about 5:00 p.m. and
ha.'ested at about 8:00 a.m. this morning. He also fishes withhook and line when the river is low Hooks are purchased inKismaayo for 10 shillings each and line costs about 100
shillings. 
 He sells fish in Yontooy for about 50 shillings perkilo. I don't know how he weighs his fish. He said he cuts the
fish up and sells it to people who come to his house. He fishes
in the early morning and evening and works for the irrigation

project during the day. Problems that he has with fishing
include the crocodiles eating the fish out of his net and the
hippos knocking his boat. 
 During the high-water seasons, he has
problems with debris caught in his net. 
When asked if he ever
caught Lates niloticus he said yes, but mostly during the lowwater season. 
 We showed him several fish drawings and asked himto give us their local names. The following is a list of species 
or species groups and local Somali names: 

A-3
 



See s _grol~_ spt_j Somal Name 

La t: es ul t:1cui, Abungishal:
 
Protopt: rus annectns, Mayumbe
 
PnlY',teruJs spp. , Mayumbe
 

-
nilo1 icus, Gomia, ; 1.
Mormyrtdae family, Ballan 

!,d-oc,'-nS ;pp. , Abusef
 
Air, s~os spp. , Gishar
 
A ts t: .3 brevis, Tewa
 
Cittfl in,; spp. , Mashirfato
 
Bagrus spp. , Sharib
 

Sa rot ?.s I a t iceps, Lubi 
rClaria,';..; or !leterobranchus, Malay Madow 
Synodontis spp. , Kurtay 
ChIiI (OCaT zi.1 s i. i cropogon, Fumi 

Crustaceai 

ALva qabonesis,. Kambo Kambo 

This list of namnes was compiled by showing the fisherman the 
pictures in Peed (1967) , so it might not reflect the actual fish 

spec-e_.s or crustacea present in the Jubba River. More work needs 
to bo; done on this matter. It is intercstiriq to note that in 
loss developed fisheries there is not as we.l-developed a local 
or ttr;ditional naming system for individual fish species as is 
found in more developed fisheries. For example, in Niger there 
are nameis for almost every species of fish. We also recorded the 
local names of the fishing gear most commonly used in this area. 
The tollowing is a list of these gear types and Somali names: 

Gear Type Somali Name
 

fish trap Sab or Irman
 
hook Makalin
 
hook and line Hadak makalin
 
gill net Shabak
 
small seine Yashi
 
large seine Yuwa
 

The site where we found this fisherman is also a major
 
watering site and an excellent launching ramp for the boat. We
 
decided to return tomorrow to launch the boat here and go
 
downriver on-water to Goob Weyn for some trial fishing and to 
interview more fishermen along the way.
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Fr i id a\:, 20 Octobeir, Mokomane. 

Location: from Yontooy we drove down dirt road abouta 3 to 5
 
kilometers along the river.
 

[his villiaqe has up to 40 families, and people indicated 
a 1inSt every family has a hook and line that they use to fish.
 
The fish are for their own consumption. Three other adjacent

vili ngs of significance for fishing are Yontooy, Wirkoy, and
 
Bouloguciud. The people 
 told us that they fish in the river near 
the village during low-water season, using hook and lines. They
do the majority of their fishing during the early morning or late
 
afternoon h,';urs. They told us they only fish for personal
Consumpcion and, if they catch enough fish, they dry the leftover 
fish for future consumption. They never sell fish in their 
village or other villages.
 

D)].:::uLssed with JESS team leader the possibilities ofsampli ,ngalong tl:e river and the dhesheegs. He indicated that 
16-day sampling trip could be organized during a 3-month 

period that would correspond to the phases of water level in the 
river. These phases are as follows: mid- to low-water dry season 
(August-October) , high-water rain season (mid-October or early
November-December to mid-January) , low-water dry season (January
-March), o-rad high-water rainy season (April-July). These are
 
approximate dates and seasons, and further research will be
 
need. d to temporally stratify for sampling purposes. These
 
s 'm!:)±ing trips be in conjunction with other
could made sampling

being carried out in the river basin. For example, trips could
 
be coordinated with water-quality sampling teams or other
 
socioeconomic sampling trips. More of this will 
be discussed in
 
the final report and proposal for the CAS, FSP, and SEBS.
 

S;aturday, 11 October, Yontooy to Goob Weyn. 

On-water reconnaissance survey for fishing villages and fishing
 
trails.
 

We hired one fisherman to work with us and guide us down the 
river. We saw about 5 cable ferries along the section of river
 
that we traversed. We stopped at the largest of these and
 
interviewed an old man who was running the ferry, Haji Mohamad
 
Moussa. The cable ties 2 villages together, Mokomane ana Hadja

All. There are approximately 100 tamilies here. The old man 
told us that his people fish with hook and line for their own 
consumption. He really likes fish and said that he values them
 
very much. He told us that when he was young he was 
in a local
 
market one day and someone told him that he had fish to sell. 
 He
 
went to see the fish and the man didn't have fish, but fish oil,

which he claimed to have made from fish caught from Dhesheeg
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the old 	man sa id that heWaamoI.t was at th at point that 
to eat 	 fsh and earned or their value.l.earnd 

Ho t:old us that during the Jiila". (1!ow--wat-er) season, salt 

to dig shallow we.ls to get
intrusion is very high and they have 

lie also said 
drinkirig water for themselves and their livestock, 

walk into the bush to fincd water. He told 
that the wonen have to 
us they only eat fish during the low-water season. 

We did some drift gill netting and a mini-rotenone sample. 

the gill net was very interesting, as there were 
The catch from 
several large Synodont is spp and Siluridae spp that are the 

seen. caught in the 1.5
largest specimens I've ever They were 

The drift gill net samples were rather 
and 2-inch bar mesh nets. 

as we got hung up in the bottom about 10 minutes after 
difficult and a 
we put 	 the net in. The result was a very short sample 

of holes in the larger mesh panels. We are in need of 
couple teach and the 
mendingj li-ne and net needles and I need to Mohamad 

torn iets. I thinlk it will 
other fishery personnel how to mend 

locally 	available nylon net 
also be valuable to purchase some 


teach Hassan how to build his own

materials and Mohamad 
experimental gill nets, thus eliminating the need to import 

expensive nets and increasing our units of eQxperimental fishing.
 

this out when we return to Mogadishu.
I will 	check 

I want to have a meeting with the MFMR personnel to discuss 
into freshwater fisheries

the possibility of integrating them the 
are mostly concerned with the 

eValua]tion and training since they 
mrine 	fishery resource.of their extensive coastaldevelopment 

the 	 and 
Thf:y should 	 also have some participation in evaluation 


of their inland riverine and reservoir fisheries.

development 

partially successful
We did 	one trial mini-rotenone that was 

several. S']urides, Labeo, and an interesting
in that- we caught 

Gobie that skips along the shore and can leave the water in
 

in the grass and reeds. The bottom was very

pursuit of cover I 
muddy and made it very diffizult to move around in the water. 

sampling until
don't think we should do any more of this kind of 

the low-water season, or we should at least stay in the boat and 
is also probably very
use dipnets 	to retrieve dead fish. It 

The threat of crocodile
dangerous t:o be in the water like that. 

need to be very aware of. We need to have
 
attack 	is something we 
 someone in the
 
some form of security, like a police with a gun 

or 


team armed. 

10 hippos and 2 crocodiles at an island located
We saw 	6 to 

about the point in the river where Luglouw is. The hippos were
 

foot of
 
at the 	head of the island. The crocodiles were at the 


the island on the perimeter of a small sand bar 
with grass and
 

seems to be a habitat type they prefer. So far I
 
reeds. This 

have heard many stories of villagers along the 

river being eaten
 

They also seem to cause a lot
 or taken away by the crocodiles. 
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of trouble in the few fishing nets we havethat seen along the 
river. 

The Blazer broke down due to 2 bad batteries, so we had to
tow it back to Kismaayo with the Jeep and deposit it at the local 
garage for repair. 

SundaY, 12 October, Dhesheeg Waamo. 

Location: Dhesheeg Waamo is a large (approximately 72 squarekilometers) lowland area located about townfrom the of Gaduub toBaar, west of the Jubba River (Figure 1). We traveled 10kilomoters on the ,ilib road past Gaduub and turned west on
pretty arough dirt road. The dhesheeg is approximately 30kilometers down this road, but the many branches are veryconfusing. I recomend that teamsfuture either take along a
quide who is very 1failiar with 
Waamo or take the transportvehicle which t'iaels this road almost daily to buy fish from thefIorr~e n and transport goods and people from the dhesheeg. Youcan Lind this vehicle 
or 

in Kamsuuma by inquiring at the taxi stoptalking wirh Mohamad Ali Aden (the village chairman) orAbduikadir 
llassan Ai (the fishing organizer and transportcoorc' inator).
 

1}h.,ileegj tWaamo inundatedis periodically by rains and riveri loodings that are controlled by opening flood control gates].ocatcd along the dyke which parallels the river. This dyke was
built by the Italians and a canal was dug from the river to thedhesheeg. I was 
told that the Ministry of Agriculture authorizes
the opening of these gates whenever the river is high enough.
 

We found that there is a large component of fishermenoperating here and 
a very large amount of fish harvested. Therewere 2 fishermen walking with bundles of dried sppClarias
(probably (. gariepinus). These fishermen were from Jamaame and
come here to 
fish for 4 to 5 days at a time. They said they are
part of an organization of about 20 people who trade off fishing

shifts of 4 days to one week. 
They are organized by a
coordinator in the village who goes out to Waamo and sends out
the transport vehicle to pick up the dried fish and change groups
of fishermen. The fishermen were on their way to meet the
vehicle, so they were 
in a hurry. 
 I did get to ask them several
questions concerning their fish. 
 They told me 
that one bundle of
fish would be sold for about 1,000 SSh 
(86 SSh equals US$1.00).
This bundle of dried fish weighed about 10 to 15 kilograms and
contained about 
30 
to 35 dried Clarias.
 

We found 2 other fishermen and interviewed them muchextensively. These men were 
more 

from Kamsuuma and were part of 
a
kind of coop of about 50 people who come here for a 
few days to
work and then return to their village. They indicated that there
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is a coordinavor (probably Mr. Abdulkadir Hassan All, mentioned 
earlier) who hires people or sends his to fishsons using his
 
nets. They s;aid it is common for several people to purchase a
 
net or 2, and for a cooperative fishing group to operate in this
fashion. These fishermen indicated that a vehicle comes 3 times 
a week to pick up their fish and change fishermen. 

These fishermen were using gill nets which were 4 and 8 
finger, (one finger equals 10 millimeters stretch mesh), 30 
double-arm lengths (2 outstretched arms are equal to one fathom 
or 1.9 meters) and about 2 meters deep. They learned to make and
 
set these nets from the ocean fishermen in Kismaayo. 
They bought

the line to make these nets in Kismaayo or ",ogadishu for about
 
2,600 SSh. it required 1.5 kilograms of cotton line to make
 
these nets. One fisherman told us that they sometimes buy

premade nets made of "plastic," meaniing nylon, and they cost
 
about the same. The lifetime of one of the cotton nets is about
3 to 4 years if they repair them periodically. The lifetime of 
the premade :-"lon nets is 6 months. 

They indicated that they do not use hook and line or long
lines in their fishing here in Waamo. During high-water seasons 
they use canoes, which they rent or borrow from someone on the
other side of the dhesheeg. 
 Usually there are 3 to 4 fishermen
 
per canoe and they set one or 2 nets per fisherman.
 

Thev told us that the price of their fish is the 
same for

dried or fresh. One fish would sell here for about 35 SSh and 
100 to 1315 SSh in their village. They had one very large

Clarias sp, which measured about one meter long, maybe longer,

and probably weighed 10 to 15 kilograms. They cut the fish up

into strips and hang them in trees or racks to dry.
 

They indicated that there are problems with hippos getting

into their nets and sometimes crccodiles (in the high-water

season). 
 They fish in the river only when the dhesheeg is too
 
high or during low-water season -n the river. They use hook and
 
line when they fish in the river. When asked if their catches
 
have changed in the past few years, they indicated that the
 
number of 
fish has increased and the size distribution has not
 
changed.
 

Monday, 13 October, Kismaayo and Goob Weyn.
 

This was a relatively down day as the Blazer and the trawl
 
nets were not yet fixed. We decided to run several errands and
 
try a dorinant-set gill net overnight at Goob Wegn. 
This was also
 
a very good opportunity to conduct some training for Mohamad
 
Hassan Aden and give him some experience in boat handling. In
 
the afternoon we went up to Goob Weyn and practiced launching and
 
landing the boat. 
The gill net was set at 5:30 p.m., just
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upriver from Goob Weyn in a fairly shallow area on the edge of 
the left bank of the river. 

The gill net is a Memphis Net and Twine product with 7
panels of 50-toot length. The mesh sizes and twine are
sizes
given in the following table: 

Panel no. 
 Mesn Size (bar in inches) Monofil Size
 

1 1 69

2 1.5 69
 
3 
 2 
 104
4 2.5 129
 
5 
 3 
 139

6 
 3.5 
 208
 
7 4 208 

The experimental gill nets 
are built with 2 inch hollow
plastic floats and 1 inch lead sinkers, enough to give it neutral
buoyanry. 
 This should be a standard unit of effort in 
the future
 so as to enable comparisons .,etween CPUEs in subsequent 
fish
 
sampling surveys.
 

Tuesday, 14 October, Goob Weyn.
 

We got a late start and ended up harvesting the gill net

later than I had planned. It was 11:00 a.m. when we 
finally
pulled in the net. 
 The data from the catch are listed below:
 

Mesh Species Group Length (ma) 
 weight (qgi)
 

4 Clarotes spp. 36 
 1,000

4 " 55 1,600
 
4 Eutropius 
 • 

1.5 Synodontis spp. 41 

910
 
700


1.5 Eutropius 29 
 150
 

This was a very small catch for this kind of net, but it was
improperly set and had 2 holes in it 
from the drifting gill net
trials that we conducted the other day. 
 The fish, however, are
 very la-ge specimens; 
in fact, the largest of these species I've
 ever seen. This is 
an indication of little or no exploitation.
 

I suspect that larger catches will be obtained if the net is
set properly and we harvest at proper times. 
 We should try
setting the net in the morning and checking it both in the
evening and morning. 
This will give us a better idea of
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I'm very surprisd 
at the
 

daytime catchabilities.
nighttime vs. 
lack of diversity of 

species in the catch.
 

Bangeeni.14 October, 
From therein Jamaame.up camp

on upriver and set
We moved 

Jamaame and BangJeeni to 
sectiol of river between found that Bangeenithe fishing villages.we coveredfishermen and Welook for 

Therethe river. on each side of 
2 villages, one villageis composed of This is the next 

a cable ferry between the villages. 
Waamo) . We talked
is map of Dhesheeg
(see arefrom JamaaTIeC, there 2 or

downriver was indicated that 
there and it fish, andto several people no market forthere isbecausewho fish, but Theyreasons.3 people for commerci.al

they don't fish 
plenty of meat, 

consumption.for personalfish strictly 
in the water and

installed 
At the ferry we found a gill net 

of the ferry and 
is the operatorHeout the the leftowner. onsearched lives in Bangeeni

questions. crocodilesanswered all our He 
and told us that the 

He set this net yesterday the net. This net
side. the fish inalllower halves nethave eaten the of 

said he made this 
and 1.5 deep. He 

is 12 fathoms long 
vary from 4 to 8 fingers. He 

sizesthat the mesh Hishiself and this net in Kismaayo.
line to buildcotton told us thatpurchasdC the 

make and set nets. He he 

uncle taught him how to 
the Gu season. His views are the 

during Hein the dhesheegs so far.fishes we have interviewed 
the other fishermen flood stages, asin
opposite of 

fish when the river 
is 

hesaid he catches more stagesthe low-waterDuring
opposed to low-water stages. in the interview he Later on 

piefers to fish in the 

dhesheegs. river during the 
fish in the pools left in the 

hishe does he sellsconfessed is no market where
said thereHelow-water period. 


catch, but that people 
come to his house when 

they know he has
 

fish for sale.
 

day, 15 October.Wedjg 
(except
 

Location: All of the villages visited 
on 15 October 


Mogambo) are located 
close to the river on 

the opposite side from
 

4 kilometers past the
 
a turnoff about 3 to 
There is The road starts out
Jamaame. 


turnoff to cross the 
bridge for Jamaame. 
 This road
 

paved and turns to dirt 
after about a kilometer. 


eventually goes back 
to the Jilib road.
 

15 October, Sunguuni.
Wednesday, 


The people that we talked 
to said there are many 

fishermen
 
Ten
 

here, but they were all 
out fishing at the dhesheeg. 


They indicated that 100
 

fishermen were out at 
Dhesheeg Waamo. 
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percent of the population in this village eats fish on a somewhat
 
regular basis. 
 They told us that during low water the meni 
use
 
nets in the river and that there is a problem with crocodiles
 
here. During the high water several people use hook and line in
 
the river to 
catch fish for personal consumption.
 

WedLesday, 15 October, Kobon. 

There are no commercial fishermen here but many people use

hook and line to catch fish for personal consumption. They

indicated that a merchant does bring fish from Waamo to sell here

and occasionally they jump on the vehicle that goes to Waamo to

buy fish. They indicated that there are problems with the
 
crocodiles in the river.
 

Wednesdy, 15 October, Aboro. 

There are about 40 families living in this village. 
At the
 
present time, the 4 fishermen who live here are 
out at Waamo.

During the low-water season they use gill nets 
in the river.
 
They scll fish to people in other villages along the river as 
up as Jamaame. They said everyone in this village eats 

far
 
fish on a
 

regular basis. 
 Many young people fish in the river during the
 
high-water season with hook and line. 
 Their catch is for
 
personal consumption.
 

Ienesday, 15 October, Balad Raxan.
 

We found that there are 2 fishermen who fish here on a
 
regular basis. These fishernen own nets, which are 7- and 8
finger mesh sizes, 41 to 32 fathoms in length and 2.5 fathoms
 
deep. These nets were purchased ready-made in the Mogambo

market. The fishermen mounted them on float and bottom lead

lines. The 41-fathom net cost 1,500 SSh and the 32-fathom net
 
cost 950 SSh. 
These nets have lasted for 2 years and 3 months.
 
If the nets are properly mended they can last up to 
3.5 years.

They are presently being used at Dhesheeg Waamo.
 

The fisherman we talked to told us that his nets are being
used by 2 young men from this village. He pays them J.0 SSh per

fish. He transports these fish back from Waamo and sells them

from his house. The price is from 70 to 100 SSh per fish. 
He
 
gets fresh fish on occasion and sells them at the same price.

Fishing and sales of fish from Waamo are carried out all year.

He does not fish in the river because he is afraid of the

crocodiles. The villagers told us 
that there was a crocodile
 
fatality just 2 nights ago.
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Most families in this village have someone in the family,
sually small children, who fishes in the river. The main typeof fishing gear used is hook and lines, which are baited and

placed in the river from the bank.
 

For monitoring the catch from the dhesheeg, there is 
a young

man, Abdulkadir Ibrahim Abcou, who speaks English and could
 
possibly measure and weigh the fish as they are brought to the
 
vil'lage.
 

Wednesday, 15 October, Mana Moofi.
 

The estimated population of this village is 3,570.
Villagers told us of a group of Americans who came through here

several years ago in an attempt to eradicate the crocodiles. A
 man related a story of one woman who was 
eaten last Saturday, and

told of several other attacks in the last few months.
 

We found that there are about 20 fishermen living here. 
 One
 
fisherman uses a net and the others use hook lines. 
 They fish
for personal consumption only but sell 
fish if they have surplus.

The villagers usually buy fish from Dhesheeg Waamo. 
 They told us
of a daily supply of fresh fish from Waamo that is sold along the
road from a transporter going to Jilib. 
This vehicle usually
comes by here around 3 to 5 p.m. The villagers prefer fresh fish

and pay from 80 to 100 SSh per fish. They usually consume one
 
fish per family per day.
 

Wednesday, 15 October, Fagan.
 

The people of this village do not eat fish and gave us
displeasing looks and scrunched noses when we asked them about

fish. They told us 
that the people who live next to the river
 
eat fish.
 

Mogambo
 

We visited this village; however, no field notes were taken.
 

Thursday, 16 October, Jilib to Faanoole.
 

We drove up to the Faanoole Barrage and searched for a
 
location to launch the boat. 
 After looking around on the east
side of the river with no luck, I walked across the barrage and
found a suitable launch site. However, the guard at the electric

facility would not move the tractor blocking the road.
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We turned around and drove downriver to a sinall village
 
where I -,as determined to launch. The name of this village is
 
Nasib and it is located approximately 3 to 5 kilometers from the
 
barrage. We launched the boat over a 12-foot-high cliff, which
 
was a monumental task. Launching this boat will require great 
skill and care. After launching the boat we motored upstream to 
the barrage and counted about 5 crocodiles. We set the gill nets 
and attempted 3 trials with the beam trawl.. All 3 trials were 
unsuccessful because the beam is made of wood and did not sink to 
an adequate depth for sampling fi3h on the bottom. 

We harvested the nets and drove back to Jilib the next day. 

Saturday, 18 October, Qalaaliyo.
 

This village is 4 kilometers south of Jilib. We found that
 
there are 12 fishermen living in this village. We talked to 2 of
 
these fishermen and they told us that they own gill nets. One 
fisherman has 4 nets and the other has one net. They are 
presently fishing at a local dhesheeg called Harnaca. This
 
dhesheeg is probably from the Shabeelle River and is located on
 
the road to Mogadishu. Most of the tish from that dhesheeg are
 
sold in the Jilib market. They told us there are a lot of fish 
sold here and that they like to eat fish, one man even prefers it 
over meat. The fishermen bring dried fish, which has been stored 
for 10 to 14 days, from the dhesheeg. All 12 fishermen come and 
go as one group and they hire a vehicle to transport themselves 
and their fish.
 

The villagers told us of another dhesheeg called Shatole.
 
This dhesheeg is farther up the road to Mogadishu (approximately
 
12 to 15 kilometers).
 

The fishermen told us that they have small plots
 
(approximately 1 to 2 hectares) of land they cultivate, growing
 
corn, sesame, and some millet.
 

One fisherman told us that he uses one hook and line in the 
river during the high-water season. During the low-water season 
he used several hooks and he indicated that there are a lot more 
fish and more fishing during this season. During the low-water 
season, they use nets in the dhesheegs and during the high-water
 
season they use hooks. They sell these fish for 60 to 100 SSh
 
per fish, no matter what size. They hire a truck from Jilib to
 
transport their catch to that market. He told us 
that there are
 
some people who use canoes that are rented from villagers in
 
surrounding villages, but that there are no canoes in this
 
village. A canoe rents for about 120 SSh per day. Most
 
fishermen don't like to fish in the river because they are afraid
 
of the crocodiles and hippos.
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AI[LNDIX B 

Revised Data Form for Fisheries Survey
 

Ministry of Jubba Valley Development

Jubba Evnironmental and Socioeconomic Studies


Fisher Household Interview Questionnaire 

Date: Strata:. Village:_______
 

Number of fisher households in village:
 

Number of interviews: 

Family name: 
list of fishing gear and cost:
 

Gear 
 Cost Age of this gear
 

list of family members involved in fishing:
 

Member relationship 
 activity (fishing
 
or sales)
 

I.
 
2. 
3. 
4.
 
5.
 

Seasons of fishing in 
river?:
 
Seasons of 
fishing in Dhesheeqs?:
 

Estimated amounts of fish captured daily in previous

week: _..___....kg 
 Number of days fished:
 

any comments on local indigenous fishery or water management

structures or historical accounts of such organizations in
 
this area:
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