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Fish sloel, assessment of B.. argentea (Pellegrin)

~"as carr-ieu uut for the first time in the Winam Gul f of

Lake Victoria in 1989/90 using Length-based Fish stock

Assessment (LFSA) inethods. Correlation between total

lerlgth (TL), fork length (FL) and standard length (SL)

were derived. Length--~"eight relationship were derived

for- juveni les, males and females by logari Uvnic

tI'-ansfonnatiuJI uf the raw data.

Tile Ful tons cond.i lion factor (K) was highest

.u i OecE'ml:l(::T er id I-larch /f"ll-u'-il but Im"est in June for all

s Lat i.orrs . lirE' asympLotic length (Len) for the whole

Gulf was 67.0 + 4.301111TL villiIe the mean growth,

cur-vature (1<) was 0.576 + 0.070 yr-1 Growth
i,
tl
I
II,
~
I
!,,

perfot-mance inde>: (¢') was deter-mined to be 3.40 ±

0.07. l"lortalily rates wer-e quite high with a range of

total rnoJ--tality coei ficient (Z) of 1.766 - 2.860; yr-1

whilE~ the fisl1iJ1g mortality coefficient (F) was 0.966

1.98'1 yr---l. l'Ieall Z/K value was 3.749 ± 1.104. Fmax

~'~as0.82 ± 0.13 yr-l while FO.l was 0.5l ± 0.07 yr-l.

Ihe range uf selection length (Lc) for fully recruited

fish ~"as 45 - ::,0 mill-fL.

111e cUlTer1t exploitation rate (ECLR) was 0.551

0.653 which was above the maximum sustainable yield
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(q,lSY = 0.460 0.483) , maximum economic yield

(EFO.l = 0.348 - 0.365) and optimum exploitation rate

(Eopt = 0.5) by 5.1 - 741.. Two-wayanalysis of variance

(ANOVA)r~evealed no significant differences between

stations rior sexes in 90/~of the population parameters.

A gelleral reductiol in asymptotic length (La» of B.

argentea .vas realized in the WinamGulf while the stock

is currsltly overexploited.

"Dagaa f isl let-y in the ~~inamGulf of Lake Victoria

is commercially important as a source of poultry feed,

fishfeeLl, cattle feed and human food. RatiOllal

exploitation of this fishery could be possibly achieved

through correct management policies including the.

fisheries cooperative societies, licencing of nets

in addition to registration of boats and strict

obser~vation of closed seasons.



Q-WTTER 1

1. INTRlJDUCTION

TtIe -1"ami 1 y Cyprinidae are knov..nas typical marine

family. However, several members of the family are lake

.irihab.i tc)[\ ts. Some of these lacustrine cyprinids have

not only adupted a pelagic way of life, but also their

shape ei id silvery camouflage (Greenwood, 1966; Wanink,

1989) tt-?sernIJ1e marHle pelagic fish such as herring

(Clupea ~.). Th~ pelagic cyprinids endemic to some East

and Cent,al Af,ican lakes we,e p,eviously placed in

orie genus, Eng,aulicyp,is, until a revision by Howes

(1980). In Lakes Victor-ia, Kyoga and Nabugabo, this

of fishes is rep,esented by Rastrineobola

ar"gentea (Pe l Leqr i n ) acco,ding to the current

classificatioll by Howes (QQ. cit.) and Chelaethiops

in Lake Tanganyika which is of no economic

value (Ol;edi, 1981b; Wanink, 1989). R. a,gentea is

locally knov-Jn as "omena" in Kenya, "mukene" in Uganda

and "Ilsalali" in Tanzania (Graham, 1929; G,eenwcx:xj,

1966). The name "dagaa" became popular in the eaoly 1970s

~'ihena light fishe,y f or this species reached commercial

significance. The fishermen of Lake Victo,ia adopted

this name Ircxn the c lupeids of Lake Tanganyika which

caught by light attraction (Okedi, 1981a;

1981b; ~-Jan.irlk,1989)

1.2. "Dagaa" fishing methods

All methods used in Lake v.ictor Le "dagaa" fishe,y

a,e based on night light att,action using kerosene

pr-essu,e lamps wi th a reflector to concentrate the fish.
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Present knowledge of "dagaa" in Lake Victoria is mainly

uased on the ~vor-ksof Okedi (1973; 1981a; 1981b), Ogari

(j c;'8~1), Chi t~umvebwa(1988) and Wanink (1989). Fishing

takes place for- 14 to 16 days during the dark nights of

each fle~v muon and the last quarter of each month. The

lamps at e allcllor-ed vJith a sinker and after some time

Lhey are moved slowly towards the beach, bringing the

f ish wi thin the r"each of a beach/mosqui to seine. Beach

seines (up to 100m) ar e made of nylon (ply 4 to 6)

having a str-etched mesh size of 8-1:2 mm. Before 1970 a

beach seil-le used to be a mosquito net of 30 to 60 m

lo'g. In the early 1980s, mosquito seines of stretched

mesh sizes 4-8 rrm became COfrmDn in the Winam Gulf of Lake

v.i c t.ori e , Recent! y, some Kigoma fishermen introduced

the Ii ft net to the I"lwanzaregion. Lift netting is

conducted fron catamarans powered by outboard engines,

which can make the fishery offshore and truly pelagic

(Chi tamweb~'Ja,1988; ~'.)anirlk, 1989).

1.3. Trends in "dagaa" fishery

Catches of "dagaa" have undergone explosive

changes ~n the last 15-20 years in Lake Victoria. In

the Kenyan portion of the lake, Rastrineobola landing

increased to 29.21. of the total fish landings by weight

in 1985 as compared to 4.51. in 1969 (Ogari, 1985; CIFA,

1988). Catches in the Tanzanian ~'Jaters rose from 5.31. in

1981 to 81. 1985 (Bwathondi, 1988) while in
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UydlHJa., fi~;i1 lcllHjillYS ,:It Jillja (Masese) indicated an'

2.01. ill 1979 to 58.61. in 1985 (Acere,

1988). This lath?r figure on Iv refers to the lcxal

situation at Jinja. Fur' tile Ugandan I~aters as a whole,

Ule per"CI:?lll incr"l?ase is less dr-amatic (see table 1.3.1.)

Wallink (1989) has quoted the total "dagaa"

c a t.c h far- tIle conplelf? Tanz anien sector of the lake as

27LJ8-·3289 If"ll'O'tric tonnes ~~et fish per year- for the period

197[1·- J9DCJ. ClI'.c?di(19011.) es Lilllclleu a lolal catch of

tUflr)(?~:;weL fisll from the Uket~ewe Island

complex of Tanzania dur iny 1978 or J722 metric tOlnes

of dr'ied "ddljaa". To t.a l catches HI Kertya increased

stead i 1y metric lOJlnes in 1968 La 89589

melt· .i.e: LOllllI~S ~~l:?t fisll ill 1985. No data f r orn Uganda

Li ttlean? 1'.11UWII.Accor'dillg lu Warlirlk (1989), too

data dvailablC? up to dah? reliable

I?St irnat i on of fIId}<imulIl sustainable yield (I'1SY) and

f i.sll.i.llY filar- tal i ty (F).

1.'1. Bioloyy

Okedi (.lrJ73) analyzed 604 spec:illlensfrom Nyanza

GlI 1I , Mwallzd, rJukoba and /'/usoma and f ound a sex ratio of

~):'-;:3LI (femdl12s:rnales). The size at maturity was 6.3 em TL

fur- ",alE'S dnd 5.4 em TL 'for' females. The largest number

of lJt"l'E'ditlg individuals were 'found Ln June, July, Pugust

and Oc l.oljel~ dilU fE'west in DecembE!r. The mean fecundi ty

1'I03S ::2'72 ovo (r'ange 582-(771). The species is pe l aqi c and

i l.~; ~>p,)wnp l <lliktonic iI( Gr-d/),UIl, 1'J2rn .
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Table 1.3.1.. Tr-ends bf "dagaa" fishery in Lake Victoria

I(enya Uganda Tanzania

tdtal catch dagaa total catch dagaa total catch dagaa

Year- (rn , t) (m. t) (m. t)

.~

1968 16357 4.5

1969 17442 2.9

1970 16400 3.2

1971 14918 5.1 ~C
r'

1972 15989 7.8 (II:
toU}o:
'ilt

1973 16797 10.5 'Id.rt:11
1974 17175 21.8 :~I"

I~'"..•
'lir

1975 16581 27.4 la~
1.\1:::.

1976 18680 30.3 ~:..
1977 19332 34.7

1978 23856 36.5

1979 30592 30.5 327.7 2.8

1980 26914 35.1 289.8

1981 45667 20.0 9104.9 0.5 70620.1 5.3

1982 60958 17.1 2158.9 2.2 63996.1 3.5

1983 71854 21.3 1728.8 2.2 72585.7 4.3

1984 78420 27.1 1226.6 6.5 97790.1 1.6

1985 89589 29.2 2814.6 58.6 98971.4 8.0

-----------------------------------------------------------------
Sour-ce: Ogar-i (1985) ; Acer-e (1988); Bwathondi (1988)
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1 .5. Li Ler-aLur'e rev iew

Fish sLock assessment has been carried out in

Lhe ~"inam Gu1 f 0 fLake 'victoria using bottom

trawls (I<udhongan i a l!~ COt-done, 1974; Marten et a 1• ,

1976; BemJa, J'7'81; 11uller & Benda, 1981), a catch

assessnlent '3ur-vE'y 011 the ar tiaana l fishery (Rabuor ,

1988) and lellgLh-fr-equency analysis (Getabu, 1988;

Asila & Ogar .i., 1988). Age data in conj unc tion wi th

length and weight measur-ements can give important

infonnaLion on stock composition, life span, mortality

rate, age at n~cruitment into the exploited phase and.

production undel~ different patterns of fishing (Bagenal

& Tesch, 1978; Gulland, 1.983; Vibhasiri, 1988). Length.

frequency analysis has yielded three year-classes in

the common bully (Gobiomorphus cotidianus !"IcDowell) in

Ne~'i Zealand (Stephens, 1982), trout (Salmo trutta L.)

in ~"indermer-e (Cr-aig, 1982) and yellowfin b'ream

(Acan thopagrus australis Gunther) in Australia

(Pollock, 1982), which are progeny from successive peak.

spa~,trlillg activity. Gibson & Ezzi (1981) found only t\l\lO

year--c 1asse<.:, in Lhe Norway gobby (Pomatoschistus

norvegirus Collett) from the West coast of Scotland.

Mann (1971) and Pollock (1981) were unable to

deter-mine gnJI,r~thin the bullhead (Cottus gobio L.) in

southern

tricuspidata Quay

and

and

the luder-ick

Gaimard) in

(Girella

Australia

Scotland

respectively, from length--frequency distribution due to

overlap of the different age groups. Growth in both
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length and weight in the above cases were found to fit

the von Bertalanffy (1938) growth fT)OClel. :nle von

Bertalanffy (19~B) model has the following form:

Lt = Lm (1 - exp(-K(t-ta»)

where

Lt length at age t

Loo as~nptotic length

K growth curvature

t age in years

to = initial conditio, parameter; starting time at

tlley had al.-Jays grown according to the von

~III,
U'I
lilt

II'
"I
"

1'1,
I"
"

wh.i ch the fish would have been zero sized if

BerLs l an f tv equation.

In the above equation, the length at age t+1 (Lt+1) is

~,
Ih
i'i
I~
Irt

a function of length at age t (Lt). The exponential and

von Ber t.al arrf fy growth models are particularly useful

f'or: fitting gro~'ith cur-ves from which the asymptotic

1er1gth (Lw) and the gn:J~-Jthconstar1t (K) can be obtained

by well kll01Nfl qraph.i ca l methods of Gulland & Holt

(1959) , Bhattacharya (1967) or Wetherall (1986) .

Successful use of these graphical methods have been

demonstrated in the pike ( Esox lucius L.) (Frost &
Kipling, 1967), thread bream, Dentex 2QQ. (Jones &

Jones, 1988), lonqrieck croacker (Pseudotolithus ~

Blkr.) (Djama, 1988), Russells scad (Decapterus ruselli

Ruppell) (Widodo, 1988) and muckerel (Scomberomorus

brasilensis Collette, Russo and Zavalla-

Carmin) (Julien-Flus, 1988).
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SeVE'ral research wOI~kersusing length-frequency

an~Jysis have' I ouud no significant di'fferences betveen

gnJl'\lth r-ate of males afldfemales in the br-eam, Abramis

bl~af1la(Goldssp.ink , 1978), trout (Craig, 1982) and the

common bull Y (Stephens, 1982) . Length-frequency

analysis gives beLLer resolution in growth studies than

the use of scales. However, Pollock (1981; 1982) and

Stephens (1982) have pointed out that, for the former

method to be useful, the difference in mean length of

adjacent age-classes should be more than the sum of

theit- standar-d deviations. Le Cren (1947; 1958) ,

Kipling & Frost (1970), l"Jann (1971) and Craig (1982)

have r-ecommelldedthe use 0 f addi tional methods of age

determination for length-frequency analysis like

opercular bale, scales and otoliths. Age structure of a

population showing many large old fish indicate a well

established uflfished stock while, with variable

recruibnellt, lellgth-frequency distribLttion still sJ--oo....is

stror'g year-class pr-ofiles (Gibson & Ez zi , 1981;

Goldspirlk,1981). Better methods of resolving length

freLjuellcy modes, which lead to better estimates Qf ~

amJ K have been given by Hard ing (1949), Cassie (1954),

Bhat t.acl iar ye (1967) and Pauly (1985; 1986) while rmch

simplel~ methods have been given by Pauly (1980a) and

.Jolles (1984). TIle use of length-frequency data for tl-e

estimation of ~ and K (Ricker, 1977; Gull and , 1983;

SdlTllJ,1988, \/ibhasiri, 1988) assumes that:
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1. the length-frequellcy data are representative of

the population

2 the gro~'ithpatter-ns are repeated each year

3. the von Bertalanffy Growth Formula (VI3GF)

desc,ibes the mean growth in the population

4. all samples have the same growth parameters.

Tile graphical methods for resolving mixed length-

f l~eqUE'ncy cI.i s tr-ibution in to nor-mally distributed

componen ts (Harding, 1949; Cassie, 1954; Tanaka,

Blia ttachar-ya, 1967) assumes that certain

1956;

length

peakinter-vals an? only affected by one and only one

(Lassen, 1988), called a "clean class". The "clean

classes" al~e found by either:

(i) plotting the data on probability paper

(Cassie's method)

(ii) laking logarithms and plotting on a graph

paper (Tanaka's method)

(iii) taking the differences of logarithms and

plotting on a gr-aph paper (Bhattacharya's

method) .

1he cr-ux of these methods is the concept of the

"clean class" (Lassen, 1988), a length where only one

peak (age group) contributes to the length

No objective method is' available fordistribution.

automatically obtaining the "clean classes" but all the

melhods available are appr-oximations to one model:
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11(l)
dL [1 (IZ-L1) 2}

N1r- exp - a1 +

y'2fl.a1 2

Wr1E're

n(l) = the number of fish In length class 1 (mid-

length) ,.
dL illt.E'I-val size of length

r'J1,N2.. -= total 11UfTlbel- of fish belonging to qr oup

1,2, .....

L1,L2"= mean length of group 1,2, ..

a1,a2 .. = ~'iidth intErval of group 1,2, ..

Data on leng tl1-weight relationship are

essel1tial for- the assessment of any given fish stock.

The basic fo,mula for this relationship is used in its

loqar i tilmic fonn:

Loy W= Log a + q Log L,

~'ihel-e ~I.j is tile ~'ieight of the fish, L are the length

while a and q ale constants which are empirically

determined by least squar'e regression as outlined by

~I.jeatherly (1972), Bagenal & Tesch (1978), Welccmne

(1979), Pollock (1981) , Cr ai.q (1982) and Gull and

(1983) . The same basic ,elationship is used

calculate the Fultons condition facto, (K), since Wla

I_q is a r a t io , An altenlative expression +or the

condition factol- is:

has also been used (Ivlann, 1976; Pollock, 1981;

StephE'ns, 1982); III this case, ~b is the observed

+ •••

to
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weight and ~~is the weight predicted from the length-

weight r-E?lationship.

The

population

tolal mortality coeHicient (Z) of a

can be determined from representative

samples f rom the relationship of lengths, numbers in

the population at dif f eren t times as well as age. It

is computed, accor-dingto Wetherall's (1986) equatien,

from the r-elationship:

Z K (Lw - L) / ( I -L' ),

where L is the mean length computed from L' upwards (L'

is the smallest length fully represented in the

sample), K and Lware the ven Bertalanffy growth

constants. The equation has been successfully used

(Ahmad, 1988, Djama, 1988; Jones & Jones, 1988) for

fish stock assessment in the tropics. Another COfTlTlOn

method for the estimation of Z. based on ~_ength-

frequency analysis is the length-converted catch-curve

(Pauly, 1983; 1984a; 1984b). The decline in.

numbel~s with time is a 1inear function of a9,e. The

linear regression fitted to this relationship gives

a good estimate of the total mortality coefficient

(Z). The problems associated with length-cenverted

catch-curve for the estimatien of total mortality

coefficient (Z) has been discussed by Pauly (1983,

1984a; 1984b). The pile up effect, where larger size

groups contain more age-groups than the smaller size

group is overcone by dividing the number (N) in that



length-group by the time (dt) it takes to grow through

that length group, before plotting the length-converted

catch-curve. The use of relative age is employed

because using t- zero (to) (which leads to absolute

ages) is not necessary in conjunction with catch-curves

where Z is estimated from a slope. Length-converted

catch -cur-veassumes that:

(i) Z is the same In all age groups included in the

plot

(ii) all age groups used in the plot were recruited

~\Jith the same abundance.

(iii) all age groups used for the computation of Z

ar·e equally vulnerable to the gear used for

sampling.

(iv) samples ar-e large enough to cover enough age

qroups and effectively represent the average

population structure over the time considered.

The use of length-converted catch-curve

has been discussed in detai1s by Sparr-e (1987) and its

use demonstr-atedin the Nile perch (Lates niloticus L.)

.(AsiIa & Oqari , 1988), emperor red snapper (Lut.i anus

sebae Cuvier) (Lablache & Carrara, 1988) and the

sardine (Sardinella maderensis Lowe.) (Samb , 1988)•

According to Sumiono (1988), the length-converted

catch-curve refers only to the largest specimens in the

sample and lS dependent on recruitment to the fishing

gr-ound rather than selectivity of the gear. The

~"etherall et al. (1987) method gives an estimate of
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/'/1" fl-Qrn d liell 7. can 11", ca l.culated from knocen values

o f I'. Cur i.o U.,,:;O fn::'qu(~r'rI; occul-rence of this method in

tl r~ l~e;:L, i L VJi11 l)(? n::: fen'ed to as tile Wethera 11 et

<31. lIlethud Lllr'ouglluut LI'ie te)(t w.it.hout; reference to

the yeel!"" of pub 1ica lion. The natural mortality

U;L?fficienL (1"1) may be cDmputed from known values of

I'IIK. f rom 01.1 If::'r t~sl.illlate::.. To sepal-ate the components of

total mort.o l t tv cue'fficiEIlt (Z) into natural mortality

coefficierd. (lvl) and fishing mortality coefficient (F),

Pauly's (1980b) empirical fonnula has often

employed t.o e'.5timate lvi, Ulell F is computed from the

di ffen=11U? be\.t'Jet.?I1 Z al1lJ M. This method has glven

reliable resul ts ~'iith both fish species (Dj arna, 1988;

Jorles (1, JUlies, 1908; Jul ien-Flus, 1988, Widodo, 1988)

and commer-cial irwer-teb'-ates (Agasen & Del Iv!undo, 1988;

Gab,al-Lldl)a, 1988; Vibhasir-i, 1988) In the tropics.

rllthouglJ Pauly's (1980b) empirical formula for the

estimatiun Dr nat.ural mortality coefficient (lvl) is

quite popu lar , a mewe robus t; al ternative method

~'Jas 9 l vcn by I"lunJ-o (1 '7H1) and modi f ied by Moreau

(1988) . TheSe? a IlErna t.iv~? methods can be used to

!?sLiln:lL~' naLul ciJ mOl-tali I y clJeffici.erlt (Iv1) and fishing

InUILa 1 i Ly cUe! f f icien t (F) sirnul Laneousl Y by using

prob,:1i1i J i ty of Cciptur E' b , length-gl-oup, The choice of

mpfhod kH n thu". depends lal-gely on individuals.

Gi /l'Tl thE' estimates of f ishillg mortality

cuefficient, rlaLur-ai mor lality coefficient and growth

CUll'';Lant, the. y.ielu if) ltJeight and numbers can be
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calculated f'or a given cohort of fish

catchable size. The expn.'ssion f or yiE?ld in l,~eigl1t is

the sum, over all time intervals of the products of

fishing mor ta 1 i ty, the number-s of f _L~31lpn:?sE'nt, their

mean ~~eight and the dur-atiol-'I uf the time i'lterval

(All en , 1969; Gu11and , 1977; 198-5).

yield equation (Bever-tOil & Holt, 1966; Allen, 1969;

Gulland, 1977; 1983) incor-poratl:'s the von 8er-talanffy

growth equation with tl)(:2asslIflIpt ion that then,' is no

upper limit to the life span:

y

n-o F ~ M ~ nK

where

Y Steady slale annua.l yield in ~'I0iyllt

R == Annual recruitment ( at age tr)

tc = ACJe at en try into the exp 1ui ted !-i1-ldSe(d t f.i I'-Sl

capture)

F Fishing mortality coef-ficiEnt

f"1 Natural mor-tality coefficient

equation

Un= Summation variable tcikil-Ig value~ 1, -t3, '..1

for n= 0, 1, 2, 3 r-espec ti v<c'1 v .

The yi e 1d per- r-ecr-ui L dlill lJiol1t<Jssper reLl~ui t has

been calculated by varluUS UGlilY tilE

exploi tation rate (E). Exp l o it.e t i.on .cite is Ylven as
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(Ahmad, 1988; Cheunpan, 1988; Mohd.lsa, 1988;

WidodCJ, 1988). The modi f ied by Bever-ton & Hal t (1966)

yield equatiull (Allen, 1969; Gulland, 1977; 1983)

.iric.or por a te tile exploitation rate and the age which

appears e)-:plicitly in the generalized yield equaticn

has been r-eplaced by the eOI-r-esponding size (length or

~'Jeight) 0 r tile f is! 1 as IJlven by the yon Ber t.a larif fv

91' oo\Jth equd t ion . The gener-al ized yield equaticn,

mod.i f ied by Bever-ton & Holt (1966) is given as follows:

n=3

(Uil (1-e ) )r1I (1 + n K (1-E) ) .
rr

'1'''0

The modif ied equc1tion contains only three

Vdt-.i.aules, E, c and 1'1/1<. Al though this equation

cor: ta i I) sever"a I 0 thet~ f dC tors, they on 1y appear as

Tile prir rc.ipa l cOllcern is the relative

yielu per- recruit (or aver-age biomass per recruit) at

Lliffer"ent levels of fishing mortality or age at first

capture. Yield per- recruit 1.S descr-ibed by one

clldrac teris tic of the fish (I''IIK) and two

char-ae teristics of the fishery (E and c). M/K is the

ra t io or tilE cuefficients deter-mining, in effect, the

I elative I-ate o I Ilatural change in nwnbers and length

w.i t.h age. E defines the numbers or fraction of a year-

class which will be caught dur-ing its fished life span

o\Jhi1 e c exprEsses the mean selection length as a
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I r .oil: t.Lon Df the d5')"rnptotic length. To allow

L._.dulldLiuI1S uf yield per- r-ecruit based on average

biomass, c call be conver-led to ~--Jeightratios from the

HoH (1966), ,,'!llen (J969), Gulland ( 1977; 1983).

A Ilunlber-of cumpuLer- programs exist (Sims, 1985;

Pauly, 1985; Thiam, 1986; Vakily et al., 1986) for

these <3rld ·:;imi1ar expn?5sions and their use has been

irl several tropical fish species

1988; Dy-nli, 1988; Supongpan, 1988;

Wicluclo, 1988).

TherE' is lack of knowledge and information in

respect of the present investigations against all

this background. The economic importance of "dagaa"

as poultry -feed, cattle ieed, fish feed and human food

war-rants the acquisition of biological data which can

be used as management tools for its rational

exploitation.

1.6. Objectives of this study

The major objectives of this study were as

f o Ll ows :

1. To linear equations for

irltel'-conversion of standard length (SL),

Iork length (FL) and total length (TL).

2. To determine the length-~veight relationship.

To study the seasonal variation in Ful tons
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cond.i tion f ac Lor,

4. To dllalyze tile lenglh-frequency distribution.

5. To estimate gl-owth pal-ameters.

t.otal, natural and fishing

.norte l i ty copf f icients.

7. To determine exploitation rate and patterns

of e>~pect(-'!dyiplds.
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2 . rvlATERIALS ANDIvETHODS

:2 • 1 Study al-ea

The major portion of Kenyan waters of Lake

'.Jictoria (fig.2.1), is a nar-r-ow gul-f, known to various

authol~S by sevel~al names. The Victoria Nyanza (Graham,

1929), Kavi rondci Dul f (Copley, 1953; Muller & Benda,

1981), I\I)"arlzd Gulf (Fhnne & Wanjala 1982; Ogari &

Dadzie , 1988) and the ~\JinamGul f (Okach, 1982) are all

one and the same place. The Winam Gulf has an area of

approximateJy 1920 Km2with a length of about 60 km and

widt.h varyirlg beb'-leen 6 to 30 km. A short description

of Wirlam Gul f has been given by Rinne & Wanjala (1982),

Ogari & Dadzie (1988) and Okach & Dadzie (1988), while

a detailed descriptior-, ~'-Iasgiven by Oqar i. (1984). The

Winarn Gulf lies between 340 13 and 340 52 east of

1;~lt i tude 00, 0°4 and 00 32 south of the equa tor. The

gulf has a mean cJepth of 6m and a, maximum

depth of 4:::->ln v~ilile its surface is at an elevation of

1136rn above sea lev!:.?l. Its ilTegular shol~eline is

about 300 krn, ~'-lith several large bays. The major

affluent r-iver-s Lnc l ude the Kibos and Nyando to the

eas t and Sondu, Av~ach, I"lagus and Lambwe to the South.

~-Jatr~l- e>-:challge wi th the rest of the lake takes place

through the I'lbita channel while the major out.f l ocv from

the lake is the river Nile.

Bottom deposits found within Winam Gulf

.iric lude hard substrates of sand, gravel and bedr-ock in
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"3413'
o ,

3452

Fig. 2.1.1. !'Iap of Winalll Gulf af Lake Victar-ia sho\.-Jing

sampl ing pair) ts.
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exposed areas and mud, silt and clay deposits in areas

adj acen t to the r i vel'· mouths . Large quan ti ties of both

l ivi.nq and dead gastropods and bivalves are common in

sheltered bays. Beaches consisting of pebbles, sand or

floating aquatic macrophytes are common. The most

common emel~gent macrophytes are papyrus (Cyperus

papyrus L.) and the common reed ( Phragmites australis

Cav.) whi le ;j'.Jumerged macrophytes inc lude the pond weed

(Potamoqeton), hornwort (Ceratophyllum) and the

eelgrass Valisneria.~. papyrus· sometimes form large

swamps ill sllel tered bays commonly called "floating

islands". Ldlge floating mats of the water cabbage

(Pistia straliotes L.) cover-ing upto 5 Km2 can be seen
I,

::11
in pt-otec ted uays during the wet season.

The Lemperature and solar- radiation are

" ..
:Ir~
\:=.:
!:!l.....
~I •• '

'"~:

Thl? Gul f lies ~vithin the equatorial region.

r-elati vely cOllslant thr-oughout the year (mean 'values

are 22±3 °C and 1200±140 mE m-1 s-l respectively)

(Ochumba &: Kibaara, 1989).

2.2. Sampl i.nq technique

Samples of R. argentea were obtained from

f i \Ie ~:;ta t ions 011 the sou I~her-nzone of the Winam Gu1f of

Lake Vic lor"ia (fig. 2.1.) as representatives of the

stock f r om the outer, mid and inner Gul f , viz:

1. Sango

2. Rakll'Jaro

3. Obar-ia
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4. Ngr:?gu

5. Luarlda

Random samples ~,;e,e taken f r orn the comme,cial a,tisanal

fislu:?nnef1 CjllCeeve,y mCJllth f r orn each station. Standa,d

lEngth (SL), f or k length (FL) and total length (TL) of

each individual were measur-ed to the nearest mmusing a

fish measur-il-'g boer d , in the f i r s t; sampling month

(August). Only TL was measur-ed fo, subsequent months.

v.k?ighL o I a I 1 fish wen", taken to the nea,est O.lg using

a trip pan balance. Each individual was dissected f,om

the velltral side and sex dete,mined acco,ding to

the subjective methods of Bagenal & Br-aum (1971),

Hopson (1972 ) and Hopson (1975). The f ema1es were

idE!I-ltified as having thi.n flat b,own to golden b,OINn
I,
,;~

gonads embedded in the ventral cavity, sometimes

s~,;ollen and yellow with clea,ly disce,nible eggs ....,..
~:
"(Hupson, 1972; 1~75). The males we,e identified as

having thin st,ands of t,anslucent to white gonadal

maLerial embf.?uuf:?din tilt:;>vont.r a l cavity but neve, flat,

Lo the sar1)(-? au thoro. The ,est of the

individuals ~';~3n=classified as imrnatu'e. The su,face

water- temper atur-e was recol"'ded fa, each station eve,y

morit.h fOI- the pur posse of estimating nat.ur e I mort.a Lfty

coefficielit. Field data ~'JEre collected for- a period of

1:;:' mOllllls (from August, 1989 to July 1990). Data on

lei igtll, ~veight and sex ~vl,re used to per+orm ,eg,ession

al1alYSf-:?5 anu length-'fn?quency analysis of stocks f r-orn

di f fer'Ell t POI't.i.OllS of the Gul f.
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2.3. Data a~alysis

1"leLilDeis 0 f ciaLa allal ysi s were based on

1(,=f H] Ul--r r EqUEI1Ly 3.na1ysi s (Sims, 1985; Thiam, 1986;

\/ahly eL aI., ,1986; Sparre, 1987). Specific analysis

pi ucedur C'';; full olr~Ed til(? ou t 1ine appended to Sparr-e

(1907) anel Spane et a l , (1989).

(i) Regression analyses

REgn:'?ssioll of di fier-enL length measur-ements

(SL, FL, dlld rL) ~vdSdone by least square method while

IfO'l1glh-weiyifL I'egressiorl ~vas obtained by log L

n:egl essioll the by least square method. The

log W

Fultons

cUllui tion fac tor- ( K) was calculated from the

tCelalionsllip:

~"o obser-ved ~~eight

liJ predicted ~veight

( i i) Asymptotic leng Lh (LCD) and growth curvature (K)

A first estimate of La:> was obtained from

the longevi t.y r-elationships:-

LCD Lrnax 10.95 (Pauly, 1980a)

when,?

Lrnax Iv1cI>:imumlength obset-ved in the sample

0.95 95~~survival befor-e natural death or fishing
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rnor+a l i t.v ,

DeLa.i 1ed anaI ysi s o-f La>arid I( w~s done <lsing the

Iug-di-ffer-ence 0, Bhattacha,ya method (Bhattacharya,

1967) . This .irivo l VE'd,esol vinq tile monthly length-

fn::CjueriCy dis t.rLbu'ti on into normally distributed

coroponents . The log-differences of frequency between

cOI,sel~,utive lengl:h-gr'oulJs we,e plotted against the

length in!_E'tvals. A sequence of points corresponding

to a st,air.]ht line wiLll a negative slope ~'1asidentified

and a r--egres~::;iondllal ysis pel~fo,med on this portion of

t.he scaLLer plol to estimate Hie mean length of the

compOrleni, (LW col lor-t ), the standard deviation of

tilE::' lellgtll d.is.tri but ion and the number of cobor t

mornbers in tile sample. Several components '(0, cobor ts )

,~er-eidEll Li f ied USillY l.IlE::'same proc edur-e as above. The

Inb~ll lei Hd Lll (L,nEarl) of each cohort was calculated as

follows:

Lmean intercept ; slope.

The starldal-rJ deviatiorl (SD) was calculated f r-om the

I~elationship;

SO /-dL/slope,

cJL~ length interval SlZE'.

The t.ot.al cohor-t number was computed by fi,st

calculating tile number-sby length-group (N(j» for. the
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cohort as follows:

N(j) :::(dLI/(2lt SO) .exp (-Q.5(Lj + dL/2 - Lmean/SO)2)

where

Lj ::: the lower limit of length-group L(j).

The total cohort number (cal. N) was then estimated

from the equation: -,

cal. N = (E frq(s.j»/(~ N(j»
j J

where

f rq (s.j) frequency of length-group j in sample s

N(j) the n'umber in length-group j.

Separation index (SI) was used to check the degree of

resolution of each cohort. Separation index values less

than 2 were rejected. SI was computed for all adjacent

cohorts from the equation:

SI [1)/(S02 + SD1)

where

L1 ::: mean length of cohort 1

L2 mean length of cohort 2

SOl ::: standard deviation in length of cohort 1.

SD2 ::: standar-d deviation in length of cohort 2.

The results of Bhattacharya analysis were

used to plot the mean length of each cohort from each

sample against the time of sample collection for a

period of h.Jelve months. The components which appear to
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belong to the same cohort were then selected and a

modal progression per-formed to obtain La> and K

based on all cohorts, calculated by the Gulland & Holt

plot (Sparre et al., 1989) (a plot of dL/dt against

mean length of each component or cohort).

iii) Growth performance index (¢,)

The growth performance index was computed

fr-om the l-eldU_onship:

accor-ding to Ivlunro & Pauly (1983) and Pauly & t1J.nro

(1984) •

iv) Total mortality coefficient (Z)

The total mortality coefficient was

estimated using hvo methods:

a) Leflgth--converted catch-curve

b) loJether-allet al. (1987) method.

Length-conver-led catch-curve:

Iripu t data for this analysis were the

weighted s~n of all length-frequency samples over a

period of twelve months. La> and K from Bhattacharya

analysis and other estimates \.'Jereused as input

parameters for this analysis. The length-converted

catch-curve aria Lyssi s, is a regression analysis on the

descerlding right hand arm of the catch-curve:

Y(j) a + b.X(j),
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where

X(j) relative age at length L(j)

-11K. In ( 1-(L(j)+dL/2)/Loo

and Y(j) = In ( C(j)/dt(j) )

where

LU) lower limit of length - group j -"

dL = length inter-valsize

K - von Bertalanffy parameter (curvature

parameter)

Loo von Bertalanffy parameter (asymptotic

length)

dt(j)= the time it takes to grow from length L(j)

to LU+1)

= 11K. In (Loo-LU))/(Loo-LU+1».-

CU) = numbers caught in length group j

The total mort.e Litv coefficient was estimated from the

slope as f'oLl ows ;

Z = -b.

Wetherall et al. analysis:

Wetherall et al. (1987) method is also a

regression analysis based on the Beverton & Holt (1956)

Z-equabon:

L mean length of fish of L, and longer

L, some length for which all fish are under
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full exploitation

von Be~talanffy pa~amete~

length)

(asymptotic

K von Be~talanf·fy

pa~amete~) .

pa~amete~ (cu~vatu~e

By a se~ies of algeb~aic exp~essions, the above

equation ~-.Jast~ansfo~med into a ~eg~ession equation of

the fOr-JTI:

to estimate Z/K and Lm as follows:

ZlI< -(1+b)/b

L-u> -a/b

v) Natu~al mor t.a lLt.y coefhcient (M)

Natu~al mo~tality coefficient WaS computed

f~om the empi~ical fo~mula of Pauly (1980b). Estimates

of Lm and K ~'Je~eused as inputs for a mean annual

tempe~atul~eof 22 °C for Lake Victo~ia:

In 1"1 -0.0152 - 0.2791n Lm + 0.6543ln K + 0.463ln T,

T mean annual tempe~atu~e fo~ Lake Victo~ia

(deg~ees Celcius) and othe~ symbols have

thei~ usual meaning

vi) Fishing mor-talitycoefficient (F) and exploitation

~ate (E)

Fishing mo~tality coefficient was computed

f~om the ~elationship:
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F Z - [vI,

E = F/Z = F/(F+M).

~'ihilethe exploitation rate was computed from the

relationship:

The Y/R, and B/R for an array of fishing

vii) Beverton and Holt relative yield per recruit

(Y/R,) and average biomass per recruit (B/R)

mortality coefficients and a fixed natural mortality

coefficient was computed from the yield equation:

[-~-
3U 3U2 ~~]Y/R, = F/K. A. Wa> - ---- +

z z+l z+2 z+3

where
I

. II
1 "., 11.. ,

Iu = 1 - Lc50/La>

Lc50 = length at which probability of capture

is 0.5

La> von Bertalanffy parameter (asymptotic

length)

A - (Loo-Lc50)/(Loo-Lr))M/K

Lr length at entry into the exploited

phase

Ivl = natural mortality coefficient

K = von Bertalanffy parameter (curvature

parameter)

F = fishing mortality coefficient

"
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z =.:: ZIK

Z = total mortality coefficient

Wro =.:: von Bertalanffy par-ameter (asymptotic weight)

The average biomass per recruit was

calculated from the relationship:

8/R - llF . Y/R.

The I~esulLs of thes!:? calculations were used to

constr-uct the? yield curves in order to obtain the

pl~edicted ch<3Il(,Jesin the stock under different fishing

patterns and the corr-esponding exploitation rates.

The results of all these analyses were

subjected to statistical tests of significance using

one-way andlor h,Jo-way analysis of variance (~A)

beb-Jeen se>(es and stations (Zar, 1984).
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3. RESULTS

3. 1 Regr-ession ana 1yses

3.1.1 Lenqt.h ,eg,essions

The diffe,ent fo,ms of length measurements were

found to be related to each other by the following

linea, equation:

FL

SL

SL

0.92 TL

0.90 TL

0.94 FL

0.74

1.74

1.16.

The conelation between the di ffe,ent f'orms of length

ll1easu,ements ale shown in fig. 3.1.1 while the details

of these ,eg,ession analyses are given in table 3.1.1.

Tt-teco"elation coe-fficients in all the analyses were

ve,y high ( t-2 = 0.90 - 0.99) while the standard error

of each coefficient was ve,y low (0.01).

3.1.2 Length-v~eight ,elationship

TIle mean leng th-weight' relationship +or each of

the five stations could be best desc,ibed by the

Loqar i thmic n::?lationships shown in table 3.1.2. The

graphical t:ept~esentation of length-weight ,elationship

is SllOWllill fig. 3.1.2 before any transformation and

fig. 3.1.3 after log-log transformation. An analysis of

cDvd,ial.ce (ANCOVA)r-evealed significant differences

·between the slopes of the regression lines (table

3.1.2) I(.Jhile mul tiple ,ange test, Student Nell¥llan-Keuls

(SNI<) test indicated -that there we,e significant

diffe,ences between the slopes fo, juveniles, males and

-females but no di ffel~ences within sexes +rrxn di ffe,ent



- 30 -

60
EE 50

.>: 30..
o

LL

20 b-__ -r r- __ -r ~--~To~t~a~I~le~n~h~(~m~m~)~
50 30 40 50 60

: .. ' .
40

_ 30
E
E 20
:; 10en
c.,- 30
u.. 500
u
c
0 40
V1

30
~20

10

Total len th (rnm)

40 50 60

Fork length (mm)

20 30 40 50 60 70

Fig. 3.1.1. Cor r-e l a tion beb'>Jeen total length (TL), fork

I eng t.h (FU and 5tandard I eng th (SL) of B.

argentea In the Winam Gulf.
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Table 3.1.1. Correlation between total length (TL), fork

Station

Sango

Rakwaro

Obaria

Ngegu

Luanda

length

L-JinamGul f of Lake Victoria.

(FL) and standard length (SL) of B. argentea in the

Indep. Dependent Coeff. ± SE Const

variable variable

TL FL O.9±O

TL SL

SL

O.8±O

FL O.9±O

TL FL O.9±O,01

TL SL 0.9±0.01

FL SL 0.9±0.01

TL

TL

FL

SL

SL

0.9±0

0.9±0

FL 0.9±0

TL

TL

FL 0.9±0.01

SL 0.9±O.01

FL SL 0.9±0.01

TL FL

SL

0.9±0.01

TL

FL

0.9±0.01

SL 0.9±0.01

-0.2

-0.3

-0.4

-0.8

-0.8

-0.5

-1.0

-4.0

-2.0

-1.3

-1.3

-0.2

-0.6

-2.4

-2.7

0.90

n

0.90 249

249

0.90 249

0.96 285

0.96 285

0.99

0.96 285

238

0.99 238

0.99 238

0.98

0.98 239

239

0.98

0.99. 239

220

0.98 220

0.98 220
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Tab1e 3.1.2. Corre 1a ti on beh-JeenLog TL and Log W of B. argentea

station

Sango1

Ngegu1

Luanda1

Sango2

Obaria2
'"")NgeguL

Luanda2

Rakwar03

Obaria3

Luanda3

F(14,13673)

sigllif Lc errt; differ"E'I,ces

in the Winam Gulf. Similar superscripts indicate no

Length-weight relationship

Juvelliles:

Log W = 3.06 Log TL

Log W 3.12 Log TL

5.42

5.60

Log W = 3.10 Log TL 5.50

Log W 3.20 Log TL 5.84

["lales:

Log W 3.22 Log TL6.00

Log W = 2.70 Loq TL

Lug W = 2.81 Log TL

Log W 3.05 Log TL

Log W = 2.94 Log TL

Log ~-J 2.75 Log TL

Females:

Log W = 3.60 Log TL

4.69

4.70

4.90

5.00

4.76

6.20

Log W = 3.65 Log TL - 6.41

Log W 3.71 Log TL

Log W = 3.40 Log TL

Log W = 3.24 Log TL

6.324 *

6.50

5.60

5.45

n

732

708

663

479

754

977

815

822

985

1266

1348

1144

1219

1337

0.60

0.68

0.72

0.66

0.84

0.60

0.69

0.64

0.67

0.70

0.66

0.72

0.68

0.68

0.61
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0.2 .+

0
0 20 40 60

Total lengt h (mm)

Fig. 3.1.2. An example of length-~'Jeight relationship of

B. argentea in the Winam Gulf from Sango.
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Fig. 3.1.3. Corr-e le tLon between Log L and Log W of B.

ar-qentea in the Winam Gulf for- samples

taken fr-om Sango.
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sampling stations.

3.1.3 Fultons condition factor (K)

There was an initial gain in condition, reaching

a peak in December 'followed by a decline up to

February. This decline was followed by a second gain in

condi tion reaching a peak in I"larch/April. Thereafter,

ther-e was a general dec Iine in cond i tion up' to Ju Iy •

Maximum K value recorded in December was 1.074 while

that of f'1archwas 1.052. The lowest condition recorded

in June was 1.000 and July was 1.006. All stations

showed a similar pattern of relative condition factor

by months as shown in fig. 3.1.4 . Analysis of variance

indicated real differences in the Ful tons condition

factor (K) in different months but there were no

significant differences between stations (table 3.1.3).

Differences in K could be attributed to accumulation of

gonadal material prior to spawning., K varies

considerably between species and the mean value is not

ah'iays around unity. Weight measurements could not be

taken from September to December.

3.2 Growth

3.2.1 Asymptotic length (LCD)

The asymptotic length (LCD) determined by

Bhattacharya analysis (Gulland & Hal t plot), Wetherall

et ala method and 95~~ longevity are shown in table

3.2.1 wh.i le the graphical plots of these analyses are

shm'oJnin figs. 3.2.1 and 3.2.2. The mean values for all

the methods combined (table 3.2.2) were 65.1±3.1,

UtJJVERSITV nF' Nl\maar
LIBRARY



lOR

lOG

101, -

1 07 .

100

LOG

1.01,

1.02

100

x
-: i.os
o
BIOI, -

c 1.02
0

U
1.00

c
0
u

-~ lOG
o
'3 1 01,u,

102

100 .

lOG

1.01, .

1.02

100

- !.» b-

~~--------~-----------
flnkwnro

Obnrio

~------------------------
Ngegu

l.uondn

1il1l(, (rn o ntbs )

Fig. 3.1.4. Fu l Lonss corid.i lion fac to, (K) of B·

of

argEnted in the Wil1am Gulf excluding the

months Septembe" Novembe,

December'. \/e,tical bar-s sho~vs 2SD.

and



- 37 -

Table 3.1.3. ~~OVA of Fultons condition factor of B.
argentea in the Winam Gulf of

Victor-ia

Lake

Month Sango Rakwaro Obaria Ngegu Luanda

----------------------.-------------------------------------

August 1.015 1.011 1.011 1.024 1.015

December 1.073 1.048 1.020 1.024 1.019

January 1.048 1.011 1.019 1.017 1.017

February 1.021 1.013 1.011 1.019 1.016

March 1.036 1.035 1.045 1.025 1.028

April 1.015 1.023 1.024 1.030 1.029

May 1.015 1.023 1.024 1.025 1.027

June 1.000 1.023 1.002 1.025 1.022

July 1.013 1.028 1.013 1.022 1.020

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

F(4,32) 0.113 ns

F(8,32) 4.323 *
stations

months
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Table 3.2.1. ?~symptotic length (~ of B. ar-gentea in mm

cJE·tennined by thr-ee independent methods in

the ~~inal1lGul f.

Station 951.Longevity Bhattachar-ya Wether-all Sex

method analysis et al.

---------------------------------~---------------------

Sango 65.3 59.9 60.0 M

64.2 60.9 64.6 F

65.3 68.8 67.1 M+F+I

Rakwar-o 63.2 69.8 61.1 1'1

65.3 60.8 63.3 F

65.3 69.2 63.0 1"1+F+I

Obar-ia 63.2 68.2 61.9 M

65.3 71.8 71.6 F

65.3 78.5 64.5 M+F+I

Ngegu 66.3 66.1 65.0 M

64.2 62.6 63.3 £

66.3 63.4 65.1 M+F+I

Luanda 69.5 62.9 68.7 M

73.7 73.1 72.3 F

73.7 70.9 70.9 M+F+I

F(4,8) 1.206 ns

F(2,8) 0.307 ns

3.418 ns 4.235 *
1.177 ns

stations

1.313 ns sexes
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a=34·6
32.0 b = -0·552

K= -b = 0·552
L oo:-a Ib = 62· 6

24.7

i17·4

u--.J
u 10.1

38·4 40·9 43·5 45·9 48·5

L(TLinmm)~

51·0 53·6

Fig. 3.2.1. Gulland and Hol t plot for the estimation of

asymptotic length (Loo) ar.d curvature of

gr-o\''>Jth(K) of R. argentea in the Winam Gul f
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0= 34·9
13·6 b=-0·522

t
Z/K= -(1.b)/b=2·916

Loo ::-a/b =63·3
10·0

E
E
c:•.... 6·8-.J

.-.J
I

I-.J 3.1,

33·8
'--- __ ----'1._

56·137·5 48·7 52·441· 2 41.·9 - 598

L' (TL in mm)~

Fig. 3.2.2. WE-Uler-all et al. plot for- the estimation of

La, and ZlI< of R. ar-gentea in the Winam Gul f
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Table 3.2.2. f'lEarl asymplotir.: length (L",) for three

indrO?pendent; rnethods and all methods

combined -fcn- R. argentea in the Winam

Gul f.

!"lethocJ !"Iean ± SD Sex

(Gulland & Ibit plot)

65.5 ± 2.6 1"\

66.5 + 4.0 F

67.2 ± 3.7 \,,\+F+I

65.4 ± 4.0 M

65.8 ± 6.1 F

70.2 ± 5.4 M+F+I

64.5 ± 2.6 f"\

66.5 ± 4.0 F

67.2 ± 3.7 f1-I-F+ I

6:1.1 M

66.5 F

67.8 t'1+F+ I

Bhat tac t1dr-ya ana 1 y'S.L s

F( 2, (\)

F(2,1l)

0.115 ns \"1

F

\"I+F+I

0.068 ns

F(2,4) 0.538 ns
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females and the

cornb.iried sexes (including immatul~e specimens)

r-Esp'.oeL Livel y. Olle-~',)ay analysis of variance (ANOVA)

r-evealed no signi ficant differences between the

met'lods used -for males, females and the combined

SE'xes while '_"'Jo-lI'JayPNO'JA also revealed no :;ignificant

di ffEr-EncE'~' bl?L~\iEen !:O.tatidl's and sexes except for the

We thEr--a1 I f:?t a1. nlE'lhod ovhich had a significant

betVJeE-li st.ations at 0.05 level

signi f lear--,eE'. ThlO'TeO\l,-iS a gener-al tr-end of increasing

valuf.."s u f Lm I r om Lhe illne, to the outer GLllf as shown

ill Lable 3.2.1.

:::;.2.2 CUIvalur-e of gt-oo'Jlh (1<)

Gl-oo',)'~hcur'vatLwe (K) dete,mined by Bhattacharya

':JI1alysis (Gulland & Hol t plot) were 0.375-0.599

for males, 0.4:23-0.552 yr-1 for females and 0.467-

0J .•60 yr-J fur tile combined sexes (inclyding immature

,;pcelrTiEilS). Ari liidir-Ec t melhod for- determination of K

basEd 011 Z/I< VcdUES (~"ether-all et al. method) and Z

(Iii-leal i2EcJ cat_cll-Cur ve) gave values of 0.308-0.694,

('.301--').87;-) <,w,d0.488-1.142 for- males, females and the

cUl1ibilled SE;-:t:?S I-espect_ively (table 3.2.3) while the

O.509±O.084, O.486±0.049 and

O.576±0.070 ITspecti\/ely. T~vo-wayANOVA revealed no

':,ir:nif iCdr I L cJi ffer-Hices betWEen stalions and sexes at

0.0:' ll?vel uf sigliihcdrlce. Significant differences in

tile indirect method SllOWSthat this is not a reliable

f:?'3 t irna t.or: o f K, besides, it is not a standard procedure

.in 1elll] lI,-f I equE'ncy ailed ysi s.



TablE?

Gte) t iru i

5011g0

Rah'>lcli U

Obdl ia

NgEgU

Mean ± SD

F(:;::,O)

"7 '/ -r-·_'.L -,
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(K) of B· ar-gentea

de tenninecl by two methods ill the Winam

Gul r .

1«r.'ll1"III:t s. t lo lt. Idot) 1« ZI (UK»

()"~~~~50 0.308 1"1

0.1J23 0.301 F

0 ..:387 0.685 M+F+I

0.503 0.664 11

0.482 0.875 F

O.L,hO 1.142 11+F+I

0.373 0.693 1"1

0.460 0.344 F

0.467 0.998 tvl+F+ I

O.50El 0.539 M

o r.::r-·~ 0.5::'14 F_ .::JJL

0.567 0.488 [vl+F+ I

0.599 0.422 tvl

0.511 0.556 F

0.600 0.595 M+-F+I

O. :::'09+ 0.084 0.525 + 0.162 1"1

0.48h ± 0.049 0.526 ± 0.128 F

0.576 +- 0.070 0.782 ±0.277 M+F+I

2.729 ns 35.9 * stations

3.611 11::-, :>8.8 * sexes
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The gt-owlh pC-:'t'--fol'f11anceindices of males, females

arid \:he combin,.="ds~~)~esat' e sho~\lI)il1 table 3.2.4, while

the mE'an values WETe 3.32±O.12, 3.33±O.07 and

3 .no.,o. 07 t'EspecLively. Two-way ANOVA revealed no

5igrli f ican t; di fferel,ces bel~\leEn statiuns and sexes. The

y)'valuEs of tl'tE combiliEu se>:es were always higher than

those of malr::'3 01- f.?males ir) all statiuns.

3.3. 1"lurLa] ity and Exploitation r-ates

:-":.3.1 Toti:ll mo-t.e l it.v coefficient (Z)

Total IlIUI' Ca1i ty COl.?f r icien I: (Z) and corresponding

Z/l( valur;:"~ rUt' rf'ldlE?s,h::'iTiales <,nd the combined sexes

(it'if_luLlill'd ilPntdLur E? spec..irnens) are sho~'\}nin table

3.3.1, ~\lhile l,)!.:?tliet-all el al. plot for estimation of

7/1(
Lf I, Clnd If'n'J t.h conver-tEd catch-curve for- estimation of

Z ewe SliO\dl'l in fifJs. 3.2.2 and 3.2.3 respectively. The

nlp,'ll'l valuC's of Z ,'~ere 1.929±O.322, 1.766±0.392 and

2.860±1.008 dlld UI< "IE?!'e 3.914±1.228, 3.737±1.459

and 3.7W7±1.104 Ior mah::s, fernales and the combined

se):es n'?sp",cli\iely. The r-ange o'f Z values ~\las 1.269 to

:'.86~, ,,,Ilile tl iat; of UK ,";dS 2.5~1-6.086. The total

morLa l i Ly LOE,f f icient (Z) was higher- when both sexes

UIan when eac h sex was taken

Lnd.i vi dua l l y in a l 1 statiuns except at Ngegu. Two-way

A!',JO\'A SIIC:"JE?cI a signi'ficant differellce between sexes for

Z \/r311.)'':5at 0.05 level but not between stations.
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Tab 1e 3.2.4 . Gr·o~'Jth performance index (¢,) of R.

ar"qerl tea ill tI IF.? LI)inarn Gu 1f .

Stat:ion

M

3.25 F

3.42 M+F+I

Rahvaro -,-'77
...) •. LI 11

3.28 F

3.42 M+F+I
Obaria 3.15 M

3.37 F

3.29 M+F+I

Ngegu 3.3LJ 11

3.3LJ F

3.38 f"l+F+I
Luar1da 3.45 M

F

3.48 M+F+I

11ean± SD 3.32 + 0.12 M

3 ..33 + 0.07 F

3.40 -I- 0.07 M+F+I

F(4,8) 0.0001 ns stations

F(2,8) 0.00002 IlS se>~es
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Table 3.3.1. Total mOI-tality coefficient (Z) and

Station

Sango

Rak~-Jar-o

Ngegu

Luanda

Mean ± SD

F(4,B)

F(2,B)

ill tile Winam Gulf.

cor r es~onding Z/K values for- 8. ar-gentea

Total mortality

coefficient (Z)

1.860

1.269

3.865

2.239

3.241

2.0BO

·2.092

3.625

2.059
••

1.634

1.71B

1.406

1.602

1.B52

1.929 ± 0.322

1.766 ± 0.392

2.860 ±1.00B

2.435 ns

6.60B *

UK

6.048

4.220

5.641

3.372

2.551

2.838

3.002

6.086

3.632

3.818

2.916

3.519

3.329

2.879

3.114

3.914 ± 1.228

3.737 ± 1.459

3.749 ± 1.104.

2.944 ns

0.051 ns

Sex

M

F

M+F+I

M

F

M+F+I

M

F

M+F+I

M

F

M+F+I

M

F

M+F+I

M

F

stations

sexes
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1·6

b: -1·634
Z= -b:l·63465

4·9

u
Z 3.2
C..J

L.... --'- .J-=-~-__=~'__::_:=_-_;_1.
1·404 2.106 2·808 3·510 4·213

Relative age (-1'K Ln(l-(LJ/Loo»)

1.915 6·319

>

Fig. 3.2.3. Length-converted catch-curve for the
estimation of total mortality

coefficient (Z) of B. argentea in the

ItJirlc.\{fl Gulf .
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NaLurol 1l1orLaliLy coefficient (M)

111(:'.:.111va1UE!S of na tur a l morto l i ty

coc,UiciellL ([I) (Lable 3.3.2) ~\Jer-e0.82±0.10, 0.80±0.05

and O.80:!..O.08for malf3s, females and the combined sexes

(im: lurJilig irnrn,::ltur e specimens). T~~o-wayN~OVA showed a

s_i.gnifict3nt diffE!--enCe in I'll values beb'leen stations and

*"7 -: -r-r
,-). _....:. __l. morLel i tv coefficier1L (F) and

Tile lliell risllillg mor-tality coefficient (F) was

hirJluC'stfor the: combined se>:es (1.984 ± 1.035) followed

by the m,::.les (1.107 ± 0.394) and females 0.966 ±

0.392) fo:~ the runge of 1"1 values shovJnin table 3.3.2.

CorTespolldillg mEarl values of exploi Lation rate were

0.::)511- 0.136 (males), 0.565 + 0.081 (females) and

0.653 + 0.146 (conbined sexes includi~g immature

sJJeci(lIens). TI ,e e>~pl oi tation rates VJerE','genera I high
,.

for- t~he inne:r Gul f uut relatively low for the outer

Gul f. Two-wav AI'JOVA r-ev'.?aled a significant difference

ill F values betv~eenstaLions but not sexes while there

\l'las rto sigr1.ificant cJiffer-ences in E values between

statiollS arid se;:es.

3.4. f<elative yield per recrui t (YIR,) and average

biulilass pelr ,recrui l (G/R)

The Beverton & Holt yield per recruit (YIR,) and

a'v'elrage biomass per recI~uit (B/R) (fig. 3.4.1) shows

tha,L the mean CLtlTent exploi t.at.i.on rate (EcLJR) of
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Table 3.3.2. Natural mortality coefficient (1'1), fishing

mOI-tooli ty coe f f ic: iell t (F) and exploi ta tion

r-ate (E) of B. argentea in the Winam Gul f.

The confidence intervals for M are shown

.in parenthesis.

Statiorl Ivl F ECUR Sex
--------- ..-.--.- ..----- --------- ---.------.-----------------------------

Sango o .90 (0 .8()--1.00 ) 0.960 0.484 M

0.7:::'(0.68--0.82) 0.519 0.519 F

0.89(0.81-0.98) 2.975) 0.770 M+F+I

Rab'Jar-o 0.80(0.71-0.90) 1.439 0.637 M

0.81 (0.7ll-0.88) 1.422 0.637 F

0.96(0.88-1.04) 2.281 0.704 I"I+F+I

Obari a 0.67(0.56--0.77) 1.410 0.678 1'1

0.76(0.69-0.82) 1.332 0.637 F

0.74(0.66-0.82) 2.885 0.796 M+F+I

Ngegu 0.82(0.72-0.92) 1.239 0.602 M

0.88(0.81-0.95) , 0.754 0.461 F

o .89 (0 .81 --0.98 ) 0.828 0.482 I"I+F+I

Luanda 0.92(0.81-1.00) 0.486 0.346 M

0.80(0.74-0.86) 0.802 0.501 F

0.90(0.82-0.98) 0.952 0.514 M+F+I

I"~an ± SD 0.82±0.10 1.107±0.396 0.551±0.136 M

0.565±0.081 F0.80±0'(>5 0.966±0.392

0.88±0.08 1.984±1.035 0.653±0.146 M+F+I

F(4,8)

F(2,8)

5.000 *
4.000 *

6.000 * 1.238 ns stations

3.000 ns 0.571 ns sexes
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0.551±0.136 (males) , 0.565±0.081 (females) and

O.653±0.lLJ6 combined sexes including immature

specimens) is 5.1-741. above the exploitation rate at

maximum sustainable yield (EfvISV). The maximum; fishing

mortality coefficient at which the tangent to the yield

curve is 101. of that at the origin (FO.l) (table 3.4.1)

and the corresponding expldi tation rates (EfvJSV) and

(q:-O.l) generated by the Beverton & Holt yield model

are shown in table 3.4.2 with corresponding current

e>:ploi tation rates (EcUR) for males, females and the

combined se>:es for di fferent parts of the the Gulf.

Over 701. of the \/alues of current exploitation rate

(EcUR) show overexploitation while the remaining are

close to the optimum exploitation rate (Eopt = 0.5CX).

,
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BIR VIR'

0.1

0.10

0.4 0.12

0.3

0.08

0.2 0.06

0.04

B/R

~--~--X--'~--'----T----~~F
1.6 2. a0.4 0.8 1.2

---------r-----.-----~--~~i~---->EI i

0.29 0.46 0.56 0.66

Fig. 3.4.1. Relative yield per recruit (Y/R,) and

aver-age biomass per- r-ecr-uit (SIR) of R.

al~gentea in the Winam Gul f obtained with

the par-ameter-s Woo= 1.8, K = 0.66, to= 0,

0.96, = 69.9, a =

0.000001, q = 3.4, Lc = 22.9 arid tr= 0.3.
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Table 3.4.1. Predicted fisiliJlgpattern and yield of B.

argenLea In the Winam Gulf.

Station

Sango

Rakwaro

Obaria

Ngegu

Luanda

0.82

0.60

0.84

0.69

0.69

0.97

0.51

0.63

0.62

0.71

0.80

0.82

0.88

0.70

0.86

MSY/R

0.01l8

0.039

0.065

0.071

0.047

0.088

0.050

0.072

0.103

0.061

0.053

0.057

0.045

0.073

0.074

FO.l

0.51

0.38

0.52

0.44

0.43

0.58

0.33

0.40

0.40

0.45

0.50

0.51

0.54

0.44

0.52

Y/R(FO.l)

0.045

0.037

0.061

0.067

0.038

0.083

0.047

0.068

0.<J98

0.058

0.050

0.054,

0.042

0.069

0.070

Sex

M

F

M+F+I

M

F

M+F+I

M

F

M+F+I

M

F

M+F+I

M

F

M+F+I

Mean±SD 0.72±0.14 0.055±0.011 0.45±0.08 0.052±0.010 M

0.68±0.08 0.057±0.015 0.43±O.05 0.052±O.016 F

O.82±0.13 O.077±0.018 0.51±0.07 0.073±0.073 M+F+I

F(4,8)

F(2,8)

0.150 ns

0.640 ns

2.947 ns

2.662 ns

stations

sexes
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Table 3.4.2. P,edicted exp lo i t.at Lon pat.t.er n of B. a,gentea in

the ~"inarnGul f.

Station

Sango

Rakwa,o

Oba,ia

Ngegu

Luanda

Mean±SD

F(4,8)

F(2,8)

EMsy EFO.1 Sex

0.484 0.477 0.462 M

0.591 0.444 0.336 F

0.770 0.486 0.369 M+F+I

0.643 0.463 0.335 M

0.637 0.460 0.347 F

0.704 0.503 0.477 M+F+I

0.678 0.432 0.330 M

0.637 0.453 0.345 F

0.796 0.456 0.351 M+F+I

0.603 0.464 0.354 M

0.461 0.476 0.362 F

0.482 0.480 0.364 M+F+I

0.346 0.489 0.370 M

0.501 0.467 0.350 F'

0.:l14 0.489 0.366 M+F+I

0.551±0.136

0.565±0.081

0.653±0.146

0.465±0.021

0.460±0.012

0.483±0.017

M

F

M+F+I

0.350±0.017

0.348±O.010

O.365±0. 009

1.238 ns stations

0.571 ns sexes
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4. DISCUSSION AND CONCLUSION

4.1. Regression analyses

The linear equations for the interconversion of

different forms of length measurements determined by

this study ar'eclose to those of Wanink (1989) in the

MWdl1za Gul f 0 f Lake Victoria and had very high

correlation coefficients. The sample size for the

f"!1,,.anzaGul f was r-elativelysmall (45-52) while the

large sample size for-this study (220-285) confirms

these previous results. These values can trus be used

to conver·tone form of length measurement to the other

for comparison due to individual preferences in the

form of length measurements.

Although no values are available for direct

comparison, the length-weight relations~ips derived by

this study can form the basis of future work on this

species. The exponent in the l~gth-we~ght reI"dtionship

seemed La be quite high in this study although the

growth of B.. argentea was assumed to be isometric 'by

Wanink (1989). Such a parallel relationship could be

attributed to sampling errors in this study. Since

weight of the specimens were not recorded from

onlySeptember to November, the observed changes

indicate a general trend in the

"factor. The observed changes in

Fultons condition

Fultons condition

factol- could however be attributed to development of

the gonadal material during or just prior to the peak
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breeding seasons. MaxirnLlmcondi tLon factor incidentally

fell within the established rainy seasons for the

region and other fish species in Lake Victoria have

been established to breed during the same time of the

4.2. Length-frequency analysis

the circumstances where methodologies such

as length-fl~equer)Cyanalysis might apply are, for

example, tilepreliminal~ystages of development of an

assessment pr oqr arrme or for a resource on which

investigation is just beginning (Csirke & Caddy, 1987).

Tile main possible source of bias is introduced by the

selective capture of the larger sizes of younger groups

due to gear selectivity and removal of the larger sizes

of older age groups due to fishing mor;tality, thereby

I~educing the aver-agelength corresponding to a given

age. Popu 1a lion par-ameter-s der-ived from length-

are subject tofrequency distribution of B. argentea

sampling errors and bias due to the particular

of the sampled population , sampling

pl~ocedUt-eand the characteristics of the fishing gear

i .e gear selectivity. For example, variation in

recruitment strength may seriously bias F values when

these are expressed in terms of length. Parameters

estimation and hypothesis testing in length-frequency

analysis are facilitated by adopting structural

assumptiOfls un the underlying processes and then

max irnizinq likelihood functions or fitting model
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e;(~eLLations to the obser-ved length - classes by least

i tcr-a ti'v'e sear-ell techniquE's ~vhich take advantage of and

illdr?eu requj.re the flumer-ical power of comou t.er s . For

developing counLr-ies, the collection of a large number

of illUEVE'IlCJellt data sets like tolal catch, landings,

catcl, rate and sizE's may be prohibitive in cost and

ma'lpO','.)(~r.The pr ice to pay in e;<change for thi,,", is to

accept SOIllE' I-isk by using length-frequency analysis and

tu buffer- the risk by cautious management advice. The

potelltial gaill in the long term is enormous as this

process might finally start development of a more

relevant tropical fisheries science.

4.3. Growth

Considering the difficulty of . resolving

lent;Jth-frequency distribution into components, the

grmvth parameters derived by this study (La" K and ¢,)

uSlng the Bhattacharya analysis could be said to be

=-~ubjE'ctive. lIo~'''I:',,'er,the ~~ether-all et 031. and longevity

methods could pr-ov.i.do independent checks on these

values. 11o~-JE'Ver,tile longevity method of Pauly (1980a)

has r (-!celltly met ~-Jith some criticism from Mathews &

Sanit.vt~l (1990). The ",uLhol~sstate explicitly that this

is not a I'-eiiable estimator of La, r-egardless of the

definitioll attached to Lmax' This technique ~'.)as thus

only used as a YUE'ss-timate to the value of La,. Since,

one-~'h3y andlysis of var-lance (ANO'JA) revealed no



signi f icc.nt di ffer-ences :Ceh.Jeen t~,e j~~.rEe,r,ethods

and two-~'iay ANO',/Ar-evealed a significant di f1°erence In

the Wett-,er-all et al. anal YSlS for- Lro between stations

and not beb..'ieen sexes, then tt-,e estimates could be the

most pr-obable values for- 8.. ar-qentea in the Winam Gulf

of Lake ','ict::;r-ia. ;:-,e di ffer-elKes in pr i.nci pl s-s and

pr-ocedur-es behind tt-,ese thr-ee methods augments tr.e fact

that any of these metluds gives a r-el .iab l e estimate of

the gr-O'.Nth par-ameter- Loo for- the species. ~~her-eas the

Bhattacharya analysis (Gullalld ,~ Hol t plot) r-elies on

resolving the Ieng th- f requEncl into

distr-ibuted components, the other- two (T,ethods

(Wet~,er-all et al. analysis and longevi ty method) do not

and rEIICf? the subj ec ti veness of the Bhat tachar'l'a

analysis could be r-educed to a iTier-e.confirmation by the

~'Jether-all et al . analysis.

The tendency of Loo to be lar-ger- towar-ds the

outer- WinaiTiGul f could be attr-ibuted to fishing patter-n

in the Gulf. The popular- infor-mation given by Okedi

(1973; 1981a; 1981b) and Wanink (1989) that all "dagaa"

fisher-yis based on night light attr-action is not tr-ue

for- the whole of Winam Gulf. The fishing patter-n is

such that at Sango and Rakwar-o, no lights ar-e used at •

all for- the "dagaa" f isher-y probab l y due to the shallow

depths of about 6 m and fishing takes place

thr-oughout the month; at Dbar i a and Ngegu, light

attr-action is used only dur-ing the dar-k



;::;hase.~f t~e .nocn and no l' hJ...- :..:sedour ir.q thi'"-.?i i.qrit s o. co

bright phase; at Luanda and towards tr.e the open

waters, fishing takes place during the the dark phase

of the lunar cycle by light attraction and no fishing

takes place at all during the bright phase. Such a

fishing pattern could mean that during the non fishing

period of every lunar cycle, there is a reduced fishing

pressure to allow substantial growth and this could

explain the larger ~ values towards the outer L>Jinam

Gulf. Tr.e diel vertical migration of "dagaa" reported

by L>Janink(1989) in the I"lwanzaGul f of Lake Victoria

could could only have an impact on recruitment .irrt.o the

fishery in !''iatersof greater depth where light

attraction must be used but samples collected from

Luanda had specimens of up to 18 mm TL while those from

other places had specimens of up to 15 mm TL indicating

a more or less similar age of recruitment into the

fishery from all parts of the Gulf. This phenomenon of

diel vertical migration does not therefore play an

important role in the "dagaa" fisbery of Winam Gulf

where fishermen are more concerned with the total

weight of the catch and not individual specimens due to

the small size of "dagaa". The ~ values obtained by

this study indicate a great reduction in the size as

compared to values cited by Wanink(l989) of 103 mm TL

in the Kenyan portion of Lake Victoria in the 1970s and

105 mm FL for the Ugandan portion of the Lake. Such a

great reduction in ~ could be an indication of
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over exp lc.itat i on

of 1.14 )lr-1 for B.. argentea in the 1"1wanzaGul f of ~ake

Victoria. This K value is probably an overestimation

since his Loo was only 52 rnm SL while specimens of up to

62 mm SL o~re collected In the same region in 1986-88.

The K value dete,miiled by this study is close to that

determined by Getabu (1988) of 0.46 )1,-1 fo, the

cha,acid, Alestes sadle,i (BIg,.), a small species that

g,ows to about 14 cm while Asila & Oga,i (1988) found a

value of 0.19 y,-1 for L. niloticus growing to 205 cm

in the ~.JinamGul f.

4.4. Mo,tality and exploitation rates

In this study, tr,e total mor-tality coefficient

(Z), natural mortality coefficient (M) and the fishing

mortality coefficient (F) seem to be quite high by all

standards. The significant diffe,ences (ANDVA) observed

for both Z and M between sexes could arise .from the

fact that both the analyses use Loo and K as inputs.

Differences in M between stations could introduce

differences in F between stations which is obtained by

simple substraction of M from Z while the E values

obtained from division of F by Z indicate no

significant differences between stations and sexes.

This could suggest some linear relationship between F

and Z which is actually the basis of Munro's (1984)
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,T,ett-.:;·j the

equation:

Z 11 + PF,

where

intercept = pa.amete. (1'1)

slope = va.iable (F)

P paramete. (p.obability of capture)

The exploitation .ate Df 13. a.gentea in the Winam Gulf

seems to be I-athe' uniform ,,,hiledifferences in F and M

bet\-'Jeenst.::.tionscould be interactive in natu.e and

counterbalancing to prouue2 the inore less uniform

exploitation rate observed in tre population. As

suggested by ~';anir-Ik(1989), "atu.al rnort.elatv may be

age specific for R. a.oentea. The ,p.edation by

Nile perch (Ogari, 1984), regular infestation by

plerocecoid larvae of cestode, probably Ligula

inte~tinalis (L.) (Wanink, 1989) and avarian predation

by pied kingfisher (Ceryle r-udus L.), and cormorants

(Phalacrocorax carbo L., E. africanus Gmelin) probably

contribute to the high natural mortality of "dagaa" in

the Winam Gulf of Lake Victoria. The high natural

mortality coupled \-\lith a high fishing mortality

coefficient could exp lafn the general reduction in

length observed in the population. This general

reduction in size can not be taken as a reduction in

the standing stock, in fact, standing stock. can

increase even with reduction in size as observed for

Nile perch in Lake Victoria (IFIP, 1990). The fishing
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patter-n and exploitation rate for the Winam Gulf

indicale·that 80% of the F values determined were above

the critical value of exploitation (E) where a

theoretical maxinum sustainable yield (MSY) indicating

a gross overexploitation of B. argentea in the Gulf.

4.5. Relative yield per .recruit (Y/R,) and average

-biomass per recruit (B/R)

Beverton & Holt,s (1966) yield mcx:lel indicated

that that the e><ploitation rate at maximum sustainable

(Et1SY) was 0.432-0.503 and 87% of the current

exploitation rate (ECUR) values were above EMSY while

all the values were above EMEY with 73% falling above

the optimum exploitation rate (Eopt' = 0.5), indicating

a gross overexploi tation of "daqaa" in the Winam Gulf.

Although fisheries managers are interested in actual

yields, it is true that the yield per recruit as a

function of fishing mortality gives an indication of

the exploitation pattern and needs some modification

for policy formulation and implementation. Gull and

(1984) discusse9 the use of such models with respect to

target fisheries. If fisheries managers are looking at

a given stock in terms of national economy, wrole

national fishery or national nutritional demands, then

achieving something like MEY is likely to result in a

higller total food supply than achieving MSY. Such an

objective ~vould str-ive towards achieving economic

tar-gets rather than pur e ly biological ones, which is a

proper objective in developed countries but can also



~2t::;'rmir-le the greatest .::atch that car. be taken from a

3tcck using such analytical iT,Gcelsbut not the amount

8f fishing effort required for such a yield. The

maximum sustainable yield (f"lSY) will occure at the

fishing rnortality Fmax corresponding to the max irnorn

yield per recruit onl/ if the average recruitment does

not change with the adult stock size, at least at

stocks cOI'"Tespondir;g to that level o-f 'fishing but this

lS unlikely, sir-Ice at Fmax, the stock will be

.T!oderacely heavily fished and thls is likely to have at

least some effect on recruitment. A popular target,

t~lat of FO.l is qui te arbi trary but has given useful
".C
~
c,

,-e:sul t.s , In the case of 13. an::;entea in the Winam Gulf ,

tt-.ere is no signi ficant difference in the predicted

Fmax and FO.l values between sexes or stations. It

lS evident from this study that R. argentea is

overexploited in the ~;JinamGulf of Lake Victoria. Dagaa

fishery in the VhnamGulf of Lake Victoria could be

possibly controlled by:

i) strict observance of the closed season or its

extension in some years following very heavy

fishing in the previous years.

ii) sale of all landed fish through fisheries

cooperative societies.

iii) licencing of mosquito and beach seines in

addition to registration of boats to help In

monitoring the effort exerted on the fishery.



of 6 fishing per-mit on 6n annual basis but

has no restrictions on the type of gear- to be

used in Lake Victor-ia. This per-mit could

modi fied to ser-ve as a gear- Iicence as ~"iE'11

to contr-ol the number- of mosquito seine nets.
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Length-frequency distribution of R. arqentea from

Sango, females
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Length-frequency djstribJtion of ~. argentea from

Sango, males1 females, immature
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Length-frequency distribution of R. argentea from

Sango, males, females, immature
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Length-frequency distribution of 11. arqentea from

RakwaiO, males
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Length-frequency distribution of R. arqentea fr-nm

Rakwaro, males
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Length-fn?quency di s trLtxrt i.on of B. arqenteafr-om

Rakwaro, females

'y'F',:·:-,lr-

,1',.:01''',1'.-.1-'',

dr:~'i

::~.~J..C(j.··- ~~;. i):)

~7 ..Cin· 3D.OO
::::.';:1 .. (.~}- ?9 ..no
':-:)"<)0,,10 ..(in
'1'~)..(p)-.. l~J • (;.:)
'11..on- ,t.? ..0)
,12..00- 1f3. 0:)
'T::::.(i')-· i~4..00
4 ,1 J;(~- <1r.::, • 0(>
'V:, . ,):).. '~6.00
4L,.C('·" 47.00
'17. C,}·· ·Clt:l .. 00
'18 ..C(>- 47 ..00
ij. '7 ..cn-- ::0 ..00
,:;n ..CO-- ~\1..(X)

~,J... C()····· ~f~~ •• ex)
~,2;:C(}-- ~;3..ex)
~}3Of (i()·_·· 1.~I(l It (>(j

~111..():) -- ~I~.:I •• ~)()

~,(~ r (n)-- ;.~,7..C(>
~,~7• I)':\-. ;::,8..00
':"8 "01)- ':;9.00
~i?..00·- 60.00

6.1..00 ....62 .(x)

62 . 00-.. {-;:..(x)

Tot.a I

H 'f to it
16 16 16 16

.1..1.

10
J~?

1J

1:1.4

o
()

o
o
()

-.::.
"-'..:...

.1.0
16

J
(>

o
o
o

~I

1.0

4

12
El

14

1')

,"Y'"..::...::
,,,,,'
.L,~

..::'

..:..:.
(;

1
o
<)

o
o

176

o
.1.

:1.
r.::
•••• 1

-";,

.... ,,:::
..l~ ••••• ,

':=,-'
1.
.:::
'-'

o
o
o
o
o
o

1.09

L:~ 1.
1.6 J()

() o
o
o
r)

(;

1
J.~:::
1.0

o
.e;

o
<)

..::.
(>

()

.I

1'-:;,
;
c.\

1.
o
()

(>

(>

o
o
o

143

o,...•

r:::
••• 1

E3
7

o
o
o

17')()

o
o
o
o
n

J .

10

.-.;.
.....l

..::.

J
o
<)

(l

o
o
o

'.1.. 6

J
1

(')

n
(l

5 ":-r'

1
1.

.1 /1

11

1:::
\ ..' .13

10
.1~::
1"7

I

..,
..::.

J
1
J.
U
n
o
(>

o
oJ



APPENDIX lIB (CONTD.)

- 87 -

Length-frequency distribution of R. arqentea from

Rakwaro, females
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Length-frequency distribution of B. argentea from

Rakw.,ro, males, fem.=lles, immatun?
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Length-frequency distribution of R. argentea from

Rakwaro, males, females, immature
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Lf?f,gth-fn?quency distribution of R. drqentea from

Obdria, males
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Lengt.h--frequency distribution of R. ar-qentea from

Obaria, males
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Length-frequency distribution of R. arqentea from

Obaria, females
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Length-frequency distri.bution of fl. cJr-qentea
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Lenglh-fr-equency distr-ibution of R. ar-qentea f r-om

Obar-ia, males, females, immatur-e
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Leny tll-' fr equency d.is tr .i bot ion of J(. dl' ljlo'rl I.ea

Obaria, males, females, immature
'y'f:·C:'tt'

fj.,,)r,'U "
t 1.:,( y'

J",;:"::/() ,I ':,;":X:i J':;o'::,i\.i "\"/,'".)

1 5 6 7
J.7

1 :~ , ",) t rr . (:{)
1 'J ..f;{), ,',:Yi • (l

'::\'" (f\, ~,:'1. • ;'01)

',:Y:-:' •• (x) ....?? or ()'-)

:."': " f)' )',': 'I "f)(';

'.-.~~1,,("'-).... ··,:.-:~.::.:c •• ~)

';,'7 " 00 ' ~,]3•(X)
'::'rl ,0:)'" ~::'9.()I)
',~'~',~" ('r) .~:() " ():")

:.~;:':~':~oo ~:::.:::...('(;
:-:::~:..oo- ~::4"I~(i

~:~'1.oo- 3~." U()

~:''7.00"
'1-0,,0(>"
'11 "Cii} ,

4:~.CO..·
ir3" r))-'
.il/f. (Y.} ....

'1~),,(j(),

4h" ;):),-
47,,00,-
48.0(>--
4'7,,0(>,-
~(>.OO-
,:,•.1.,,00·-
~~(?..C()--
~~3.()()··-
~:.<1• i):)-

;;1~5,.Cr\}····
~/J ..()().-
"::17,,()(}-'

~(3..()()-
~I'?..(~-)...-
f:,().()l) ....

(;)lJx)--
g:.~.oo,-

-t"(-, -

-v., } •• ','1 I

:::;:9.(0
'10.00
IH •('i.)

<'l?OO
!l-~S.OO
44.00
/l-~:•• (>0
46.((>
47.00
clD"OO
49.00
~jO.(i()

~:11.00
~52..oo
::".3.(X)
54.00
~:l~)..(:()

~10~',,(X)
~j7•(x)

~=~-=]"C()
'::O.(x)
6(>.(x~)
6J .ex:')
62.(x)
I:_,;~.oo

,I, ';~

10
:]

17

":0'1::',..
21
J:"
l~j
l~:,
12
7

10

0'::' o
()

n
'0

(>

()

f.)

,':)
()

ii,

r.:'
, I

Cl

11
10

Fl
1'1
:1::-
2J

.-)--~..:._,:.., .

13
14

U
/'
.~.
'-'

I]

(>

(>

J
,I
,I

',,'

-.~,

JO
1/],

LS
13
1'"...."!

24
\/.1
,F;>
19
JO
1.0

El

"0'::'
(')

U
()
o

o
f)

o
(>

o
1.
1.
1.
..::.
J

I::,,' 1
-.:;.

,
C)

4

c:,,'

D
J,{:,

1:~::
..::.

1"", "

rJ

.11
U

7
(> JO

11
(>

o
!)

o

..::.

.-:r •.•••
-, I

1..')
J(;

,1.,1-

17

1U
~,?

41

11')

:37
1.0~:,

J4(?
146
.:1,41

160
J96

24::-
'2:':-::1
r''Y:-7
-,:'~_I

~,20~:!
····F-'.o-+'\..::-.::""-":.

"'..::.
1.



APPENDIX IVA
- 96 --

Length-frequency distribution of R. al~qentea from

Ngegu, males
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Lengl:h-frequency disl:ribution of R. argented

Ngegu , f ema 1es
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LEngth-frEquency distribution of R. argenLea from

~qegu, males, females, immature
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Length-f'-equency distr-ibution of R. argellted

Ngegu. males, females, immature

'/C':-('::'I.I'·

fir,r·,t.I··,
cic-x',:

I.."~,t. (:~). ~'?~)u C,..)
..~,""," ()().. :'::'~.t"()()
~'?). ,.f):) ";:\:':? t: i))

.. Cv·, :·::~·t:::(»
:.:?:~,.. " (i(;

:~~n.ff)·· ~::J..00
~J ..,/\:~:;:' "(X)

~~.~..C-)':>'I ..0(;
::;>1- .: ()()-... :.:::::1" (()

,'10 ..,)}... 41.. UO
t1.()i} it? ((i

'l:::~•un<r~: .00
.1:::;:.00· 44.00
'10]. • 00··· '1'3..(i()
if ~",• (i) /~h•00
(I,~,. ,)()- it] ..UO
47 •C(>. ·l~:l.()(i
llU _()(}-'l'1. 00
W:.' ..00- ~"(l.00
~() ,.()()-- ~.51.en)

~.~tJ ,,()(}--- ~.::12It oo
~.::(?•.()t') ... ~.:I~;'..ex)
~:,::~..00·- :::,4..00
~.:::I~1-•• i)()..... ~.:.:I~~'"oo
~~I~.~I •• oo- ~.:""~:~,,(~){)
~5l.l..()() .... ~.:17"()<)

~':,7..00·- ::.=.r::l.OO
~:,El..U(l_·- !:'i') ..00
':/? ..00 - 0).00
(fJ ..oo- h1..00
,I) 1 ..O(l" 6~:·.~.0(1

1:)2 • 00- b::'. COO
63.0;)-- 64.00

1 r-v_ .. (,) J..D

11
JI
tu

.-,.-.~

.,::.1

lU

_J::.

J

J.L

1')
4

'11

I. ~.:.:'
I;·"

15

."'.\..:..
:I.
'1-

.1.
1.

24.1.

()

,_I

I..,;

J.
.L

"')

..:..

..::.
..::.
.1.

o
,)

o
o
o

....,

('J

o
J..

'.i

.)

-,.:'
.!.

o
I.

J
1

=:

o
I.
.L "':',_.: ..

.,:..

.1:: •
,) "'J_J:'.

..::.
.1

",

11.
10

.1. i)

It
.L.~
"'j"',
.,:...•:..

=r. :tEl
:2(::•.1.

.1
o
1.
1
o
I)

o

J.:::
U
";'"

()

o
,..,-_ ..•....:;"'_:".:'

Tc::d:.dl

JII
., ::~
.1r.:,

.Cj.:::'
/14

/ .~I

71

LlO
L:::::'
.Il')

14U

r:::
-••.1

J74
JY?7
-::24
zr:.

J.70
1:12

H6
::.'.t)

1

f r UIT\



APPENDIX VA

- 102 -

LE.'r1gth--fr·equencydistribution of R. arqentea from

•
Luanda, males
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f r L~n

Luanda, males
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Length-fr-equency distfiuution of f<. dr-lIer)tea

Luanda, females
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Lellgth-fr-equency distribution of R. arqpnlea

Luanda, males, females, immature
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