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ABSTRACT

Fish stock assessment of R. argentea (Pellegrin)
was carried out for the first time in the Winam Gulf of
Lake Victoria in 1987/90 using Length-based Fish Stock
Assessment  (LFSA) methods. Correlation between total
length (TL), fork length (FL) and stendard length (SL)
were derived. Length-weight 'relationship were derived
for juveniles, males and females by logarithmic

transformation of the raw data.

The Ful tons condition factor (K) was highest
in December and Harch /Aprril but lowest in June for all
stations. e asymplotic length (Ly) for the whole
Gulf was 67.8 1+ 4.Z3mm TL while the mean growth
curvature (K) was 0.576 * 0.070 yr"1

. Growth
performance index (@' ) was determined to be 3.40 %
0.07. Mortality rates were quite high with a range of
total mortality coefficient (Z) of 1.766 — 2.860 yr‘_1
while the fishing mortality coefficient (F) was 0.966 —
1.59849 yr_l. Mean Z/K  value was 3.749 % 1.104. F o -
was 0.82 + 0.13 yr—l while Fg_{ was 0.51 £ 0.07 yr“l.
The range of selection length (L) for fully recruited

fish was 45 — SO mm TL.

The current exploitation rate (Egyg) was 0.551 -

. 0,653 which was above the maximum sustainable yield
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(Epgy = 0.460 - 0.483), maximum economic yield
(EFp,1 = 0.348 - 0.365) and optimum exploitation rate
(Eopt = 0.3) by 5.1 - 74%. Two—way analysis of variance
(ANOVA) revealed no significant differences between
stations nor sexes in 904 of the population psrameters.
A general reduction in  asymptotic length (Lg) of R.
argentea was realized 1n the Winam Gulf while the stock

is currently overexploited.

“Dagaa”-fishery in the Winam Gulf of Lake Victoria
1s commercially important as a source of poultry feed,
fish feed, cattle feed and human food. Rational
exploitation of this fishery could be possibly achieved
through correct management policies including the.
fisheries cooperative socleties, licencing.of nets
in aeddition to registration of boats and strict

observation of closed seasons.



CHAPTER 1
1. INTRODUCT ION
1.1. Taxonomy
The family Cyprinidae are known as typical marine
family. However, several members of the family are lake
inhabitants. Some of these lacustrine cyprinids have
not only adopted a pelagic.way of life, but also their
shape and silvery camouflage (Greenwood, 19663 Wanink,
1987) resemble mar ine pelagic fish such as herring
(Clupea sp.). The pelagic cyprinids endemic to some East
and Central African lakes were previously placed in

one genus, Engraulicypris, uwntil a revision by Howes

(1980) . In  Lakes Victoria, Kyoga and Nabugabo, this

group  of fishes 1is represented by Rastrineobola
argentea (Pellegrin) according to the current

classification by Howes (op. cit.) and Chelaethiops
Sp. in  Lake Tanganyika which is of no economic
value (Okedi, 1981b; Wanink, 1989). R. argentea is
locally known  as "omena'" in Kenya, "mukene' in  Uganda
and  "nsalali" in Tanzania (Graham, 1929; Greenwood,
1966). The name "dagaa"” became popular in the early 1970s
whern a light fishery for this species reached commercial
significance. The fishermen of Lake Victoria adopted
this name from the clupeids of Lake Tanganyika which
were also caught by light attraction (Okedi, 1981a;

1981b; Wanink, 1989)

1.2. "Dagaa" fishing methods
All metbods wused in Lake Victoria "dagaa'" fishery
are based on  night light attraction using kerosene

pressure lamps with a reflector to concentrate the fish.
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Present knowledge of "dagaa" in Lake Victoria is mainly
bazed on the works of Okedi (1973; 1981a; 1981b), Ogari
(1585), Chitamwebwa (1988) and Wanink (1989). Fishing
takes place for 14 to 16 days during the dark nights of
each new moon and the last quarter of each month. The
lamps are anchored with a sinker and after some time
they are moved slowly towards the beach, bringing the
fish within the reach of a beach/mosquito seine. Beach
seines  (up to 100m) are made of nylon (ply 4 to 6)
having a stretched mesh size of 8-12 mm. Before 1970 a
beach <seine used to be a mosguito net of 30 to &0 m
long. In the early 1980s, mosquito seines of stretched
mesh sizes 4-8 mm became common in the Winam Gulf of Lake
Victoria. Recently, some Kigoma fishermen introduced
the 1lift net to the Mwanza region. Lift netting is
conducted from catamarans powered by outboard engines,
which can make the fishery offshore and truly pelagic

(Chitamwebwa, 1788; Wanink, 1989).

1.3. Trends in 'dagasa" fishery
Catches of "dagaa'" have undergone explosive
changes 1in the last 15-20 years in Lake Victoria. 1In

the Kenyan portion of the lake, Rastrineobola landing

increased to 27.2% of the total fish landings by weight
in 1985 as compared to 4.57%4 in 1969 (Ogari, 1985; CIFA,
1988). Catches in the Tanzanian waters rose from 5.3%4 in

1981 to Sy in 1985 (Bwathondi, 1988) while in



=T =

Uganda, fish Jlandings ab Jinja (Masese) indicated an
increase  from 2.87% 1n 1979 to 58.6% in 1985 (Acere,
1988). This latter figure only refers to the local
situation at Jinja. For the Ugandan waters as a whole,

Lhe percent increase is less dramatic (see table 1.3.1.)

Wanink (1989) has quoted the total "dagaa"
catch  for the comnplele Tanzanian sector of the lake as
27483287 meltric tonnes wet fish per year for the period
1978-1904. Ohedi (19810L)  estimated a total catch of
3828 metric  tones wel fish fron  the Ukerewe Island
complex of Tanzaﬁia during 1978 or 1722 netric tonnes
of dried "dagaa". Total catches 1n Kenya increased
steadily from 16357 nmetric tonnes in 1968 to 89589
met;ic Lomes  webt fish in 1985. No data from Uganda
are known.  According to Wanink (19892), too little
data ar e avallable up to date for reliable
estimation of maximam sustainable vyield (MsY) and

fishing mortality (F).

1.4. Bioloyy

Okedi (19732 analyzed 604 specimens from Nyanza
Gulf, Mwanza, Bukoba and FMusoma and found a sex ratio of
95: 34 (fTemnales:males). The size at maturity was 6.3 cm TL
for males and 5.4 cm TL for females. The largest number
of breeding individuals were found in June, July, August
and  October and  fewest in December. The mean fecundity
was 2272 ova (range 582-4771). The speciles is pelagic and

s spawn planktonic (Graham, L1929).



Table 1.3.1. Trends of "dagaa" fishery in Lake Victoria

_4_

Kenya

Uganda

Tanzania

total catch dagaa total catch dagaa total catch dagaa

Year (m.t) YA (m.t) 7 (m.t) A
1968 16357 4.5

1967 17442 2.9

1970 16400 a2

1971 14918 Sl

1972 15987 7.8

1973 16797 10.8

1974 17175 21.8 \

1975 16581 27 .4

1976 18680 30;3

1977 19332 4.7

1978 23856 36.5

1979 30592 305 3277 2.8

1980 26714 35.1 282.8

1981 45667 20.0 F104.9 Q.9 70620.1 5.3
1982 60958 17.1 2158.9 2.2 63996.1 Sad
1983 71854 21.3 1728.8 2.2 72585.7 4.3
1984 78420 27.1 1226.6 649 97790.1 1.6
1985 89589 29.2 2814.6  58.6 987971.4 8.0

Source: Ogari (1985); Acere (1988); Bwathondi (1988)



1.9. Literature review

Fish stock assessment has been carried out in
the Winam Gulf of Lake Victoria using bottom
trawls (Fudhongania & Cordone, 19743 Marten et al.,
19763  Benda, 1981; Muller & Benda, 1981), a catch
assessment  survey on the artisanal fishery (Rabuor,
1988) and lengbth—frequency analysis (Getabu, 1988;
Asila & Ogari, 1988). Age data in conjunction with
length and >weight measurements can give important
information on stock composition, life span, mortality
rate, age at recruitment into the exploited phase and.
production under different patterns of fishing (Bagenal
& Tesch, 1978; Gulland, 1983; Vibhasiri, 1988). Length
- frequency analysis has yielded three year—classes. in

the common bully (Gobiomorphus cotidianus Mc Dowell) in

New Zealand (Stepbens, 1982), trout (Salmo trutta L.)

in Windermere (Craig, 1982) and vyellowfin bream

(Acanthopagrus australis Gunther) in Australia

(FPollock, 1982), which are progeny from successive peak.
spawning activity. Gibson & Ezzi (1981) found only two

year—classes in  the Norway gobby (Pomatoschistus

norvegicus Collett) from the West coast of Scotland.
Mann (1971) and Pollock (1981) were unable to

determine growth in the bullbhead (Cottus gobio L.) in

" southern Scotland and the luderick (Girella

tricuspidata Quay and Gaimard) in Australia

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 wvon Bertalanffy (1938) growth model. The von

Bertalanffy (1938) model has the following form:

Lt = Lo (1 — exp(-K(t-tg)))

whetre
Lt = length at age t
Ly = asymptotic length
K = growth curvature
t = age in years
to = initial condition parameter; starting time at

which the fish would have been zero sized if
they had always grown according to the von

Bertalanffy eqguation.

In the above eguation, the length at age t+1 (L{4+y) 1is
a function of length at age t (Lt). The exponential and
von  Bertalanffy growth models are particularly useful
for  fitting growth curves from which the asymptotic
length (Ly) and the growth constant (K) can be Dbtaineq
by well known graphical methods of Gulland & Holt
(195%2), Bhattacharya (1967) or Wetherall (1986) .
Successful  use of these graphical methods have been
demonstrated in the pike ( Esox lucius L.) (Frost &
Kipling, 1947), thread bream, Dentex spp. (Jones &

Jones, 1988), longneck croacker (Pseudotolithus typus

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

Ruppell) (Widodo, 1988) and muckerel (Scomberomorus

brasilensis Collette, Russo and Zavalla—

Carmin) (Julien-Flus, 1988).

e A A T
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Several  research workers using length-frequency
analysis have found no significant differences between
growth rate of males and females in the bream, Abramis
brama (Goldspink, 1978), trout (Craig, 1982) and the
COmMmon bully (Stephens, 1982). Length—frequency
analysis gives belter resolution in growth studies than
the use of scales. However, Pbllock (1981; 1982) and
Stephens  (1782) have pointed ocut that, for the former
method  to be useful, the difference in mean length of
adjacent age-classes should be more than the sum of
their standard deviations. Le Cren (1947; 1958),
Kipling & Frost (1970), Mann (1971) and Craig (1982)
have recommended the use of additional methods 6f age
determination for length—frequency analysis like
opercular bone, scales and otoliths. Age structure of a
population showing many large old fish indicate a well
established unfished stock while, with variable
recrultment, length—-freguency distribution still shows
strong  year-class profiles (Gibson & Ezzi, | 1981;
Goldspink,1781). Better methods of resolving length
frequency modes which lead to better estimates of Ly
and K have been given by Harding (1949), Cassie (1954),
Bhattacharya (1967) and Pauly (1985; 1986) while much
simpler methods have been given by Pauly (1980a) and
Jones (1984). The use of length—frequency data for the
estimation of L, and K (Ricker, 1977; Gulland, 1983;

Samls, 1988, Vibhasiri, 1988) assumes that:
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1. the length—frequency data are representative of
the population

the growth patterns are repeated each year

hJ

(2]

the von Bertalanffy Growth Formula (VBGF)
describes the mean growth in the population

4. all samples have the same growth parameters.

The graphical methods for resolving mixed length-
frequency clistribution into normally distributed
companents (Harding, 1949; Cassie, 19545 Tanaka, 19563
Bhattacharya, 1967) assumes that certain length
intervals are only affected by one and only one peak
{Lagsen, 1988), called a "clean class". The '"clean
classes" are found by either:

(1) plotting the data on probability paper

(Cassie’'s method)

(11) taking logarithms and plotting on a graph

paper (Tanaka's method)

(1i1) teking the differences of logarithms and

plotting on a graph paperb (Bhattacharya;s

method) .

The crux of these methods is the concept of the
"clean class” (Lassen, 1988), a length where only one
peak (age group) contributes to the length
distribution. No objective method is available for
avtomatical ly obtaining the "clean classes" but all the

methods available are approximations to one model:
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dl =t (ToLy)2 di =1 (Lg15)2
n{L) = Nt exp| — al + N2 exp| - az2
Vv 2i.al 2 V 2n.a2 2
wher e
n(L) = the numnber of fish in length class 1 (mid-
length)
dL = interval size of length
Ni,N2..= total number of fish belonging to group

El,tz..= mean length of group 1,2,..

al,a2..= width interval of group 1,2,..

Data on length—weight relationship are
essential for the assessment of any given fish stock.
The basic formula for this relationship is used in  its

logarithmic form:
ltog W=Llog a + g Log L,

where W 1is the weight of the fish, L are the length
while a and g are constants which are empi%ically
determined by least square regression as outlined by
Weatherly (1972), Bagenal & Tesch (1978), Welcomme
(1977), Pollock (1981) , Craig (1982) and Gulland
(1983). The same basic relationship is used to
calculate the Fultons condition factor (K), since W/a
9 is a ratio. An alternative expression for the

condition factor is:
K= Wgo/W,

has also been used (Mann, 19763 Pollock, 1981;

Stephens, 1782); in  this case, W, 1is the observed



weight and W is the weight predicted from the length-

weight relationship.

The total mortality coefficient (Z) of a
population can be determined from representative
samples  from the relationship of lengths, numbers in
the population at different times as well as age. It
is computed, according to Wetherall's (1986) equation,

from the relationship:
Z=K(leg-L) 7 (LT -L"),

where L is the mean length computed from L upwards (L°
is the smallest length fully represented in the
sample), K and Lg are the von Bertalanffy growth
constants. The equation has been successfully used
{(Ahmad, 1988, Djama, 1988; Jones & Jones, 1988) for
fish stock assessment in the tropics. Another common
method for the estimation of Z based on length-
frequency analysis is the length—converted catch-curve
(Pauly, 1983; 1984a; 1984b). The decline in.
numbers with time is a linear function of age. The
linear regression fitted to this relationship gives
a good estimate of the total mortality coefficient
(Z). The problems associated with length—converted
catch-curve for ther estimation 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 1s overcome by dividing the number (N) in that
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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 wusing t- zero (ty) (which leads to absolute
ages) 1is not necessary in conjunction with catch—curves
where 7 1s estimated from a slope. Length—converted

catch —curve assumes that:

(1) Z 1= the same in all age groups included in the
plot

(i1) all age groups used in the plot were recruited
with the same abundance .

(111) all age groups used for the computation of Z
are equally wvulnerable to the gear used for
sampling.

(1v) samples are large enough to cover enough age
groups and effectively represent the average

population structure over the time considered.

 The use of length—converted catch-curve
has been discussed in details by Sparre (1987) and its

use demonstrated in the Nile perch (Lates niloticus L.)

(Asila & Ogari, 1988), emperor red snapper (Lutjanus
sebae Cuvier) (Lablache & Carrara, 1988) and the

cardine (SBardinella maderensis Lowe.) (Samb, 1988).

According to Sumiono (1988), the length—converted
catch-curve refers only to the largest specimens in the
sample and 1is dependent on recruitment to the fishing
ground rather than selectivity of the gear. The

Wetherall et al. (1987) method gives an estimate of
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LK from which 7 can be calculated from kmown values

of V. Dur to the frequent occurrence of this method i

o
the  text, 1t will be referred to as the Wetherall et
al. method throughout Ue text without reference to
the yES© of publication. The natural mortality
coefficient (M) may be computed from known values of
MAC from other estimates. To separate the components of
total mortality coefficient (Z) into natural mortality
coefficient (M) and fishing mortality coefficient (F),
Pauly’'s (1980b) empirical formula has often been
employed to estimate M, then F is computed from the
difference  belwsen 70 and M. This method has given
reliable results with both fish species (Djama, 179885
Jones & Jones, 17883 Julien-Flus, 1988, Widodo, 1988)
and commercial invertebrates (fAgasen & Del Mundo, 1988;
Gabral-Llana, 19883 Vibhasiri, 1988) in the tropics.
Although Pauly’'s  (1930b)  empirical formula @ for the
estimation of natu?al movrtality coefficient (M) is
quite popular, a move robust  alternative method
was  given by Murro (1984) and modified by Moreau
(LS8 These alterpative methods can be used to
ecblimate natural mortalily coefficient (M) and fishing
mor tality  cosfficient (F)  simultaneously by using
probability  of capture by length—group. The choice of

method for Mo thus depends largely on individuals.

Fiven the estimates of fishing mor tality
coefficient, nalural mor tality coefficient and growth

constant,  the yield in weight and numbers can  be
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calculated for a& given cohort of fish reaching
catchable size. The expraagioﬁ for yvield in weight is
the sum, over all time intervals of the products of
fishing mortality, the numbers Qf fish present, their
mean  weight and  the duration of  the time interval
(Allen, 1967; Gulland, 1977; 1983%). The generalized
vield equation (Beverton & Holt, 19645 Allen, 19489;
Gulland, 1977; 1983) incorporates the von Bertalanffy
growth equation with the assumpticn that there 1s no
upﬁer limit to the life span:

n=3

Y = F R Wy e Mltc-tr) v |y e NK(tc—ta)

n=u F o+ M+ nK

where

Y = Gteady state annual yield in weight

R = Annual recruitment ( at age ;)

t = Age at entry into the exploited plase (at  flrst

caplture)

F = Fishing mortality coefficient

M = Natural mortality coefficient

Weslly, ty = Parameters of wvon Derlaslanffy  growth
equation

Un= Summation variable tasking values 1, -3, 43, -1

for n= 0, 1, 2, 3 respectively.
3 3 3 7

The yield per recruit and biomass per recrurt has
been calculated by wvarlaus WU ke s Uslig the

exploitation rate (E). Exploitstion rate is given as
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F/(F+M)  (Ahmad, 1988; Cheunpan, 1988; Mohd.Isa, 1988;
Widodo, 1988). The modified by Beverton & Holt (1966)
vield eqguation (Allen, 19693 Gulland, 1977; 1983)
incorporate  the exploitation rate and the age which

appears explicitly in the generalized vyield eguation

weight) of  the fish as given by the von Bertalanffy
growth equation. The generalized vyield equation,

modified by Beverton & Holt (1966) is given as follows:

n=3

YR =Wy, E (1-a)VK = (Un (1-e))n/(L + ”,'5; (1-E)).
=0

The modified equation contains only three

variables, E, c and M/K. Although this equation'
contain  several other factors, they only appear as
parameters, The principal concern 1is the relative
yield per recruit (or average biomass per recruit) at
different levels of fishing mortality or age at first
capture. Yield per recruit 1is described b? one
characteristic of the fish (M/K) and two
characteristics of the fishery (E and c). M/K 1is the
ratio of lhe coefficients determining, in effect, the
relative rate of natural change in numbers and length
with age. E defines the numbers or fraction of a year-—
class which will be caught during its fished life span

while c© expresses the mean selection length as a
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frraction of the asymptotic length. To allow
calculations  of  yield per recruit based on  average
biomass, ¢ can be converted to weight ratios from the
length-weight  relationship as outlined by Beverton &

Holbt (1964), Allen (1967), Gulland ( 1977; 1983).

A number of computer programs exist (Sims, 1985;
Pauly, 7853 Thiam, 19863 Vakily et al., 1986) for
these and similar expressions and their use bas  been
demons trated in several tropical fish species
(Boorwraksa, 1788; Dy-Ali, 1988; Supongpan, 1988;

Widodo, 1783).

There 1is  lack of knowledge and information in
respect of the present investigatioms’ against all
this background. The economic importance of ”dagaa”
as paultry feed, cattle feed, fish feed and human food
warrants  the acquisition of biological data which can
be used as  management tools for its rétional

exploitation.

1.6. Objectives of this study

The major objectives of this study were as

follows:

1 To derive linear equations for
interconversion of standard length (SL),
fork length (FL) and total length (TL).

2 To determine the length-weight relationship.

B To study the seasonal variation in Fultons



-

condition factor.
To analyze the length—frequency distribution.
To estimate growth parameters.
To estimate total, natural and fishing
mortality coefficients.
To determine explaitation rate and patterns

of expected yields.



CHAPTER 2

2 MATERIALS AND METHODS

r
—

Study area

The major portion of Kenyan waters of Lake
Victoria (fig.2.1), is a narrow gulf, known to various
authors by several names. The Victoria Nyanza (Graham,
1729), Kavirondo Gulf (Copley, 1953; Muller & Bendsa,
1981), Nyanza Gulf (Rinne & Wahjala 19823  Ogari &
Dadzie, 1788) and the Wirnam Gulf (Okach, 1982i‘are all
one and the same place. The Winam Gulf has an area of
approximately 1920 Km< with a length of about 60 km and
width varying between 6 to 30 km. A short description
of Winam Gulf has been given by Rinne & Wanjala (1982),
Ogari & Dadzie (1988) and Okach & Dadzie (1988), while
a detailed description was given by Ogari (1984). Thé
Winam Gulf lies betweem 340 13 and 349 52 east of
latitude 09, 094" and 00 32’ south of the equator. The
gulf has a mean depth of é&m  and a3  maximum
depth  of 45m while its surface is at an elevation of
1136m  above sea level. Its irregular shoreline is
about 300 km, with several lafge bays. The major
affluent rivers include the Kibos and Nyando to the
east and Sondu, Awach, Mogus and Lambwe to the South.
Water  exchange with the rest of the lake takes place
through the Mbita channel while the major outflow from

the lake is the river Nile.

Bottom deposits found within Winam Gulf

include hard substrates of sand, gravel and bedrock in
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Fig. 2.1.1. Map of Winam Gulf of Lake Victoria showing

sampling points.
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exposed areas and mud, silt and clay deposits in  areas
adjacent to the river mouths. Large gquantities of both
living and dead gastropods and bivalves are common 1in
sheltered bays. Beaches consisting of pebbles, sand or
floating sguatic macrophytes are common. The most
cCommon emergent 'macrophytes are papyrus (Cyperus

papyrus L.) and the common feed ( Phragmites australis

Cav.) while submerged macrophytes include the pond weed

(Potamogeton) , hornwort (Ceratophyllum) and the

eeslgrass VYalisperia. C. papyrus sometimes form large

swamps  in sheltered bays commonly called "floating
itslands'. Large  floating mats of the water cabbage

(Pistia stratictes L.) covering upto S Km? can be seen

in protected bays during the wet season.

The Gulf lies within the equatorial region.
Thes water_ temperatwre and solar radiation are
relatively constant throughout the year (mean values
are 22t3 °C and 12004140 me m 1 s respectively)

(Ochumba & Kibaara, 1989).

2.2. Sampling technique

Samples of R. argentea were obtained from
five stations on the southern zone of the Winam Gulf of
Lake Victoria (fig.2.1.) as representatives of the
stock from the outer, mid and inner Gulf, viz:

1 Sango
2 Rakwaro

3. Obaria
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4. MNgegu

9t Luanda

Random sanples were taken from the commercial artisanal
fishermen once every month from each station. Standard
length (8L), fork length (FL) and total length (TL) of
each individual were measured to the nearest mm using a
fish measwring board, in the first sampling month
(August) . Only TL was measured for subsequent months.
Weight of a1l fish were taken to the nearest O.1g using
a trip pan balance. Easch individual waé disseéted from
the ventral side and sex determined according to
the subjective methods of Bagenal & Braum (1#71),
Hopson (1972) and Hopson (19795). The females were
identified as having thin flat brown to golden browﬁ
gonads  embedded in the ventral cavity, sometimes
swollen and yellow with clearly discernible eggs
(Hopson, 19725 1975). The males were identified as
having thin strands of translucent to white gonadal
material embedded in the ventral éavity but nevér flat,
according to  the same author. The rest of the
individuals woere classified as immature. The surface
water temperature was recorded for each station every
month  for the purpose of estimating natural mortality
coz=fficient. Field data were collected for a period of
12 months  (from August, 1989 to July 1990). Data on
length, weight and sex were used to perform  regression
analyses  and length-frequency analysis of stocks from

different portions of the Gulf.
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2.7. Data analysis

Methbods  of  data asnalysis were based on
length-requency  analysis (Sims, 19853 Thiam, 1986;
Vakily el al., 198&; Sparre, 19Q7). Specific analysis
procedures followed  the outline appended to Sparre

(1787) and Sparre et al. (1989).

(1) Regression analyses
Regression of different length measurements

(5L, FL and TL) was done by least square method while

lengthweight regression was obtained by log L - log W
regression the by least square method. The Fultons
condition factor () was calculated from the

relationship:

o= W W

wher e
Wo = cbeserved weight

W

i

predicted weight

(ii) Asymptotic length (L) and growth curvature (K)
A first estimate of Ly was obtained from

the longevity relationships:—

Lo = Lpax 70.95  (Pauly, 1980a)

where
Lipax = Maiimum length observed in the sample

0.90 = 904 survival before natural death or fishing



mortality.

Detailed analysis of Lg and K was done asing the
log-difference or Bhattacharya metﬁod (Bhattacharya,
1967) . This 1nvolved resolving the monthly length-
frequency distribution into normally distributed
components. The log-differences of frequency between
consecutive  length-groups vwere plotted against the
length intervals. A sequence of points corresponding
to a straight line with a negative slope was identified
and a regression analysis performed on this portion of
the scalter plot to estimate the mean length of the
component  (or cohort), the standard deviation of
the length distribution and the number of cohjft
members in the sample. Several components (or cohorts)
were idenlifiled using Uhe same procedure as above. The
mean lenglh (Lyjezgn) of each cohaort was  calculated as

follows:
mean — intercept / slope.

The standard deviation (SD) was calculated from the

relationship:

1) T‘/ -dL/=slope,

where
db =  length interval size.
The total cohbort number was computed by first

calculating the rnumbers by length—group (N(j)) for. the



cohort as follows:

N(3) = (d/fi2n SD) .exp (=0.5(Lj + dL/2 — Lpean/SD)2)

where
Li = the lower limit of length—group L(j).
The total cohort number (cal. N) was then estimated

from the équation: =

cal. N = (2 frg(s.3))/(Z N(j))
J J

where
frq (s.3) = fregquency of length—group j in sample s
N(J) = the number in length—group j.

Separation index (51) 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 eguation:

SI = 2(Lp — [4)/(SD2 + SD1)

where

El = mean length of cohort 1

-é = mean length of cohort 2

SD1 = standard deviation in length of cohort 1.

[63)]
O
N
il

standard 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 twelve months. The components which appear to



belong to the same cohort were then selected and a
modal progression performed to obtain L, 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).

111) Growth performance index (@3)
The growth performance index was computed

from the relationship:
#> = Log K + 2Log Ly,

according to Munro & Pauly (1983) and Pauly & Munro

(1984) .

iv) Total mortality coefficient (Z)
The total mortality coefficient was
estimated using two methods:
a) Leng£h~converted catch-curve

b) Wetherall et al. (1987) method.

Length-conver ted catch—curve:

Input data for this analysis were the
weighted sum of all length—frequency samples over a
period of twelve months. L, and K from Bhattacharya
analysis and other estimates were used as input
parameters for this analysis. The length—converted
catch—curve analysis is a regression analysis on the

descending right hand arm of the catch—curve:

Y(3) = a + b.X(J),



where
X(J) = relative age at length L(j)
= -Ll/K. In ( 1-(L(3)+dL/2)/Lg )
and Y(Jj) = 1In ( C(j)/dt(j) )
where
L{j) = lower limit of 1EﬂgtH - group J
al = length interval éize
K = von Bertalanffy parameter (curvature
parameter)
Ly = von Bertalanffy parameter (asymptotic
length)

dt(j)= the time 1t takes to grow from length L(j)
to L(j+1)

= 1/Ke 1n (LgL(3))/(Lg-L(i+1))."

I

C(3) numbers caught in length group J
The total mortality coefficient was estimated from the

slope as follows:
Z = —-b.

Wetherall et al. analysis:

Wetherall et al. (1987) method is also a

regression analysis based on the Beverton & Holt (1936)

Z-equation:

Z =K (Lp = L)/ - L)

whetre
L = mean length of fish of Ls and longer
Ls = some length for which all fish are under
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full exploitation

Loy = von  Bertalanffy parameter (asymptotic
length)
K = von  Bertalanffy parameter (curvature

parameter) .

By a series of algebraic expressions, the above
equation was transformed into a regression equation of
the form:

T-Ls =a+ b.Ls,

to estimate Z/K and L, as follows:

Z/K

=(1+b)/b

—a’/b

Lo

v) Natural mortality coefficient (M)

Natural mortality coefficient was computed
from the empirical formula of Pauly (1980b). Estimates
of Ly and K were used as inputs for a mean annual

temperature of 22 °C for Lake Victoria:
In M= -0.0132 - 0.2791n L, + 0.65431ln K + 0.4631ln T,

wheire

T = mean annual temperature for Lake Victoria
(degrees Celcius) and other symbols have

their usual meaning

vi) Fishing mortality coefficient (F) and exploitation
rate (E)
Fishing mortality coefficient was computed

from the relationship:
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F=2-M,

while the exploitation rate was computed from the

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

vii) Beverton and Holt relative yield per recruit
(Y/Rs) and average biomass per recruit (B/R)

The VY/Rs» and B/R for an array of fishing

mortality coefficients and a fixed natural mortality

coefficient was computed from the yield equation:

Y/Ry = F/K. A Wg | — - + - —

where
U = 1 - Leso/le -
Leso = length at which probability of capture
is 0.5
Lo = von Bertalanffy parameter (asymptotic
length) |
A = ( (Leleso)/(lete) VK
by = length at entry into the exploited
phase

=
1l

natural mortality coefficient

=
A
It

von Bertalanffy parameter (curvature
parameter)

F = fishing mortality coefficient

||j
H Hr
J.ﬂ
- o
il

]



= Z/K

N
|

Z = total mortality coefficient

82
I

von Bertalanffy parameter (asymptotic weight)

The average biomass per recruit was

calculated from the relationship:
B/R = 1/F . Y/R.

The resulls of these calculations were used to
construct the yield curves in order to obtain the
predicted changes in the stock under different fishing

patterns and the corresponding exploitation rates.

The results of all these analyses were
subjected to statistical tests of significance using
one—way and/or  two-way analysis of variante (ANOVA)

between sexes and stations (Zar, 1984).



CHAPTER 3
B RESULTS ‘
S 1 Regression analyses
3.1.1 Length regressions
The different forms of length measurements were
found to be related to each other by the following

linear eguation:

FL = 0.92 TL - 0.74
SLo= 0.920 TL - 1.74

S = 0.94 FL - 1.16.

The correlation between the different forms of length

measurements are shown in fig. 3.1.1 while the details
of these regression analyses are given in table 3.1.1.
The correlation coefficients in all the analyses were
very high ( 2 = 0.90 - 0.99) while the standard error

of each coefficient was very low (0.01).

The mean 1ength~weight relationship for each of
the five stations could be best described. by the
logarithmic relstionships shown in  table 3.1.2. The
graphical representation of length-weight relationship
is shown 1n fig. 3.1.2 before any transformation and
fig. 3.1.3 after log—-loug transformation. An analysis of
covariance (ANCOVA) revealed significant differences
between the slopes of the regression lines (table
3.1.2) while multiple range test, Student Newman—Keuls
{ SNIC) test 1ndicated that there were significant
differences between the slopes for juveniles, males and

females but no differences within sexes from different
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Fig. 3.1.1. Correlation between total length (TL), fork
length (FL) and standard length (SL) of R.

argentea in the Winam Gulf.
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Table 3.1.1. Correlation between total length (TL), fork length
(FL) and standard length (SL) of R. argentea in the

Winam Gulf of Lake Victoria.

Station Indep. Dependent Coeff. * SE Const 2 n

variable wvariable

Sango TL FL 0.9+0 =02 0.90 249
T = 0.8%0 -0.3  0.90 249

FL s 0.90 -0.4  0.90 249

Rakwaro L FL 0.940,01 -0.8  0.96 285
TL SL 0.9+0.01 -0.8  0.96 285

FL SL 0.940.01 -0.5 0.96 285

Obaria TL FL 0.9+0 -1.0 0.99 238
TL SL 0.9+0 -4,0  0.99 238

FL SL 0.9+0 -2.0 0.99 238

Ngegu TL FL 0.910.01 -1.3  0.98 239
L SL 0.940.01 -1.3 _ 0.98 239

FL SL 0.940.01 -0.2  0.99. 239

Luanda L FL 0.9+0.01 -0.6  0.98 220
TL SL 0.9+0.01 -2.4  0.98 220

Fl. SL 0.9+0.01 =27 0.98 220
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Table 3.1.2. Correlation between Log TL and Log W of R. argentea
in the Winam Gulf. Similar superscripts indicate no
significant differences

Station Length-weight relationship n r2
Juveniles:
Sangol Log W = 3.06 Log TL S5.42 732 0.60
Rakwarol Log W = 3.12 Log TL — 5.60 708 0.68
Obarial Log W = 3.10 Log TL — 5.50 663 0.72
Ngegul Log W = 3.20 Log TL — 5.84 479 0.66
Luandal Log W = 3.22 Log TL — 6.00 454 0.84
Males:
Sango? Log W = 2.70 Log TL — 4.69 754 0.60
Rakwaro? Log W= 2.81 Log TL - 4.70 977 0.69
Obaria? Log W = 3.05 Log TL - 4.90 815 0.64
Ngegu? Log W = 2.94 Log TL - 5.00 822 0.67
Luanda® Log W = 2.75 Log TL - 4.76 985 0.70
Females:
Sango> Log W = 3.60 Log TL — 6.20 1266 'o.ee
Rakwaro> Log W = 3.65 Log TL — 6.41 1348 0.72
Obarias Llog W = 3.71 Log TL — 6.50 1144 0.68
Ngegu> Log W = 3.40 Log TL - 5.40 1219 0.68
Luanda Log W = 3.24 Log TL - 5.45 1337 0.61
F(14,13673) 6.3264 X
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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
condition reaching a peak in March/April. Thereafter,
there was a general decline'in éondition up “to July.
Maximum K value recorded in Décember was 1.074 while
that of March was 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 Fultons condition
factor (K) in different months but there were ﬁo
significant diffe?emces 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
always around unity. Weight measurements CDula not be

taken from September to December.

S Growth

A

3.2.1 Asymptotic length (L)
The asymptotic length (Lg) determined by

Bhattacharya analysis (Gulland & Holt plot), Wetherall

&

al. method and 73% longevity are shown in  table
3.2.1 while the graphical plots of these analyses are

shown in 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,

UMIVERSITY OF NAIROE
LIBRARY
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Table 3.1.3. ANOVA of Fultons condition factor of R.
argentea in the Winam Gulf of Lake

Victoria

Month Sango Rakwaro Obaria Ngegu Luanda

August 1.015 1.011 i.Oli 1.024 1.015
becember 1.073 1.048 1.020 1.024 1.019
January 1.048 1.011 1.019 10107 1.017
February 1.021 1.013 1.011 1.01%9 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 stations

F(8,32) 4.323 % months




Table 3.2.1.

_38__
Asymptotic length (Le of R. argentea in mm
determined by three independent methods in

the Winam Gulf.

Station 9954 Longevity Bhattacharya Wetherall Sex
method analysis et al.
Sango 65.3 29.7 60.0 M
64,72 60.9 64.6 F
65,3 68.8 67.1 M+F+1
Rakwaro 6&3.2 67.8 61.1 M
&E5.5 £0.8 63:3 F
65.3 69.2 63.0 M+
Obaria &3.2 &8.2 al1.9 M
65.3 71.8 71.6 F
65:5 78.5 64.5 M+HF+1
Ngegu 665.3 bb.1 &65.0 M
4.2 62.6 63.3 | E
66.3 63.4 65.1 MHF+T
Luanda 675 §2.9 68.7 M
737 T | 72,3 F
737 70.9 70.9 M+H+I
F(4,8) 1.206 ns 3.418 ns 4.235 X stations

F(2,8)

0.307

ns 1.313 ns 1.177 ns sexes




a=34.6
32.0} b=-0552
K=-b=0.552
Loo=a/b=62.6
24.7
[ nal
©
-
© 109 |
1 . | 1 1 ) N 1
38.4 40-9 43.5 45.9 48.5 51.0 53.6
L (TL in mm)—>
Fig. 3.2.1. Gulland and Holt plot for the estimation of
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grawth (K) of R. argentea in the Winam Gulf
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Ly and Z/K of R. argentea in the Winam Gulf
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Table 3.2.2. Mzan asymplotic length

independent

combined

Galf.

methods

(L)

and

for R. argentea in

three

methods

the Winam

Method Mean * SD Sex
Fo% Longevity methad 65.9 £ 2.6 M
66,3 F 4.0 F
&7 .2 * 3.7 M+F+1
Bhattacharya analysis 65.4 + 4.0 M
(Gulland & tolt plot) 65.8 £ 6.1 F
70.2 + 5.4 M+F+1
Wetherall et al. method 64.5 2.6 M
| &6.5 * 4.0 F
G2 3.7 MHF+1
Mean of all three melhods 69.1 ™
&H.D F
67.8 MF+T
F(2,4) 0.115 ns M
F(2,4) 0.068 ns F
F(2,4) 0.5738 ns M+F+1




HOHLBEA L and O7.824.3 0 for males, fenales and  the
combined SEXRES (1ncluding immature specimens)
respec bively.,  One-way analysis of  variance (ANOVA)
revealed  no significant differences between the
methods used for males, females and the combined
sexes while two-way ANOVA also revealed no gignificant

differences belween stations and sexes except for the

Wetherall et al. method which had a significant
difference hetwesn stations at 0.05 level of

significance. There was a general trend of increasing
values of L, from the inner to the outer Gulf as shown

—

in table Z.2.1.

2.2.2 Curvature of groawth (K)

Growtly cwvature (K) determined by Bhattacharya
analy=is (Gulland & Holt plot) were 0.375-0.599 yr'~1
for males, 0.423-0.552 yr1 for females and . 0.467-
0. 6HED yr“l for Lthe combined sexes (including immature
specimens) .  An indirect method for determination of K
based on 27K values (Wetherall et al. method) and Z
(linearized catch-curve) gave values of 0.308-0.694,
C.T01-2.870 and 0.488-1.142 for males, females and the
combined  sexes respectively (table 3.2.3) while the
Ean values were  0,309%10.084, 0.486%0.049 and
D.57630.070 yespectively.  Two-way ANOVA revealed no
significant differences between stations and sexes at
0.0% level of significance. Significant differences in
the indirect method shows that this is not a reliable
estimator of K, besides, 1t is not a standard procedure

in lengthe frequency analysis.



Table

Station

Sango

Ralwar o

Obaria

Ngegu

lLuanda
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A
N
I

Growth curvatwre (K) of R. argentea

determined by two methods in the Winam

Gulf.

KAl Tand & ol plot) K(Z/¢(Z/7K)) Sex

0.558 ' 0.308 M

" 0.4Z3 0.301 =
0. 587 0.4685 M+F+1

0.503 0.664 M

0,482 0.875 F
0,860 1.142 MHF+1

Q.373 0.693 M

0.460 0.344 E
0.467 0.7998 MHF+I

0.508 0.539 M

0. 552 0.554 E
0.567 0.488 MiF+1

0,599 | 0.422 M

0.511 0.556 F
0.600 0.595 M+FE+L

SD 0.50% + 0.084 0.525 * 0.162 ™

0.4846 + 0.0479 0.526 £ 0.128 F
0.576 + 0.070 L 0.782 +0.277  M+F+I

2729 ns 39.F % stations
3.611 ns 8.8 X% Sexes
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3.2.5 Grawth performance index (g3)

The growth performance indices of males, females
and the combined sexes are shown in table 3.2.4, while
the mEan values were 5.3280.42, 3.3320.07 and
3.4010.07 respectively. Two-way ANOVA  revealed no
significant differences between stations and 59%95. The
@s values of the combined sexes were always higher than

those of males or females in all stations.

D25, Mortality and exploitation rates
T.5.01 Total mortality coefficient (Z7)

Total morlality coefficient (Z2) and corresponding
2/ values for males, females and the combined sexes
(e luding tmalure  specimens) are  shown in table
3.2.1, while Wetherall et al. plot for estimation of
Z/¥ and length-converted catch-curve for estimation of
2 oare shown in Tigs. 3.2.2 and 3.2.3 respectively. The
mean values of 7 were 1.92930.322, 1.76630.392 and
2.860X1.008  and /K were 3.914%1.228, 3.737%1.459

and  3.74741.104 for males, females and the combined

Se

£5 tively. The range of 7 values was 1.269 to

5.860 while that of Z/K was 2.551-6.086. The total
mortalily  coefficient () was higher when both sexes
Wer e considered than  when each sex was taken
ndividually in all stations except at Ngegu. Two—way

ANOVA showed

a significant difference between sexes for

7 values at Q.05 level but not between stations.
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Table 3.2.4. Growth performance index (g3) of R.

argentea in the Winam Gulf.

Station Growth performance index (@») Sex
Sanga 309 M
3.25 E
.42 M+E+1
Ralkwaro B 2T Ml
5. 28 F
3,42 M+F+1
Obaria %% &) M

A
[
~N
M

3.29 M+FE+1
Ngegu i M
3.34 F

- 3.38 MHF+1
Luanda .45 | M.
S5 F

3.48 M+HF+T
Mean * SD C 2.3532 20427 ™M
3,35 & 0,07 F

3.40 + 0.07 M+HF+1

F£4,85 0.0001 ns stations
F(2,8) Q.00002 ns seres




Table 3.3.1. Total mortality coefficient (Z) and
corresponding Z/K values for R. argentea

in the Winam Gulf.

Station Total mortality Z7K Sex

coefficient (Z)

Sango 1.860 6.048 M
1.26% 4.220 F
3.865 5.641 M+F+1
Rakwaro 2.239 3.372 M
2.232 2.951 F
3.241 2.838 M+F+1
Obaria 2.080

3.002 M

rJ
Q
g
rJ
o
2
M

3.625 3.632 M+F+1
Ngegu 2059 3.818 M
1.634 2.916 . F

1.718 3.519 . M+F+1
Luanda 1.406 3.529 M
1.602 2.879 F

1.852 3.114 MF+T
Mean * SD 1.929 + 0.322 3.914 + 1.228 M
1.766 + 0.392 3.737 £ 1.459  F

2.860 * 1.008 3.749 + 1.104, M-+

F4,8) 2.435 ns | 2.944 ns stations

F(2,8) 6.608 X 0.051 ns sexes




Ln(N/dt)

— 47_.

o b= -1.634
6.5 _ _E . . Z= -b=1.634
4.9}

3.2f

1.6

5 |

1 L .
1 1 X 4
1404 2106  2.808 3.510 4213 4915 5617 6.319

Relative age (~Vk Ln(1-(L;/Lo0))) —

-2+ Length—converted catch-curve for the

estimation of total mortality

coefficient (Z) of R. argentea in the

Winam Gulf.
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B Dee s Naltuwral mortality coefficient (M)

Thee mean values  of natural mor tality
coeflficient (I (table 3.3.2) were 0.8210.10, 0.8010.05
and 0.8810.08 for males, fenales and the combined sexes
(including immatbtwe specimens). Two-way ANOVA showed a
significant difference in M values between stations and

sexes at 0,05 le.wl of significance.

A
A

i
»

Frahiing mortality coefficient (F) and
exploilalion rate (E)
The  men Tishing mortality Coefficient (F) was
highest for Lthe combined sexes (1.984 *+ 1.035) followed
by “the males (1,107 * 0.394) and females ( 0.966 =+
0.392) for the range of M values shown in table 3.3.2.
Corresponding mean values of exploitation rate were
0.551 + 0.136 (males), 0.365 * 0.081 (females) and
0.652 * 0,144 (combined sexes including immature
specimens).  The exploitation rates.were"generai: high
for-  the inner Gulf bug'relatively low for the ADuter
Culf. Two-way ANOVA revealed a significant difference
in F values between stations but not sexes while there
was o significant differences in E values between

stations and seres.

3.4. Relative vyield per recruit (Y/R») and average
biomass per recruit (E/R)
The Beverton & Holt yield per recruit (Y/Rs) and
average biomass per recruit (B/R) (fig. 3.4.1) shows

that the mean cwrent exploitation rate (Egyr) of



Table 3.3.

Sango

Rakwaro

Obaria

Ngegu

Luanda
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2. Natural mortality coefficient (M), fishing

mortality coefficient (F) and exploitation

rate (E) of R. argentea in the Winam Gulf.

The confidence intervals for M are shown

in parenthesis.

0.90(0.80-1..00)
0.75(0.68-0.82
0.87(0.81-0.98)
0-80(0571-0.90)
0.81(0.74-0.88)
0.796(0.88-1.04)
Q6710 +86+0.77)
0.76(0.69-0.82)
0.74(0.66-0.82)
0.82(0.72-0.92)
0.88(0.81-0.795)
0.89(0.81-0.98)
0.92(0.81-1.00)
0.80(0.74-0.86)

0.70(0.82-0.98)

B Eour Sex
0.960 0.484 M
0.519 0.519 &
2.975)  0.770 MHF+T
1.439 0.637 M
1.422 0.637 F
2.281 0.704 MAF+T
1.410 0.678 M
1.332 0.637 F
2.885 0.796 MHF+1
1.239 0.602 M
0.754 0.461 =
0.828 0.482 M+F+T
0.486 0.346 M
0.802 0.501 =
0.952 0.514 M+

Mean * SD

0.8210.10 1.107%0.396

0.80%x0.05 0.96610.392

0.884+0.08 1.984+1.035

0.551+0.136 M

0.565+0.081 F

0.653+0.146 M+F+1

F(4,8)

F(2,8)

5.000 X 6.000 %

4,000 % 3.000 ns

1.238 ns stations

0.571 ns sexes
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0.991+0,155 (males), 0.565+0.081 (females) and
0.65310.146 ( combined sexes including immature
specimens) is 5.1-747% above the exploitation rate at
maximum sustainable yield (Bygy). The maximum: fishing
mortality coefficient at which the tangent to the yield
curve is 107 of that at the origin (Fg_ 1) (table 3.4.1)
and the corresponding exploitation rates (Evgy) and
(Erp.1) generated by the Beverton & Holt yield model
are showi in table 3.4.2 with corresponding current
exploitation rates (Egyr) for males, females and the
combined sexes for different parts of the the Gulf.
Over 70%4 of the values of current exploitation rate
(Epur)  show overexploitation while the remaining are

close to the optimum exploitation rate (Egpt = 0.500).
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012
0.10-
VIR’
0.081
0.06-
0.041
0.02- |
Er-01) Emsy) E(cur)
l T l T ll L] >F
0.4 0.8 1.2 1.6 2.0
| T T >E
0.29 0.46 056  0.66
Fig. 3.4.1. Relative yield per recruit (Y/Rs) and

average biomass per recruit (§/R) of R.

argentea in the Winam Gulf obtained with

the parameters We = 1.8, K = 0.66, t= 0,

M o= 0.96, tc=0.6, L, = &9.9, a =

0.000001, q = 3.4, Lo = 22.9 and t,= 0.3.



Table 3.4.1. Predicted fishing pattern and yield of R.

argentea in the Winam Gulf.

Station ot MSY/R Fo.1 Y/R(Fo.1) Sex
Sango 0.82 - 0.048 0,91 0.045 M
0.60 Q.03 .0.38 0.037 F
0.84 0.065 0.52 0.061 M+H+1
Rakwaro 0.69 0.071 0.44 0.067 M
0.69 0.047 0.43 0.03 F
Q.97 0.088 0.58 0.083 M+H+1
Obaria 618551 0.050 033 0.047 M
0.63 Q.072 0.40 0.068 F
0.62 0.103 0.40 0.098 M+F;I
Ngegu @.71 0.061 0.45 0.058 M
0.80 0.055 ©.50 0.0SO F
0.82 0.057 Q.51 0.054 -~ MH+1
Luanda 0.88 0.045 0.54 0.042 M
Q.70 0.073 0.44 0.069 F
0.86 0.074 0.52 0.070 M+H+1

MeanzSD 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+0.05 0.052+0.016 F

0.82+0.13 0.077+0.018 0.51+0.07 0.07320.073 M+F+I

F(4,8) 0.150 ns 2.947 ns stations

F(2,8) 0.640 ns 2.662 ns sexes




Table 3.4.2. Predicted exploitation pattern of R. argentea in

the Winam Gulf.

Station ECuR Evay EFo.1 Sex
Sango 0.484 ~0.477 0.462 M
0.591 0.444 0.336 F

0.770 0.486 0.369 MHE+I
Rakwaro 0.643 0.463 0.335 M
0.637 0.440 0.347 F

0.704 0.503 0.477 M+
Obaria 0.678 0.432 0.330 M
0.637 0.453 0.345 F

0.796 0.456 0.351 - MHF+1
Ngegu 0.607 0.464 0.354 M
0.461 0.476 0.362 F

0.482 0.480 0.364 MHF+1
Luanda 0.346 0.487 ' 0.370 M
0.501 0.467 0.350 e

0.514 0.489 0.36b M
MeantSD  0.55130.136  0.46540.021 0.350+0.017 M
0.565+0.081  0.460#0.012  0.348%0.010 F

0.653+0.146  0.48310.017  0.365+0.009 M+F+I
F(4,8) 1.238 ns stations

F(2,8) 0.571 ns ) sexes




CHAPTER 4
4. DISCUSSION AND CONCLUSION
4.1. Regression analyses
The linear equations for the interconversion of
different forms of length measurements determined by
this study are close to those of Wanink (1989) in the
Mwanza Gulf of Lake Victoria and had very high
correlation coefficients. %he sample size for the
Mwanza Gulf was relatively small (45-52) while the
large sample size for this study (220-285) confirms
these previous results. These values can thus be used
to convert one form of length measurement to the other
for comparison due to individual preferences in the

form of length measurements.

Although no values are avaiiable for direct
comparison, the length-weight relatioﬁships derived by
this study can form thé basis of future work on this
species. The exponent in the lgngth—we;ght relationship
seemed to be gquite high in this study although the
growth of R. argentea was assumed to be isometric by
Wanink (198%). Such a parallel relationship could be
attributed to sampling errors in this study. Since
weight of the specimens were not recorded from
September to November, the observed changes only
indicate a general trend in the Fultons condit‘_.im
factor. The observed changes in Fultons condition
factor could however be attributed to development of

the gonadal material during or just prior to the peak
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breeding seasons. Maximum condition 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

year .

4.2. Length-freguency analysis

the circumstances where methodologies such
as length-frequency analysis might apply are, for
example, the preliminary stages of development of an
assessment  programme or  for a resource  on which
investigation is just beginning (Csirke & Caddy, 1987).
The 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£ality, thereby
reducing the average length corresponding to a given
age. Population parameters derived\ from length—
frequency distribution of R. argentea are subject to
sampling errors and bias due to the particular
properties of the sampled population, sampling
procedure and the characteristics of the fishing gear
i.e gear selectivity. For example, variation in
recrultment strength mey 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
assumptions on  the underlying processes and then

max»imizing likelihood functions or fitling model
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expectations to the observed length — classes by least
square  or other criteria, Bolutions are then found by
iterative search techniques which take advantage of and
ndeed  require the numerical power of computers. For
developing coudLries, the collection of a large number
of  independent data sets like total catch, landings,
catch rate and sizes may be brohibitive in cost and
manpower .  The price to pay in exchange for thi- is to
accept some risk by using length—frequeﬁcy aqalysis and
to  buffer the risk by cautious manageﬁent advice. The
potential geain 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
length—frequency distribution into components, the
growth parameters derived by this study (Lg, K and @3)
using the Bhattacharya analysis could be said - to be
cubjective. However, the Wetherall et al. and longevity
methods could provide independent checks on  these
values. llowever, the longevity method of Pauly (1980a)
has  recently met with some criticism from Mathews &
Samwel  (1790). The authors state explicitly that this
is not a reliable estimator of Ly, regardless of the

definition attached to Lgg,, - This technigue was thus

only used as s guess—timate to the value of Lg. Since.

one—way  analysis of  variance (ANOVA)  revealed no



the Wetherall et al. analysis for Ly, between ststions
and not between sexes, then the estimates could be the
-

most probable values for R. argentea in the Winam Gulf

= T SR - : ] < e
ia. The differences in principles and

p

)3 ey
v 1O O

(]

rt

procedures behind these three methods augments the fac
that any of these methods gives a reliasble estimate of
the growth parameter Ly, for the species. Whereas the

Bhattacharya analysis (Gulland & Holt plot) relies on

resolving the length—freguency intc normally

distributed COmMponeEnts, th= other two methods

(Wetherall et al. analysis and lcngevity method) do not
=L ol Y b 4

Eln fence the subjectiveness of  the Bhattacharya
analysis could be reduced to a mers confirmation by the

Wetherall et al. analysis. .

The tendency of Ly to be larger towards the
cuter Winam Gulf cled be attributed to fishing pattern
in the Gulf. The popular information given by Okedi
(1973; 1981a; 1981b) and Wanink (1989) that all '"dagaa"
fishery is based on night light attraction is not true
for the whole of Winam Gulf. The fishing pattern is
such that at Sango and Rakwaro, no lights are used at
all for the 'dagaa'" fishery probably due to the shallow
depths of about 6 m  and fishing takes place
throughout the ménth; at Obaria and Ngegu, light

attraction is used only during the dark
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ssed  during  the
brright phase; at Luanda and towards the 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 durimng the non fishing
pericd of every lunar cycle, there is.a reduced fishing
pressure  toc allow substantial growth and this could
explain the larger Ly values towards the outer Winam
Gulf. The diel vertical migration of '"dagaa'" reported
by Wanink (1932} in the Mwanza Gulf of Lake Victoria
cculd could only bave an impact on recruitment into the
fishery in waters of greater depth where light
attraction must be used but samples Collécted 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 1in the "dagaa'" fistery 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 Ly values obtained by
this study indicate a great reduction in the size as
compared to VBIQES cited by Wanink (19879) 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 Ly could be an indication of
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Wamink (198%) determired s growth curvatures (K)
of 1.14 yr“l for R. argentes in the Mwanza Gulf o Lake -
Victoria. This K value is probably an overestimation
since his Ly was only 532 mm SL while specimens of up to
62 mm SL were collected in the same region in  19846-88.
The K value determined by this study is close to that

determined by Getsbu (1988) of 0.4% yr—l for the

characid, Alestses sadleri (Blgr.), s small species that

grows to about 14 cm while Asila & Ogari (1988) found a
value of 0.19 yr_l for L. miloticus growing to 2035 cm

in the Winam Gulf.

4.4, Mortality and exploitation rates

In this study, the total mortality ceoefficient
(Z), natural mortality coefficient (M) and the fishing
mortality coefficient (F) seem to be quite high by all
standards. The significant differences (ANOVA) observed
forrAboth Z and M between sexes could arise .from the
fact that both the analyses use Ly, and K as  inputs.
Diffe}énces in M between stations could introduce
differences in F between stations which is obtained by
simple éubstraction of M from Z while the E values
obtained from diviéion 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 Munross (1984)



equation:

whers

intercept = parameter (M)

Il

slope variable (F)

0

arameter (probability of capture)
]

He exploitation rate of R. argentes in the Winam Gulf
seems to be rather uniform while differences in F and M
ween staticns could be intersctive in nature  and
counterbalaencing to produces the more or less  uniform
exploitation rate observed 1in the population. As
suggested by Wanink (198%), natwral mortality may be
age specific for R. argentea. The predation by
Nile perch (Ogari, 1984), regular infestation by
plerccecoid larvae of cestcde, probably Ligula

intestinalis (L.) (Wanink, 1987) and avarian predation

by pied kingfisher (Cervle rudus L.), and cormorants

(Phalacrocorax carbo L., P. africanus Gmelin) probably
contribute to the high natural mortality of 'dagaa'" in
the Winam Gulf of Lake Victoria. The high natural
mortality coupled with s high fishing mortality
coefficient could explain the general reduction in
length observed 1in the population. This  general
reduction 1in 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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pattern and exploitation rate for the Winam Gulf
indicate that 80% of the F values determined were above
the critical value of exploitation (E) where a
theoretical maximum sustainable yield (MSY) indicating

a gross overexploitation of R. argentea in the Gulf.

4.5. Relative vyield per recruit (Y/Rs) and average
biomass per recruit (§7R)

Beverton & Holtss (1966) yield model indicated
that that the exploitation rate at maximum sustainable
(Epgy) was 0.432-0.503 and 87%4 of the current
exploitation rate (Egyr) values were above Epmgy while
all the values were above Epmpy with 73%4 failing above
the optimum exploitation rate (Eopt‘; 0.5)," indicating
a gross overexploitation of "dagsa" in the Winam Gulf.
Although fisheries managers are interested in  actual
yields, it 1is 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. Gulland
(1984) discussed the use of such models with respect to
target fisheries. If fisheries managers are looking at
a given stock in terms of national economy, whole
national fishery or national nutritional démands, then
achieving something like MEY is likely to result in a
higher total food supply than~acbieving MSY. Such an.
objective would strive towards achieving economic

targets rather than purely bioclogical ones, which is a

proper objective in developed countries but can also



che greatest catch thst can be taken from &
stcck  wusing such asnalytical models but nmot the amount
of fishing effort reguired for such a yield. The
maximum  sustainable yield (MSY) will occure at the
fishing mortality Fg5, corresponding to the maximum
vield per recruit only if the average recruitment does
not change with the adult stock size, at least at
stocks corresponding to that level of fishing but  this
is unlikely, sincs at e stock will be
eavily fished and this is likely to have at
least some e=ffect on recruitment. & popular target,
that of Fp o+ is guite arbitrary_but has given useful
results. In the case of R. argentea in the Winam Gulf,
there 1is no significant difference in the predicted
Fmax and Fo 1 values between sexes or Statiﬁns. It
_is evident from this study that R. argentes is
overexploited in the Wiram Gulf of Lake Victoria. Dagsa
fishery 1in  the Winam Gulf of Lake Victoria could be
possibly controlled by:

1) strict observance of the closed season or 1its
extension 1in some years following very heavy
fishing in the previocus years.

i1) sale of all landed fish through fisheries

cooperative societies.

i1i) licencing of mosquito and beach seines 1in

addition to registration of boats to help 1in

monitoring the effort exerted on the fishery.

'



The  cuwrrent regulation reguare the p;rchaSE
of & fishing permit on an annual basis  but
has no restrictions on the type of gear to be
used 1in Lake Victoria. This permit could

modified to serve as a gear licence as well

to control the numbsr of mosguito seine nets.
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Length-frequency distribution of R. argentea from

Sango, males
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Length-frequency distribution of R. argentea from

Sango, females
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Length-frequency distribution of

Sango,

females
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APPENDIX IC

Length-frequency distribution of R. argentea from

Sango, males, females, immature
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APPENDIX IC (CONTD.)
Length—freguency distribution of R. argentea from

Sango, males, females, immature
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APPENDIX IIA
Length-frequency distribution of R. argentea from
Rakwaro, males
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Length—frequency distribution of

Rakwaro, males
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APPENDIX I1B
Length—frequency distribution of R. argentea from

Rakwaro, females
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APPENDIX I1IC
Length-frequency distribution of R. argentea from

Rakwaro, males, females, immature
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Length-frequency distribution of R. argentea from

Rakwaro, males, females, immature
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APPENDIX IIIA

Length-frequency distribution of R. argentea from

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

Obaria, males
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Length—frequency distribution of R.

Obaria, females
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Length—frequency distribution of R. argentea from

Obaria,

females
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APPENDIX IIIC ;
Lenglh-frequency distribution of R. argentea from

Obaria, males, females, immature
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Length-frequency distribution of R. argenlea from

Obari1a, males, females, immature
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Length-frequency distribution of R. argentea
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Length-frequency distribution of R. argenlea  from

Myegu, males
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APPENDIX 1VB
Length-frequency distribution of R. argentea from

Ngegu, females
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Length-frequency distribultion of R. argentea  from

Ngegu, females

L=

ARD f.'.? ;

112 1776



= 100 =
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Length-frequency distribution of R. argentea from

Ngegu, males, females, immature
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Length-frequency distribution of R. argentea from

Ngegu, males, females, immature
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Length-freguency distribution of R. argentea from

Luanda, males
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Length-frequency distribution of R. argenltea from

Luanda, males
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Length—frequency distribution of R. argentea from

Luanda, females
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Length- frequency distribution of . argentea from

Luanda, females
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Length—-frequency distribution of R. argentea from-

Luanda, males, females, immature
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