Chapter5
Monitoring fish stocksfrom survey data
W.Ligtvoet,O.C.Mkumbo,P.J.Mous&P.C.Goudswaard
Inthischapteradetailedaccountisgivenofthesuitabilityofvariousgeartypesfor obtaining
data, collected by researchers working independently of the fishery, on stock size, stock
structure, growth,mortalitity, spatial and seasonalpatterns,reproduction,condition and diet
of the commercially important fish species of Lake Victoria, Nile perch (Lates), dagaa
{Rastrineobola argentea) and Nile tilapia (Oreochromis niloticus).
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5.1 Introduction
There are two important advantages in monitoring fish stocks by fishing surveys (fishery
independent sampling), instead of using data obtained from landing sites:
1. Thechoice of sampling areas, sampling techniques and sampling timecan be adjusted
totheparticular information which thefishery researcher needs oncertain aspectsof a
fishstock;
2. Thedatacollection canbestandardized asmuchaspossible.
Collecting data by fishing surveys is, however, much more expensive than collecting data
from landing sites.Allexpensesrelatingtoobtaining andoperating thenecessary geartypes
are paid by the research institute. As small scale fishing for research purposes under
standardized conditions is rarely economically viable, the expenses cannot be covered by
revenues. Under certain circumstances, the relatively small catch size as compared with
commercial catch sizes may also be a disadvantage for the research.
Inthischapter,thesuitability ofeachtypeofgearforseveralresearchobjectives isdiscussed.
The research objectives, each followed by a short explanation, are summarized below.

Stocksize,structure,growth and mortality
Information onstocksize,stockstructure,andgrowthandmortalityofafishstockisessential
for fisheries management. These aspects of population dynamics tell something about the
well-being ofthefishstock.Stock sizeisrepresented bythebiomassoffish perunit ofarea,
while the structure of afishstock is represented by either the length-frequency distribution
ortheagecomposition ofthefishes.Ifdataareprocessed usinglength-based methods(Pauly
1987;Sparre &Venema 1992),information on growth and mortality may be gathered from
recordsofdevelopment of stock sizeandstructurecollected throughout theyearonthebasis
of, for example, one survey per quarter.

Spatialand seasonal patterns
In monitoring the fish stocks, knowledge about the geographical distribution, preferred
habitats and daily and seasonal migration patterns of the fish species studied is of vital
importance.The available information on these subjects for themost important fish species
of Lake Victoria is given in Appendix II.

Reproduction
Data on reproduction, like size at maturity, spawning periods and spawning areas, may be
important information for detecting and avoiding the overfishing of fish stocks. It should
therefore be collected byfisheriesbiologists.

Condition
The condition of a fish can be calculated with the aid of the length-weight relationship as:
W
CF (condition factor) =— r , where W=individual weight of thefish,L = length anda
a.L
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and b are constants in a length-weight relationship based on many samples over time. As
withtheaspectsofpopulationdynamics,theconditionfactoralsoinformsthefishery biologist
of the health of the fish stock. The condition factor can fluctuate considerably as a result
of changes in the availability of food and the activities of the fish such as spawning or
migration.

Food
It isimportant to know the forage base of afishstock. Largechanges inthe food sourceof
a fish species may have an impact on the production of the fish stock. Conversely, the fish
stockmay influence thefood source,whichmayresultinadensity-dependent growthofthe
fish. Fishery may interfere with predator-prey relationships. For example, a high fishing
pressure on the Rastrineobola stock (prey) may well have anegative effect on the stock of
Lates (predator), while a high fishing pressure on Lates may have a positive effect on
Rastrineobola.

5.2 Researchwith gillnets
General considerations and sampling areas
Gill nets arecheap and easy to operate.They can be set from acanoe and they can beused
almost everywhere, e.g.at any depth in thewatercolumn inshallow anddeep waters,close
topapyrus shores and over uneven, rocky bottoms. Disadvantages are their size selectivity
and the fact that they only catch activefish.If theft of nets iscommon, it will be necessary
to guard the nets inthe chosen sampling area, either from theboat or from ashort distance
away on the shore.
Ifsampling istobedonewithgillnets,onehastoconsider which species and inwhich size
range specimens are needed. Then, nets with suitable mesh sizes can be selected, provided
that information on the selectivity is available. If detailed information is not available, one
can use the information provided in Table 5.1tocompose the net fleet.
Inobtaining samples offishmore or lessevenly distributed over all sizeclasses,one hasto
account for the fact that there aregenerally moresmallfishesthanbig fishes inthelakeand
that, consequently, one unit of effort (one standard size of net) with small mesh sizes will
yield many moreindividuals than oneunit with large meshes.Thenumberof netsper mesh
size in a gang therefore has to be balanced in such away that large enough samples of all
the required size classes can be obtained.
Toprevent a systematic sampling error (bias) due to the sequence of the mesh sizes in one
net gang, the gill nets within one gang should be randomly chained together, and the net
gangs should rotate randomly over thecomplete net fleet. Thepossibility of sampling error
needs special attention if representative samples over a wide size range have tobe taken.

Stock size,structure,growth and mortality
As gill nets are a passive type of gear, it is very difficult to assess the area that is sampled.
Gill nets are therefore not suitable for research aiming at estimates of absolute stock size
(numbers or biomass/area), but they can provide indices or estimates of relative stock size
(number or biomass/net). The structure of fish populations can be adequately investigated
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Table 5.1

Estimated length (cm)atmaximal selectionfordifferent mesh sizesand species.TL=total length,
AL = anal length, FL = fork length, NA = not applicable (see text). Anal length is the length
measured from the tip of the snout to the anus. It is assumed that fish with a maximum girth
which measures 1.25times theperimeter ofthe mesh is retained best. From this girth, the length
atwhich the fish is retained best is calculated by using a length-girth relationship, a and b refer
to the parameters of the length-girth relationship (Girth =ax Length +b).
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with gill nets. Although gill nets are very selective, abroad length spectrum of fish can be
captured byusingawiderange ofmesh sizes.Butevenincatches from onemeshsize shifts
inthemodeofthelength-frequency distributioncanbeobserved.Figure5.1 givesanexample
of such a shift in the size of Latescaught in 100mm gillnets.
If gill nets are tobe used in investigating relative stock size and structure, a prerequisite is
thattheselectivityparameters forthefish speciesunderstudyareknown.Withtheselectivity
parameters available, two approaches are possible:
1. Based on the shape of the selectivity curve, the mesh sizes can be chosen so that the
selection isoptimal andconstantoverawide sizerange.Theresulting selectivity curve
is 'flat' overthis sizerange,which meansthatanequal proportion ofeach sizeclassin
that rangeofthepopulation istaken(Figure 5.2).
2. Themesh sizesinthenetfleet coveracertain length rangeof thefish,but theresulting
selectionisnotconstantoverthatrange.Inthiscasetheactualnumberofacertainlength
class in thefishpopulation can be inferred from the selectivity curve.For example,if
the number offishinthecatch of the 25-26cmclass was 30,and if fish of this length
class were caught with a relative probability of 0.5,the relative number of fish in the
population wouldbe:
3 0 x ^ = 60
(Therelative probability of 0.5 for thesizeclass 25-26cmwasobtained from theselectivity
curve.) Asimilar calculation could be performed for each sizeclass.
Withthesecond method,theestimateoftheactualnumberoffishinthepopulation isheavily
dependentoncapturesoverlengthclassesthatarelessefficiently caught.Thisisdisadvantageous
since the sample size inthese sizeranges isgenerally low, resulting in ahigh relative error.
Asecond problem relatestothelargerfishes.Unknown deviationsfrom theassumed model,
the normal distribution, can lead to large errors in reconstructing the right hand side of the
length-frequency distribution. Forexample,iftheprobability ofcaptureoflarger individuals
is higher than expected with a normal distribution, reconstructions will result in a gross
over-estimation of the number of large fishes in the population. However, with the second
method fewer nets are needed tocover acertain size range than with the first method.
In applying either method, in order todetermine the actual number of individuals in the
population, one must account for the higher efficiency of gill nets with an increasing
mesh size (e.g. Hamley & Regier 1973). Rudstam et al. (1984) proposed a correction for
the increase in efficiency of gill nets with increase in mesh size founded on encounter
probability.

Spatialand seasonal patterns
Inresearch on distribution and migration patterns, gill netting hasthree specific advantages
compared with trawling:
• gill netsarehighly selective;
• gill netscanbeusedonanybottomtypeandbesetveryaccurately atanyparticularplace
and depth;
• gill netting only disturbs theenvironment very slightly.
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Length-frequency distributions of the Lûtes catch in 100 mm gill nets in 1986 and 1987. Note
the shift in modal length.
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Example of the resulting selectivity curve of a net fleet to sample the Lûtes population over the
length range 25-55cm. Mesh sizesarechosen sothatwithin the sizerange,specimens arecaught
with the same probability.

Chapter5.Monitoring fish stocks from survey data

These characteristics make gill nets especially useful in:
1. Investigations invery shallow waters and/orwaterswitharockybottom.
2. Investigating both thehorizontal and vertical distribution patterns of species.For such
investigations on a comparatively large scale, identical net fleets should be set in the
horizontal and vertical planes. If the population structure over a year is known
approximately, from aselective sampling types of gear (trawl, beach seine), one may
select ameshcombination which efficiently samplesthemostabundant sizecategories
inthelength-frequency distribution.
3. Investigating diurnal migration patterns either in the vertical or horizontal plane. The
investigation of diurnal migration patterns (e.g.Goldschmidt et al. 1990) is a special
caseof point2.Inthiscase,thenetsarelifted andcleanedatregulartimeintervalsover
a 24hour period {e.g. every four hours).It should be noted thatin view of the amount
ofworkinvolved,thesekindsofstudiesaregenerallycarriedoutwitharestrictednumber
ofnetsandmeshsizes.Twonetstructuresareatourdisposal tocoverthevertical water
column.Thefirstisaconstructionwithparallelnetgangsatdifferent depths(seeFigure
4.12),the second isasetof vertical netswhichcovers thecomplete watercolumn (see
Figure4.5).Withparallelhorizontalnetgangstheinformation shouldbetakenpergang.
With vertical nets,thedata havetoberecorded perindicated (marked) depth layer.

Reproduction
Toestablish the length atfirst,and at 50%and 100%of maturity, netswith alargerangeof
mesh sizes are needed in order to catch both immature and adult fish. For research on the
reproductive cycle,only adult individuals have tobecaught; this means that only nets with
larger mesh sizes can be used. Problems arise if the girth of the fish is related to the stage
of ripeness. If so, the probability of capture with gill nets is not the same for the ripe and
unripe fish of equal length. This can result in a bias of the estimation of the real length at
50% maturity, and the duration of a reproductive period may be shorter or longer than
suggested by the fish sampled. To overcome this problem, nets with a range of mesh sizes
must be set, even if the objective isjust to catch adult fish. The fleet should be structured
in such a manner, that the probability of capture is the same for each adult fish in the
population. This may be difficult to put into practice, especially if the stock of nets is not
comprehensive.
Aproper monthly sample for research on reproduction ofLatesshould consist of some 150
Lates divided homogeneously over the length range 30-130 cm total length (see Section
3.4). We found that with a net fleet of about 40 nets of 25 m length each, and with mesh
sizesranging from 100-210mm,itwaspossibletocatchonaverage 1.5 individualsper25m
net per night, at a station in theMwanza Gulf at 15mdepth during March-July 1988.The
TLofthefishcaughtrangedfrom 15-90cm,themajority being35-50cm.Itcanbeconcluded
that this fleet of gill netswas not very suitable for doing research on thereproduction cycle
of Lates. Using more gill nets with larger mesh sizes will increase the mean length of the
catch, but it is hardly possible tocatch enough large specimens (100cmTL) with gill nets.
Thus, it is not efficient to use gill nets for the sole purpose of reproduction research.
Toestablish the length at first maturity in Rastrineobola, monofilament gill nets with very
smallmeshsizes(ca. 7mmandsmaller)wouldhavetobeused.Thesenetsareveryexpensive
anddelicate.AdultRastrineobola can besampled using monofilament gill nets with amesh
sizeof about 13mm. Because of thevertical migration of adultRastrineobola at night, itis
best to use bottom set gill nets during day time and surface set gill nets during night time.
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FishingduringdaytimewillhavetheadvantagethatparasitizedRastrineobolaarenotcaught,
sincetheyaresurface-dwelling (Wanink1992).Therearesomeindicationsofinshorebreeding
by Rastrineobola(Wanink 1988). Setting gill nets inshore at fishing grounds with a depth
of 1-3 m, and farther offshore at fishing grounds with a depth of 10m may reveal further
information. Three small nets of some 1.5 mheight and 5mlength with mesh sizes of 10,
13 and 16 mm (monofilament) will probably yield an adequate sample of Rastrineobola.
The size range 5.5-8 cm TL iscaught efficiently in these meshes. Sampling for 3days each
monthduringoneyearshouldyieldenoughspecimenstoobtaininformationonthereproduction
cycle.The results (%ripemales and females) should beevaluated per sizeclass of 5mm.

Condition
Maximum girth may be related tocondition for some species. Acertain mesh selects from
the smaller fishes those inrelatively good condition (largegirth for itslength) and from the
larger fishes those in poor condition (small girth for its length). Therefore it is advised to
use a range of mesh sizes when the conditon of the fish is monitored.

Food
Experience hastaught thatroutinegillnetsampling,wherethenetsareleft inplaceovernight,
isan ineffective method for investigating the forage base.The majority of thefishcaught are
found tohaveemptyoronly slightlyfilledstomachs.Thefood isprobablydigestedduringthe
period that thefishare kept incaptivity, or it may be expelled during thefishes'struggles to
free themselves. Only during 24 hour sessions, when the nets are regularly hauled at short
intervals, may gill netcatches provide suitable dataon the forage base and feeding pattern.

5.3 Research with trawlers
General considerations and sampling areas
Trawling is relatively expensive by comparison with the other types of gear discussed in
thischapter. However, withtrawlers onecan sample largeareasof alake inashorttimeand
the gear is less selective than gill nets. Trawlers cannot operate in very shallow areas, nor
in areas where thebottoms arecovered with obstacles such asrocks.It isimportant tohave
good maps of the area one wants to survey. The maps of the British Admirality in London
(no. 3252 and no. 3665 for the northern and southern parts of the lake respectively; scale
1:294000) are the best maps currently available for Lake Victoria. These maps give some
depth records and show objects above water. A detailed map of the lake bottom does
notexist.Outsidetheregularshipping routesthereisadangerofcollisionswith uncharted
rocks. The main characteristics of the areas surveyed by R.V. Kiboko are presented in
Table 5.2.
Although the bottom of Lake Victoria is generally suitable for bottom trawling, there are
areas where trawling is impossible due to rock formations and stones.Lake Victoria can be
very rough, especially during the dry season. The main wind pattern is from east to west
and therefore the western part of the lake is the roughest. As well as an annual cycle there
isalso adaily cycle,withwinds blowing from the land towards the lakeinthemorning and
changing to the opposite direction in the afternoon.
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Table5.2

AreassurveyedbyR.V.Kibokoduringtheperiod 1984-1990. (Seealso Figures1.1 and 1.2).
Depth

Bottom

Fishery

Remarks

Kagera

15-22 m

mud

limited by
weather
conditions

An exposed area with few islands.
The weather can be rough,
particularly in the afternoon. In
some areas,trawling is impossible
because of rocks on the bottom.

Emin Pasha Gulf

3-22 m

mainly mud

limited, due to
lack of market

An area of shallow bays rich in
papyrus swamps sheltered from the
main lakeby islands.Trawling is
possible almost everywhere.

Maisome/Kome

3-40 m

mud, sand,
rocks

at subsistence
level

An area of islands and bays.
Trawling isdifficult, due to
submerged rocks.

Mwanza Gulf

3-25 m

mud

intensive gill net
fishery

A long relatively sheltered area.
Trawling is possible almost
everywhere.

Speke Gulf

3-35 m

mud, sand,
rocks

intensive gill net
and trawl fishery

Trawling in the western part is
impossible due to rocks on the
bottom.

North Ukerewe/
Majitta

3-35 m

mud, sand,
rocks

mainly light
fishing for
Rastrineobola

Trawling isdifficult, due to rocks on
the bottom.

mud

formerly some
gill netting for
Bagrus

Trawling is often difficult, due to
strong winds and high waves.

Open lake

40-60 m

If trawling is done in an area where commercial gill net fishing takes place, gill nets may
become entangled in the trawl net. If this isthecase,the results of that haul arebiased; this
means that the haul has to be repeated. When a trawl survey is planned in areas where no
regulartrawlingtakesplace,thefishingprogramshouldbeannouncedtotheregional fisheries
officers and the fishermen, sothatthelattercan retrieve their gill netsintimeor set thenets
in another place.

Stocksize,structure,growth and mortality
Research on stock size and structure mainly involves weighing and measuring the catch
(Figure5.3; Sections 3.1 and 3.2). Unlike with gill nets, it is possible to get a minimum
estimate of the absolute stock size with a trawler. This is done viathe swept area method.
This area is calculated as the distance which has been trawled, multiplied by the width of
the trawl net. Normally the latter is considered tobe 0.7 to0.5 times the head rope length,
but for Lake Victoria, with asoft bottom onwhich ismuch decaying plant material, a factor
0.33 was estimated. An easy and cheap method of estimating the speed of the ship is by
measuring the time (seconds) the ship takes to pass an object (e.g. an orange thrown into
the water). The speed per hour can be calculated from the length of the ship and the time
that was taken to pass the object.
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R.V.Kiboko fished with ahead ropeof 18mand made aspeed of3nautical milesper hour
(1 nautical mile= 1852m).Theswept areafor atrawl shotofhalf anhourcanbecalculated
as follows:
(18x0.33)x(1852x 3)x0.5 = 16,668m2
If, during this trawl shot, 200 kg of Lateswas caught, the standing stock for that area can
be calculated as follows:
.l°9co =0.01199kg/m2= 120kg/ha
lo,OOÖ

The amount of fish generally varies with depth, and therefore the total sampling area can
be stratified according to depth. Asufficient number of trawl shots must be made in each
stratum (or depth zone). From a bathymetrical map, the surface area of every zone can be
calculated and the stock size per depth zonecan be estimated.
Trawling is a good technique for collecting data about the stock size and structure as it isa
less selective way of sampling than gill netting. InLakeVictoriagood results were obtained
for Rastrineobola with a small surface trawl (Wanink 1988, 1991;Wanink etal. 1993) and
for Lates with a bottom trawl (Goudswaard 1988;Goudswaard &Ligtvoet 1988;Ligtvoet
&Mkumbo 1990),althoughthelargerLatesspecimens(ca. 70cmTL)areunderrepresented
in the catches because they swim too fast to be caught. Oreochromis niloticus cannot be
sampled properly with a trawler as a major part of the stock lives in waters that are too
shallow for thisgear,i.e. lessthan 3mdeep.Withasmall,outboard enginepowered trawler,
which can operate in such shallow areas,onlyjuvenile Oreochromis are caught.
Recording changes in stock size and structure throughout the year reveals information on
growth and mortality.If onehasageneral ideaabout thedistribution of thefish, thenumber
ofsamplesneededtofollow thedevelopmentofafishstockcanberestricted,e.g. monitoring
of the juvenile (0+ group) of Lates has to be done in the months when they are present
(October-January) and in areas where they are most abundant (water less than 15mdeep).

Spatial and seasonal patterns
In research on distribution and migration patterns, trawling has the disadvantage, when
compared with gill netting, that shallow water cannot be sampled, and both bottom and
pelagic or surface trawls are needed to obtain vertical migration data. The advantage of
trawling is that large areas can be covered, and that resting fish are also caught. When
sampling with gill nets, the latter would erroneously be considered absent.
The catch of Clariasgariepinusin the Speke Gulf provides an example of aclear seasonal
pattern (Figure5.4). Low catches between January and July may be due to the fact that
during the rainy season these fishes migrate to spawn in rivers and temporary streams
(Greenwood 1966).
Toinvestigate horizontal distribution according to depth, asufficient number of trawl shots
in each depth zone should be made. Diurnal patterns of fish movements can be monitored
by a 24 hour trawl survey. During such a survey in the Mwanza Gulf one trawl shot of 30
minutes was made every hour. Catches of Lates were higher during the day than at night,
while the reverse was true for Oreochromis niloticus.However, the interpretation of such
patterns is not always unequivocal. Lower catches may result from a horizontal or vertical
migration of the fish or from their having abetter chance to escape the trawl net.
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Figure 5.3

Research team on board R.V. Kiboko, making observations on the hates catch.
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Figure 5.4

Seasonality in Clarias garicpinus catches in the Speke Gulf during the years 1986-89.
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Reproduction
Provided that thecodend mesh issmall enough, trawl nets,unlikegill nets,arenot selective
for fish with different girths due to the stage of ripeness.
When thetrawl netshave a20mmcodend,Latesranging from about 3to 150cmTLlength
are caught. This range is partly suitable for establishing the length at first, 50% and 100%
maturity of Lates.Individuals of more than 70cm total length areunder represented in the
catches; this usually means that not enough ripe females can be caught.
Generally it is not possible to use the more sensitive scales for weighing the viscera on the
ship(seeSection 3.2).Todeal withthisproblem,the following method wasused during the
HEST/TAFIRI research:
1. Afishisweighed and measured andthemeasurements arenoted onthefield form.
2. After weighing and measuring,thefish isgutted.
3. All viscera (liver, fat andgonads) arestored inplasticnetting.
4. The net is tied to a rope in the sequence of the numbers of the fishes and stored in a
bucket with somewatertoprevent dryingof theviscera.
Further analysis can then be done at the laboratory. From the sequence of the viscera filled
nets on the rope and the numbers of fish that were weighed and measured, the weight and
length measurements on the form can be related to the viscera in the nets.
A surface trawl with a codend mesh size of 5 mm used during the night is suitable for
reproduction studies on Rastrineobola.
Trawling isnotsatisfactory for studying thereproduction oftilapiines.Alargetrawlercannot
fishin shallow areas, where most tilapiines live,and asmall trawlercannot catch the larger
Oreochromisniloticussincetheyusuallyswimtoofast.Someinformationonthereproduction
of tilapiines can however, be obtained by sampling juvenile tilapiines. Aseasonal cycle in
their abundance may reflect thereproductive cycle of theadults.Samplingjuveniles can be
done by trawling with a small trawler, say 25 hp, in shallow areas,preferably with a5mm
mesh size codend (bottom trawl).

Condition
Trawl nets are suitable for obtaining representative data on the condition of fishes because
of their aselectivity.

Food
Trawling provides an excellent opportunity to determine the forage base of demersal fish
populations. Trawl catches contain freshly captured specimens over awide range of length
classes and the stomach contents usually give a good indication of the main food items for
afishstockifanalysisifdoneshortlyaftercatching,orifthestomachsareproperly preserved.
If fishes are caught at depths of more than 20 m, stomach contents are often lost due to
expansion of the swim bladder on surfacing, which squeezes out the stomach.
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5.4 Research with beach seines
General considerations and sampling areas
Beach seines aremoreexpensive than gillnets.Theyareeasy tooperateandcan beset from
a canoe. However, in contrast with gill netting, beach seining is restricted to littoral areas
where the bottom is free from obstacles and where there is abeach onto which the net can
behauled.Moremanpower isneededtooperatebeach seinesthangillnets.Even for asmall
beach seine of 100 m length, 8men are required, and the large beach seines (800-1000 m)
currently used in the Latesfishery require at least 30 people. Like trawl nets, beach seines
make comparatively unselective catches.

Stocksize,structure,growth and mortality
Beach seines are suitable for investigating the stock structure of a species because they are
non-selective over a wide length range. However, a disadvantage is that in operating from
theshore,theareacovered isspatially restricted.Theknown distribution of aparticular fish
species in the lake (inshore or offshore distribution) therefore determines to what extent
beach seinescanbeused toinvestigate itsstock structure.Withregard tothethree main fish
species in Lake Victoria, the following should be noted:
1. Lateshasalake-widedistribution,occurring inwatersupto60mdeep.Experiencehas
shownthatwhenusingmediumsizedbeachseineswithnetlengthsof200-300m,Lates
arecaptured uptoalengthof80cmTL,whilelargerspecimensaremostlyabsent.With
thelargebeachseinesusedintheLatesfishery adistanceofalmost 1 kmcanbereached
from the shore, andLatesfrom 30-150 cmTL arecaptured, although the majority are
not larger than 60 cm TL. Beach seines of this size are not likely to be operated by
researchers.
2. Oreochromisniloticushasaninshoredistribution andlivesmainly inshallowwatersup
to 10mdeep.Withmediumsizedbeachseines,allsizesofOreochromiscanbecaptured,
but it is likely that the largest specimens will be under represented because they live
farther from the shore in deeper water. In general, however, a sample which is
representative of thelargest part ofthepopulation can beobtained.
3. Rastrineobolaisaschoolingspeciesandthereareindicationsthatindividualsof different
sizesoccurindifferent areas.Wanink(1988)found thatthesizeofRastrineobola inthe
MwanzaGulf increased withincreasing waterdepth.Concentrations of smalljuveniles
onlywereobservedinshallowbays.Thesefindings indicatethatthereislittlelikelihood
of obtaining arepresentative sampleof thewhole population with mosquitoseines.
With beach seine surveys the relative stock sizes can be indexed by the catch weight per
haul. Absolute estimates of stock size (number or kg/ha) can also be made since the area
that is fished with one haul of abeach seine can be determined quite accurately (except in
thecase of light fishery). Information on growth and mortality canbederived from thedata
on stock structure throughout the year, using length-frequency analysis and catch curve
analysis.
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Spatial patterns
In research on distribution and migration patterns, beach seines are only useful for stocks
which arerestricted totheshallow inshorewatersoverbottoms withoutboulders.Moreover,
unlike gill nets and combinations of bottom and pelagic or surface trawls, beach seines
cannot be used for studies of vertical migration.
Beach seines may be useful in investigating the spatial distribution of small (1-10 cm TL)
Latesjuveniles in the inshore waters. Very little isknown about thedistribution and habitat
use of this size group, but incidental information indicates that this size group is mainly
found inlittoral and sub-littoral waters (E.F.B.Katunzi etal.inMS).Forthe smallestLates
of 1-4 cmTL a mosquito seine should be used.

Reproduction
Beach seines are not particularly useful in studying reproduction of Lates. Both medium
sized and large seinesmainly fetch individualsbetween 30and60cmTL.Inthissizerange,
only afew of themales(50%maturity atca.60cm total length,Figure 3.9)andeven fewer
females (50% maturity at ca. 75 cm total length) appeared tobe mature and active during
our surveys.
Beach seines are more suitable for studying the reproduction of tilapiines. Being aselective
andcapturing moreorlessthecomplete sizerange ofthe Oreochromis niloticuspopulation,
beach seines can be applied in investigations on the reproduction of this species. However,
one should take intoaccount that there are indications that sexually active fishes and mouth
broodingfemalesmayinhabitareasdifferent fromthoseinhabitedbytherestofthepopulation
(Trewavas 1983).This may be aproblem since itisnotpossible tocover all littoral habitats
when using beach seines, especially if the shore is not readily accessible.
The available information about the breeding behaviour of Rastrineobola does not give a
clearindication astowherebreedingoccurs,althoughtherearesuggestions forboth inshore
(Wanink 1988) and offshore spawning (Graham 1929). It is currently impossible to tell if
an important part of the sexually active population is found in waters that can be sampled
by mosquito seine.

Condition
The aselectivity of the beach seine makes thisgear appropriate for collecting representative
data on the length and weight of individual fishes for all three species Lates, Oreochromis
andRastrineobola.

Food
Aswith trawling, beach seining alsoyields freshly caught fishes over awide sizerangeand
providesthebest opportunity for obtaining reliable information ontheforage base.Itshould
berealized, however, that the feeding habitsof individuals caught inshore with aseine may
differ from those of fishes feeding in deep offshore waters.
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5.5 Research with light fishing, using lift nets, encircling nets and
scoop nets
General considerations and sampling areas
As indicated in Section 4.10, beach seining for Rastrineobola in combination with light is
not recommended for research purposes. The utility of a lift net for fisheries research is
limited, except of course for doing research on lift net fishing, i.e. into the selectivity and
efficiency of the gear itself. For all other purposes asmall trawler with bottom and surface
trawls can be used with similar oreven lower operational costs.At night, artisanal type lift
netscan be used atdepths of more than 10m, using an artificial light source to attractfish.
The selectivity, and the area fished by atrawler, areeasier toassessbecause thecatches are
notinfluenced bythelight factor. Moreover,asmalltrawlercanbeoperated duringdaytime
and it can be used in shallower water than lift nets.
The assumptions concerning the selectivity of lift nets being influenced by light hold true
for scoop netting and fishing with an encircling net asthese are alsodone at night using an
artificial lightsource.Theinputrequirementsforscoopnettingandfishing withtheencircling
netarefewer, (seeSection4.10).Therefore,thescoopnetandencirclingnetaremoresuitable
assamplinggearthanthelift net.Further,scoopnettingcanbedonebothindeepandshallow
waters.

Stock size,structure,growth and mortality
Studies on stock size, structure, growth and mortality with encircling nets and scoop nets
would be possible in principle if more were known about the selectivity of these types of
gear.Aquantitative approachtodetermining stock sizeandstructure would onlybepossible
if it were known in what area Rastrineobola is attracted by the light source and what
percentage of Rastrineobola in the area is attracted.

Spatial patterns
Scoop netting and fishing with encircling nets may be of use for research into distribution
patternsofRastrineobola. Neithergeartypeissuitableforstudiesonthevertical distribution
in the water column.

Reproduction
At least part of the sampling effort should be directed towards shallow water, as there are
indications that the spawning of Rastrineobolaoccurs in shallow waters. Therefore, for
research into reproductive matters, a scoop net is a particularly suitable type of sampling
gear.

Condition
In principle, condition can be investigated by research with encircling and scoop nets,
although it might be difficult to sample the complete size range of Rastrineobola this way.
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Food
Ascoopnet orencircling net incombination withlight fishing during thenight is unsuitable
for studying the forage base of Rastrineobola for the following reasons:
1. Rastrineobolamainly forages during the day time, and therefore a high percentage of
theRastrineobolawhichiscaughtatnighttimewillhaveemptyorpartlyemptystomachs
(Hoogenboezem 1985;Wanink 1988).
2. Theaveragestomachfullness infishcaughtthesamenightbyartisanalfishermen using
light attraction is significantly higher than infishcaught with a surface trawl without
light attraction (P. Mous pers. obs.). It might be that Rastrineobola attracted by light
feeds to some extent on zooplankton and Chaoborus, which are also attracted by the
lightsource.Thisimpliesthatdoingresearchontheforage basebystudyingfish which
werecaught bylight attraction isofnouse.

5.6 Research with long lines
Long lining can only be used for Lates,Protopterus and the two larger catfishes, Bagrus
and Clarias. In principle, long lines are not very efficient as a type of gear for research.
Generally, in Lake Victoria, using between 500-1200 hooks (Ligtvoet & Mkumbo 1991),
the artisanal fishermen catch only small numbers of fish. In the Lates fishery, the average
landings are 15individuals per night, with arange of 0-25 specimens.
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