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ABSTRACT

The condruction of the Katse dam was completed in 1996. The dam darted filling in
1995 and reached full capacity in early 1998. It forms part of Phase 1A of the Lesotho
Highlands Water Project (LHWP). The main am of the project is to provide revenue to
Lesotho, by tranderring water from the catchment of the Senqu (Orange) River in
Lesotho to South Africa s maor industrial and population centres.

During the implementation of the project, an edimated 130 people were displaced.
However, the most serious impact has been the loss of the traditiona way of life in the
form of arable and grazing land as a consequence of inundation. One of the obligations of
the project is to ensure that the standard of living of those affected by the project is not
impaired. The Lesotho Highlands Devedlopment Authority identified a number of rurd
development projects, which included fisheries development. This dudy is an integrd

part of fisheries development in Lesotho.

The am of this sudy was to gan an understanding of the biology and the demographics
of the fish species in the lake. This informaion would serve as the bads for the
devdopment of a management plan for the sudainable utilisstion of the fisheries
resources. To achieve this am, the following specific objectives were addressed:

1. Invedtigation of the biology of the three principal species.

2. Description of the key population parameters (growth, mortality & recruitment).

3. Investigation of the distribution and relative abundance of the three species.
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The three principad species in the Katse dam are rainbow trout, Oncorhynchus mykiss,

and the two cyprinids, Barbus aeneus and Labeo capensis.

Sectioned otoliths were used to age O. mykiss while both otoliths and scales were used to
age B. aeneus and L. capensis. Magind zone andyss reveded tha dow growth was
experienced in winter for the three species. The maximum-recorded age for both B.
aeneus and L. capensis was 12 years while O. mykiss reached 4 years. There was no
donificant difference in growth rates of the different sexes and growth was best
described by the 3 parameter Von-Bertdanfy growth model as Lt = 603[1-e0-15( + 003
for B. aeneus, Lt = 526[1-e%2Xt * %9 for O. mykiss and Lt = 521[1-e%7 * 0-21] for .

capensis.

Mde and femde O. mykiss atained 50% sexud maturity (Lmso) at 235 and 275mm FL,
respectively. There was no difference in Lyso for mae and femde B. aeneus and L.
capensis. B. aeneus reached sexud maturity a 285mm FL while L. capensis reached
sexud maturity a 244mm. Both cyprinid species spawned in summer (November to
January) while O. mykiss spawned in winter (May to August). The mean tota mortaity
rate (Z) estimated from catch curves and Butterworth et al (1989) equation was 0.72 yr*
for B. aeneus, 0.62 yr! for L. capensis and 1.32 yr'! for O. mykiss. The esimate of
naturd mortdity was 041 yr'* for both B. aeneus and L. capensis and 0.81yr* for O.

mykiss.
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CPUE was used as an index of rdative abundance and it revealed that B. aeneus was by
far the most important and numericaly abundant species in the Lake. There was a
marked spatid variaion in aundance of dl the three species with the highest abundance
occurring in river mouths, Of the three species L. capensis had the lowest catch rates in

the main dam (away from river mouths).

Gillnet sdectivity andyss showed tha the 50mm-mesh sSze net had the highest caich
rate in terms of numbers. The vast mgority (83%) of O. mykiss were caught in this mesh
gze. These conssed manly of sub-adults. In terms of weight the 70mm mesh net had

the highest caich rates for B. aeneus and L. capensis.

Different drategies are required to manage a smal-scde commercid fishery and a sport
fishery in the Lake. Input control measures were conddered to be the most effective for
the management of smdl-scde commercid fishery, while output control measures were
consdered to be more appropriate for the sport fishery. It has been recommended that
the smdl-scde commercid fishey be initided with 25 fishing units with 100m of
gillnets (50m x 50mm mesh and 50m x 70mm mesh). An adaptive management Strategy
can then be adopted whereby one or two additiond fishing units, over and above the
initited 25 units, can be dlowed into the fishery each year during which the response of
the stocks to increasing fishing effort can be monitored. Alternatively, depending on the
response of the stocks to fishing effort, the number of units could be reduced by one or

two per year. This can be effected by way of buy-out. The sport fishery should be
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controlled by way of a conservaive bag limit (4fidvangler/day) and this should be

reviewed annudly.
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CHAPTER 1

I ntroduction and Background

1.1 Background:

Water and the hydrodectric power potentid of that water is Lesotho's main naturd
resource. This is a consequence of high rainfal in the Lesotho highlands. The country
receives an average of 780 millimetres of ranfal a year, 85% of it fdling between
October and April. In the highlands, annud precipitation reaches 1600 millimetres
(LHWP 1990). Figure 1.1 shows the summer rainfal pattern from October 1991 to
January 1998 in the Katse locad catchment. The Vad River sysem in South Africa, on
the other hand, is deficient in water to meet industrid and urban requirements. This
gtuaion resulted in a launch of a multi-million Rand project between the Kingdom of

Lesotho and the Republic of South Africain 1986, which had three main objectives.

1. To provide revenue to Lesotho, by exporting water from the catchment of the Senqu
River in Lesotho, to meet the growing demand of water in South Africds mgor
industrial and population centres.

2. To generate hydrodlectric power for Lesotho, in conjunction with the weter transfer.

3. To promote the generd development of the remote and underdeveloped mountain
regions of Lesotho, while ensuring that comprehensive measures are taken to prevent
and avoid any adverse effects which the project might have on the loca population

and thar environment.



Phase 1A of the project included the congruction of the Katse and the Muela dams,

trandfer and delivery tunnds, and the Muela hydrodectric power plant. The Katse dam

was esablished by damming the Mdibamatso River (see Fig. 1.2). In terms of surface

area the Katse dam is samdl by internationd standards (Table 1.1) but it is one of the

biggest dams in the southern African region. It aso has a number of unique features sich

as being the degpest man-made lake a the highest dtitude in Africa The generd

characterigtics of the lake are summarised in Table 1.2:

Table 1.1 Morphometry of magjor man-made lakesin Africaat full supply leve.

Lake Altitude (mad) Area(km?)  Volumehm? Depth (m) : Reference

Kariba 485 5364 156000 93 Baon & Coche 1974
Kainji 142 1280 15800 50 Bdon & Coche 1974
Nasser-Nubia 182 6222 157000 0 Balon & Coche 1974
Voalta 85 8845 165000 75 Bdon & Coche 1974
Cabora Bassa 2739 69000 157 Badon& Coche 1974
Kossou 204 1600 29500 54 Bdon & Coche 1974
Van der Kloof 128.1 2930 73 Hart 1986

Katse 2053 35 1950 170 LHWP 1990




Table 1.2: Generd characterigtics of Katse dam (LHWP 1990):

Cumulative catchment area 1866 knv

Cumulative mean amnud runoff 622 hme

Tota storage 1950 hn

Full supply leve 2053 mad

Minimum operating level 1989 mad

Dam wall height 180 m

Main inflowing rivers Malibamatso, Bokong and Pelaneng

Reservoirs are created primarily for irrigation, weater storage, flood control, or
hydrodectric power generation and rardy for fisheries (Lowe-McConndl 1973).
Consequently fisheries are seldom consdered in the initid planning phase. However the
fish populations which occupy these large new impounded waters often prove to be an
ast in addition to the benefits for which the dam was origindly condructed. Lake
Kariba, where millions of dollars worth of fish have been harvested annudly without in
any way interfering with the primary purpose for which the dam was built, is a good
exanple of multi-purpose use of large impoundment (Allanson & Jackson 1983). The
ever-increasng demands for affordable protein, especidly in the rura areas, and sport
fishing in more affluent society demand better use of Lesotho Highlands Water Project
(LHWP) reservoirs for fisheries development. Fortunatdly the dringent socid obligations
inherent in the LHWP tresty made it possble for the authorities in this case, Lesotho
Highlands Development Authority (LHDA) to condder fisheries development in the
initid implementation phase of the project, thus dlowing multi-purpose use of the dam.

The fact that these people have lost most of their arable land through inundation of the



reservoir means that the sStuation is unlikdy to change through the input from land based
food production only. Therefore fish production in the area has the best prospects to

address this problem.

Given the high dtitude of the lake it is highly unlikdy that a large-scde commercid
capture fishery in Katse reservoir would be feaesble, as the yield will not be sufficient to
support it. However, a smdl-scde commercid fishery and recregtiond fisheries have a
potentid in Katse reservoir. The former would mainly address the protein needs for the
communities around the reservoir and provide modest but not inggnificant income, while
the latter would be addressng the requirements of tourists that vidt the area The
management of these two types of fisheries has one common objective, which is to obtain
long term sudtaingble yidds For recreationd fishing quaity of fishing is very important
whereas in commercia fisheries quantity is more important as it provides employment. In
order to manage the fisheries in Katse dam appropriaely, a fine baance has to be
maintained to optimise benefits for the two sectors LHDA has an obligation to ensure
that locd communities benefit more than anybody dse from the developments in the
aea. With this in mind, one might assume that a fisheries management plan should be
tallored to only auit the locds, thus sSddining the tourist based sport fishery. This would
however, be a disastrous mistake given tha the country and the loca residents can benefit
subgtantidly from the proceeds of tourism. Therefore, management of the reservoir
fisheries should iron out dl potentid conflicts in these two sectors in order to maximise

0ci0-economic bendfits.



1.2 Aims and obj ectives of the study:

The am of the sudy was to examine the biology and rdative abundance of the three
commercidly important fish species in Kase dam and formulate management plans
based on this research. The need to formulate fisheries management plans for Katse dam
arises from the fact that many people that logt their arable land through the inundation d
the dam will engage in fishing to fulfil ther subsstence requirements. Appropriae
management plans will ensure that the fisheries resources of the lake are exploited on a
sugtainable basis. The specific objectives of the sudy were:

1. To describe the reproductive biology of B. aeneus, O. mykiss and L. capensis.

2. To invedtigate the population parameters (mortdity and growth) with which to assess

the current status of the stock

3. To describe spatid and tempord variation in distribution and relative abundance.

To achieve these objectives the thesis was divided into seven chapters. Chapter 2 describe
the study area and generd methodology. Chapter 3 describes age and growth of the three
gpecies. Chapter 4 describes the reproductive biology including sze at sexud meaturity
and spawning periodicity. Chapter 5 deds with distribution and relative abundance of the
three species. Gillnet sdlectivity and mortaity rates are dedt with in chapter 6. The last

chapter (7) dedls with generd discussion and management recommendations.
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CHAPTER 2

Study Area and General M ethodology

2.1 Physico-chemical characteristics of Katse dam.

A cdeaxr knowledge of the physcad and chemicad properties of any water body is
necessay for any meaningful consarvation and exploitation of aguaic resources
(Mwashote & Shimbira 1991). The primary objective of water quaity management in
regard to fish production is to regulate the environmenta conditions so that they ae

within a desirable range for surviva and growth of fish.

Water qudity data have been collected monthly by LHDA dnce 1996. The routine
parameters were measured on monthly basis with relevant eectronic probes, including
oxygen meter, pH meter, conductivity meter, etc. Measurements were made from the
surface and at the depth of 30m. The necessary water samples were taken for laboratory
andyss. Concentrations of dissolved mineral substances were assessed by the Rand
Water board. This database provides an excellent basis upon which to characterise the

physical and chemica nature of the Katse dam.

Temperature;

Water temperature in the Katse dam region varies seasondly, ranging from 4° C in winter
to mid 20's in summer. Sub-zero temperatures have been recorded in the inflowing rivers

but in the reservoir the temperature does not go beow zero. Mean maximum summer



temperatures of 20.1 and 20.4 were recorded in January and February respectively. The
absolute minimum temperature recorded in the lake during the two years under
consideration (1998 & 1999) was 4.1°C and the absolute maximum recorded was 22.5°C.
Figure 2.1 shows monthly variation in surface and bottom temperature recorded at the
dam wadl dation. The figure shows that from September to May there was a substantia
difference between bottom and surface temperatures with the surface temperature
condgently higher during this period. From June to August surface temperatures were
virtudly the same as bottom temperatures. From this data the following thermd cycle
pattern emerges. Totd mixing of different layers occurs between June and August a
around 10°C. Water tends to get denser with decreasing temperature until it reaches 4 C.
Surface temperatures drop in winter due to extremdy cold climatic condition and this
leads to surface water sinking to the bottom thus causing the lake to become isothermal.
Stratification develops in September when temperatures start risng. From October until
March a thermocline is formed around 12m depth. From April onwards the thermocline

diminishes until it is virtualy non-existent in June.

The biologica processes such as growth are more repid at higher temperatures and are
often inhibited completely a extremdy low temperatures (Eccles 1989). Overdl the low
temperaures in Katse dam will definitdy limit productivity in the lake. This is a common

denominator for mogt high atitude lakes.



Transparency:

Trangparency was measured by secchi disc. The average depth vishility varied greatly
from month to month. It was generdly high between March and September with the
highet vaue recorded in April. In Lake Kaiba depth vishility was found to vay
between 50cm and 1060cm (Balon & Coche 1974). Water transparency in Lake Kariba is
thought to be greater than other African reservoirs where 410cm has been reported as the
upper limit (Badon & Coche 1974). Given that water transparency in Katse dam ranges
from 100cm to 900cm, the depth vighility of Katse dam should be the second highest in
southern Africa after Kariba. This shows that productivity in the lake will certainly not be
limited by trangparency. The other two man-made lakes (van der Kloof and Gariep) on
the Orange River have a very low vishility influenced by the highly turbid Orange River.
The depth vishility of van der Kloof dam does not exceed 2 metres (Hart 1986). In these
dams productivity is limited by redricted light penetration into deeper waters. In Katse

dam light penetration is certainly not alimiting factor.

Dissolved Oxyogen:

Oxygen is one of the most sgnificant of dl the chemicd substances present in naturd
waters. It regulates metabolic processes of communities and organisms, in paticular fish,
and it may be taken as an indicator of a lake conditions for their potentid production
(Badon & Coche 1974). In Katse dam dissolved oxygen was consgently higher than
6mg/L. The lowest mean value of 6.18mg/L was recorded in March. There was a weak
negative correlation between dissolved oxygen and water temperature (r>=-0.27). This

shows that the amount of dissolved oxygen in the waer column is influenced by many
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factors other than temperaure. But when everything dse is equa the concentration of
dissolved oxygen in the water column will increase with a decrease in water temperature.
In March 1999 when both the thermocline and oxycline were measured, they both
occurred at dmogt the same depth (Fig. 2.2). In genera, dissolved oxygen decreases with

depth indicating high degree of biochemica activity at the water-mud interface.

Turbidity, TDS, and TSS;

There was a maked spatid variation in turbidity; totd dissolved solid and totd
suspended sediments. Madibamatso dtation had by far the highest turbidity and totd
dissolved sediments. This was amogt 10 times higher than the average turbidity of al the
dations. The high suspended sediments and st that create high turbidity in this section of
the dam originates from Kao mining activities (LVA 1993, Skelton 1996, pers. obs).
These suspended sediments influence a variety of physica, chemicd and biologica
properties of the aguatic ecosystem (Hart 1986). They reflect light, making turbid waters
generdly cooler and less productive than more transparent ones (Alabaster & Lloyd
1982). A more direct effect of increased suspended sediments would be its influence on
the spawning success of fish. If it sediments smother gravel bed habitats in the river,
then this would have a serious adverse impact on the spawning success of fish,
particularly rainbow trout, which are very sendtive to habitat degradation. Compared to
van der Kloof, turbidity and tota dissolved solids in Katse dam were much lower. Hart
(1986) found that primary productivity in van der Kloof dam was limited principdly by

turbidity. While it cannot be sad with certainty that nutrients limit productivity in Katse

11



dam the recorded turbidity levels would certainly not limit production. Instead,

productivity of the reservoir is mogt likely limited by low temperature.

Disolved minerds

Lakes often differ in productivity because of the amount of nutrients present, particularly
nitrates and phosphates (Stickney 1989). These nutrients enter the lake with the runoff
from surrounding aress. Lakes tha receive runoff from agriculturd land or sewage input
from cities often contain high levels of nutrients Concentrations of dissolved mineras
measured from 6 different dations are summarised in Table 2.1. In decreasng order of
concentration, the following anions were present in the reservoir: nitrites (NO»),
phosphates (PO4) and nitrates (NOs). The levels of nitrates were highest in September
and October and lowest between January and March. Baijot et al (1997) found that
concentrations of nitrates in reservoirs increase with decreasng water levels. A amilar
dtudion is seen in Katse dam where lowest concentration are found in January to March
when rainfdl is high and the levedl of waer in dam is correspondingly high. The absolute
minimum concentration of NOs was 0.05 mg/L in February and maximum was 2.2 mg/L
in September. Nitrites levels showed a smilar trend to Nitrates with the lowest
concentrations recorded during the rain season when the water level was high and higher
concentrations recorded in spring when the water levd was lowest. The mean monthly

NO- concentrations were ways below 0.05 mg/L even in dry season.

Phosphorus is the mogt limiting nutrient for plant growth in freshwater environments

(Stickney 1989). When large amounts of phosphorus are available, phytoplankton blooms



are encouraged, which lead to reduced water darity. In Katse dam the highest
concentrations of phosphates were recorded in October, but throughout the year the

concentrations were lower than 0.5 mg/L.

With regad to caions cdcium was the most &bundant. The minimum average
concentration (556 mg/L) was recorded in September while the maximum average
concentration was recorded in March. Except for October and March the concentration of
cdcium was dways less than 10 mg/L. The highest mean concentrations were recorded
in stations further away from river mouths (stations 4 & 5). Mg® was found to be the
second most abundant cation after Ca’. Monthly varigtion in mean Mg®* concentrations
was very low. They ranged from 2.36 mg/L to 359 MglL. Smilar to Cacium, Mcf*
concentrations were higher at dation 4 and 5. The absolute lowest concentration of 1.4
mg/L was recorded in April a Saion 1 while the asolute maximum concentration (5.25
mg/L) was recorded in August a daion 5. Another metd cation, which had a mean
monthly concentration of more than 1 mg/lL, was Na. The absolute maximum
concentration of 3.05 mg/L was recorded in January a dation 1 (Pelaneng). The last
meta cation with significant concentrations was K*. The highes monthly mean
concentration for potassum was 0.76 mg/L, which is dmost four times lower than that of
sodium. Only traces of the rest of the metd cations were measured in Katse dam. Ther

mean concertrations were dl lessthan 0.09 mg/L.

The only nonrmetal cation measured during this period of study was NH**. The presence

of ammonium ions is usudly conddered to be an indication of pollution. It exigs only in

13



water contaning large quantities of decaying organic matter in which the amount of
dissolved oxygen is too smal to adlow production of nitrates (NOs”) (Baijot et al. 1997).
In Katse dam the concentrations of NH** were adways very low, with mean vaue below
05 mg/L. This is an indication that anaerobic conditions in the reservoir do not exist al

year round.

The concentrations of minerds in Katse dam were generdly low and do not pose any
danger to fish production. The mgor concern with regard to dissolved solids in reservoir
is the danger of excessve eutrophication and toxicity to fish. Heavy metd toxicity is
unlikely to happen in Katse dam given that al heavy metd ions only occur in traces. The
location of Katse dam aso makes it less prone to indudtria and domegtic pollution, which
are the main sources of toxic heavy meta ions and nitrates and phosphates, which are
respongble for eutrophication in many water bodies. A possble source of nitrates in the
reservoir would be the agriculturd activities in the drainage area of the dam. However,
agriculture in this aea is not highly commercidised and bardy uses nitrate and
phosphate fertilisers. As a result NO;™ and PO,> influx from agriculturd activities is
minimum compared to other reservoirs surrounded by populations engaged in
commercid agriculture. The observed nitrates concentration is probably a reflection of

the geologica nature of the substratum.

The data suggest that the main condraints to fish production in the reservoir would be

extremey low temperaiure and sudden decreases in trangparency. Given that one of the

most important species (B. aeneus) preys mainly on zooplankton which in turn prey on

14



phytoplankton, any reduction in primary productivity would indirectly lead to reduction
in production of B. aeneus. Low temperatures and increased turbidity due to high totd
suspended  sediments  limit  primary  production. Low temperature limits  primary
production by its influence on the rate of photosynthess while low vighility limits light
penetretion into the water column, which is dso very essentid for photosynthesis. The
vulnerability of zooplankton to B. aeneus is dso reduced when transparency is low (Hart
1986). Sudden increases in turbidity may adversdy affect O. mykiss given tha the

species require clear unpolluted water to survive.

2.2 A synopsis of thedistribution and ecology of the three species:

1. Barbus aeneus

The naturd digribution of B. aeneus is confined to the Orange-Vad River system.
However, the species is now found in number of rivers beyond its natural range. For
ingtance it has be trandocated to large Cape coastd rivers such as the Great Fish River,
Gourits and Ke (Sketon 1993). It is more adapted to higher dtitudes than any other
gpecies found in Orange-Vad system. It prefers clear-flowing waters of large rivers with
rocky substrates and also does wel in large dams (Skelton 1993). B. aeneus is dassfied
as omnivorous but its diet varies with sze. Bdow a length of 100mm, it feeds mainly on
zoobethos, from 101 to 300 mm zooplankton is the principd but in large fish (> 300mm)
detritus become increasingly important (Eccles 1986). The species breeds in spring
through to mid-summer after the first subgtantid rains of the season and are renowned for
the upstream spawning migrations (Jackson 1990). They ae the most abundant

indigenous species in the Orange River and its tributaries in Lesotho.
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Table 21: Concentrations of minerd substances measured from different Sations in
Katse:
Parameter Station1  Station 2 Station3  Station4  Station5  Station6  Average
Pelaneng Malibamatso Upstream Intake Idand Bokong

Conductivity (n8) 6.03+131 7.28+165 848+094 848+051 862+033 566+146 7.46+064
Hardness (°f) 2541+79  3542+944 3486+68 4467+144 4404+15 2086+18 3609+6.8
Turbidity (NTU) ~ 13+181  31.95+261 96+175 192+19 101+05 139+13  790+63

pH 737+016 757028 769+018 7.84+040 783+044 745+033 7.63+020
Alkdinity (°f) 2479+ 44 315472 3642+32 3658+24 375+20 2127+70 3152+32
TDS 51.13+11 626314 6413+11 67.71+81 6767+64 4818+90 6031+70
SS 1471+14  8479+148 2704+35 1683+26 975+28  895+50 27.02+26
Ca(mglL) 654+19  918+30 879+22  1162+51 1107+46 611+18 89%6+17

Mg (mg/L) 20+043  296+063 321+036 357+045 356+061 199+052 29+034

Na (mg/L) 176122  212+113 167+077 209+122 153+047 217+123 187069
K (mg/L) 055+.15  063+0.12 059+025 07+044 064+017 057+012 061+0.22
Cd (mg/L) 003+000 0.03+002 003+002 003+003 003+002 003+003 003+002
Cr (mg/L) 002+000 0.03+001 003+003 002+001 003+001 003+000 003+001
Co (mg/L) 005+002 0.05+0.02 005+004 005+002 005+002 005+002 005+002
Cu (mg/L) 005+001 0.05+001 005+003 005+001 004+001 005+001 005+001
Fe (mg/L) 004+003 01+006 004+003 007+006 006+005 012+020 007+005
Mn (mg/L) 005+001 0.05+001 008+012 005+001 005+002 005+001 005+003
Pb (mg/L) 007+005 0.07+005 007+005 007+005 007+005 007+005 007+005
Zn (mg/L) 004+001 0.06+001 005+001 005+001 005+001 005+001 005+001
Ni (mg/L) 005+002 0.05+0.02 007+005 005+002 005+002 005+002 005+003
Al (mg/L) 007£004 014+0.13 006+003 009+007 008+008 007+005 009+005
Mo (mg/L) 004+002 004+001 005+000 004+001 004+001 004:+001 004+001
NH, (mg/L) 018+024 013+0.16 027+033 021+022 032+061 012+01 021+024
NO, (mg/L) 004+007 0.03+002 002+001 002+001 003+003 004:+004 003+002
NO; (mg/L) 02+016 04+034 047+071 037+052 043+058 046+084 038+050
PO, (mg/L) 004+005 008+0.13 009+015 006+009 009+012 008+010 007+010
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2. Labeo capensis

The naturd digribution of L. capensis is dso confined to the Orange-Vad river system. It
is the second mogt abundant indigenous species in the rivers draining into Katse dam. It
has aso been found to be the most abundant species in the highly turbid Caedon Rver
(Baird 1976). The species prefers running waters of large rivers and dso does well in
large impoundments (Skelton 1993). It is classfied as a subdtrate feeder and grazes from
firm surfaces of the rocks and plants. It breeds in soring or summer after the firg
substantia floods (Cambray 1985). L. capensis attain up to 3.85kg (Skelton 1993), but is

not a particularly popular angling fish (Mulder 1973b)

3. Oncorhynchus mykiss

Unlike the other two species O. mykiss is not endemic to the Orange River system. Its
natura range is the rivers of the pacific coast of North America from Mexico to Alaska
(Welcomme 1988). It has been widdy introduced in temperaie and high dtitude regions
throughout the world (Welcomme 1988). In southern Africa, the species is found in dams
and mountain dreams of western and eastern Cape, Mpumaanga (formerly eastern
Transvadl), Natd, Lesotho, Swaziland, eastern Zimbabwe, and high dtitude streams of
mount Mulange in Madawi (Skelton 1993). The species was introduced into the highland
rivers of Lesotho together with brown trout in 1935 (Shortt-Smith 1963). It has since
edablished itsdf in the rivers of the Lesotho highlands and it seems to have out competed
its ggter species (Salmo trutta). Its habitat requirements include cool (less than 21 °C),
clear and well-aerated waters. Cold flowing water is essentid for breeding. Femaes build

redds in which spawning takes place. The species preys on a wide range of anima food
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including aguatic insects such as mayfly's nymphs, caddis fly, terrestrid and aerid
insects. They dso feed on frogs, crabs and fish (Skelton 1993). While it is primarily a

predator, it is able to feed to ardatively large Sze on zooplankton (Eccles 1989).
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CHAPTER 3

Age and Growth

3.1 Introduction:

Growth is an important aspect of the ecology and life history of fish, and quantification of
growth is frequently a crucid pat of fisheries research and management (Pierce et al.
1996). Although mog fishes have the capacity of sudained though diminishing growth
throughout their entire lives, there dill exids an ultimate genetic limit to the growth of a
goecies (Lagler et al 1977). Consequently different species have different patterns and
rates of growth. Knowledge of growth rate of fish species is important in any fishery
development programme (Fagade 1974). It is therefore essentid to quantify growth rates
and patterns for each species in order to understand the population structure of fish
gpecies. Growth rate is influenced by many factors such as food avallability, temperature,
turbidity, day length, etc. In most cases temperature has an overiding effect due to its
influence on the rate of metabolism. This is especidly true in cold and temperate climatic
conditions such as those prevalling in Katse dam. Rapid growth is experienced in summer
when temperatures are high and reduction or cessation of growth is experienced in winter
months. Physologicd processes such as spawning may dso reduce growth. The
reduction or cessation in growth rate results in the formation of growth marks on hard
pats of the fish such as scdes and otoliths. Correct estimation of the age of fish and
growth rate is very important for undersanding the population dynamics of a species

(Panndla 1974, Griffiths 1988).
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It is particularly essentid in commercidly important species where there is a need to put
in place control messures such as minimum and maximum Szelage limit. Age ddaa in
conjunction with length and weight measurements can provide information on stock

compoasition, growth rate, age a maturity, mortdity rates and longevity (Cushing 1981).

The generd methods of ageing fishes can be broadly divided into direct and indirect
methods (FAO 1981). The direct methods of determining age are based on interpreting
the layers depodted in hard pats of the fish, paying specid attention to interpreting
layers that correspond to annua events. These can only be gpplied to fish species in
which changes occur in the rate of growth or metabolisn during certain periods of the
year, which leave evidence in the hard pats (FAO 1981). The most frequently used
dructures for age determination are scdes and otoliths. Also useful are vertebree,
opercular bones and spines (Royce 1984). Age determination by means of otolith and
scae growth rings can be accurate if the patterns can be separated on the basis of

seasond variations from those due to other causes that do not have an annud periodicity.

Scades and otoliths have advantages and disadvantages. The advantage of scales over
otoliths is that they are easy to collect, handle, and study. Furthermore, they do not
require the sacrifice of the fish for collection (Pannela 1974). Although otaliths require
more preparation than scales, vdidation and verification sudies have shown that otoliths
have a more didinct zonation, particularly in older fish, and consequently provide more

accurate estimates of age (Hecht 1980a, Booth et al. 1995). In this study both scales and
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otoliths were used for ageing B. aeneus and L. capensis whilein O. mykiss only otoliths

were used.

3.2 Materialsand M ethods:

Samples of B. aeneus, O. mykiss and L. capensis were collected monthly from Katse dam
between November 1998 and July 1999. Six or more scaes were removed from an area
immediately below the pectord fins. They were scrgped off using a scdpd and placed in
small envelopes. In the laboratory scales were soaked in water containing domestic dish
washing detergent until they were oft, before rubbing gently between fingers to remove
any remaining mucus. Scde samples were reed with trangmitted light usng a microfiche
reader. The reading of scaes was done twice with the second reading taken after two
weeks. An age estimate was accepted if the two readings were the same. If they differed
by two years or less an average of the two readings was taken as an age estimate. If the
two readings differed by more than two years, then the scae was rgected as unreadable.

Scales were only used for ageing B. aeneus and L. capensis.

Sagittal otoliths were collected from the three species by cutting across the head between
the opercular and preopecular bones. They were then removed, using a fine forceps. The
otoliths were burnt over a low intengty ethanol flame until they turned pale brown. Care
was teken not to char the otoliths as this tends to obscure the internal structure and
margin of the otolith (Booth & Merron 1996). The otoliths were then embedded in clear

polyester cadgting resn. They were later prepared for age determination by sectioning



them transversdy through the nucleus usng a double bladed diamond edged saw.
Sections (0.2 — 0.5 mm in diameter) were mounted on microscope dides with DPX
mountant and viewed with tranamitted light under a Nikon SMZ-2T binocular dissection
microscope. The microscope was linked to a video camera and the image was viewed on

aTV monitor.

The opague zones appeared dark under transmitted light. The number of opague zones
was read twice in a space of two weeks. The opaque zones were counted without prior
knowledge of the size of the fish or date of capture. If the two readings were the same,
the age estimate was accepted. If the two readings did not coincide a third reading was
taken and the age estimate was accepted if two of the three readings were the same. If the
three readings differed by two years, the mean of the three estimates was taken as a true
esimate. However, if the three readings differed by more than two years, the otolith was

rejected.

Periodicity of ring formation

Age vdidation can be done through severd methods. The three most commonly used are
the following (FAQ, 1981):

1. Obsarving thetiming of ring formation

2. Following a strong year-class through a number of years

3. Using the Petersen method.

The firg method is the most frequently used because it is based on sound assumptions. It

requires otolith or scae sample for every month of the year. To vaidate the periodicity of
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ring formation the outer perimeter of the otolith sections was examined on monthly
intervas (Horn 1997). In otoliths, growth was reflected as dternating opague and hyaline
zones, and the composition of outer margin was noted and expressed as percentage of the

monthly sample (Hecht 1980a, Booth et al. 1995)

Therings on scdes are formed by an interruption of the regular arrangement of the circuli
in the anterior fidd of the scde. Only those rings, which originated in the one laterd field
and crossed the anterior into the other lateral field, were regarded as valid (Bruton &
Allanson 1974, Hecht 1980a). The number of circuli between the last ring and the
anterior margin was noted and expressed as a percentage of the monthly sample. The
examination of the scades for the determination of the periodicity of ring formation was
redtricted to the single sze class (210 —240mm FL) as numbers of circuli between annular

rings decreases with increasing size (Hecht 19804).

To check whether scdes and otoliths gave smilar age estimates, the number of scaes
that were assigned te same age as otoliths were expressed as a percentage of the otaliths.

This was done to determine the best technique for age estimation for these species.

Growth cdculations:

Growth modds were fitted according to the recommendations of Punt and Hughes
(1992). Vaiance edtimates were caculated using the parametric bootstrap resampling
method (Efron 1982) with 500 bootstrap iterations. Standard errors and 95% confidence

intervals were calculated from the bootstrap data described by Buckland (1984). PC-
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YIELD 2.2 (Punt & Hughes 1992) was used to execute the whole procedure. The selected
mode was the specialised VVon-Bertdanffy growth mode of the form:

Ly =L¥ [1—eK 1)
Where t, is the age a zero length; Lt is the length a age t; L¥ is the predicted asymptotic

length and K is the Brody growth coefficient (Ricker 1975, Punt & Hughes 1992).

For fish stock assessment and yield optimisation, it is required that growth be expressed
in terms of weight (Ricker 1975, Pitcher & Hart 1982, Gulland 1983). It was therefore
necessary to express the Von-Bertdanffy growth moded in terms of weight:
Wt = W¥ [L—e K-ty b
Where W; is weight a age, W¥ is the asymptotic weight and b is the exponentid vaue
from the length-weight reationship. W was determined by subdituting L¥ into the
length-weight equation. The relationship between length and weight for fish from a given
population is described by the following equation:
W =aL®
Where W is weight in grams, L is length in millimetres and a and b are comgtants
(Gulland 1983, King 1995). A logarithmic transformation of this equation is as follows:
LogW =Loga+ bLogL
The lengthiweight relationship for each species was cdculated by linear regresson of log

FL (cm) againgt log weight (g) where a = abscissaintercept and b = the dope.
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3.3 Results:

The results presented in Figure 3.1 show that in B. aeneus and L. capensis one hydine
and one opague zone is deposited in the otoliths each year. In O. mykiss only otoliths
were used and smilarly one hydine and opagque zone was formed annudly. One hydine

and one opague zone were consdered to be an annulus.

For B. aeneus otoliths provided better estimates of age than scdes. Generdly growth
ringson B. aeneus otoliths were more discernible than on scaes. As a result, errors were
more likely to occur in estimating age using scales than otoliths. From an age of 3 up to 6
years more than 50% of B. aeneus scdes had smilar number of growth rings as otoliths
(Table 3.1). The maximum age estimated from scdes was 11 years compared to 12 years
from otoliths. The results indicate that scAes may underestimate the age of older fish.
Tables 3.1 and 3.2 show that there was no age 1 and 2 fish. This suggests that different

collecting gear such as seine nets or smdler mesh gillnets should have been used to fill in

this gap.
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Figure 3.1. The monthly occurrence of an opague margin in otoliths of (a) B. aeneus, (b) L.

capensis, (¢) O. mykiss sampled from Katse dam

For L. capensis both scdes and otoliths had clearly discernible annuli in dl sizes. Except

for age 11 and 12 more than 50% of L. capensis scaes showed smilar number of annuli

(Table 3.2).

The maximum age estimated by both otoliths and scdes was the same (12

years). The results show that either of the two techniques can be used to estimate age of

L. capensis accurately. The proportion of regenerated scales was higher in large sze

classes of L. capenss, therefore caution has to exercised as the use of these scales could

underestimate the age of the fish.
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Table 3.1: Percent of B. aeneus scaes that had the same age as the corresponding otalith.

Age Number % Same age
3 20 85%
4 20 75%
5 14 71%
6 19 53%
7 33 42%
8 14 43%
9 13 30%
10 8 25%
11 6 33%
12 3 33%

Table 3.2: Percent of L. capensis scales that had the same age as the corresponding

otolith.

Age Number % Same age
3 18 100
4 32 91
5 27 93
6 11 91
7 2 100
8 7 71
9 6 66
10 7 57
11 7 43
12 5 20
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The maximum egtimated age for B. aeneus, O. mykiss and L. capensis were 12, 4 and 12

years respectively. Length-at-age for L. capensis, O. mykiss and B. aeneus was

adequately described by the Von-Betdanffy growth modd with the cdculated length-at-

age fitting the obsarved length-at-age farly well. This modd was sdected because its

parameters can be used in empirical estimates of naturd mortdity (Pauly 1980) and in

per-recruit moddling (Ricker 1975). The Von-Betdanffy growth parameters, ther

asociated edtimates of variation and confidence limits are presented in Table 3.3 and

illugtrated in Figure 3.2.

Table 3.3: The VonBetdanffy growth parameters, standard error (SE) and 95%

confidence intervas for B. aeneus, O. mykiss and L. capensis derived usng the absolute

error moddl.

Species Parameter Edimate Standard error 95% confidence

O. mykiss K 0.21 year™ 0.0687 (0.054, 0.383)
L¥ 525.6 mm FL 169.4 (414.6, 1402.06)
3 -0.904 0.316 (-1.914, -0.436)

L. capensis K 0.17 year™ 0.024 (0.12,0.22)
L¥ 520.8 mm FL 26.4 (501.43, 616.73)
3 -0.21 0.31 (-1.043, 0.300)

B. aeneus K 0.15 year™ 0.0198 (0.107, 0.207)
L¥ 603 mm FL 34.99 (563.58, 737.1)
3 -0.03 0.23 (-0.901, 0.247)

There was no ggnificant difference between length/weight data of mdes and femdes in

dl the three gpecies hence the length weight reationship was cdculated from the

combined data The rddionship between fork length and weight of B. aeneus, L.

capensis and O. mykiss are presented in Table 3.4. All the three species have b vaues of

less than 3 with L. capensis being the closest to 3 of dl the species. If b was 3 it would
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mean that the fish were growing isometricaly (without changing shape) (Wootton 1992).

The b vaues of less tian 3 show that dl the three species got rdatively “thinner” as they

grew. Tables 35.1 to 353 show the mean length-at-age and the annud increment in

length while tables 3.6 to 3.8 show the age length keys for B. aeneus, O. mykiss and L.

capensis respectively.

Table 34: Reddionship between weght and length of B. aeneus, O. mykiss and L.

capensis from Katse dam. Wt = weight, FL = Fork Length.

Rdationship

r.2

B. aeneus
Wt(g) = 0.05 x FL (cm) %8

0.93

1900

O. mykiss
Wi(g) = 0.02 x FL (cm) 22

0.98

1110

L. capensis
Wt(g) = 0.024 x FL(cm) 28’

0.92

973

The growth patterns of B. aeneus, O. mykiss and L. capensis expressed in terms of weight

areillugrated in Figure 3.3.

Table 3.5.1: Mean length-at-age for O. mykiss and annud increments (mm).

Age Mean FL (mm) Annud increment (mm)
1 173+ 541

2 240 + 20.86 67

3 294 + 18.56 94

4 338+ 76.04 44




Table 3.5.2: Mean length-at-age for B. aeneus and annud increments (mm).

Age Mean FL (mm) Annud increment (mm)
3 220+ 10.52

4 273+ 22.01 53
5 319+17.34 46
6 359+ 17.33 40
7 393 + 22.68 34
8 422 + 20.68 29
9 447 £ 25.12 25
10 467 + 15.33 22
11 488 + 10.07 19
12 504 + 30.09 16

Table 3.5.3: Mean length-at-age for L. capensis and annua increments (mm).

Age Mean FL (mm) Annud increment (mm)
3 219+ 16.10

4 266 + 16.18 47

5 306 + 13.87 40

6 339+ 2524 33

7 368 + 7.07 29

8 392 + 9.62 24

9 412+ 9.71 20

10 429 + 7.35 17

11 443+ 17.84 14

12 445 + 16.59 12
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Figure 3.2: Observed and cdculated length-at-age of (a) B. aeneus (b) O. mykissand (c) L.
capensis. The growth curve was fitted to combined sex data using the absol ute error model
of the Von Bertdanffy growth modd.
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Figure 3.3: Cdculated growth in terms of weight for (@) O. mykiss, (b) B .aeneus and (¢)

L. capensis sampled from Katse dam between May 1998 and June 1999.
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Table 3.6: Length-at-age (FL) key for L. capensis in Katse dam. Age was estimated from

readings of sectioned sagitta otoliths.

Length
FL (mm)

Ages

10

11

12

210 - 219
220 - 229
230 - 239
240 - 249
250 - 259
260 - 269
270 - 279
280 - 289
290 - 299
300 - 309
310 - 319
320 - 329
330 - 339
340 - 349
350 - 359
360 - 369
370 - 379
380 - 389
390 - 399
400 - 409
410 - 419
420 - 429
430 - 439
440 - 449
450 - 459
460 - 469
470 - 479
480 - 489
490 - 499
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Table 3.7. Length-at-age (FL) key for Q mykiss in Katse dam. Age was edtimated from
readings of sectioned sagitta otoliths.

Length Age (years)
FL (mm) 1 2 3 4

200 - 209
210 - 219 2 1
220 - 229

230 - 239

240 - 249

250 - 259

260 - 269

270 - 279

280 - 289

290 - 299

300 - 309

310 - 319

320 - 329

330 - 339

340 - 349

350 - 359

360 - 369 2
370 - 379

380 - 389 1
390 - 399

400 - 409

410 - 419

420 - 429

430 - 439

440 - 449

450 - 459

460 - 469

470 - 479

480 - 489

490 - 499

500 - 509

510 - 519

520 - 529

530 - 539 2
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Table 3.8: Length-at-age (FL) for B. aeneusin Katse dam. Age was estimated from

readings of sectioned sagitta otoliths.

Length
FL (mm)

Age

(years)

4

5

10

11

12

210-219
220-229
230-239
240-249
250-259
260-269
270-279
280-289
290-299
300-309
310-319
320-329
330-339
340-349
350-359
360-369
370-379
380-389
390-399
400-409
410-419
420-429
430-439
440-449
450-459
460-469
470-479
480-489
490-499
500-509
510-519
520-529
530-539
540-549
550-559
560-569
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3.4 Discussion:

Growth rings on hard structures such as scales, otoliths and spines are formed as a
response to one or more environmental variables that reduce metabolic rate and result in a
dowing of the growth rate (Summerfet & Hal 1987, Gauldie & Neson 1990). In
tropical and sub-tropica areas growth check formation has often been associated with
tempora variation in feeding (Bruton & Allanson 1974) or reproductive periodicity
(Booth et al. 1995, Booth & Merron 1996). The reason for dow growth rate during high
reproductive activity of a species ems from the fact that gonads require energy input for
their devdopment and will compete with somatic growth for resources. In temperate
regions, abiotic factors play an important role in the growth rae of the fish. Unlike in
tropicd and sub-tropica regions where reproductive activity induces growth check
formation, in temperate areas growth checks are depodted in response to seasond
variation in temperature. Seasona variation in temperature and other abiotic factors is
minima in tropics and sub-tropics. Consequently biotic factors shape the growth rate of

the fish.

The comparison between age edtimates usng otoliths and scaes showed that otoliths in
B. aeneus were more rdiable for age determination. The annuli in otoliths of B. aeneus
were more discernible than in scales. Consequently in cases where age estimates from
scales and otoliths differed, the estimate from otoliths was teken as a true estimate as
difficulies in the identification of true annuli in fish scdes lead to erors in aging
(Bagend 1974). For L. capensis annuli in both scdes and otoliths were dearly

discernible in al age groups. In Van der kloof dam it was gpparent that scaes tend to
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underestimate age in older age classes of L. capensis (Tomasson 1983). Several other
authors have aso found scdes to underestimate age in older fish of different species

(Hecht 1980, Booth et a. 1995).

Margind zone analyss reveded that dow growth in dl the tree species was experienced
in winter. Temperature and reproductive periodicity have been shown to induce growth
checks in different species (Bruton & Allanson 1974, Hecht 1980, Booth et d. 1995). In
O. mykiss reproductive periodicity coincides with the lowest water temperatures in the
dam. The mean water temperature in the dam during this time is bdow 10°C, which is
outsde the therma preferendum of the species. This done should reduce the growth rate
of the fish. In addition the high proportion of avalable energy is used for gonadd
recrudescence and is therefore not available for somatic growth. It is therefore safe to
conclude that both reproductive periodicity and low temperature are responsible for

reduced growth in O. mykiss.

For the two cyprinids the two main factors that reduce somatic growth (low temperature
& reproductive activity) do not coincide. The fact that experienced was experienced in
winter shows that temperature has an overriding effect on dl the biotic and abiotic factors
that influence growth. Weyl and Booth (1999) found evidence that two growth checks
were laid down on scales of Labeo cylindricus with one being deposited in winter and
another one during the spawning season. The summer growth check was thought to have
formed in response to high investment in reproduction and cessation of feeding prior to or

during spawning season. Whilst there may be high invesment in reproduction for L.



capensis in Katse dam there was no evidence to suggest that feeding ceased prior to or
during the spawning period. In the van der Kloof dam, Tomasson (1983) concluded that
annuli in B. aeneus and L. capensis are formed when growth resumes in spring. In the
Cdedon River, Bard (1976) found that annuli in L. capensis were deposited in the winter
months when the temperature drops and the river ceases to flow. The factors that induce
growth check formation in Kase dam and the Cdedon River mugt be smilar given the
fact that both aress beong to the same river sysem and changes in climatic conditions
follow the same cycle. In the Cdedon River growth resumed at the end of August (Baird
1976). Monthly surveys in Katse dam reveded that L. capensis only become active in
October. This is indicated by the high catch rates of the species from October following
non-appearance of the species in the gill net catch from July to September. The increased
activity of the fish most probably marks the resumption of intensve feeding which leads
to increased growth rate. The extended period of low temperatures in Katse dam as
compared to the Caledon River accounts for delayed movement of fish from their refuge

areas.,

L. capensis in Katse dam reached a maximum age of 12 years compared to 8 years in the
Cdedon River (Bard 1976). The L. capensis population in the Cdedon River is
subjected to more dressful environmental  conditions than in the Madibamaso River
(Katse dam). During the dry sesson the Caledon River ceases to flow completdly thus
putting a lot of dress on the fish populaions which leads to high mortdity raes. This
probably accounts for the observed low maximum age of L. capensis recorded in the

Cdedon River.
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For B. aeneus the maximum age recorded in this study was 12 years compared to 10
years recorded by Mulder (19739) in the Vad River. The observed difference in
longevity is probably due to the fact that fishing pressure in the Madibamatso River
before the impoundment had dways been low resulting in fish that lived until they
reached maximum age. Contrary to the Mdibamatso River, in the Vad Rver angling hes
been going on for years (Mulder 19733). Hook and Line fishing is highly sdective. The
lagest fish are dways targeted and caught first. This is probably the reason for the

absence of 12 yearsold B. aeneus inthe Vad River.

From the gillnet catches the population age sructure of O. mykiss conssted mainly of 2
and 3-year-old fish. The 2-year-old fish contributed about 77% of the total annua catch
while 3-year-old fish contributed about 20%. This is probably a reflection of high post-
spawning mortaity of adults. In both B. aeneus and L. capensis 3 and 4-year-adld fish
dominated the catches, contributing 50% and 65% respectively. In B. aeneus year class 6
and above only contributed 3.89% of the total annua catch compared to 109% of L.
capensis. There was a dramatic drop in population numbers of L. capensis between age 4
and 5 with age 4 making 23% of the totd catch while age 5 only made 3%. It is highly
unlikely that the observed drop in population numbers is soldy a result of mortdity. This
is probably a reflection of a week year class or spatid preferences of different Sze

classes.



In lakes fish tend to respond to limitations in food supply by a reduction in individud
growth rate rather than a reduction in population numbers (Bryant & Houser 1971).
Hence the growth rate of fish in a lake may improve when populations are subjected to
heavy fishing pressure or when there is a marked reduction in populaion densty, due to
catastrophic  naturd  events. O. mykiss populaion numbers in the dam increased
subgantidly after the filling of Kase dam. During the prdiminary survey in 1996 by
Tweddle and Davies (1997) the species were in good condition and seemed to be growing
well. O. mykiss greater than 300mm FL were well represented in the catches (> 85%),
giving the impresson that trophy sze (> 2kg) catiches could be common in the area. It
has however been observed in this study thet the individud growth rate of O. mykiss in
the reservoir has been very dow. The length frequency digtribution for 1998/1999 shows

thet only few individuals grow beyond 300mm FL.

The mode of population regulation in lakes is particularly important to reservoir fisheries
management (Tomasson 1983). During and shortly &fter filling, reservoirs are usudly
rativdy fetile and this results in an exploson of fish population numbers. As the
reservoir matures the productivity is reduced and food supply becomes limiting to high
population numbers. This leads to a progressve decrease in individud growth rate and a
shift in sze dructure of the population towards smdler fish (Thompson 1955, Parsons
1958, Jenkins 1970). Although this study did not reved whether there was any
competition for food, it is highly likdy that the observed dow growth in O. mykiss is a
result of a limited food supply for the large population. The effect of reduced productivity

in the lake is likdy to manifest itsdf in O. mykiss before the other species as it occupies
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the highest trophic leved of dl the species in the dam. Given that a recregtiond fishery is
the primary objective for rainbow trout, large-scde removd of smdl fish might be
necessary to increase the proportion of large fish in the population. However, grest
caution should be exercised, as there is an dternative explanation for the observed change

in Sze gructure of rainbow trout.

The gpparent shift in rainbow trout, from a population consigting of large fish in 1996 to
that congging of smdl fish could dso be associated with changes from riverine to
lacudrine conditions. Prior to the filling of the dam the rainbow trout was a puredy
riverine population, whose growth and abundance were regulated by the carrying
cgpacity of the river. The filling of the new dam provided plenty of food and foraging
habitats for the fish. The population numbers were very low in redion to the carying
capecity of the dam. The rdativdy low populaion numbers combined with the
abundance of food and foraging habitats could have resulted in increased growth rate,
which lead to a populaion congging manly of large fish. The large spawner biomass
and diversity of habitats provided by the new dam ensured good spawning success and
reduced juvenile mortdity. The increased surviva rate of juveniles could have resulted in
increased proportion of smdl fish. Secondly the presence of the dam meant tha trout
would have to underteke longer spawning migrations than before. This might have
resulted in high post-spawning mortdity, which further reduced the proportion of large

fish in the population.

The Von-Bertdanffy growth curve fitted the observed length-at-age data fairly well. In

al species the theoretical asymptotic length differed only dightly with the largest length
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recorded for each species. The largest B. aeneus recorded in the surveys was 575 mm FL
compared to an asymptotic length of 603mm FL. In L. capensis the largest specimen
sampled was 480mm FL compared to an asymptotic length of 520mm FL. The theoretical
asymptotic length for L. capensis in Katse dam was essentidly the same as that found by
Mulder (1973b) in the Vad River, which was 491mm FL. In the Cadedon River the oldest
fish (8 years) had an average fork length of 376mm (Baird 1976), but there is no mention
of the theordicd maximum length and the length of the largest fish recorded. For B.
aeneus the asymptotic length computed from Katse dam was much smdler (603 mm FL)
than that found by Mulder (19739) in the Vad River (765mm FL). The rdiability of the
growth parameters of B. aeneus from the Katse dam and the Vad River was evauated
usng Munro's phi prime tet (Spare & Venema 1992). The phi prime vaues were
amost equal (10.91 and 11.03 respectively) showing that the parameter estimates were
religble. The obsarved difference in asymptotic length is probably a result of differentid
growth rates in these two areas. Growth of B. aeneus in Kase dam is likely to be dower
than in the Vad River due to extremdy low water temperatures experienced in the area
during winter. Although the theoreticd maximum length for O. mykiss was close to the
largest specimen sampled (526 Vs 530mm), the 95% confidence limits for this parameter
were very wide. This was probably due to the fact that when conditions for growth are
optima, ranbow trout can attan compadively large szes. In this case the theoretica
maximum length for rainbow trout was calculated based on population condsting manly
of amadl fish with consequent low precison etimate (Zhao et al. 1997). If the age-length
data are collected from depressed population in which growth of individuds is dow, the

asymptotic length projected by the VonBetdanffy growth eguation will be an



underestimate compared to maximum observed length of fish in good conditions of
growth (Zhao et al. 1997). In contrast the growth coefficient (K) is overestimated.
Beddes yidding low precison esimates this aso affects the stock assessment models
such as yield per recruit as these modd use both K and L¥. The modding of yied per

recruit (Y/R) and spawning stock ratio usng an overestimated K vadue results in an

overesimation of optimum fishing levels (Zheo et al. 1997).

3. 5 Fisheries consider ations:

B. aeneus and O. mykiss have potentia to support both subsistence and recreationd
fisheries. On the other hand L. capensis can only support a subsistence fishery as this
species rarely appears in hook and line catches. From the age and growth udies it is
obvious tha B. aeneus and L. capensis ae rdaivey long lived and dow growing
gpecies. Much as they may have potentid to support a fishery, management should guard
agang both growth and recruitment over-fishing. If the stocks were to be exposed to
overfishing which would result in recruitment falure the fish populations would teke a
very long time to recover. This may lead to the collapse of the fishery. Contrary to the
two cyprinid species, O. mykiss is a short-lived species and it grows faster under ided
conditions. However, the results of this study show that the populations in Katse dam
have experienced stunted growth. It might therefore be advisable to intengfy fishing for
this species to fish down populations in order to enhance growth rate. This would in
paticular benefit the recregtiond fishermen who manly target this species and ae

endeavouring to catch large fish. The intended gill net based subsistence fishery should,



therefore not be viewed as a threat but rather as a benefit to the recreationa fishery since

it can be used to promote good angling.



CHAPTER 4

Reproductive Biology

4.1 Introduction:

For any organism to be represented geneticaly in the next generation, it must begin to
alocate resources to reproduction a some time in its life (Wootton 1990). Reproductive
success is dependent on where and when the fish breed and the resources it alocates to
reproduction. Environmental factors play an important role in the reproductive success of
a species expecidly in seasondly variable environments (De Vlaming 1972). There are
fish gpecies which have evolved and adapted to certain environmental conditions and can
only sudtan their populaions through reproduction in such conditions. These include fish
that have evolved in riverine conditions and those that have evolved in lacudrine
conditions. The ongoing impoundment of rivers drasticdly changes the naetural conditions
of rivers and in the process affects the reproductive success of certain fish species (Lowe-

McConndll 1973).

The fish fauna of a new reservoir depends on the species present in the river prior to
impoundment and their response to the changed conditions (Lowe-McConnell 1973). The
fish in a new reservoir dso face changes in physcd and chemicd conditions, food
avalability, and spawning conditions and spawning under new conditions present
numerous chalenges (Lowe-McConnell 1973). For example, stream spawners have to

find tributaries in which to spawn and the young fish have to be able to recruit back into



the reservoir. These chdlenges are even greater in Katse reservoir as none of the

commercidly important species are primarily lacudtrine fishes (Skelton 1993).

The three principd species, B. aeneus, L. capensis, and O. mykiss are riverine by nature,
though they seem to do reasonably wel in impoundments (Tomasson et al. 1984,
Dorgeloh 1986, Skedton 1993). Given the information provided in Chapter 5 it can be
assumed that al three have increased their populations since the impoundment. This is an
indication that the juveniles have a higher survival rate. However, this does not mean that
the impoundment provides ided conditions for breeding of the three species, as the fish
are dill bascdly riverine. Consequently fish production in the lake will arguably not be
as high as it would if the three principa species were naturdly adapted to lacudtrine

conditions (Lowe-McConndll 1973).

The onst of sexud maurity represents a critica trangtion in the life of an individud
(Wootton 1990). Reproduction must be timed appropriately for species surviva, and an
gppreciation of the ecology of a species partly depends on undergtanding it's reproductive
drategies (De Vlaming 1972). Initidly time and resources are only dlocated to growth
and surviva. When sexua maturity is reached these resources are in addition partitioned
into reproduction. Petterns of dlocation of time and resources to the three essentid
components (reproduction, growth, and survivd) in life, should ensure maximum number
of offsoring under prevaling environmental conditions (Wootton 1990). Therefore, time
and location of reproduction is very important. This is clearly illudrated in species, which

underteke extensve seasond migrations to spawning grounds to ensure  optima
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conditions for the surviva of the progeny (Wootton 1990, Northcote 1997). Thorpe
(1994) regards fish migrations to be “reflections of the mgor genetic boundaries defining
those species within the limitations imposed by their environment”. On the other hand the
onset of sexud maturity varies condgderably among different species and is subject to
consderable variation among different populations of the same species (Nikolskii 1963).
Usudly the onset of maturity is related to atanment of a particular Sze by an individud
fish (Nikolskii 1963). Sze and age a sexud maturity are paticulaly important in
fisheries management. They may be used for the formulaion of sze limits (Nikolskii
1969), the cdculaions of naturd mortdity rates (Rikhter & Efanov 1977) and for the

application of spawner biomass per recruit models.

The weight of the gonads has proven to be an important tool in sudying gonad
conditions. Since gonad weight is closdly related to the gze of the fish, the influence of
the body weght of the fish in andyss is diminated by the use of a coefficient of
maturity, which expresses gonad weight as a percentage of the eviscerated mass
(Nikolskii 1963, Marsh et al. 1986). Time and frequency of spawning can be deduced

from the monthly changes of the coefficient.

The am of this invedigation was to edablish the time and duration of the spawning
season for the three commercidly important species in Katse dam and to determine their

age and Sze a sexua maturity.



4.2 Materialsand Methods:

Reproductive gsudies of fishes, such as assessment of Sze a sexud maturity, time and
duration of spawning season, require knowledge of the stage of gonad development in
individua fish (West 1990). The methods employed, range from histology, (which is the
most detailed but mogt time-consuming) to visud saging based on externa gppearance
of the gonad. The most commonly used method for determining gonadd development is
the gonadosomatic index (GS) (deVliamming et al. 1982). This method has traditionaly
been used as an objective support to macroscopica saging, and provides a useful
indication of seasond trends. It may aso reflect other aspects of the reproductive cycle

such as the spawning strategy of the species (West 1990).

To assess tempord patterns in reproductive activity of the three species, the
gonadosomatic index (GSI) was used in conjunction with macroscopic staging (Table
4.1). All fish of maturity stage three (Nikolskii, 1963) and above were consdered to be
mature. In maes this meant that the gonads were clearly larger than those of resting
maes while in femaes, eggs had to be vishle to the naked eye (Nikolskii 1963), thisis

gsagell intable 4.1.
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Table 4.1: The stages of reproductive development as used in this study.

Stages Description Appearance of gonads

I Inactive/Resting Gonads are very smdl in dze Tedes are transparent
while eggs are not vishle to the neked eye.

Il Active Testes change from transparent to pale colour and
eggs can be seen with naked eye.
[l Ripe Gonads ae fully developed (covering the whole

abdomina cavity) but the gametes do not yet run out
when light pressure is applied on the abdomen.

A% Ripe Running Eggs or milt are extruded when pressure is applied on
the abdomen.

On a monthly bass the mass of gonads from individud fish was measured and the
relative gonadd mass was cdculated as percentage of tota eviscerated mass. Changesin
GS were used to describe the annua reproductive cycle (King 1995). The following

equation was used to cdculate GSl (Marsh et d. 1986):

GSl = (Gonad Mass/Eviscerated mass) * 100

Length a sexud maturity was determined for each species and edimated by fitting a
logigtic ogive to the proportion of reproductivey active fish (dage 3 & 4) in 10mm FL
classes. The mean length at firs reproduction or the length a sexud maturity is defined
as the length a which 50 per cent of dl individuds ae sexudly mature (King 1995). The

assessment of the proportiondity of sexudly mature individuads within a populaion is



normaly/advisably done during the pesk-spawning period (King 1995). It would be
extremdy difficult if not impossble to judge whether a fish was mature during a period
of lower reproductive activity, as immature fish could eadly be confused with individuds
in the resting stages. In the case of O. mykiss the assessment was done based on samples
collected in June and July, while for both B. aeneus and L. capensis the andyss was
done from November to January. The two-parameter logigtic ogive to define the length at
50% sexud maturity is described by the equation:
Pw) imTl_LSO)/ y

where P) is the percentage of mature fish at length L, Lso the length & sexud meéturity
and d the width of the ogive (Booth & Hecht 1997). For both B. aeneus and L. capensis
only mae maturity ogives were condructed since there were very few maure femdes in
the gill net caiches a that time. For O. mykiss both mae and femae maturity ogives were
condructed. Even in larger length classes, the proportion of mature individuads is less
than 1, suggesting that, not dl-mature individuds are in same reproductive condition at
the same time (King 1995). Given tha the highest proportion of sexuadly mature O.
mykiss, B. aeneus and L. capensis were 64%, 77% and 56% respectively, the proportions
have to be adjusted to represent the number of sexudly mature individuas expressed as a
proportion of the reproductive population in each sze class. The logisic curves for these
plots were fitted to data, which were multiplied by correction factors, (1/0.64 = 1.6),
(/0.77 = 1.3) and (1/0.56 = 1.8) for O. mykiss, B. aeneus and L. capensis repectively.
An unreasonably high egtimation of Lsgp would have been obtained if the logidic curve

had been fitted to unadjusted proportions (King 1995). Normaised age-length keys were

51



used to trandform the length frequency didributions to age frequency digtribution (Booth
& Buxton 1997). Age a sexud maturity was determined by fitting the logigtic ogive to

age data.

For each species the sex ratio was computed for fish above the Sze a sexud maturity.
Chi-sguare andyses were performed to ascertain whether the observed ratios deviated

sgnificantly from unity (Griffiths 1988).

To edablish whether the three gpecies require riverine conditions for breeding and
whether they undertake a spawning migration, the proportion of mature (stage 3 & 4) fish
in the ripe condition in the Pdaneng and Bokong river interface were compared with the
proportion of fish in the ripe condition from the other sampling daions within the
reservoir. Chi-square anadlyss was done to determine whether there was a ggnificant

difference between these aress.

4.3 Results:

Sexud maurity:

For B. aeneus the onset of sexud maturity is ataned a 250mm-fork length. This is
achieved after three years of age. The mean length a first reproduction, defined as the
length & which 50 percent of dl individuds in a populaion are sexudly mature (King

1995) was found to be 285mm fork length (Fig 4.1). The mean age at 50 percent sexud
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maturity was caculated to be 4 years. Hundred percent sexua maturity was atained at

330mm-fork length, a an age of 5 years.

For L. capensis the onset of sexud maurity was ataned a 220mm FL  which
corresponds to 3 years of age. The length a which 50 percent of &l individuds are
sexudly mature was 244mm FL (Fig 4.1). The mean aye 50% maturity was caculated at

4 years. 100 percent sexua maturity was attained at 300mm FL at an age of 5 years.

In O. mykiss the length a which 50 percent of dl individuds are sexudly mature is
different in maes and femdes. In maes the onsat of sexud maurity is attained a 200mm
FL and 50 per cent sexud maturity is atained & 235mm FL. This length is attained
during the second year of growth. On the other hand, femade O. mykiss attained 50
percent sexud maturity at 275mm FL, corresponding to the third year of growth. At an

age of 4 years 100% of both mae and femae trout were sexualy mature,
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Figure 4.1: Sexud maturity in B. aeneus, L. capensis and O. mykiss Length at 50% sexud

meaturity was caculated by fitting alogigtic ogive to the data.

Sex Rétio:

A totd of 1372 mature B. aeneus were sampled, of which 42% were mae and 58 per cent

fende The sex ratio was 1G: 1.38E, differing significantly from unity €2 = 16.07, df =



1, p < 0.05). From the size a 50 per cent sexual maturity (200 mm FL) to 320mm FL,
there was no sgnificant difference in the sex rdio (p > 0.2). A dgnificant difference only

became apparent in fish greater than 330mm FL.

For L. capensis a totd of 511 mature individuds were sampled of which 56% were mae
and 44% femde. The sex ratio was 1E: 1.27G, differing sgnificantly from the expected

1: 1 ratio (c® = 7.684, df = 1, p < 0.05).

In the case of O. mykiss a totd of 963 mature fish were sampled, of which 62% were
femde and 38% mde. The mde femde ratio was 1G. 1.63E, differing sgnificantly from
unity (c = 28,67, df = 1, p < 0.05). Unlike in B. aeneus where the sex ratio is only
skewed in larger size classes, in O. mykiss the ratio (1G. 1.3E) is dready skewed from the

onset of sexua maurity. At 250mm FL, the maeffemde ratio was dready Sgnificantly

different (c* = 8.19, df = 1, p < 0.05).

Spawning periodicity:

A lage number of temperate zone cyprinids have been found to initiste oogonid or
spermatogonia  proliferation under decreasing photoperiod and temperature (Hontda &
Stacey 1990). Under the increasing photoperiod and temperature in the spring, the last
maturation stages of oocytes or sperm are completed and spawning takes place in the

early summer. Both B. aeneus and L. capensis seem to follow this pattern.



In B. aeneus breeding is confined to the summer season. Gonads only dtart to ripen
around September (Fig 4.4). From September to January there was a Steady increase in
the proportion of ripe fish (dages 3 & 4) in the monthly catches. After January there was
a sharp decline in ripe fish until April when no ripe or ripe running fish were caught. The
proportion of mature fish in the ripe condition was sSgnificantly dependent on season
(summer and winter). The highest percentage of mature fish in the ripe (ages 3 & 4)
conditions was found in the two sampling dations at the reservoir/river interface. Twenty
eight percent of mature fish caught in both the Bokong and Pdaneng river interfaces were
in the ripe conditions, while only 10% from the other sampling dations within the

reservoir were in the ripe condition.

The GSl vdues for B. aeneus in summer (November to February) were dgnificantly
different from those in winter (May to August). From May to September the GSI vaues
were below one percent (Fig 4.2). From then onwards the GSI increased rapidly until it

reached a peak in January (5%), after which it declined to lessthan 1% in April.

L. capensis in Katse dam dso breeds in summer, though a little earlier than B. aeneus. L.
capensis ae lagdy inactive from winter until the firg goring rains in October. This is
reflected in the monthly catch rates. They only appeared in the experimentd gill nets in
large numbers in October when the fird rans dated fdling. During this time a
consderable percent of the fish in the catches were in the ripe condition. However, no
ripe running (stage 4) fish were encountered. In November, the proportion of mature fish

in ripe running condition had risen from zero to more than 30%. The caiches of ripe



running fish dedined condgderably in December. The dtuation changed dightly in

January when about 10% of mature fish were in the ripe running condition (Fig 4.3)

The percentage of L. capensis in the ripe condition was dgnificantly dependent on
season. Similar to B. aeneus, there was a dgnificant difference in the spatid didtribution
of mature fish in the ripe and the ripe running condition. The highest proportion was
found in the reservoir/river interfaces. For ingance, in November, which is the pesk
goawning period for L. capensis, 50% of mature fish caught a the Pdaneng river
interface were in ripe running condition. At the Bokong river interface, about 20% of
mature fish were in the ripe or ripe running conditions. At the other simpling sations that
are not cdose to the inflowing rivers, not a single fish was caught, which was in ripe or

ripe running condition.

Reproduction in O. mykiss, unlike in the two cyprinids, is a winter event. The gppearance
of mature fish in ripe condition (ripe & ripe running) is solely dependent on season. None
of the fish caught from October to April were in stages 3 or 4 (ripe or ripe running). Ripe
running fish only appeared in the catches in May and their proportion was highest in July.
The monthly GSI vaues dso show a damilar pattern to the percent monthly composition
of gonad dages (Fig4.2 & 4.3). They increased Seadily from January to April, after
which there is a sharp increase from May until August with a pesk in July. From August

onwards the GSl declined until it reached it lowest levd in October.
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4.4 Discussion:

B. aeneus

As a rule, the onset of spawning in various cyprinids in the temperate zone ranges from
early soring to late summer (Hontela & Stacey 1990). B. aeneus was no exception to this
rule. From the results of the monthly GSI and gonad maturation stages, it can be seen that
B. aeneus has an extended spawning period from November to February. Although it can
be deduced from gonad maturation stages that peak spawning occurred n January, there
is evidence to suggest that spawning is continuous from November to February. This is
shown by the occurrence of both mde and femde individuds in the ripe running
condition throughout this period. Tomasson (1983) made a Smilar observation in van der
Kloof dam. The spawning time and place can aso be inferred from the presence of
juveniles in the spawning aress. During this study period, juveniles started gppearing in
shods in the shdlow margins of the reservoir/river interface on gravel beds around
December but were most abundant in January. However, during the previous survey by
Tweddle (1997) juveniles were dready abundant in many tributaries of the lake in early
December. This suggests that pesk spawning period for B. aeneus mugt have been in
November. It can be concluded that spawning of B. aeneus in Katse dam is an extended
event, but is intense during the most favourable environmenta conditions within this
period. This implies that spawning can be ddayed for some time if environmenta
conditions are not ided (Tomasson et al. 1984, Hontela & Stacey 1990). Such a delay
may however result in reduced growth and surviva rate of the juveniles because they will

have a limited growth period before winter sets in. Consequently they will teke a



raivey long time to pass through a highly vulnereble sage of life This could

inevitably reduce the strength of the year class (Tomasson et al. 1984).

The environmental factors that are thought to influence the spawning time of this species
are temperature and seasond floods. There was a strong positive corrdation between the
monthly GSI and water temperature (* = 0.86). Although gonad maturation is most likely
controlled by endogenous mechanisms (Sumpter 1990 & 1992), the strong postive
correlation between temperature and monthly GSI suggests that temperature plays an
important role in the maturation of gonads. The monthly GSI was high from November to
February during which time temperatures were dso a ther highest levd. When
comparing temperatures recorded during this study and those recorded in previous years,
it was found that they showed a smilar pattern, with the highex mean temperaiure
occurring in February. In 1996/97 pesk spawning occurred in November while in
1998/99 it occurred in January. This implies that there is a second environmentd factor
that plays an important role in determining the time of spawning for this species. Because
soavning in B. aeneus coincides with the start of the rainy season, the mogt likely event
that triggers spawning are seasond floods In 1996, during the filling stages of the dam,
the floods came earlier and were very frequent, whereas during this study period they
were delayed and were not so intense. This in a way explains why pesk spawning in 1996
occurred earlier than in the 1998/99 season. This is condstent with a concluson made by
Tomasson et al. 1984, in van der Kloof dam, that spawning in B. aeneus is ready to take
place in spring, but can spawn in late summer if the season’'s floods are delayed. It

gopears that the intendty of the floods dso has a profound influence in the spawning
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success of B. aeneus. In 1996, in dmog every tributary there were shods of juvenile B.
aeneus, whereas during the 1998/99 period the shods were mostly confined to the mgor
tributaries (Pdaneng, Mdibamaiso, & Bokong). It is highly likey that during good

floods even small streams provide suitable spawning habitats for the species.

As mentioned in the preceding paragraph, the mgor spawning areas for the species in
Katse dam are the Pdaneng, Bokong and Mdibamatso rivers. It would seem that B.
aeneus only spawn in running waters (reams). However, in Kase reservoir there is
crcumdantia  evidence to suggest that spawning may occur in magind aess of the
reservoir, particularly where there are gravel beds. This is inferred from the presence of
juveniles in the shdlow margins of the reservoir where there are no dreams in close
proximity. Smadl juveniles (~20mm FL) were dso observed in rdatively large numbers
(though not as large as in the mgor tributaries) where the gravel roads, which used to
cross the river before impoundment enter the reservoir. The observation suggests thet in
the absence of ided spawning conditions, B. aeneus may spawn in sub-optimd

conditions provided there is a suitable gravel bed to deposit the eggs and wave action.

L. capensis

Nikolskii (1969) explained sexud differences in @undance and Sze-at-sexud maturity of
fishes as adaptations to survival under specific environmental conditions. Based on
Nikolskii’s theory, Gaigher et al. (1980), described possible adaptive significance of sex
ratio and differences in Sze & sexud maturity in L. capensis. In ther andyss they found

that femdes reached sexud mauwrity a a bigger sze than mdes This led to the



concluson that the success of fertilisation is probably independent of the sze of mades.
However, in Kase dam, it was not possble to test this hypothess as very few mature
femdes were caught. Consequently size a sexud maurity was determined for maes

only.

Gagher et al. (1980) dso found the sex ratio changes rapidly in favour of femdes at the
length a which femades reach sexud maturity. However, the survey in Kase reservoir
revealed the exact oppodte The sex ratio changed repidly in favour of maes from
360mm-fork length and above. A chi-square test was performed in different sze classes
dating from the Sze a sexua maturity, to establish whether the ratios were sgnificant.
The andyss showed tha the sex rdio differences were indggnificant from dze a sexud
maturity  (240mm) to 350mm-fork length. For the fish > 360mm the ratios were
ggnificantly skewed in favour of mdes. In an atempt to explan why sex ratios in Kase
dam are different from those found in previous sudies on this species in the same river
system, it is hypothesised that sex rétio in L. capensis is not geneticaly determined but is
controlled by prevaling environmental conditions. Whether this is indicative of increased
mortaity of femades with d9ze or whether it is a reflection of a spawning migration in
which mdes reach the spawning grounds before the femdes and hence are caught in

large numbersis presently not known.

From the GSI and maturation stages it can be seen tha spawning in L. capensis manly

occurs in November. It is thought to be initiated by the first floods of the season. Unlike

in B. aeneus where there was a strong postive correation between the monthly GSI and
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temperature, in L. capensis the corrdation was very wesk (* = 0.3), suggesting that
floods are more important than temperaiure in determining the spawning time for this
gpecies (Cambray 1985). In van der Kloof dam, inferred from the catches of juveniles,
gpawning seemed to occur throughout the whole lake (Tomasson et al. 1984). In Katse
reservoir there was no evidence to suggest this. The highest proportion of ripe running
individuds was found in the river mouths of the mgor tributaries (Maibamatso,
Peaneng, & Bokong). Tweddle & Davies (1997) argued that the species undertakes
upstream migrations for spawning. They hypothessed that the maes, which are ready to
gpawn, congregate at river inflows and day there to mae with ripe femades which
migrate from the reservoir to spawn. This was based on the fact that more ripe running
maes were caught at the river mouths than femaes, whereas further down into the dam
more femaes were caught. There is very little evidence to support this suggestion from
the current survey. The current data shows that the spatid didtribution of L. capensisin
the reservoir is not uniform. The vast mgority of mature and sub-adults L. capensis are
caught in the river mouth al year round. Even in winter when L. capensis catches were
extremey low, the few tha were caught came from sampling dations close to river
mouths. Therefore, the observed high percentage of ripe running individuds in these

areasis probably areflection of the spatid distribution of the peciesin the reservoir.

O. mykiss:
Unlike the two indigenous species discussed in the preceding section, O. mykiss is an
dien gpecies. It has, however, sustained its populaions over many decades in the rivers

on which Katse dam is built. Nonetheless, the species has one thing in common with the
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indigenous species; it requires riverine conditions to spawn (Skelton 1993). Before the
inundation of the dam spawning habitats for the species were in aundance. Mdibamatso
River, which is the largest of the three perennid rivers feeding Katse dam, was a wnding
river with approximately 65km of river of which a 35km section is now inundated. This
provided ided trout spawning habitatls To sudtain its populations within this new
environment the species has to undertake spawning migrations into the mgor tributaries.
This should not pose any problems for the species as spawning migrations are a common
phenomenon in samonids (Northcote 1997). Homing is characterigtic of dl five species
of eagtern pacific sdmon Oncorhynchus spp., rainbow trout and cutthroat tout as well as
Atlantic sadmon Salmo salar and brown trout (Northcote 1997). In a lake dweling
population of O. mykiss maturing adults undertake spawning migration from feeding to
spawning habitats. The spawning habitats are in the lake tributaries and feeding and

survival habitats are mainly in lakes (Northcote 1997).

The andyss of the madeffemae sex ratio shows that femaes are more abundant than
maes. When Chi-square test was performed on different length groups (50mm interval)
dating from the length a sexud maturity, it was found that the ratio of femaes was
ggnificantly more abundant than mdes in dl length groups As a reault, the observed

difference in mae and fema e abundance cannot be attributed to differentia mortdlity.

Mae and femde O. mykiss atained sexud maturity a different sizes Mades maure a
much smdler sze than femdes Biette et al. 1981 dso observed that the average length

of femde trout was generdly greater than that of mdes. The difference in sze a 50%



sexud maturity in this gpecies obvioudy has an adgptive sgnificance. As fecundity in
fishes increases with dze it is more advantageous for femdes to attan bigger Szes
before sexud maturity (Nikolskii 1969, Downs et al. 1997). There is a trade-off between
current  reproduction and the future expected reproductive output. In  semelparous
sdmonids the cost of reproduction is death while in iteroparous species the breeding and
immediate podt-breeding period is a time of high mortdity (Wootton 1990). Rainbow
trout belongs to the iteroparous group and it utilises a lot of energy and resources to
produce large eggs and undertake spawning migrations. This means that a farly smal
proportion of the available energy and resources are channelled to other aspects of life
such as growth and survival. It is therefore important that femaes mature a a bigger size
than maes as ther reproductive effort far exceeds that of males (Scott 1990). The fact
that by September/October (immediately after the breeding period) tiny eggs in the
ovaries were dready visible to the naked eye shows that femade O. mykiss have a very
short rest period during which to partition their energy resources to other important
processes rather than reproduction. This explains why it is essentid that reproduction in
femae trout should only be initiated when somaic growth has reached a certan

threshold.

Ripe running individuas were found throughout the entire reservoir but smilar to the
other two species, they were more abundant in river mouths of the mgor tributaries.
During the quarterly dectro-fishing surveys of the Pdaneng River, no mature O. mykiss
were caught in September, December and March (Fig.4.4). However, in June a

consderable number of mature ripe and ripe running individuds were caught. This is an



indication that the species migrates into the rivers to spawn during this time of the year.
Besdes the mgor tributaries, there are a few perennia dreams flowing into the Katse
reservoir, but it is dill uncertain whether the trout utilise them for spawning. Nonetheless,
it is peculated that they can be used for spawning especidly during the years in which
there are good winter rains or snow to boost their flows This is based on the fact that
these amdl dreams have aufficient gravel beds, which could provide ided spawning
habitets for trout if there is an adequate water flow. Presently the most suitable spawning
aress for trout are the Pelaneng and the Bokong rivers. Maibamatso River below the Kao
confluence has lately become less suitable for trout spawning due to heavy sediment load
from Kao mining. It is dso uncertain whether the fish on the Mdibamatso am of the
reservoir migrate beyond the Kao confluence. This section of the river is in a rdativey
prisine sae. In a previous pre-impoundment survey by Sketon (1996) many rainbow
trout were caught in this area usng dectrofishing. The spawning success in this section
of the river is unlikely to boost production in the reservoir, as the area is too far upstream.
This leaves only the Pelaneng and the Bokong as ided spawning aress for trout resding
in the dam. Therefore, to avert recruitment falure every effort should be made to prevent
dl possble sources of environmentd degradetion in these rivers. Given that O. mykiss
like many other sdmonids have low post spawning surviva rae (Wootton 1990) any

spawning failure could adversdly affect the fishery.
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CHAPTER S

Distribution and Abundance

5.1 Introduction:

The Katse dam darted filling in late 1995 and reached maximum capacity in early 1998.
Five fish species Barbus aeneus, Barbus kimberleyensis, Labeo capensis, Oncorhynchus
mykiss and Austroglanis sclateri) were recorded in the rivers before the impoundment o
the dam. Four of these species are now caught in the experimentd gillnets. However,
only three, viz. O. mykiss L. capensis and B. aeneus have consstently been abundant in

the monthly catches.

Fishing in the Lesotho Highlands rivers has dways been a pat time undertaking
especidly for herd-boys and fishing effort has been low. Because of the low fishing effort
there has been no need for any regulations for fishing. However, since the impoundment

of the Mdibamatso River the Stuation has changed.

The egtablishment of the Lesotho Highlands Water Project (LHWP) led to a large influx
of people from dl over Lesotho and South Africas many of whom were employed by
congtruction companies. Those who could not be absorbed in the job market resorted to
fiing in the reservoir and rivers. This has resulted in increased fishing effort by severd
orders of magnitude and therefore necesstates proper regulation. This is dso

compounded by the fact that most locd resdents around the new lake have logt their
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traditiond way of living, mainly in the form of arable and grazing land as a consequence
of the inundation. As a result loca communities have had to find aternative sources of

income, one of which isfishing.

There are two groups of fishermen operating on the reservoir. The first group consists
mainly of locd fishermen while the second group conssts mainly of tourigts from South
Africa and a few expatriates working for LHWP. Locd fishermen fish from the shore
usng hook and line. Although this group of fishers does not specificdly target any
gpecies, the bulk of their caich conssts of B. aeneus. Because most of the shordine is
very deep there ae only few fishing spots that are utilised by loca fishermen. The
highet concentration of fishermen is found near the contractors camps where job
seekers spend most of their time fishing. The most commonly used baits by this group are
eathworms, tadpoles and cooked maize med. Most of ther catch is for own
consumption and the excess is sold locdly. Muth et al. (1987) defined subsistence users
as people that: consume most of what they produce, sdl little in the cash economy,
emphasse primitive technology for production and consumption, rey primaily on
family labour, maintain a limited economic sandard of living, and often must consder
individud, family, and group surviva in decdson making. This group of fishermen can
therefore be classfied as subsstence fishers as they meet the criteria. The second group
of fishermen is recregtiond fishers. They fish from boats and from the shore. They are
highly mobile, fishing the entire length of the reservoir and the in-flowing rivers. They do

cach B. aeneus but their target species is O. mykiss, udng manly atificdd lures
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induding flies and soinners. This group of fishers only fish during ther leisure time and

they do not normdly sdl their catch.

The edablishment of a gmdl-scde fishery has been identified as one of the dternative
sources of income and long-term compensation for serioudy affected communities As
mentioned previoudy loca fishers only use hook and line and there are no redtrictions on
gze and bag limit. The plan is to devdop smdl-scde gill net based fisheries for the loca
communities This will result in the diverdfication of fishing gear with its corrdate of
increased fishing effort on the lake. The end result will be an increase in fishing effort on
the fisheries resources of the lake and hence requires appropriste management and

regulation of fishing in the area.

The distribution and abundance of commercidly important fish species is of vita interest
to the fishermen. With data on abundance and weight, the fisheries biologis can make
some edimates of production, which provide the basis for developing management
drategies (Pitcher & Hart 1982). The abundance of fish species is not a fixed quantity
and it vaies from one place and one time to another, producing spatid and tempora
patterns which fishermen usudly learn by experience. Within its area of didribution the
abundance of a species will vary with season (Pitcher & Hart 1982). In order to put in
place appropriste management plans in the newly formed Kase dam it is essentid to
determine the digtribution and abundance of the fish species tha inhabit the resenvoir.
Knowledge of these agpects will enable the manager to estimate the fisheries potentid of

the reservoir.  The am of this chapter therefore is to assess the rdative abundance of B.
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aeneus, L. capensis and O. mykiss and in particular to assess the effect of inflowing rivers

on the distribution and rel ative abundance of these species.

5.2 Materialsand M ethods:

Cach and fishing effort data are usudly collected in dl managed fisheries and in
fisheries surveys (King 1995). For this sudy only fisheries independent surveys were
used to measure caich and effort because there is no managed fishery in the area and the
use of gill nets has not yet dated. The use of fishery-independent CPUE data only
though limited, ill provides good estimates of abundance over time and area, provided a
dandard gear is used. However, the variability between CPUE's is often very large

because catches only represent a smdl fraction of the total stock (King 1995).

CPUE data were obtaned from surveys usng multi-filamet expeimenta gill nets
between May 1998 to June 1999 at ten different sampling stations. A net-night was taken
as one unit of effort. The catch per unit effort (CPUE) was measured as catch in numbers
per night. Spatid varidion in caich rate was determined by comparing CPUE from
different locdities. Two-sample T-test was carried out to compare CPUE of each species
a different sampling sations with 95% confidence limits. Tempord variaion in catch
rate was determined by plotting CPUE agangt time in months. To determine seasond
catch rate, CPUE was calculated separately for four quarters of the year. CPUE's for the
three months that make up a quarter were added and divided by three to get a mean

CPUE for the quarter. The seasond variations in temperature and other physcad and
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chemicd characterigtics of the reservoir are described in chapter one. The four quarters

represented the following months:

1% quarter (winter):  June to August; characterised by low temperatures (< 10°C) and
receding lake levels

2" quarter (spring): September to November; characterised by medium temperatures (13
—16°C) and rapidly receding lake levels

39 quarter (summer): December to February; characterised by high temperatures (>
19°C) and rising lake levels.

4™ quarter (autumn): February to April; characterised by medium temperatures (11 —

16°C) and stable to dowly receding lake levels.

To compare seasonal CPUE data, the nonparametric Kruskal-Walis one-way andyss of
variance (ANOVA) on ranks was agpplied and Dunn’'s & (dl- pairwise) was used for

multiple comparison. A 95% confidence level was calculated for each season.

An index of relative importance (IRI) was caculated to obtain the contribution of each
gpecies to the totd sample. The IRl (Caddy and Sharp, 1986) was cdculated usng the

formula

IRI=(%W;+%N; )*%F * 100
a (%W| +%N|)* %,
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Where %W and %N are percentage weight and number of each species (j) of total catch
respectively, %F is percentage frequency of occurrence of each species in the totd
number of settings and N is totd number of species The index combines the numerica
abundance (N), the average size (W) and the commonness (F) of a species and gives the
new vaue as a percentage of the combined value of all species present. This provides a
better representation of the ecologica importance of the species rather than the weight,

numbers or frequency of occurrence aone (Sanyanga 1996).

Shannon's divergty index (H) was used to indicate diversty at different dations. The
index is defined as (Begon et al 1990):

H=SP InP andHnax =InS

Where P is the number of individuas of each species divided by totd number of

individudsfor dl speciesin each sample.

A totd of ten sampling daions were sdected and the lake was divided into three zones
(A, B & C). The resarvoir was zoned in such a way as to determine which of its sections
were more productive. This made it possble to compare productivity of different river
mouths and the middle section of the reservoir. Zone A and C covered stations 1 and 10

respectively while Zone B covered daion 2 to 9. Stations 1 and 10 are in the river

mouths while gations 2 to 9 are in the middle section of the reservoir.
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5.3 Results:

During the pre-impoundment survey of the Mdibamatso River and its tributaries a total of
five species were recorded (Skelton 1996). These were B. aeneus, B. kimberleyensis, L.
capensis, O. mykiss and A. sclateri. B. kimberleyensis and A. sclateri were less abundant
than the other three species and hence were not considered candidate species for possible
commercia exploitation. In the present sudy B. kimberleyensis has not been recorded and
only five A. sclateri have been caught in the experimentd gill nets The bulk of the gill net
catches in order of importance conssted of B. aeneus, O. mykiss and L. capensis. The
Shannon diversty index showed that the species diverdty varied from dation to dation

with the highest diversity observed at Stations 1 and 10 and the lowest & Stations 6 and 7.

Rdative Abundance:

11612 fish were collected during the study period. Figure 4.1 shows the percent IRI.
From this figure it is obvious that B. aeneus made the highest contribution by number,
weight and frequency of occurrence to the totd sample. The combined IRI vaues for O.
mykiss and L. capensis condituted less than hdf the IRl value of B. aeneus with O.
mykiss having a dightly higher IRl than L. capensis. Figure 5.2 shows the relative
abundance by percent fresh weight of each species caught at various gations. From this
figure it can be seen that abundance of B. aeneus in relation to other species was high in
dl sampling dations. With the exception of dation 9, O. mykiss contributed more than
12% fresh weight of the totd sample. The highest contribution in weight for L. capensis

(28%) was recorded at Station (1). Other locdities where L. capensis contributed more
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than 10% fresh weight were Station (4) and (10). In the remaining dtations L. capensis

made avery smdl contribution to the total catch with lessthan 1% at Station 6.

The rdaive abundance of amdl fish (<210 mm FL) varied seasondly. For B. aeneus the
proportion of smdl fish in the monthly samples was highest in August and September
and lowest in January and February. For L. capensis the proportion was highest in
December and January and lowest in October. For O. mykiss the July samples had by far

the highest proportion of smal fish.

Tempord and spatia variation in CPUE:

Totd CPUE varied from month to month with the highest catch rates recorded in October
and the lowest in July. Totd CPUE was consgently higher than 25kg/night except for
July when it dropped to 11kg/night (Fig 5.3). With the exception of August, CPUE for B.
aeneus was higher than that of L. capensis and O. mykiss combined (Fig. 5.4). In generd
CPUE for O. mykiss was highest from August to October with the August catch rates
exceeding those of B. aeneus. The lowest caich rates for O. mykiss were recorded
between January and March. For L. capensis the highet CPUE was recorded in
November. In January CPUE for L. capensis was equal to that of O. mykiss. From
February to April CPUE for L. capensis exceeded that of O. mykiss and in May the L.

capensis catch rate started declining until it was zero from July to September (Fig. 5.4).

Totd CPUE dso vaied from locdity to locdity. Stations 1 and 10 consgently had the

highest catch rates. The andyss of variance showed that CPUE for al the three species at
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Sations 1 and 10 was dgnificantly higher than the rest of the other stations (ANOVA, F
= 14.33, 9,110, P< 0.0005). These dations are Stuated in the river mouths of the maor
rivers flowing into the reservoir, namey the Mdibamatso and the Bokong (see Fig. 1.2).
In dl the gations sampled B. aeneus had the highest CPUE. O. mykiss had the second
highess CPUE in al the dations except Stations 1 and 10, where L. capensis had the
second highest catch rates. The lowest catch rates were recorded at Stations 6 and 7,
which are in the middle and deepest section of the reservoir. The reationship between
depth and catch rate was best described by a power regression (Fig. 5.8). For al the three
species catch rates decreased with depth. The decrease in catch rate with depth was

highegtin L. capensis and lowest in O. mykiss (Fig. 5.8).

Size digribution:

Having seen that the in-flowing rivers have a great influence on the spatid digtribution
and abundance of al the three species, the catch data was grouped into three zones (A, B,
& C) for gze digribution andyss. Two of the three zones were river mouths while the
third one was an open water habitat. The two river mouths were not combined so as to
dlow for comparison, given that they are Stuated at the extreme ends of the reservoir and
are different in 9ze. Zone A comprised of catches collected from Station 1 while Zone B
consged of caches from Station 2 to 9. Findly Zone C comprised of catches from
Station 10. Percent length frequency histograms were dravn for each species in each
zone to illustrated differences in sze didribution. All individuds with fork lengths equa
or larger than 400mm were combined and a percent of each Sze class in the totd sample

was caculated.



For B. aeneus and O. mykiss there was no gpparent variaion in size digtribution between
zones (Fig. 5.5 & 5.6). The percentage of mature fish B. aeneus & O. mykiss) was amost

smilar between zones, reflecting that of the entire population (Fig. 5.9).

In Zone A dl sze classes of L. capensis were represented (Fig. 5.7). Individuals with
360mm FL or larger contributed more than 22% of the totd catch. In Zone B fish smdler
than 260mm FL congtituted 75% of the totd catch and only 0.3% of the total catch were
above 360mm FL. In Zone C 66% of the catch conssted of sexually mature ndividuds
(> 250mm FL) compared to Zone B where only 22% of the total catch were above

250mm FL.
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5.4 Discussion:

In the absence of a commercid fishery, it is often not possble to edimate the standing
stock or tota population densty of a lake (Jackson et al. 1983). For Katse dam regular
gillnetting made a ten sampling dations from May 1998 to June 1999 has provided
vaduable data. From these data an index of tempora and spatid change in abundance of
the three species was edimated. However caution must be exercised when using this
index as CPUE may not necessaily indicate the reative abundance of a gpecies since
different species are not equaly vulnerable to capture. Although the variability in CPUES
edimated from fishery-independent data is often large (King 1995), there are advantages
for usng fishery-independent CPUE data over CPUE data collected from an existing
commercid fishery. The most important factor that complicates the use of catch rates as
an indicator of abundance is the nonrandom didribution of fishing effort caused by

patternsin behaviour of fishers (Worthington et al. 1998).

Various physcad and biologica processes may contribute to the observed varidion in
CPUE and relative abundance (Underwood et al.1996). Given that the sampling gear (gill
nets) used in this sudy is categorised as passve the factors that will affect CPUE of a
goecies are those that influence the movement and migration pattern. The results show
that the CPUE of dl the species combined was lowest in winter and highest from spring
to austumn. This is an indication that fish were more active when temperatures were high
(> 18°C) and less active in winter when temperatures were extremely low (< 10°C). B.

aeneus and L. capensis had lower CPUE in winter than O. mykiss and this can be



explaned by the fact that trout are more adapted to cold climatic conditions than the
other two species. Jackson et al. (1983) adso found pronounced seasonal vaidions in
caches on van der Kloof dam, which indicated tempora fluctuations and diminished
winter activity. The catch rates for L. capensis in Katse dam were lower than those of B.
aeneus during this time. O. mykiss on the other hand had the highest CPUE during this
time. The explanation for the observed variation in seasond CPUE is twofold. For the
two cyprinids, the low winter temperaiures seem to retard their movement and L.
capensis in particular seem to hibernate hence are rardy caught during winter. Increased
movement/migration is resumed as higher spring temperatures st in and this is reflected
by the higher caich rates. The movement is further intengfied during the spawning period
of the species. This is infered from the fact that CPUE for both L. capensis and B.
aeneus were highest during the peak spawning months from November to January (see
Chapter 4). O. mykiss, on the other hand, is by nature a cold water species, hence it has a
greater tolerance for low water temperatures than the dher two species. It is therefore not
surprisng that trout CPUE was higher in winter than in summer. This period (winter)
adso coincides with their breeding season and the effects of increased activity due to

breeding are again illustrated by the higher catch rates.

Although no indices of abundance were measured prior to the impoundment of the dam,
it can be ressonably assumed that the abundance of the three principal species has
increased since the inundetion of the reservoir. A similar trend was observed in van der
Kloof dam where B. aeneus, B. kimberleyensis and L. capensis populations expanded

rapidly after the filling of the dam (Tomasson 1983). B. aeneus and L. capensis made up
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over 90% of the catches in the experimenta gill nets (Tomasson et al 1985). Given the
recorded catch data it can be concluded that the three species, particularly B. aeneus and
O. mykiss have succeeded in colonisng the entire reservoir. Both CPUE and IRI vaue for
B. aeneus were higher than those of L. capensis and O. mykiss combined. This would
suggest that the species has the highest potentid for smal-scae commercid exploitation.
The rddively high abundance of B. aeneus in Kase dam may be due to its initid

abundance in the river and a greater ability to adapt to the new conditions.

For al the three species CPUE was highest & Station A followed by Station J both of
which are & the river mouths of inflowing rivers. This is not too surprisng as dl the
gpoecies are of riverine origin and hence are more adapted to riverine conditions than
lacudtrine conditions. Prior to and immediately after the impoundment of Lake Kariba
cyprinids paticulaly Labeo altivelis formed a mgor component of commercid catches
(Kenmuir 1994). However, cyprinid catches soon declined with L. altivelis redricted in
digribution to the three mgor affluent rivers of Sanyati basin (the Naodza, Gache Gache
and Sanyati) (Kenmuir 1984). It can therefore be seen that cyprinids, particularly Labeo
gpecies do not readily adapt to lacustrine conditions. This partly explains why the two
cyprinids B. aeneus and L. capensis) tend to concentrate in the river mouths as opposed
to the middle section of the reservoir. It is further hypothessed that the higher CPUE at
Station 1 in comparison to Station 10 is because there are two inflowing rivers near this
dation (see Fig. 1.2), thus providing ided conditions for B. aeneus and L. capensis.
Another factor that seems to influence caich rates a al the dations is turbidity (chapter

1). There was a strong podtive corrdation (r2 = 0.83) between total CPUE and turbidity.



Though not tested it can be hypothesised that when turbidity is low fish tend to see the
gill nets and can therefore easly avoid them. There was dso a negative correation
between depth and CPUE. This can be explained by habitat preferences of the different
species. L. capensis is by nature a bottom feeder (Skelton 1993, Tweddle & Davies
1997). It is hypothessed that the species is found in large numbers in shdlow aress as
opposed to deep open waters for two possble reasons. Firdly, the fish stay near the
bottom and are therefore less susceptible to floating gill nets in degp waters. The second,
and most likely scenario, is that the preferred habitat (bottom) for L. capensis is too deep
and is mog likdy unsuitable for the species. This patly explans why CPUE of L.
capensis a Station 5, 6 and 7 (Fig 5.4), dl of which are deep, was amost zero. The other
two species are opportunistic feeders and their distribution and abundance are less likdy
to be influenced by depth. This is reflected in their dze didribution within the reservoir

(Fig. 5.5 & 5.6) which was smilar throughout the entire reservoir.

As mentioned earlier L. capensis, unlike the other two species were rardly caught at
dations close to the dam wadl. Tomasson (1983) podulated that the reatively high
abundance of L. capensis in van der Kloof dam might be due to its initid abundance in
the river and the long rocky shore of the lake. Katse dam, unlike van der Kloof dam, has
a very seep shordine and a limited littord zone. As a result L. capensis is only found in
abundance near the river mouths where the depth is < 20m. Another observation of note
was that the L. capensis catches at Station 1 in November were even higher than those for
B. aeneus. The increased catches were due to the presence of large breeding aggregations

in the area a that time. Tweddle and Davies (1997) made a Smilar observation in the
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aurvey of fish populaions during the initid filling stages of the reservoir. It is posshble
that the catchability of the species increases during spawning, as they are highly active in
shdlow aress. Breeding in L. capensis coincides with the soring run-off thus increasing
turbidity, which in turn increase the probability of capture by a passve gear as it impairs

vison (Leggett & Jones 1971, Hamley 1975).

The sze didribution of B. aeneus and O. mykiss was dmost amilar a al dations. This is
an indication that the populations of these species move extengvey throughout the
reservoir. Only sub-adult L. capensis were caught in Zone B while in Zones C and A both
adults and sub-adults were caught. In contrast large L. capensis were caught at Stations 1,
4 and 10 and their absence a dl the other dtations supports the hypothesis that the large
individuds reman in these areas dl year round. The rddively high abundance of L.
capensis a Station 4 is dtributed to the fact that the Station is Stuated near a perennid

stream. This providesided conditions for their benthic habits.



CHAPTER 6

Mortality and Gillnet Selectivity

6.1 Introduction:

It is well known fact that every fishing gear is selective to some degree. For indance very
and| fish are less likely to be retained than large ones in a trawl net, wheress in gill net
both very smdl and very large fish are unlikdly to be caught depending on the mesh
(King 1995). The only gear currently in use by both local and recrestiona is hook and
line. No assessment of the hook and line fishery was done, instead gear selectivity studies

were only done for the fishery independent experimentd gill nets.

Studies of fish populations depend on equipment and methods that provide a
representative catch of al length classes of interest (Jensen 1986). A net of a certain mesh
gze is highly sdective and its efficdency varies with fish of different lengths Gill nets are
popular for sampling inland waters because of ther verstility, low cost and esse of
operation (Hamley 1975). They can be used in lakes of any sSze and on large or smdl-
scae fisheries. Hamley (1980) identified a number of problems of sampling with gill nets
and the most important one being that the amount of gillnetting effort cannot be related to
the volume of water or area of the bottom fished. With some active gear like trawls, one
can calculate what proportion of a lake has been swept and, from that, what proportion of
its fish has been subjected to the fishing gear. Unlike trawls, gill nets are passve gear and

fish have to swvim into the net to be caught. Gillnets are highly sze sdective and great
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care has to be exercised to ensure that the mesh sze used in any assessment catch a

representative component of each Size or age class of the population.

To asess the sdectivity of gillnets a range of mesh Szes have to be used (Hamley &
Regier 1973), otherwise the catch will not be a representative sample of each sze or age
dass. Factors that affect either of these probabilities will affect net sdlectivity. Based on
this Rudstum et al. (1984) concluded that the sze <dectivity of gill nets is best
congdered as a characteristic of the entire fishing operation. It is therefore essentid to
congder dl these factors when edimating gear sdectivity as proper estimates of gear
sectivity are crucid for any population dynamics study. A precise description of gillnet
selectivity per species is needed to obtain accurate predictions on the results of mesh size
regulations (Reis & Pawson 1992). Accuraie edtimates of sdectivity are dso necessary
for interpretation and andyss of gillnet catch datidtics in population studies (Spangler &

Collins 1992, Pet et al. 1995).

Population dynamics embraces birth, growth and mortdity (Nikolskii 1969). In any
exploited fishery causes of fish mortdity can broadly be divided into two classes naturd
mortdity and fishing mortdity. The totd mortdlity is defined as the totd loss of part of
the population by fishing and naturd mortdity, while natura mortdity is defined as death

due to al causes other than fishing (Nikolskii 1969).

The most common method of edimaing mortdity rates involves plotting the naturd

logarithms of the numbers of fish surviving by age as a curve. A line that best fit through
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these data has a dope equa to the ingantaneous mortdity rate (Z). In contrast to the
relative ease and accuracy with which the tota mortality rate (Z) can be determined it is
not essy to accuratedy edimae the divison of the totd mortdity rate into fishing
mortadity rae (F) and natura mortaity (M) when both are occurring (Royce 1984).
Naturd mortdity is equa to totd mortdity during periods when there is no fishing, but
when fishing is occurring the dmultanecus naturd mortdity must be edimated

mathematicaly.

There are a number of empiricd equations tha are generdly used to edimae naurd
mortdity. These equdions invariably give different estimates of naturd mortdity and as
a result some may not be suitable for certan dtuations and data sets. Because of
uncertainties surrounding the estimation of naturd mortdity some authors tend to teke a
mean vaue of dl the empiricd equation as an edimate of naurd mortdity (Wdy &
Hecht 1998). Given tha the dam Katse has only recently filled and the local populations
ae only sating to take fishing serioudy, fishing effort is not that high. It is therefore
assumed tha fishing mortdity will be lower than naturd mortdity and the vdue of

natural mortality will be estimated from the equation that best suits this assumption.

6.2 Materialsand M ethods

Mortdity:
The totd indantaneous mortdity rate (Z) was edimated by two different techniques.

Frg, from the dope of the descending limb of a caich curve by regressng naturd
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logarithm of age frequency againgt age to dl fully recruited ages. The age corresponding
to the top of the catch curve was assumed to be the age a 50% capture (Butterworth et al.
1989). However, for O. mykiss, age data points were not sufficient for fitting a regresson
ling, therefore a regresson line was fitted to a length converted catch curve (Sparre &
Venema 1992). In addition, further estimates of total mortaity were obtained from the

following equation (Butterworth et al. 1989).

Z=In[1+1/(tm - 1)]

Where t is age of fully recruited fish and t, is mean age of fully recruited fish sampled.
To congruct a catch curve a normalised age length key was prepared from age length

data and the length frequency data was transformed into age frequency using thiskey.

The edimation of indantaneous natura mortdity rate is ambiguous. However, vaues of
this parameter are needed for most of the models presently used in stock assessment
models. Consequently the edimaion of naturd mortdity often rdies on empiricd
relationships. These rddionships ae deived from corrdaing naturd mortdity with
biotic and abiotic parameters pertaining to the fish population (Rikhter & Efanov 1977,
Pauly 1980, Hoenig 1983, Gunderson & Dygert 1988). The ingtantaneous mortaity rate
for the three species was estimated by four different empirical equations, namely:

(1) Pauly’s(1980) empirica equation:

LnM =-0.0152-0.279 LnL¥ + 0.6543LnK +0463LnT



This requires estimates of the von Bertdanffy growth parameters (L¥, K ) and the mean

temperature (T) over the distribution range of the species.

(2) the Rikhter and Efanov (1977) equetion:

M = 1.521/a,>"? —0.155

This equation requires an estimate of age a 50% sexud maturity (an).

(3) the Gunderson and Dygert (1988) equation:

M =0.03+ 1.68 x GSI

This equation uses GS of ripe femae as the input parameter.

(4) the Hoenig (1983) equation:

InZ =1.46—1.01In (amax)

This requires an edimaion of the maximum age sampled (anax). Although the Hoenig

(1983) equation was developed to approximate total mortdity, it was derived from

empirical data that pertained to unexploited or lightly fished stocks. Since fishing effort

in Kase dam is rdativey low the vadue derived from Hoenig's (1983) equation is



probably closer to M than Z. To use this equation for estimating M, every effort must be

made to sample al age groups present in the population.

Given an edimate of Z and M, the ingantaneous fishing mortdity rate was obtained by

ubtraction(F=Z —-M).

Gill net Sdectivity:

Gillnetting was carried out on monthly basis from May 1998 to June 1999 in Katse dam.
A st of gll nets was made of white multi-filament twine with four different mesh szes

ranging from 50mm to 110mm stretched, with a depth of 2 metres.

The sdectivity estimates were caculated according to Holt's (1957) mode. This mode is
based on the assumption that the sdlection curve can be described by a normd

didtribution:

Siij) = exp— (Lj — Lopt)¥(2s?)
Where Sgj) is the sdectivity for length class (j) in mesh (I), L is fork length, Lopt is
optimum length (cm) and s is the sandard deviation. The optimum sdection length
(Lopt), which is the most efficiently retained length in a certain mesh size and the standard
deviaion (s) were esimated from the total catches of each mesh sze. The input data for
andyss were the numbers caught per length class and the mesh szes. Fish of certain sze
frequencies were caught in different mesh szes and the catches of such mesh sizes were

compared. To esimate the overdl sdection factor (K) plots of —2a/b againgt (M1 + M2)



were made for each species and a regression line passing through zero was drawn. where
a and b ae parameters in Holt's modd for gillnet sdectivity while M1 and M2 are mesh
gzes with overlgpping sdection ranges. The dope of the regresson line being the overdl

selection factor (K) (Hamley 1975).

6.3 Results:

Mortdity etimates;

Age based catch curves for B. aeneus, O. mykiss and L. capensis are illugrated in figure
6.1. The edimates of totd mortdity (Z) from caich curves and the Butterworth et al.
(1989) equation are presented in Table 6.1. The Z edtimates for each estimation technique
differed only dightly in B. aeneus and O. mykiss. However, in L. capensis the Z vdue
edtimated by the Butterworth et al.(1989) equation was dmost double that estimated by
the catich curve. For al the three species the Butterworth et al.(1989) equation gave
higher estimates of Z. The mean Z vaues from the two estimation techniques were 0.72 *
0.03 year™* for B. aeneus, 1.32 year* for O. mykiss and 0.61 + 0.2 year™ for L. capensis.
The point egtimates for naturad mortdity (M) cadculated from Pauly (1980), Rihkter &
Efanov (1977), Gunderson & Dygert (1988) and Hoenig (1983) equations are shown in
Table 6.1. The M edimates differed substantialy for each estimation technique hence it
was not advisable to take the arithmetic mean of the four estimates. For ingtance Pauly’s
(1980) equetion, which is conddered to be the most suitable (Amarasinghe & De Silva
1992), yidded an unreasonably high M edimate for B. aeneus (M > Z). It would

therefore not make sense to incorporate such an estimate in the computation of natura
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mortdity. As fishing has only recently darted in Katse dam, the assumption is tha
mortdity due to fishing should be lower than naiurd mortdity. Therefore the
computation of naturd mortdity was based on the method that yidded an edtimation

which wasin line with this assumption.

As mentioned for B. aeneus Pauly’s (1980) equation provided unredidic estimation of
the natural mortdity rate (M). On the other hand Gunderson and Dygert's (1988) and
Hoenig's (1983) equations esimated naturd mortaity to be less than hdf of the totd
mortdity (Z). This means that fishing mortdity was higher than naturd mortdity. Such a
gtuation is highly unlikely given that fishing has only recently sarted in the reservoir and
it is not very intense. Therefore Rikhter & Efanov’'s (1977) equation provided a better
edimate of naturd mortdity as its in line with the underlying assumptions pertaining to
fishing and natura mortdity in the lake. The same argument sands for L. capensis. For
O. mykiss the naturd mortality rate estimated from Pauly’s (1980) and Gunderson and
Dygert's (1988) equations was too low compared to the total mortality. Hoenig's (1983)
and Rihkter and Efanov's (1977) equations provided natura mortdity estimates which
were dightly higher than fishing mortdity. Therefore a mean of Hoenig's (1983) and
Rihkter and Efanov's (1977) edimates was teken as an approximation of naturd
mortdity for ranbow trout. Findly, fishing mortdity (F) was estimated as (F = Z — M),

0.31 year* for B. aeneus, 0.51 year* for O. mykiss and 0.2 year for L. capensis.



Gill net Hedtivity:

Gillnet sdectivity results are presented in Figure 6.2. These edimates were based on
lumped monthly gill net catches with the assumption that the sdectivity of the gill nets
did not change during the study period. Plots of —2alb on (M1 + M2) show how the
section factor K can be cdculated from catches in the multiple mesh sizes (Pet et al.
1995). This is graphicdly illustrated in Figure 6.3. Holt's modd of edimating gill net
sdectivity aso assumes a condant coefficient of variation for sdection curves. This is
vdidated by plots of sum of standard deviations (s1 + S2) on sum of optimum lengths
(Loptz + Lopt2), Which approximete draight line through the origin with the overal

coefficient of variation as the dope (Fig 6.4).

B. aeneus and L. capensis were adways caught wedged or gilled in dl mesh Szes while
only few O. mykiss were caught in meshes 90 and 110. And the few O. mykiss that were
caught in these mesh szes were amdl in 9ze and often entangled in the net by ther teeth.
This led to sdection curves of the two mesh Szes moving to the left of the smaler mesh
szes ingead of right (Fig 6.2). As a result plots of 61 + s2) on (Loptr + Lopt2) for O.
mykiss did not pass through the origin. Therefore the assumption of congant coefficient
of varidion was violated. When the sdectivity curves of each species were compared
with length frequency didribution, the edimated sdlectivity curves showed a dose fit

with recorded cach length frequency digtribution.



Table 6.1: Edimates of the ingtantaneous rate of total mortality (Z) and naturd mortdity
(M) for B. aeneus, O. mykiss and L. capensis in Katse dam. Estimates of Z were obtained
from catch curves and the Butterworth et al. (1989) equation using age frequencies from
experimentd gill net in Kaise dam. Estimates for (M) were obtained from Pauly (1980),

Rihkter & Efanov (1977), Gunderson & Dygert (1988) and Hoenig (1983).

Total mortality (Z2) Natural mortality (M)

Species Catch curve Butterworth et al. (1989) Method M

B. aeneus 0.69 year™ 0.74 year™ Pauly (1980) 1.023 year™
Rihkter & Efanov (1977) 0.406 year*
Gunderson & Dygert (1988) 0.114 year®
Hoenig (1983) 0.35year!

O. mykiss 1.09 year! 1.55 year! Pauly (1980) 0.213 year®
Rihkter & Efanov (1977) 0.77 year*
Gunderson & Dygert (1988) 0.153 year*
Hoenig (1983) 0.85 year™

L. capensis 0.41year 0.81year! Pauly (1980) 0.186 year®
Rihkter & Efanov (1977) 0.406 year™
Gunderson & Dygert (1988) 0.157 year™
Hoenig (1983) 0.35year™
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6.4 Discussion:

Mortdity Esimates:

Of dl the species O. mykiss had the highest ingtantaneous totd mortdity rate (Z). This
was expected given that the species is comparatively short lived. Another observation of
note was that fishing mortdity was adso highest in rainbow trout. The comparatively high
fishing mortdity for rainbow trout is due to the fact that recregtiona fishermen
soecificdly target this species, while it is dso caught by locds though in lower numbers

than B. aeneus.

B. aeneus had the second highest fishing mortdity. Locd fishermen mainly exploit the
B. aeneus populations in Katse dam. These people do not necessarily target this species.
However, its high reative aundance in the lake and its omnivorous mode of feeding
makes it an easy target for locd fishermen who use less sophisticated and non-target
gpecific tackle than their recregtional counterparts. L. capensis had by far the lowest

fishing mortdity.

The edimaion of naurd mortdity of L. capensis from Rihkter & Efanov (1977)
equation yielded the same vaue as totd mortdity (Z) edimated from catch curve (M =
0.406, Z = 041). This is a true reflection of what is happening in Katse dam. Reports
from fishermen on the lake indicate that no L. capensis is caught with hook and line. The
only catches of L. capensis reported came from rivers and only a smdl percentage are

caught with hook and line. They are mainly caught by herdboys in winter when water
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levels are low. However the fishing gear in use is not hook and line but spears. Because
of their sedentary nature L. capensis seem to be more vulnerable to this kind of fishing,
which is paticulaly common in Mdibamatso River bdow Kase dam. The non
appearance of L. capensis in the hook and line catches may be explained by the benthic
feeding habits and the inferior mouth of the species which makes them rddively
invulnerable to hook and line. With the excluson of experimentd gill nets, hook and line
is the only gear used in Katse dam a the moment. Therefore the observed totd mortaity

rate of the species should be solely due to naturd mortdity.

The data show that 6 and 7#year-old L. capensis were relaively few compared to older
year classes. Such a dtuation is not common, as population numbers tend to decrease
with age due to mortdity. This is an indication that there might have been a spawning
falure prior to the inundation of the dam which resulted in a wesk year class. Tomasson
et al. (1983) dso found year class strength of L. capensis to be highly varigble The
drong year classes were corrdated with optimum spawning such as risng Lake Leves in
spring or summer. The reason for the observed weak year class strength for age 6 and 7
might be that less ided environmentd conditions prevailed which lead to a spawning or
recruitment falure. The most likdy cause of spawning or recruitment falure is draught.
The weak year classes for age 6 and 7 are a result of 1991/92 spawn. Figure 1.1 shows

that 1991/92 season had the lowest rainfall.

Compensatory mortdity operates when the population compensates for fishing mortality

by reducing rates of naurd mortdity (Allen et al. 1998). This suggests that tota
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mortdity remains congant a low to intermediate level of harvest, but increases as fishing
mortality sSurpasses a compensdion  point. Assuming that  mortdity is  partly
compensatory and teking a compensation point as the point where fishing and naturd
mortaity are the same, it is dear that al the three species can sudain a subgantia

increase of fishing effort without the danger of stock collapse.

Gill net Sdectivity:

Gill net SHectivity is affected by many factors induding mesh sze, twine thickness and

method of fishing (Hamley 1975). There are three ways in which a fish can be caught in a

gill net (Baranov 1914):

1. Wedged- Hdd tightly by amesh around the bodly;

2. Glled- Prevented from backing out of the net by a mesh caught behind the gill
cover;

3. Tagled Hed in the net by teeth, maxillaries, or other projections, without
necessarily penetrating the mesh.

The length frequency didribution for B. aeneus and L. capensis from the gillnets were

normaly digtributed for mesh szes showing that tangling percentage in these gpecies is

negligible In O. mykiss tangling percentage increased with mesh sze and the caich

length frequency didtributions for the species were only normaly didributed in meshes

50 and 70. The sdection curves for meshes 90 and 110 were very narrow and were

amog identicd in range (Fig 6.2). From these results it is clear tha tangling is a factor in

rainbow trout and should not be ignored as suggested by Baranov (1914).
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The factors other than mesh sze mainly afect the efficdency of the net dthough they may
dso affect sdectivity (Hamley 1975). For indance vighility and dretchability of meshes
may affect the avoidance behaviour of fish that swim into the net. The experimentd gill
nets used in this dudy were dl white in colour and their vishility must have changed
during the course of the sampling programme as they got older and darker. However, the
most important factor thought to have affected the vishbility of the nets is the seasond
changes in turbidity. This might have partly contributed to low catches in winter when
turbidity was a its lowest levd. Vighility of nets can affect ther sdectivity, because the
reection of fish to a net can change with growth. After finding that more visble nets
caught a smdl proportion of large perch, Steinberg (1964) postulated that the larger,
older fish approach nets more cautioudy. This might aso explain the reason behind the
observed smdl proportion of large fish in daions closer to the dam wal where turbidity
is condgently lower than in ddions further away from the dam wadl. This can be
investigated by usng gll nets with different colours and assessng varidion in length

frequency digtribution between different colours.

Ancther important factor influencing sdectivity of gill nets is the method of fishing. As
different 9zes of fish may occupy different habitats, the Sze caught may depend on the
location and depth of fishing (Hamley 1975). When the experimenta gillnetting was
initisted in May 1998 only surface set nets were used. From July till September the L.
capensis caches were negligible. This was thought to be a result of two factors. Firgly
the species were not caught because they were less active due to cold water temperature.

Secondly the species moved into deeper water below the thermocline in response to low
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water temperature and therefore were inaccessble to surface set gill nets. L. capensis is
also better adapted to benthic habitats than the other two species. The bottom set gill net
was only introduced in November and the catches in both surface and bottom set gill net
were virtudly the same until June. However reports from Lesotho Fisheries Project Staff
indicate that in July and August (1999) L. capensis were caught in bottom set gill net (P.
‘Matli, organisation pers. comm.). This is an indication that the species is not avallable
for surface st gill nets in winter. 1t should be interesting to see how introduction of

different colours will influence the selectivity pattern of the nets.
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Figure 6.1: Edtimates of total mortdity rate (Z) (a) B. aeneus, (b) O. mykiss, (C) L.
capensis in Katse dam. Fitting linearised catch curve to age-frequency distribution

obtained from experimenta gill net fleets gpproximated the Z vaues. For O. mykiss
length converted catch curve was used to estimated Z.
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CHAPTER 7

General discussion and management consider ations

A number of interacting factors, including fish species present, temperature, dtitude, and
shape of the lake basn govern fish production in reservoirs (Eccles 1989). The
converson of primary production to fish yidd is affected by the nature of the fish
community. Herbivorous fish, such as tilapia, make more effective use of the resources
than secondary consumers that feed on anima matter (Eccles 1989). In Katse dam there
is only one species (L. capensis) which is primarily a herbivore. It is therefore unlikely
that the fish in Katse dam will be able to fully utilise the primary production of the lake.
Moreover, dl the species present in the reservoir are primanily riverine and fish
production in the lake might be redtricted by the lacudtrine conditions, which may not be

idedl for the three largest and most important species.

Biologica processes such as metabolism and growth increase with temperature (Eccles
1989, Wootton 1990). Temperatures in Kase dam are very low, ranging from 4°C to
22°C. These low temperatures and high dtitude will result in reduced primary

productivity in the lake, which would in turn limit fish production.

Shdlow lakes and dams are more productive than those that are deep. The underlying
reeson for this is that nutrients remain locked in the depths of the basn and are not
avaladle for plant growth (Chutter et al. 1988, Eccles 1989). Katse dam is deep (average

depth = 60m), a high volume (1950 hm®) and a relaively smdl surface area (37 kn¥).
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The lake is dratified during the warmer summer months and nutrients released from
decaying detritus will be locked up in the lower layers during summer drdification, when

primary productivity would be at its highest.

In summary these factors suggest that Katse dam hes limited fisheries potentid and
consequently cannot support a large-scde commercid fishery. There are however good
prospects for a smdl-scde commercid fishery and a recregiiond fishery for rainbow

trout.

The results of the sudy have shown that only three species occur in numbers large
enough to support a smdl-scde commercid fishery and a recredtiond fishery. These
species are B. aeneus, O. mykiss and L. capensis. In terms of reative abundance B.
aeneus is by far the most important species in the reservoir (71%). It seems to have
adapted very wel into the new environment and has successfully colonised the entire
reservoir. Although both subsstence and recredtional fishers exploit the species, the
former most commonly catch it. The mortdity estimates of B. aeneus show that a greater
proportion of totd mortdity is due to naturd mortdity than fishing mortdity (Chapter 5).
The compensatory mortaity hypothess podtulates that a population’s totd mortdity
remans unchanged a low to intermediate exploitation rates because naturd mortaity
decreases to compensate for reduced densty (Allen et al. 1998). Assuming that a
compensation point is reached when naturd mortdity is equd to fishing mortdity,
additiond fishing effort in the foom of a smdl-scde gillnet commercid fishery would not

pose any threet to the fish stocks in the reservoir.
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The data show that L. capensis is the second most abundant species in the reservoir.
However, both locd subsistence fishers and recregtiona fishers rardly catch this species
on hook and line. This is dso reflected by the low fishing mortdity, which was much
lower than that for B. aeneus and O. mykiss. Presently, the species is of little importance
to loca and recregtiond fishers. However, the planned introduction of a smdl-scale
gillnet commercid fishery will change the gtuation. Andyss of gpdid didribution
showed that L. capensis are mainly concentrated in the river mouths. This means that the
effective exploitation of the population can be achieved by setting gill nets in these aress.
The mgor advantage of such an action would be in the form of increased caich rate with
its corrdate of improved profit margins The reason for this is tha the three most
important species pawn in the river mouths. If caution is not exercised, this could easily
result in recruitment fallure as most of the spawning stock may be fished out in a very
ghort space of time Thus, long term implications of intense fishing in aeas of high
concentration could be unsugtainable. As shown in this sudy and in a previous survey by
Tweddle (1997), L. capensis ae highly vulnerable to exploitation during the spawning

Season.

O. mykiss may aso be saverdly affected by gillnetting in river mouths. Unlike L. capensis
and B. aeneus, ranbow trout caich rates reman high in winter. If commercid and
recregtiond fishing is continuous al year round, then the winter caiches will consst
mainly of trout. Since the highest proportion of the rainbow trout stock in the lake
comprises juveniles, it might be advisdble to target them. This will dso hedp improve

recregtional fishing by reducing the numbers of amdl fish in the reservoir and hence
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improving the growth rate of the fish, given that growth rate is controlled/restricted by
density dependent factors such as the availability of space or food (King 1995). Trout
undertake upstream migrations in winter and are highly vulnerable to exploitation during
this time. This is true for both hook and line and gillnetting. If gillnetting is dlowed in
winter, care should be taken to avoid exploitation of the breeding stock. In the absence of
proper monitoring, gillnets could have disastrous effects as fishers could ddiberately
block the migration routes of the species in search of large fish. This would not be
beneficid to ether smdl-scde commercid fishers or recregtiond fishers as it would

result in recruitment overfishing and not reduce the number of smal fish.

A fine bdance mus therefore be mantained between obtaining good catches in these
aeas and ensuring spawning success. There are four management options that can be
explored to achieve this management objective. These are to:

1. Prohibit dl fishing activitiesin these aress.

2. Allow contralled fishing throughout the yeer.

3. Implement a closed season during the spawning period of the three pecies.

4. Redrict the mesh sze of gillnets.

The advantage of option 1 is that it would ensure sustained recruitment, as there would
be less inteference with the spawning stock. This would virtudly diminae the danger
of recruitment overfishing. However, any consarvation messure that offers inggnificant
benefits to the users of the resource are dedtined to fal. The totd prohibition of fishing in

these areas would concentrate fishing in less productive areas of the resarvoir. This
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would render smdl-scde commercid fishing unprofitable and would dso mean that L.
capensis populations would not be exploited to their full potentia. The data showed that
L. capensis catch rates are very low in the main dam compared to the river mouths.
Therefore the prohibition of fishing in the river mouths would effectively exclude Labeo
from the fishery. This would limit the growth of the smdl-scde commercid fishery
sector. It would dso be very difficult if not impossble to implement a drategy that

prohibits access to abundant resources.

The main advantage of dlowing fishing in river mouths throughout the year (option 2) is
that fishers will obtain good caiches of dl three species in these aress This will in turn
improve their profit margins. L. capensis, which does not occur in large numbers
esawhere in the reservoir except in the river mouths, would contribute substantidly in
this regard. The only disadvantage of this option is tha it cannot guard agangt
recruitment  ovefishing. Labeo fisheries €dsewhere have collgpsed  through
overexploitation on breeding migrations, eg. Labeo victorianus in Lake Victoria
(Cadwalladr 1965), Labeo mesops in Lake Maawi (Anon. 1964, Skelton et al. 1991) and

Labeo altivelisin Zambia (Jackson 1961).

Option 3 is to implement a closed season during the spawning season of the three
goecies. The main advantage of this option is that it would minimise the danger of
recruitment overfishing, while maintaining high catch rates al year round except during
the breeding season. This is in fact a compromise between the firs and the second

options. However, this is 4ill not ided for the Katse gdtudtion. In the first place catch
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rates are very low in winter and as aresult fishing is unlikdy to be profitable during this
time. If a closed season is imposed in these areas during the spawning period of B.
aeneus and L. capenss, it would effectively mean that good catch rates would only be
redised during sx months of the year. Given that profit margins in any smdl-scae
commercid fishery are not large, Sx months inactivity would render the whole operation

unprofitable.

Option 4 is a redriction of mesh dze. The management of gillnet based fisheries is
effected by setting minimum length a firs capture, which often takes into consderation
the length a sexud maturity. The length a firs capture is dependent on the type of
fishing gear and the mesh size used (Thompson 1995). The choice of the length at firgt
capture is dictated by a number of biologicd factors such as mortdity rate and length a
sexud maturity, and socio-economic factors including the need to caich sufficient fish to
day in busness. For L. capensis and B. aeneus the totd mortdity rates are farly low
(061 & 0.72 respectively) (Chapter 5). This means that the population gain more totdl
biomass through growth than they lose through mortdity. Therefore, the spawning
biomass can be maintained at reasonable levels when the length a first capture is near or
greater than the length a sexud maturity. The reverse holds for O. mykiss as its high
mortaity rate (1.32) and dow growth rate result in the tota biomass declining as the
population ages. Though not modded, rainbow trout could therefore be harvested at a
sze bdow the length a sexua maturity and produce high yidds without excessively

reducing spawner sock biomass The reduction in numbers of smdl trout could
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theoreticd dso increase the growth rate and in turn produce trophy sze fish for the sport

fishery.

Deferring harvest to older ages to increase the average sze of the catch can be offset by
naturd mortaity (Johnson & Martinez 1995). Thus, an andyss of the competing effects
of growth and mortdity is centra to sdecting appropricte Sze regulations. If only B.
aeneus and L. capensis were consdered then the development of a management strategy
would be rdatively smple. The length a first capture would be set near or greater than
the length a sexua maturity (Chapter 3). This would be achieved by choosing the gillnet
mesh sze that has the optimum sdection length (Chapter 5. The presence of trout
complicates the matter as most of the population congsts of smal fish. Because of its
high mortdity rate and dow growth rate, the length at first capture cannot be fixed at the

length of sexud maturity.

It would be very difficult if not impossble to adopt a management drategy that will
ensure that L. capensis and B. aeneus are only caught after reaching sexua maturity and
conversely dlowing trout to be caught before they reach sexud maturity. Targeting
juvenile trout would dlow the fishery to exploit the most abundant Sze classes of the
stock and would produce good yields. Therefore a compromise has to be reached which
will ensure that dl the three goecies ae exploited to their full potentid without
jeopardizing the fishing industry and the sudtainability of the resource. Such a drategy
can be implemented by choosng a mesh sze that will exploit the Sze classes with the

highest tota biomass.
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O. mykiss requires specia attention as far as management is concerned. As mentioned
this species is the best candidate for a sport fishery. However, any sport fishery requires a
rlaively high abundance of trophy fish (Hecht 1999). The present study has shown that
ranbow trout in the lake are of a smdl sze, which is not good for a sport fishery. It is not
known whether the observed growth rate is a result of poor growth conditions or whether
the drain of trout in the reservoir has limited growth capabilities. It might be advisable to
introduce a new drain of trout (Hecht 1999) and monitor its growth performance or
dterndively to fish out the juveniles to reduce intraspecific competition. It is

recommended that the latter option be tested and if it fails, then to consider the former.

In this study catch per unit effort was used as an index of relative abundance. CPUE is
related to absolute abundance by the caichability coefficient (g) (King 1995). The number
of wvulnerable individuds in an aea may thus be etimated by multiplying the area by
CPUE/q, where q is the vaue that is estimated from depletion experiments (King 1995).
Since no depletion experiments were done in this sudy it was impossble to estimate
absolute abundance from CPUE data. It was dso not possble to edimate yied from
surplus production models as there was no estimate of total biomass and the fishing effort

was amilar throughout the study period.

The number of fishing units that can be accommodated on the reservoir would be highly
inaccurate in the absence of total biomass and absolute abundance estimates. The number
of fishing units that can be initidly accommodated was cadculaied on the bass of CPUE

data and maximum yidd (25 tonnes), estimated from the morpho-edaphic index (Chutter
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et al. 1988). The CPUE data showed that 100m net catches gpproximately 1000kg of fish
in 120 days, which equates to 8kg per day. It will therefore take 25 fishing units with
amilar fishing effort to redise the edimated 25 tonne annud yidd. Though this is very
ampligic it provides us with a number of units upon which to initiate the fishery.

Depending on catch the number of units can be increased or decreased in future.

Regulaion of thefishary.

The overdl objective of fisheries management is to ensure that stocks are exploited on a
sudtainable bass, and the specific objectives depend on the type of fishery under
consgderation and the politicadl agenda of the government (King 1995). In the case of
Katse dam the politicd agenda of the government, through LHDA, is to provide
dternative sources of income and employment for the disolaced communities around
Katse dam. Based on this agenda an appropriate objective is to ensure that as many

people as possible have an opportunity to share in the resource.

Fisheries regulaions are imposed on a fishery to support a dtrategy designed to achieve
predefined objectives (King 1995). Normdly a combination of regulations is needed to
produce the desired results. Regulations are used either to reduce or contain effective
fishing effort or to redrict the totd catch to a certain limit. As two fisheries (port fishery
& gmdl-scde commercid fishery) would be operating on Katse dam, the management

regulations are different and are therefore discussed separately.
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Small-scale commercial fishery.
This fishery would be best regulated by input controls such as limitation of number of
nets used. The proposed measures for contaning effective fishing effort include, limiting

number of fishing units, types of fishing gear and minimum and maximum mesh sze.

The fact that smdl-scde commercid fishers have to go through some basic training
before they are allowed to operate on the reservoir makes it easer to redtrict the number
of entrants into the fishery. Training is conducted by the Lesotho Fisheries Project, which
is responsble for managing the fishery. Only a limited number of fishers will be trained,
which are unlikely to pose a serious threat on the resource. An adaptive management
drategy can then be followed, whereby one or two fishing units can be dlowed into the
fishery each year during which the responses of the stock to increased fishing effort shdll
be monitored. Alternatively, depending on the response of the stocks to fishing effort, the
number of units could be reduced by one or two per year. This approach may not be ided
for the Katse dtuation as many people in this area are unemployed and have lost their
traditiona way of living in the form of logt arable land and therefore would like to see
less redtrictions imposed on fishing. However, an adaptive management gpproach of this
nature is much safer than an open access. An open access system would not be in line
with the overdl fisheries management objective of ensuring that fisheries are exploited
on a sugtainable bass. It should however, be clear that the entire enforcement, monitoring

and management of the fishery should not cost more than the fishery isworth.
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Although it is yet to be economicdly anadysed, indications are tha fishing in winter
would not be profitable. It is therefore unwise to recommend such a regulation when
fishers gand very little chance of catching enough fish to feed their families let done

making any profit.

Soort fishery:

As mentioned, the mgor participants in the Katse dam sport fishery are tourigs from
South Africa and expatriates working for LHWP. The tourism indudtry is very important
for the Lesotho highlands region and to the country as a whole, as it provides much
needed cash and employment opportunities for the locad people. Therefore, the
management objective of the sport fishery should be to maximise the participation in this
sector, while ensuring that anglers have access to large fish and that stocks are exploited
on a sudanable bass This objective can be achieved by placing limitations on catch

(output control).

As the main objective of this fishery is to maximise participation from tourigt fishers, no
limit on the number of participants should be imposed. The most effective output control
mesasure would be to st a consarvative bag limit. The maximum permissble number of
fish caught and removed per angler per day should be four. This is Smilar to many
salmonid sport fisheries in the world (Schill & Kline 1995, Johnson & Martinez 1995).
This will enable the sport fishery to expand without putting excessive pressure on the fish
docks. Unlike smdl-scde commercid fishers the sport fishers manly target large trout

and ydlowfish, which are very vulnerable during the spawning season (winter). The data



have shown that large trout congtitute a very smal percentage of the population. In order
to avoid recruitment overfishing the spawner stock should be protected. It is therefore
recommended that a two months (June to July) closed season be imposed to protect
breeding trout. This action is unlikely to upset the angling fraternity as most anglers fish
from September to April. Only a few anglers continue fishing in winter. This is mainly
because the Katse dam area is very cold during this time and is therefore intolerable to
most anglers. This will ensure sudanability by reducing the chances of recruitment

overfishing.

Other fishing techniques besides hook and line should be prohibited, as they are likely to
be detrimenta to the resource. In winter when water levels are low in rivers loca
fishermen hunt fish with spears. This is paticulaly prevdent on the Mdibamaiso River
below the dam. Another unacceptable method of catching fish by locds when water
levels are low in rivers is to foul hook them across the body using severd hooks that have
been tied together. Until such time as the impacts of these fishing practices are assessed it

is recommended that these be prohibited.

The success of the smal scde commercid and the sport fishery in Katse dam will largdy
depend on proper monitoring and close interaction between authorities and fishers. Many
fisheries control measures do not normaly work, unless the public understands what the
rues are there for. Education and liaison between authorities, fishers and the generd
public is therefore crucid and this should form the next phase of fisheries development in

Lesotho.
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