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ABSTRACT

Sanmpling of fish populations in the nid Kafue floodplain reveal ed
f ew changes since 1969 when sinilar data was collected. Gl net catches
of major species in 1975-76 were sinilar to catches made in 1969-70 except

t he Serranochronis angusticeps, Hepsetus odoe and O arias gariapinhus were

significantly |less abundant and only Labeo nol ybdl nus was nore abundant in

the 1975 cat ches.

Slight differences in growh of Sarotherodon andersoni and )§ macrochir

between pre- and post-inpoundment data were found. Spawning success of

these two Sarotherodon speci es seens to have been depressed by higher dry

season water | evels.
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| NTRODUCTI ON
The Kafue floodplain supports one of Zanbia' s major fisheries yielding
about 5000 netric tons of fish per year. Al though fish is one of its nore
i mportant products, the floodplain is valuable for other, often conflicting,
uses.. Two small national parks have been established on the floodplain to

protect the antel ope Kobus | eche Kafuensis (the Kafue Lechwe) and nunerous

bird species. Gazing by large nunbers of domestic cattle occurs during
the period of receding vat er.. More recently, use of floodplain waters for
agriculture (e. g. Nakanbal a Sugar Estates) and industrial uses (at the town
of Kafue) has becone inmportant. A part of the water supply for Lusaka,
capital of Zanbia, is also taken fromthe Kafue floodplain area. The nost
important recent nodification of the floodplain, however, was the conpletion
of the Kafue Corge Hydroelectric Damin 1971 which pernmanently flooded a
portion of the floodplain and altered the flooding regi me over an additional
portion. This major disruption of the natural flooding pattern was expected
to have a major inpact on the conmercial fishery of the Kafue fl oodplain.
A new dam at Itezhitezhi just upstream of the floodplain w |l probably be
completed in 1977. The damw || further disrupt the natural flooding pattern
by lowering the maxi mum flood elevation and will allow a greater manipulation
of the water regine

Al though fisheries research and surveys have been carried out on the
Kafue floodplain since the |ate 1950fs a special effort was made in 1969 and
1970 to predict the possible effects of the Kafue Gorge Dam on commerci a
fisheries (Chapman et al. 1971; Lagler, Kapetsky and Stewart 1971; Dudl ey
1974, Scully 1972, Kapetsky 1974). Since conpletion of the damthe Zanbian
governnent has continued its research programon the floodplain and others
have attenpted to examine the effects of the dam and other factors on the

commercial fishery (Mincy 1976).



In this report | have sunmarized ny data and findings obtained dur-
ing 10 nonths of research on the floodplain(August 1975 through May 1976).
| have attenpted to provide some i'nsight into the factors affecting the
commerci al fishery by exami ning experinental gillnet catches, seine net

catches and growt h rates of some maj or species.

The KafuelFloodeain
?The Kafue River, a mmjor tributary of the Zanbezi River, arises near

the Zaire - Zanbia border. |t flows southward about 400 kmprior to fl ow

ing eastward onto the 6000 knf Kaf ue floodplain in South Central Zanbia..

After flowing the 250 kmacross the floodplain the river plunges 670 mas

it flows through the 30 km Kafue Gorge to the Zanbezi River. The grassy

floodplain lies at an altitude of 900 m 15°30" south of the equator

The waters of the Kafue river typically start to risein early
Decenber or |ate Novenber shortly after the start of the rainy season.

The highest water |evels occur in April or My about one nonth after ternina-
tion of local rainfall. The flood water then gradually recedes reaching a
mninumin |late Novenber. The maxi mum flood hei ght and duration of flooding
varies considerably fromyear to year. Prior to construction of the damthe
river was confined to a 50-75 mw de channel s and | agoons at |ow wat er.

Si nce i npoundnent about 20 percent of the floodplain remins inundated
when water is at spillway elevation. The flooding pattern has been altered
over nuch of the floodplain mhefe the mininumdry season water el evation
has been raised. The nean maxi numflood el evation has not changed. Since
i mpoundnent the amount of rise in water |evel during a flood cycle has de-
creased substantially (Table 1).

The shape of the typical post inpoundnent flood = time curve differs

substantially from pre-inpoundnent curves. The difference is due primarily



Table 1. Means of three water level neasurenents in pre-
and post=inpoundnent years on the Kafue fl oodpl ain.
Al'l calcul ations were based on data fromthe
Nyi mba gauging station. Data fromwhich these
figures were derived were obtained fromthe Zanbi an
Wat er Affairs Departnent. '

Pr e- Post -
| npoundnent | mpoundnent
(1963 - 1970) (1972 - 1975)

Mean M ni num Gauge 1.6 neters 2.8 neters
Readi ng (.9l (3.39)2
Mean Maxi mnum Gauge 6.9 6.5
Readi ng (7. O)2
Mean Maxi mum Change 5.1 3.3
Wi t hi n a Hydrol ogi cal (3.3y1
Year

L Mean val ue cal cul ated when onitting the exceptionally
wet hydrol ogical years of 1963 and 1969.

2 Mean val ue cal cul ated when onitting the record dry
hydrol ogi ¢ year of 1973. '

3/ Mean val ue cal cul ated when onitting the two extrenes
resulting fromthe dry 1973 hydrol ogi cal year.



to the deeper water during the dry season(Table 1). Another nmeasure of

the difference in flooding regime is the flood index. The index (measured
in foot-nmonths) used here is the area between the flood-time curve (derived
from Nyi nba gaugeboard data) and a depth of 6 feet. The nmean flood index
for typical post-inpoundnent years (1972 and 1975) is 134(S D » 12.5)
while that of typical pre-inpoundment years (1964 through 1968) is only 85.6
(SD =17.2. The nean index for pre-inpoundnent years 1963 through 1970

is 111(SD = 42.5).



G LLNETTING AND LI MNOLOGY

Met hods

Mul ti mesh gillnets were set nonthly at five locations in the central
Kafue floodplain. The nets used, conparable to those used by Scully (1972)
and Chapman et al. (1971), contained 10 panel s of neshes ranging from 13 mm
(1 1/2 inch) to 152 nm (6 inch) mesh by 7 mm (1/2 inch) increnents..

Al though nets used at .the beginning of the University of Idaho study
(Scully 1972, Chapman et al. 1971) had equal length panels of 9.14 m(30
feet), these were changed in Decenmber 1969 to a design in which panels were
of different length but had an equal nunber of nmeshes. This was done because
the 9.14 meter small mesh panel s caught excessive nunbers of small fish which
hanpered data collection. | followed the equal nesh size design in con-
structing nets for use in 197576 in order to have data conparable to that
collected in 1969-70. The nets neasured 91.4 neters by 2.13 neters in
depth and were hung on a 50 percent basis. The length of each panel of a
given nesh size appears in Table 2. |n general the design of the net can
be described as:

" ,

2( f: hgj)=L

isl *

where x is the nunber of neshes per panel (unknown)

dA is the depth of each panel in neshes cal cul ated from nesh
si ze and hanging coefficient.

h is the hanging coefficient

si is nesh size i (stretch neasure)

L is desired total length

At each of five locations two floating nets and two sinking nets were

set for 24 hours. At the end of the 24 hour period all fish were renmoved,



Table 2. Miltinmesh nets used in 1975 76 consisted of 10 panels of mesh sizes from 1%
through 6 inches.. The nets were designed so as to have an equal nunber: of
meshes per: panel.,

Mesh Size ((nm)
38 51 64 76 90 102 114 127 140 152
Length
meshes 67 89 112 132 156 181.5 198 223 242 272

meters 1.28 2.26 3.56 4.80 6. 93 9.22 11.32 14.16 16.90 20.73

Depth - all panels were 2.13 neters deep

neshes 65 49 39 33 28 24 22 19.5 18 16
Nurmber: of
neshes

Theoreti cal 4357. 6

Actual 4355 4361 4368 4356 4368 4356 4356 4348.5 4356 4352




identified and counted and data tabulated for each mesh size of each net.
Additionally all fish were neasured (length to the nedian caudal ray - fork
| engt h) during Septenber through December and March through May.

The original gillnet data collected by Scully (1972) was exam ned in
Zanbia and data fromnets conparable to ny own were recorded for conparison.
Data of Scully's used herein differs fromthat used by Scully (1972) and by
Chapran et al. (1971) because | have not used data from nets of Scully's
whi ch were set in densely vegetated areas with the exception of the Chunga
station. Scully's interest was distribution of fishes while mne was the
change in catch at conparable | ocations since 1969-70. Wen using data
fromthe standard style (equal sized panel) nets | nultiplied the nunber
of fish caught in each panel by the Iength of the new style panel divided
by the length of the old style panel. Since the two styles of nets were
the same depth this is equivalent to using the number of meshes as a basis
for conversion as was done by Scully (1972).

Al gillnet data was recorded On.conputer cards and anal yzed using
various programs of the Statistical Analysis System(Barr and Goodni ght
1972). G IInet catches from 1975 were exam ned using a nested analysis
of variance design (location within month for each species). A Duncan
mul tiple range test was then enployed for each species to find which catches
differed significantly. Since Scully (1972) did not use paired sanples
| was forced to assume that the 1969-70 variances were the sane as the
cal cul ated 1975-76 variances (as estimted fromthe error mean square of
each ANOVA test). Al analyses were performed on the log (XH) where X is
the number of fish in the catch. Analyses were performed for total catch
of each species in top and bottom nets and for total catch of each species
insmll neshes (38, 51, 63.5 nm), medium neshes (76, 90, 101, 114 mm) and

| arge meshes (127, 140, 152 ram).



During each gillnetting period basic Iimological characteristics
(tenperature, oxygen concentration, conductivity, and secchi disc visi-
bility) were determned at each gillnetting station. These were col | ected

for conparison with simlar data from 1969- 70 ( Chapnan et al . 1971).

Sanpl i ng Stations: Li mol ogical and other Charact eristics

The five locations at which the nets were set were sinilar to those
used during the 196970 st udi es.

Station 1( Chunga, vegetation) is approximately 3 km north of Chunga
in a narrow boat channel bordered on both sides by floating and submerged
vegetation. Unlike a large part of the fl oodpl ai n, vegetation in this area

consi sts of Nynphaea sp. Nynphoides sp. and Aschenenone fluitans with sub-

merged aquatic plants such as Myriophyllum beconi ng abundant in April

through June or July. This station was not sanpled when it was very
shal | ow ( Novenber) or dry (Decenber).

The general appearance of station 1 in 197576 was sinilar toits
appear ance in 1969-70 with the exception that the extent of this vegetation
type was a bit less than in 1969-70. The Iinmmol ogical charact eristics of
the stations are sinilar to those found in 1969-70 (Table 3). The |over
secchi disc readings in Septenber, Cctober and January in 1975-76 are due
to wind caused turbidity fromthe surrounding open water area whi ch was
quite extensive in 1975-76.

Station 2( Chunga - open water) is |ocated about 5 kmnorth of Chunga
at least 2 kmfromthe nearest vegetation. |n 1969-70 a | arge open water
area did not exist here and consequently this station was not sanpl ed as
a separate station during those years. This st ation was shallowor dry
during Novenber and December of 1975 It consisted of open water wi t hout

vegetation 2 to 5 meters deep with considerable wave action at tines.



Tabl e 3.

(Station 1).

Li mol ogi cal characteristics of the Chunga - vegetation sanpling station
The 1969 data is from Scully (1972) and Chapnan et al. (1971).

Dat e Tenper at ur e Oxygen Conductivity  Secchi Dept h
T M B T M B Di sc
Sept 1969 ——— 21 -— 5.4 180 2.0 2
1975 21.5 === 21 7.9 -— 6.9 150 0.9 1.6
Gt 1969 23 5.1 185 2.0 1.5
1975 26 6.3 157 0.5 1.2
Nov 1969
STATI ON DRY
1975
Dec 1969
STATI ON DRY
1975
Jan 1969 27.5 3.8 92 1.0 2.2
1975 22 ——— 22 8.5 - 5.1 360 0.5 2
Mar 1969 28 5.0 117 1.6 2.9
1975 27 —— 26 6.9 —— 55 280 1.8 2
Apr 1969 25.5 6.0 130 2.0 3.0
1975 R -— —— - 3.3
May 1969 22 6.2 150 1.6 2.6
1975 24 22 22 6.4 4.0 3.6 101 1.3 3.5
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The difference in extent of open water fromyear to year seens to be
_ characteristic of the south central portion of the Kafue floodplain. In
1970, following the prolonged flood of 1969, areas which had fornerly been
covered with dense stands of aquatic grasses reverted to open water With
floating islands of the previous years grasses (écully 1972).. In 1975 an
even larger area |acked vegetation, presumably because of the high water
in 1974 The extent of open water was increased even further in 1976 when
(in April) one could sée to the horizon over open water. Apparently wat er
remaining on the floodplain through the end of the dry season discourages
the growth of vegetation especially aquatic grasses the followi ng year
This is probably due both to the standing water itself and to wave action
s which is considerable in the dry season.
Wth the exception of May the oxygen concentration at this station
in 1975-76 were higher than those found in 1969-70. This is due primrily
to the close proxinity of the dense grass vegetation type in 1969 (Tabl e 4).
Station 3 (Nanpongwe) was not identical to the Nanpongwe station of
s 1969-70 but is conparable. The 1969-70 station (Scully, 1972; Chapman et
al.. 1971) was near and in the M ande channel which was: densely veget ated
with aquatic grasses in 1969 and 70. That area was devoid of grass in
1975-76.. A conparabl e station was established along the vegetation
bordering the Nanpongwe channel. Nets were set diagonally into the channe
- from shore during Septenmber through Decenber but were set along the energent

aquatic grasses (\Vossia cuspidata and Echi nachl oa sagni na) bordering the

Nanpongwe channel in January through May. Water depths in the channe
at this station ranged from 2 neters (dry season) to 5 nmeters (peak flood).
Oxygen concentrations at Station 3 in 1975-76 consistently exceeded

----- those found in 1969-70. The secchi disc readings of 1975-76 were



Tabl e 4.

(Station 2).

11

Li ol ogi cal characteristics of the Chunga - Open sanpling station
The 1969 data is from Scully (1972) and Chaprman et al. (1971).

Dat e Tenper at ur e Oxygen Conductivity  Secchi Dept h
T M B T M B Di sc
Sept 1969 5.0 3.1
1975 21 20.5 20.5 8.1 7.3 7.7 160 1.0 2
Cct 1969 3.8 2.9
1975 25.7 7.8 157 0.6 1.5
Nov 1969
STATI ON DRY
1975
Dec 1969
STATI ON DRY
1975
Jan 1969 0.5 3.4
1975 25 23 23 7.7 7.3 6.6 360 — 2.5
Mar - 1969 3.0 4.1
1975 28 -——=  26.5 5.8 -—- 6.0 205 1.5 3.0
Apr 1969 5.0 4.0
1975 - 24 — —— 6.0 -— 127 2.2 5.0
May 1969 5.5 4.0
1975 24 22.5 22.5 3.9 2.9 2.8 108 2.0 5.0
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consistently bel ow those found in 1969-70 (Table 5). Both these phenonena

are a result of the increased anount of open water on the floodpl ain.

The Nanpongwe channel (Station 3) is a drainage channel for a Iarge sector

of the south central Kafue floodplain. Wen this area is densely vegetated

with grasses (as in 1969-70) the resulting outflow to the Nanpongwe Channe

" is very clear and low in oxygen. Lf open water predoninates the resulting

flow to the Nanpongwe i s sonewhat turbid and has a nmoderate oxygen concen-
tration. In addition, the water flowing down the Nanpongwe channel in 1975
(Cctober through Decenber) contained nunerous globular fragnents of al gae,
whi ch were not present in 1969-70

Station 4 (Kafue River Channel) was located in the 30 to 50 neter
wi de mai n channel of the Kafue River about 4 km upstream from the Nanpongwe -
Kaf ue confluence. The banks of the Kafue River here are submer ged during

high water and support a lush growth of the grass Vossia cuspidata. The

nets were set along the vegetation,

Oxygen concentrations found in the Kafue river proper are simlar
but slightly higher than those found in 1969-70. The oxygen concentration
at this station in 1969-70 dropped to .1 ppmin January and March and .5
ppmin April. In 1975-76 the mi ni num oxygen concentration occurred in
May (1.0 ppm) (Table 6).

Station 5 ( Chul we Lagoon) was located in the western portion of
Chul we Lagoon. Nets were set in aline fromthe north shore toward the
m ddl e of the lagoon. In 1969-70 this station had abundant subnerged
aquatic vegetation. In 1975-76 it was entirely devoid of submerged
aquatics. The cause for the di sappearance of subnerged aquatics is
unclear. Since Chulwe Lagoon was flooded throughout the dry season prior

to the construction of the Kafue Gorge Damit is unlikely that the prol onged
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Table 5 Limmol ogi cal characteristics of the Nanpongwe sanpling station (Station

3). The 1969 data is from Scully (1972) and Chapnan et al. (1971).

Dat e Tenper at ur e Oxygen Conductivity  Secchi Dept h
T M B T M B Di sc
Sept 1969 . 20 1.1 165 4.0 |
_ fi
1975 21 21 21 6.0 5.7 5.1 160 1.5 5.3
Cct 1969 22 0.8 190 3.0
1975 2.5 ==== 24.5 6.7 6.5 156 1.0 4
Nov 1969 25.5 2.4 238 1.7
1975 25 25 24.5 7.2 7.1 6.0 230 0.5 4.5
Dec 1969 25 0.5 245 1.0
1975 27 27 27 6.9 6.7 6.2 364 0.3 4
Jan 1969 27.5 0.3 155 0.8
1975 24 23 23 6.0 5.6 5.1 ——— 0.8 3
Mar - 1969 28 0.4 140 2.2
1975 27.5 === 26.5 5.5 - 4.8 165 1.8 5
Apr 1969 25.5 1.4 120 3.0
1975 24 —— 24 5.5 -— 5.1 ' 116 2.2 4
May 1970 23.5 2.5 148 3.5
1975 23 22.5 22 3.8 2.5 3.1 110 2.5 4.5
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Table 6. Limmol ogical characteristics of the Kafue sanpling station (Station 4).
The 1969 data is from Scully (1972 and Chapman et al.

Dat e Tenper at ur e Oxygen Conductivity  Secchi Dept h
T M B T M B Di sc
Sept 1969
1975 205 20.5 21.5 6.5 6.5 6.3 320 1.4 5.5
Cct 1969 295
1975 2.5 24,5 24.8 5.7 5.8 5.7 5
Nov 1969 26.5 4.4 310 0.8
1975 24.5 24,5 25 6.8 6.7 6.5 385 1.5 5
Dec 1969 26.5 5.0 325 0.6
1975 26.5 26.8 27.5 5.6 5.5 5.5 416 0.6 4.5
Jan 1969 28.5 0.1 135 1.0
1975 24 —- 24 3.0 -— 3.2 220 0.5 5
Mar 1969 28 0.1 130 1.8
1975 27 — 27 3.3 3.0 2.9 141 1.2 5.5
Apr 1969 26 0.5 155 2.1
1975 24 —— 24 1.3 -—— 1.3 106 2.5 6
May 1969 24 1.1 185 1.9
1975 23 ———— 23 1.1 1.0 1.3 115 2.6 8




15

fl oodi ng caused by the dam has caused this change. A nore likely expla-

- nation is that the extrenely small flood of 1972-73 either allowed drying
of most of the lagoon or that follow ng the flood, large anounts of float-
ing grass islands kept it shaded. |n any case the 1975-76 vegetation was

_____ virtually nil conpared to the dense beds of such vegetation found in 1969
and 70. By May of 1976 sone of this vegetation type was reappeari ng.

Oxygen concentrations were simlar in the two years at Station 5, but
dropped nore slowmy in 1975-76 as the flood rose due to the less rapid

rise in water level in 1976 conpared to 1970. Secchi disc visiability

increased nmore rapidly during the 1970 flood (Table 7).

Results of G llnetting

Ni net een species of fish were caught in nultinesh gillnets in large
enough nunbers to warrant comment (Table 8). Nine of these species were
caught in large enough nunbers to warrant analysis. These species were

Sar ot her odon ander soni, Serranchrom s angusticeps, Serranochrom s

nmacrocephal a, Clarias gariapinus, Carias nganensis, Shilbe nystus,

Hepset us odoe, Labeo nol ybdi nus and Marcuseni us nacrol epi dot us

- Menbers of the famly Cichlidae conprise a large portion of the
commercial fish catch of the Kafue floodplain. O the Cichlids only

Sar ot her odon andersoni, Serranochrom s angusticeps, and Serranochroni s

macrocephal a occured in relatively large nunbers in gillnets. Sarotherodon

macrochir and Tilapia rendalli are nunerous in seine net catches but do not

conprise a large proportion of the gillnet catches.

For twenty-five conparable net sets made in both 1969-70 and 1975-76
the total catch of S andersoni in all meshes was 455 in 1969-70 and 310
in 1975-76. (The 1975-76 catch is the total of the nean catch of paired

sets.. Catches reported for 1969-70 are derived from catches of single sets).



Table 7.
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Li mol ogi cal characteristics of the Chul we Lagoon sanpling station
(Station 5). The 1969 data is from Scully (1972) and Chapman et al.
(1971)

Dat e —Tenperature___ Oxygen Conductivity  Secchi Dept h
T M B T M B Di sc
Sept 1969 22 4.0 230 2.0
1975 21.5 21.0 21.5 7.3 7.0 6.8 240 1.8 3
Cct 1969 25 55 250 1.0
1975 25.5 24.5 4.9 — 3.6 270 1.3 2
Nov 1969 24 7.0 295 0.8
1975 26 == 26.5 5.5 -— 5.4 300 0.7 2
Dec 1969 25 7.0 260 0.8
1975 27 - 27.5 6.0 e 4.9 365 0.7 1.6
Jan 1969 28 0.8 210 1.0
1975 25.5 24.5 4.3 - 4.0 380 1.1 2
Mar- 1969 29 0.3 125 3.0
1975 28 -— 27 s - 0.0 148 1.8 3.5
Apr 1969 25.5 1.8 155 3.2
1975 24 -——— 24 1.2 1.1 7 100 2.8 4
May 1969 23 2.5 170 2.9
1975 24 23.5 23.0 1.5 .3 .3 118 4.0 5




Table 8. Fish species caught during gillnet sanpling during
August 1975 through May 1976.

Mor nyri dae

Mornyrus | acerda Castel nau
Mar cuseni us nacr ol epi dot us ( Pet ers)

Hepseti dae

Hepset us odoe (Bloqh)?

Char aci dae

Alestes |ateralis Boul enger

Cyprini dae

Labeo nol ybdi nus du Pl essi s

Schi | bei dae

Schi | be nystus (Linnaeus)

Mochoki dae

Synodontis kafuensis

Clariidae

Clarias gariapinus (Burchell)
C ari as nganmensi s Cast el nau

Ci chli dae

Sar ot her odon macrochir ( Boul enger)

Sar ot her odon ander soni_ ( Cast el nau)
Tilapia rendal | i gefuensis Thys

Til apia sparrmani A Spith

Serranochroni s angusti ceps ( Boul enger)
Serranochroni s macrocephal us ( Boul enger)
Serranochrom s robustus jallae (Boul enger)
Serranochroni s thunbergi (Castel nau)

Hapl ochroni s codringtoni ( Boul enger)

Hapl ochronis giardi (Pellegrin)
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The proportion of SL andersoni caught in |arge, medium and smal
meshes was significantly different between the two years (X2 = 39.12). A
significantly smaller proportion of fish were caught in small neshes in
1975 (Tabl e A2). Y/

I'n exanmining the overall total catches of S. andersoni (Table A)
the variation anong stations within a month and among months within a
station appears obvious. However, in only four cases were conparable 1969-
70 and 1975-76 catches statistically different. This is due to the rather
large variation in catch within the paired sanples collected in 1975 76.

Fewer small S, andersoni_ appeared in the 1975-76 catches. In the
three cases where the 1969-70 catch significantly excéeded that of 1975-76
a large portion of the 1969-70 catch came from the medi um size nmeshes. In
the one case where the 1975-76 catch was significantly larger, the bulk of
the catch was fromthe | arge nmeshes. The nean |ength of S andersoni
caught in the small meshes was considerably snaller in 1969 than in 1970.
The size of the fish caught in the three smallest mesh sizes corresponds
to the expected length of one year-old-fish which were lacking in the 1975
catches (Tabl e A3).

Al though nunbers of this species caught did not change drastically,
there has been a change in the size conposition which indicates that smal
size S andersoni were not as nunerous in 1975-76 as in 1969-70. This
finding agrees with the apparent lack of strong yearclasses of this species
inrecent years with the exception of the 1974 (Qctober - Decenber 1973)
yearelass. . This yearelass was produced following a very dry hydrol ogica

year (1972-73).

1/

—Figures AL through A26 appear at the conclusion of the text.
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Addi tional information concerning the yearelass success of Sarotherodon

andersoni_ is discussed in a later section.

Al though nmuch | ess abundant than Sarot her odon andersoni, Serranochronis

angusticeps was the second nost abundant Cichlid caught in gillnets. O
the twenty-five between year conparisons exanined, seven indicated a hi gher
total catch of S angusticeps in 196970 while only one indicated a higher
catch in 197576. Four of the seven significantl y_hi gher 1969—70 cat ches
occurred in Chul we Lagoon which in 1969 had an abundance of submerged veget a-
tion (Tabl e Ad).

A significantly larger proportion of S angusticeps were caught in
I arge neshes in 1975-76 conpared to 1969-70(Tabl e A5). The length of
S. angusticeps caught in a given mesh size has not changed (Tabl e A6).
The greater abundance of S. angusti ceps in 1969-70 was due prinarily to
l'arger nunbers of this species in mddle sized meshes in 1969-70. This
may be an indication of poorer reproductive success in recent years.
However, juvenile j5 angusticeps appeared reasonably abundant in small
mesh seine net hauls made al ong shore during rising water in 1976.

Serranochroni s nmacrocephal a was consi derably more abundant i n Chul we

Lagoon during Septenber through Decenber of 1969 conmpared to 1975 (Table
A7). However, except for the Kafue Channel in My, no other significant
difference between years was found. Thus the differences found for this
speci es may be due only to the changed habitat at the Chul we Lagoon sanpl -
ing station. Omtting the catches of the Chul we station nunbers of fish
caught in the two years are al nost identical.

The three nesh size groupings caught J5 macrocephala i n equal propor-

tions during the two years (Table A8). Mean size of S macrocephal a in

each nesh size was sinilar during the two years ( Tabl e A9).
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Two species of Clarias, Jarias gariapinus and C. ngamensis, were

caught in gillnets. O the two, C gariapinus is nore abundant.

Catches of C gariapinus in 1975-76 were wel |l below sinilar catches
fromsimlar gillnet sets in 1969-70 in nine of twenty-five conparisons
(Tabl e A10). Not only were the catches of the C gariapinus different in
the two sanpling years, but the proportions of fish caught in the three
mesh size groups changed as well. In 1969-70 a considerably |arger pro-
portion of C. gariapinus were caught in the larger neshes (Table All).
The decreased nunmbers of this species caught in large neshes in 1975-76
represents a decrease in the nunbers of larger individuals. The mean
I ength caught in a particular mesh size did not differ between the two
years (Tabl e A12).

Cl arias nganensis, on the other hand, seemed to be as nunerous in

1975-76 as it was in 1969-70 al though slightly nore fish of this species
were caught during 1969-70 (Table A13). In addition the size conposition
of the catch of C. ngamensis, as indicated by a conparison of catches in
the three mesh size groups, has not changed since 1969-70 (Tabl e Al4).
The mean | ength of this species is quite variable w thin each nesh size
and was simlar for the two sanpling periods (Table Al5).

Abundance of Shilbe nvstus apparently did not differ between 1969-70

and 1975-76. However, differences in distribution of this species caused
sone significant differences in number caught at each station in the two
years (Table A16). G llnets caught nore S mystus in Chul we Lagoon in
1969- 70 whi |l e nore were caught in the Nanpongwe Channel in 1975-76 during
dropping water. 4. mystus seenmed to favor the Chunga area during January

of 1970 while remaining nore uniformy distributed in January of 1976
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Interestingly, the sizes of S. mystus present. during the two sanpling
periods differed considerably if one considers nesh size as a reasonabl e
measure of fish size. A significantly larger proportion of the S nystus
catch .was caught in small neshes in 1975-76 conpared to 1969-70. A
significantly larger proportion was caught in the medi um neshes in 1969-70
(Table A17). A larger share of small fish was al so caught in medium and
| arge meshes in 1975 causing smaller nean length and |arger standard
devi ations within each mesh size (Table A18).

Hepsetus odoe appeared jn significantly larger nunbers in 1969-70

catches in seven of the twenty-five conparisons. The major difference
in catch of this species between the two sanpling periods was in Chul we
Lagoon. However, 1970 catches of H odoe were also significantly higher
in the Kafue River Channel (April and May) and in the Nanpongwe Channel
(April) (Table A19). G llnet selection data (Table A21) indicates that
nunbers caught in the mddle and | arge mesh groups (76 nm and | arger)

would be a fair measure of catches of H odoe over 30 cmlength. The

proportion of H odoe over 30 cmdid not. differ between the two sanpling

periods (Tabl e A20).

The cyprinid detritivore Labeo mplvbdinus was nore abundant in gillnet

catches nade during 1975-76 (N = 341) than in 1969-70 (N = 171). O twenty-
five conparisons, six indicated significantly higher catches in 1975-76
while two indicated significantly higher catches in 1969-70 (Table A22).
Since virtually all L. nolybdinus were caught in the three smallest nesh
sizes, changesinsize distribution of this species are not readily apparent.
However, data concerning the nunber and mean | ength of fish caught in each
mesh size indicates that nore larger fish were available in 1975-76

(Tabl e A23).
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The smal | tnornyrid Marcuseni us mecrol epidotus did not change drasti-

cally in overall abundance but differences in abundance at given stations

was substantial. 1In 1969-70(total catch of M nmacrol epidotus = 273)

significantly larger catches occurred in Chul we Lagoon ( Sept ember and
Cctober) in the Nanpongwe Channel (November and April) and in the Kaf ue

Channel (April). Significantly higher catches of M macrol epidotus in

197576 (total catch = 269 occurred at all stations (except Chul we)

in January and in the Nanpongwe in Decenber ( Table A24). The differences
in catches between the two years may reflect differences in movenents or
mgration of this species. Prior to construction of the Kafue Gorge Dam
this species congregated in the upper Kafue Gorge area at the eastern
extrenity of the floodplain during the |ast fewnonths of the dry season
Such novenents may no | onger take place now that the water |evel.remains
hi gher during that season.

Since M macrol epi dotus was caught primarily in the three smallest

nesh sizes (Tabl e A26), those caught in larger mesh sizes indicate the
relative availability of l|arger individuals(say greater than 19 cn) of

this species. Asignificantly larger proportion of large fish were caught

in 1969-70 ( Tabl e A25).

Di scussion of Gllnetting

Specul ation concerning changes in gillnet catches since 1969 i s made
difficult by th.e lack of a clear trend affecting all species or a group of
species. Although there has been no drastic change in abundance of any
species, only nunmbers of L. molybdinus jncreased significantl y Thr ee

predaceous species, S angusticeps, CL gariapinus and |. odoe, declined in

abundance.  Abundance of nost of the remaining species declined slightly..
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Size distribution of five species changed significantly. The propor-

tion of small S angusticeps, S andersoni, and 1, nolybdinus was less in

1975 than in 1969. The proportion of small £ gariapinus and S. nystus
was |arger than in 1969 (Table 9).
The three species which showed a definite decline were predators. It

is possible that several poor yearclasses of Sarotherodon (evidence for

this is given el sewhere) may have contributed to this decline. The fact
that large C gariapinus made up a smaller part of the population in 1975
supports this theory since Chapman et al. (1971) found that (. gariapinus

feeds on fish only after reaching 30 cm The other predaceous species S

angusticeps and H odoe feed on fish for virtually their entire lives.

Unfortunately the data collected during this project cannot revea
nmuch detail concerning the population structure of each species. |nforne-
tion concerning the size distribution of each species and their reproductive

success would be a great help in nanaging the fishery
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Table 9. Summary of significant differences encountered between 1969-70
and 1975-76 gillnet catches. Data based on Tables Al through
A26. Species falling in each of nine categories are shown.

Proportion of Small Fish Caught in 1975

Tot al Nunber Smal | er than Same as G eater than
Caught in 1975 in 1969 in 1969 in 1969
Less than in 1969 S angusticeps H odoe/\” C gariapinus
- Sane as in 1969 S andersoni S macrocephal a S nystus
C

M “macr ol epi dot us

- Geater than in 1969 L. nol ybdi nus None None
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GROWH OF Sar ot her odon andersoni and S nmcrochir

Met hods

In order to exanine differences in growth of two Sarotherodon species

anong several years scale sanples were taken from individuals of each
speci es during 1975-76.. Scales were taken fromthe center of the left
side of each specinen anterior to the second lateral line. The scales were
exam ned on scale projector and the distance to each annulus and to the
mar gi n nmeasured along the anterior radius. Methods followed those used
during ny 1969- 70 study (Dudl ey 1974, Chapman et al. 1971). A geonetric
nmean regression (R cker 1973) was calcul ated from the pooled 1969 and 1975
scal e data for each sex of each species. These regression equations
(Tabl e 10) were then used to calculaté the growth increments nade by each
fish in each hydrol ogical year (the hydrol ogi cal years coincide with the
growth years). The calculated growth increnents derived from my 1969-70
data differs slightly fromthat previously published (Dudley 1974) due to

the use of a different regression technique.

Resul ts and Di scussion of Gowh Studies

Gowt h of the Sarotherodon andersoni and S macrochir has not changed

drastically since construction of the Kafue Gorge Dam G owth increnents
cal culated from 1975-76 data (Table 11 and 12) do not reveal any mjor

di fferences when conpared to the data collected in 1969-70 (Tabl e 13 and
14).

A conparison of mean growth for typical pre- and post-inpoundnment
years reveals only a few mnor but statistically significant changes in
growth (Table 15). In making this conparison, | assuned that 1964 through
1968 constituted typical pre-inpoundnent years consisting of a relatively

narrow flood peak and a'relatively dry season. Typical post-inpoundnent
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Table 10. Geonetric nean regressions used in cal cu-
lating growth increments of two Sarotherodon
species. (BL = body length to tip of nedian
caudal ray, SL = anterior scal e radius).

Speci es Sex Regressi on Equation
S andersoni mal e BL ~ 2.7319 + 2.0351 SL
femal e BL » 3.4552 + 1.9079 SL
S _macrochir mal e BL = 2.2190 + 1.8099 SL
femal e BL « 2.5533 + 1.7506 SL
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Table 11. Gowth increments of Sarotherodon andersoni calculated fromdata collected during 1975 and 1976.
Sanpl e size is given in parentheses.
Year of atl
G owt h I Ll LLL LV % Vi VLL VI
1968  Mle 14. 54( 5)
Fenal e 13. 66( 4)
1969 Mal e 15.2%6) 6.63(5) 5.04( 4)
Fenal e 13.65(18) 7.11(4) —
1970 Mal e 14.23(4) 4.51(6) 4.66(11) 3.76(4)
Femal e 13.61(14) 4.75(18) 2.53(4)
1971  Mle  ———ee 5.004)  3.61(14) 3.7411) 2.9%4)
Femal e 13.7A5) 5.07(14) 2.72(29) 2.38(4) ———
1972 Mal e 12.91(5) ---- 3.41(8) 3.6515)  3.03(11)
Female — ——--—- 4.92(5) 2.70(17) 2.28(29) 3.05(4) 3.36( 4)
1973 Mal e 13.63(37) 4.80(5) 5.29(4) 3.64(8) 4.30(15) 3.92(11) 2.54(4)
Femal e 13.31(14) ---- 3.21(6) 2.44(16) 2.37(29) 1.76(4) —
1974 Mal e 13.27(97) 6.90(37) 5.73(7) 5.90(4) 5.8 8) 4.18(15) 3.68(11) 2.754)
Femal e 13.54(58) 4.61(14) 6.34(4) 5. 95 6) 5.63(17)  3.21(29) 2.48(4) ——
1975 Mal e 13.35(6) 8.31(94) 5.06(32) 2.54(6) 4.32(4) 3.0Q(8) 2.96(15) 2.12(10)
Femal e 12.56(11) 7.19(58) 5.43(17) 4.34(4) 2.67(6) 4.28(17) 2.57(28) ———-
Mean Mal e 13.88 6. 04 3.82 3.87 4.14 3.62 3.06 2.44
Gowh Female 13. 44 5.61 3.74 3.48 3.43 3.08 2:93 ——

L2



Table 12.. Gowth increments of Sarotherodon macrochir cal culated fromdata collected during 1975 and 1976.
Sanpl e size is given in parentheses..
Year of Age
G owt h Il 1] Y v VI VI VI
1968 Mal e
Femal e
1969 Mal e 13.03(11)
Femal e 12.02( 11)
1970 Mal e 13.11(5) 4.36(11)
Femal e 11.92(10) 3.80(11)
1971 Male —  ————- 4. 20( 5) 3.43(15)
Femal e 12.09( 4) 4.90(10)  2.46(14)
1972 Male — ————- — 3.12(11)  2.40(15)
Female W ---—- 3.59(4) 2.45(12) 2.14(14)
1973 Mal e 11. 66( 6) ———— — 2.04(11) 2.06(15)
Female — —=——- _—— 3.47(5) 2.01(12) 1.73(14)
1974 Mal e 11.99(82) 4.04(6) — ———— 3.21(11) 2. 14( 15)
Femal e 11.57(67) —--—- — 3.2 5) 2.87(12) 2.21(14)
1975 Mal e 11. 59 5) 6.90( 78) 3.84(9) ———- ———- 2.07(11)
Femal e 11. 74(6) 6.82(61) _—— —— 2.63(5) 2.23(7)
Mean Mal e 12. 27 4.97 3. 46 2.22 2. 64 2.11
Gowh Fenale 11. 87 4,78 2.79 2.46 2.41 2.22

N>
00



Table 13.. Gowh increnents of Sarotherodon andersoni calculated from data collected during 1969 and 1970..
Sanpl e size is given in parentheses,
Year of Age
G owt h Il [ [V V Vi VI VI
1961 Mal e 14. 24(9)
Female — —-———-
1962 Mal e 13.59) 6.96(9)
Femal e 13.41(15) —--—-
1963 Mal e 14.49( 5) 6. 85(9) 4. 88(14)
Femal e 13. 81( 15) 6.73(15) 3.53(6)
1964 Mal e 13.52(11) 6.68(5) 4.90(22) 2.57(14)
Femal e 14.16(12) 6.58('15) 3.90( 24) 2.28(6)
1965 Mal e 13.67(12) 8.29(11) 4.80(10) 3.3 24 2.54(14)
Female — -———- 8.25(12)  3.43(28) 2.07(24) 1.34(6)
1966 Mal e 13.11(19) 6.72(12)  5.53(17) 4.4411) 3.07(24) 2.53(14)
Femal e 14.22(10) ---—- 3.63(15) 2.60(28) 1.88(24) 1.46(6)
1967 Mal e 13.32(67) 8.18(19) 5.50(21) 4.7417) 3.90(11)  3.42(24) 2.94(14)
Femal e 13.43(49) 8.6X10) 3.63(8) 2.43 15) 2.40028) 2.1 24) 1. 7% 6)
1968 Mal e 12.85(48) 6.42(67) 5.83(38) 4.53(22) 3.50(17)  3.57(11)  2.99(24) 2.62(14)
Femal e 12.50(36) 5.72(49) 4.36(21) 2.93(10) 2.31(15) 2. 47( 28) 1.99( 24) 1.81(6)
1969 Mal e 14.19(72) 8.49(47) 7.06(75) 4.57(32) 3.55(14)  2.4412) 1.63(7) 1.92(9)
Fenal e 14.13(43) 7.78(34) 5.73(57) 2.83(19) 2.027) 1.47(10) 2.03(16) 1.51(14)
Mean Mal e 13. 65 7.32 5.50 4.03 3.31 2.99 2.52 2.27
Gowh Fenale 13. 66 7.28 4.03 2.52 1.99 1.88 1.92 1. 66




Table 14. Gowh Increments of Sarotherodon nacrochlr cal culated fromdata collected during 1969 and 1970.
Sanpl e size is given in parentheses.
Year  of Age
Gowh [ 11 IV V Vi VI VITI
1962 Male —  —=——-
Femal e 11. 0% 8)
1963 Mal e 12. 86( 5)
Femal e 12.27(8) 6.658)
1964 Male —  ————- 6. 70(5) 3.21(7)
Fenal e 11. 87(5) 7.13( 8) 2.76(12)
1965 Mal e 11.49(5)  ==-- 3.28(9) 2.28(7)
Female — ---——- 6. 72(5) 3.02(13) 1.5512)
1966 Mal e 10. 73(9) 8.43(5) —— 2.37(9) 1.65(7)
Femal e 10. 89( 5) —— 2.68(9) 1.70(13) 1.37(12)
1967 Mal e 11. 45 23) 9.03(9) 5.97(6) ——— 1.71(9) 1.81(7)
Fenal e 11.37(23) 8.30(5) 3.76(8) 2.16(9) 1.62(13) 1.4212)
1968 Mal e 10.63(29) 7.22(23) 4.32(26) 2.50(6) ——- 1.63(9) 1.73(7)
Femal e 11.54(24) 6.04(23)  3.4915) 2.69(8) 1.589) 1.28(13) 1.14(12)
1969 Mal e 11.96(12) 7.90(27) 5. 47( 28) 3.04(17)  ———- -— 1. 36( 6)
Femal e 11.63(8)  7.23(23) 5.31(27) 2.01(8) e 1.48(7) 1.37(5)
Mean Mal e 11.52 7.85 4. 45 2.54 1.68 1.72 1.54
Gowh Fenale 11.52 7.01 3.50 2.02 1.52 1.39 1.25




Tabl e 15.. Mean growt h increnents of Sarotherodon andersoni and S. macrochir in typical pre- and post- inmpoundnent
hydr ol ogi cal years. The pre-inpoundment years used in these cal cul ations were 1964 through 1968.. The
post. i mpoundment. years used were 1972 through 1975 excluding the extremely dry year of 1973. Also
shown are post. i mpoundment. cal cul ations made excl uding 1974 data since growt h made during 1974 may have
been influenced by the extremely dry season preceding it..

Sar ot her odon ander soni . Sar ot her odon macr ochi r
nal e femal e nal e fennl e
X 2 N X & N % 2 N % 2 N
ACGE |
Pr e-i npoundnent 13.23 2.71 162 13.15 2.30 103 10.99 2.37 66 11.44 3.24 57
Post - i npoundnent
including 74 13. 25 _ 2.58 108 13.38 1.82 69 11.97 1.79 87 11.58 1.49 73
excluding 74 13. 14 .76 11 12.56 2.24 11 11.57 2.15 5 11. 74 .81 6
AGE | | |
Pr e-i mpoundnent 6.93 4.87 114 6.68 5.02 75 7.69 2.85 42 6.61 1.70 41
Post - i mpoundnent
including 74 7.92¢ 4.71 131 6.57 3.89 17 6.69 2.21 84 6.63 2.23 65
excl uding 74 8.31* 2.91 94 7.01* 2.95 63 6.89% 1.39 78 6.82 1.32 61
ACE |1
Pr e- i npoundnent 5.43 3.32 108 3.76  1.69 72 4,17 2.58 48 3.13 1.23 57
Post - i npoundnent.
including 74 4,88 4,49 47 4.31 4.35 38
excluding 74 4.73 4.55 40 4.07 3.59 34 3.44 1.63 20 2.45 |71 12

co
*Statistically different. fromthe pre-inpoundnent. mean growth at the .05 | evel..
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years included only 1972, 1974 and 1975 since the exceptionally |ight
rains of 1973 produced a |ow flood followed by a dry season simlar to
that found in pre-inmpoundnent years. The follow ng year, 1974, may

al so have been atypical since it was simlar to the pre-inpoundnent
situation of a flood following a very dry period. Thus, calculations
omtting 1974 are also shown (Tabl e 15).

The only statistically significant differences apparent‘are a slight
increase in growh of two- and three-year-old nale aﬁd fmo-year-old femal e
S. andersoni, a possible increase in growh of one-year-old male j3.
macrochir, and a decrease in growh of two-year-old male and three-year-
old female S. macrochir. Overall little change in growth has occurred.
There have been slight increases in growth of one species and slight de-
creases in growth of the other.

During my 1969-70 study and that of Kapetsky (1974) we found that

growth of these Sarotherodon species was correlated wth various flood

indices.. Higher floods seemed to produce better growth in a nunber of
cases. This phenonenon is apparent in the combined pre- and post-inpound-
ment data only for first year growth of S macrochir (Table 16). Regres-
sions utilizing the difference in flood index (between the growth year and
the previous year) produced significant regressions in only 2 other cases
(Table 16). Additionally a significant regression of growh on "year of
growth" was found for age two female S andersoni. Unfortunately tenpera-
ture data was not available for several years since 1970 and tenperature
indices were not tested. The small nunber of typical post-inpoundment
years precluded attenpts to correlate post-inpoundnent growth with possible
i ndependent vari abl es.

Anal ysis of data collected in 1975 (which includes cal culated growh

of one-year-olds as far back as 1968) produced sonme results not predicted
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Table 16. Age and sex of Sarotherodon andersoni
and nmacrochir for which growth correl ated
significantTy (a =.1) with a hydrol ogical
index. (K= Kapetsky 1974; D = Dudl ey
1974; D76 = Dudl ey 1974 plus data presented

her ei n).
S andersoni S macrochir
K D D76 K D D76
Age | Mal e + + 0 + + +
Femal e 0 + 0 + 0 +
Age Il Mle 0 0O O + 0 0
Fenal e + 0O O + 0 0
Age 111 Male - -:% 0,/ - Y O,
Femal e - + 0= - + A

liPartiaI correlations were significant after
another variable was entered in the regression
equat i on.

glAlthough a significant regression on a flood
index was not significant, the regression on
the difference between the current and the
preceedi ng flood index was significant,
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by the 1969 data. Only the variable "year of growh" correl ated signifi-
cantly with first year growth of both sexes of both species in the 1975
data. Since this correlation was negative in all four cases it nmeans
that first year growth calculated fromolder fish is greater than first
year growth cal cul ated from younger fish. This is normally ternmed a
negative Lee's phenonmenon (Lee 1912, Ricker 1969). A conpari son of

- calculated growth increnents of the 1969 yearclass dervied from 1969 and
1975 data reveal s the same phenomenon. The first year growth of the 1969
yearclass as derived from ol der fish (1975 data) is significantly (a=.1) )
greater than that derived from younger fish (1969 data) for nales of
both species. Analysis of 1969 data reveal ed a significant correlation
with "year of growth" only for female three-year-ol ds of each species
(Dudley 1974). At that time the correl ati on was positive rather than
negati ve.

Apparently, in recent years, a selective mortality factor is operat-

ing on both Sarotherodon species which favors the survival of fast gr ow

—_ ing individuals. Ricker (1969) denonstrated that a negative Lee's
phenonenon woul d not be caused by biased sanpling and is unlikely to
result fromselective fishing nortality. It is possible that the correl a-
tions of growth with "year of growth" is not due to a selective nortality
factor but is due to another factor which was not tested but which correlated

= W th year.
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SEI NE NETTING AND SI ZE DI STRI BUTI ON OF
Sar ot her odon andersoni_and S macrochir

Met hods

During 197576 several type of seine nets were used to coll ect
fishes at various water stages.

During Septenber through early January two seine nets were used to
sanpl e popul ations of adult fish in the Nanpongwe and adjacent channels.
The net used nost often was 100 neters in | ength when hung and had 89 mm
mesh (all nmesh sizes are stretch nmeasure). Another net used during this
period was a 100 neter bag seine with 25 nm mesh in the bag and 64 mm

mesh in the wings. This seine was used to catch one-year-old Sar ot herodon.

Additionally two small nesh seines (6 nmnesh) 2 and 4 neters long were

used from early Novenber through January to sanple young of the year

Sar ot herodon. Additionally a 75 neter bag seine with a 25 nm nesh bag
graded to 51 mm nesh at the end of the wings was used along the flood

margin in My to sanple young of the year Sarotherodon.

The primary reason for seine netting was to collect information con-

cerning size distribution to juvenile and adult Sarotherodon and to collect

scal e sanpl es from Sar ot her odon.

Q her species were caught but are not recorded or discussed here.

Seine Netting Results

During Septenber through Decenber 1975 sufficient nunbers of Sarot her odon

andersoni_and S. macrochir were collected and measured to construct |ength
frequency distributions. The 1975 catches indicate a considerabl e |ack

of Sarotherodon andersoni in the 24 to 30 cm range (Figure 1) and a com

plete lack of Sarotherodon macrochir above 23 cm when conpared to the 1969

data (Figure 2). This is a drastic change fromthe 1969 catches and is a
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Figure 1. Length-frequency distributions of male and female Sarotherodon andersoni made during
‘ November of 1975 and 1969 (crosshatched). The 1969 data is taken from Dudley (1974).
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Figure 2. Length-frequency distributions of male and female Sarotherodon macrochir. Data is from

seine net collections made during November of 1975 and 1969 (crosshatched). The 1969
data is taken from Dudley (1974).
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change of major concern, Also inportant'is the relatively |arge nunber
of S andersoni over 30 cm present in the 1975 catch. Al t hough di fferences
in abundance of large individuals could be due to differences in distribu-
tion, gillnet catches also indicated a large proportion of large S
andersoni_in 1975-76. These large individuals are probably members of

the 1969 yearclass. However, gillnet catches in 1969-70 al so indi cat ed

a nmode anong |arge S andersonjﬂso this situation may have been present
during sanpling periods. )

Catches made with small mesh seine nets help explain possible

causes of changes in size distribution of Sarotherodon. During Septenber

through January 1975-76 an effort was made to col | ect one-year-old S
andersoni_and S macrochir with a 100 m bag seine (25 ram mesh bag).
Twenty-five seine net hauls made with this net between 27 Cctober 1975
and the 9th of Jénuary 1976 caught a total of only 36 one-year-old S
andersoni_and one-year-old S mmcrochir. |In the same catches |arger

(age two) nenbers of the sane species were numerous.

Since a lack of one-year-old Sarotherodon indicated a possible
failure in reproduction, a sanpling program was established to search for
young of the year. This sanpling effort involved sanpling 5 different
locations with a 2 and a 4 msmal|l mesh seine net at approxi mately weekl y
intervals from 13 November 1975 until 1 March 1976. Wth the exception

of occasional catches of 100 or nore very smal | Sarotherodon (about 10-15

mm) in md-Decenber catches were generally poor consisting of mixed species

with fewjuvenile Sarotherodon. This is in extreme contrast with catches

made on the rising 1970 flood when juvenile S andersoni_and S macrochir
were very abundant. Additionally the 50 neter small nesh bag seine was

used at the flood margin on the 20th and 26th of May 1976 to sanple for:
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the 6-nmonth-old juveniles. This sanpling effort produced (in 9 haul s)
= a total of 134 (O to 38) S andersoni and 49 (0 to 13) S macrochir, con-
siderably |ess than were caught in 1969 but nore than were caught in 1970

at. the sanme | ocation.

— Di scussion of Seine Netting and Size Distribution of Sarotherodon

Two major points energed fromthis rather marginal seine netting

data which provide an insight into factors affecting Sarotherodon popul a-

tions.
Firstly two-year-old fish dom nated seine and probably gill net

catches in 1975-76. Length frequencies of both species |ack three- (and

_____ perhaps 4 and 5) year-olds. Mean weights calculated from data collected
in previous years supports this contention. In 1969 when both age two and
age three fish were present the mean weight of S macrochir caught in 89
nm mesh seine nets was 231 g (as reconstructed from!length frequency dis-
tributions and |enght-wei ght relationships). In 1975 when only age two
fish appear to be present the nmean wei ght was only 150 g. Interestingly,
in 1974 for which no length frequency data is available, the mean weight
of S macrochir in simlar seine nets was quite high (330 g) which indicates
that two-year-olds (those spawned just prior to the 1973 flood) were probably
lacking. Length frequency data of S andersoni fit the same pattern but
due to varying nunbers of large individuals the sane trend in mean wei ght

data is masked. Thus in 1975-76 the 1972-73 yearcl ass dom nates the

Sar ot her odon catches and there is a reasonabl e nunber of |arge Sarotherodon.

I'n 1969 I ength frequencies indicated a variety of sizes present..
Secondly reproduction at the end of 1974 and the 1975 dry seasons

produced few juveniles as indicated by catches made with small nesh seine



40

nets. In 1970 the |ack of juvenile Sarotherodon was not apparent. until

May or June since |arge nunbers of juveniles were present on the rising
flood. In 197576 the | ack of successful reproduction was apparent. in
January:.

Both the Iength frequency data and the | ack of juveniles point to
the strong possibility that high dry season water |evels caused by the

dam have decreased the reproductive success of Sar ot herodon.

The lack of strong yearclasses of Sarotherodon andersoni and S.

macrochir following the closure of the Kafue Gorge Damis an item of
great. concern since these two species conprised the bulk of the commercia
catch in preainpoundment years. The hypothesis that the lack of strong
yearcl asses of these species is due to the increased dry season water
level s is supported by the appearance of a strong yearclass followi ng the
dry year of 1973. This yearclass was spawned between Septenber 1973 and
January 1974 and grew wel| on the 1974 fl ood.

The question then becones one of why shoul d spawni ng be | essened on
high floods. The answer to this question is, in all probability, tied in

with the ability of "Tilapia™ (including Sarotherodon) to stunt (i.e. to

speed up their |ife processes so as to be able to spawn at a reduced age
and size). Under this hypothesis | expect that during a dry year the fish

start to enter their stressed phase and thus by the end of the dry season

are able to spawn at reduced sizes (at least reduced conpared to a wet year).

A large nunber of spawners are thus triggered in | ow water years. Fol | owi ng

the spawning period (probably September to January) the stressed fish are
rel eased fromtheir stressed state by the suddenly rising waters and thus

are able to growwell. In this manner many two-year-olds woul d be induced

to spawn.
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Conversely, during floods of long duration and with higher water
level s fewer fish will be induced to spawn. Only the |arger ones will
and these perhaps woul d have been reduced in nunbers by high nortality
rates prevailing on the flood plain during | owyears and by fishing. The
fact that Tilapia will stunt and breed at small size and age is discussed
by Fryer and Iies (1969, 1972).

Little data i s availabl e concerning the size of Sarotherodon at

spawning in both dry and wet years. However, a conparison of available
data supports the hypothesis. Mre small )§ andersoni devel oped to the
spawni ng stage in dry years than in wet years (Table 17)

The rol e that fishing pressure mght play here is also inportant.

A fishery dom nated by young fish(e g. the 197576 Sarotherodon catch

was domi nated by two-year-ol ds the youngest size caught) can often be
viewed as overfished. That is, as soon as the fish are I arge enough to

be caught they are caught. Although this may appear to be the case in the
Kaf ue Fl oodpl ain fishery other evidence indicates not. Reasonabl e nunbers

of 6 through 8 year-old Sarotherodon were present in draw net catches

whi | e younger fish (three- and four-year-ol ds) were absent.. However, this

does not mean high fishing pressure cannot harm the Sarotherodon stocks.

If the above hypothesis is correct and the age at first reproduction is
now ol der than it was prior to the closure of the dam then nore fish
must survive to age four and five than did formerly in order to assure

adequat e reproducti on.



Tabl e 17.

Percent of Sarotherodon andersonl

of different Iengths in spawning
condition (ripe and running ripe).
Data for dry years consists of data
col l ected during Cctober through
January of 1964-5, 1965-6 and 1966-7
whi ch was anmong records stored at
Mansangu Fisheries Station. The wet
year data was collected during 1969-
70 and 1975-76.

Dry Years Wet Years

Length Goup (cm % n % n

18 -
23 -
26 -

over

22.9 2 (49 0 (77
25.9 18 (16) 0 (57)
29.9 18  (11) 9 (31
30 38 (16) 46 (136)
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CONCLUSI ONS

The |imol ogi cal characteristics of the nid Kafue Fl oodpl ain have
changed sightly as a result of the Kafue Gorge flam Al though the unusually
dry 1973 hydrol ogi cal year may have masked some effects, an overall effect
as of 1975-76 has been to increase the anount of open unvegetated waters
in the Chunga Lagoon area. This in turn has caused higher oxygen concen-
trations in the Nanpongwe channel in 1975-76 conpared to 1969-70 resulting
inlarger gillnet catches there in 1975-76. O herw se the |imol ogica
characteristics were simlar to those found in 1969-70.

G llnet catches of the three predators Serranochronmis angusticeps,

Hepset us od0e and Clarias gariapinus were significantly lLower than in

1969-70.. O nine species exanined only Labeo nol ybdi nus was nore abundant

in 1975-76 gillnet catches. Distribution of other fishes anong the five
sampling stations differed between the two sanpling periods but no overal
changes in catches were apparent.

G owt h of Sarotherodon andersoni_and S nmcrochir has éhanged only

slightly since construction of the Kafue Gorge Dam The previously dis-

covered correlations with flood indices (Dudl ey 1974, Kapetsky 1974) are

not apparent in the data collected in 1975. A negative Lee' s phenomenon

is apparent in the 1975 growth data indicating a factor favoring slightly
the survival of faster growing fish. This at present is unexpl ained.

The size distribution of Sarotherodon andersoni and S nacrochir

i ndi cates a poor reproductive success in 1974 (1975 yearclass) and in 1975
(1976 yearclass) and perhaps in other post-inpoundnent years. The current
(1975-76) popul ation is dom nated by the 1974 yearcl ass whi ch was spawned

in Cctober through Decenber of 1973 following a very dry hydrol ogical year.
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Apparently better spawning success is achieved followi ng a severe dry
season, al though for optinmumsurvival of the young so produced, a high
flood should follow

Wthout an accurate estimation of fishing nortality, the effect of
the commercial fishery on Kafue floodplain fish populations is difficult
to assess. Wrkers as far back as Wllianms (1960) and as recently as
Mincy (1972) have presented evidence that the floodplain fishery has
reached its maxi mumand nay be oVerfished. QO her workers (Lagler et al..
1971, and Chapman et al. 1971) felt that the floodplain fishery was
under harvested and shoul d be expanded. Data collected during this study
cannot provide an answer to this question. The only new evidence for

specul ation is that reproduction of Sarotherodon seemed to be npst success-

ful during the dryest dry season(1973) of the last five years. Fishing
during this year was probably nore intense than in the high water years
when spawni ng success was |ower. The major factors affecting spawning
success seemed to be physical factors rather than fishing.. However, fishe
ing could be sufficiently intense to be liniting overall catch.

Future research on the Kafue floodpl ain shoul d have, if possible, as
top priority a project to estimate nortality due to fishing. Information
concerning the proportion fish caught (for the major species) is absolutely
necessary to make a deci si on whether to expand the fishery or not. Addition-
ally a continuing programto estimate the yearclass strength (spawni ng

success) of Sarotherodon woul d be hel pful in predicting the fishing success

for these species and in finding what conditions are necessary for a high

spawni ng Success.
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Appendi X:

Tabl es Al through A26 concerning
experimental gillnet catches




Table Al. Total numbers of Sarotherodon andersoni caught
at each of five stations in 1969-70 and in 1975-
76. Values for 1969-70 are total number of fish
caught in one gill net set. Values for 1975-76
are mean total number for two sets. Each set
consisted of one top and one bottom multimesh
net. Asterisks indicate where the catch of
one year was significantly higher the comparable
catch for the other year.

Station
Month Year 1 a2 = 4 5
: .

e 1969 : ¥ 0 4 5
P 1975 13 14 8 0 10
== 1969 6 L 6 = 7
1975 20 23 27 23 28
‘. 1969 o Y 51 3 6
1975 3 i 1) 7 22
= 1969 L L 14 % 6
1975 3 = 70% 2 8
- 1970 54% £ 4] o~ 1 1}
1976 7 5 13 10 25
1970 6 5 21 0 0
T 1976 2 i - E -
1970 20 - 46 3 0
e 1976 13 10 13 4 1
s 1970 a4 3 72% 0
PE 1976 3 7 3 1 1
- 1970 4 i 7 6 17
o 4 1976 1.9 0 1 3 4
1970 11 1 30 0 314

Jun

1976 - - - - -
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Table A2. Nunmbers of Sarotherodon andersoni caught in three nesh size
groups. Values shown for 1969-70 are the total nunber of
this species caught in 25 net sets where . each set consisted
of one top and one bottom nultinmesh net. The 1975-76
val ues shown are the total of 25 neans, each nean derived
fromtw such sets at each of 25 |ocations. Values in
parenthesis are the val ues expected under the hypothesis of
no difference in proportion caught in each nesh size group
bet ween years.

Mesh Size G oup
Tot al
Year Snal | Medi um Large Caught
1969- 70 57 287 110 454
(37.98) (275.7) (140. 4)
1975-76 9 194 135 338
(28.2) (205. 3) (104.6)
Tot al 66 481 245 792
2

X~ = 39.3
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Table A3 Mean lengths of Sarotherodon andersoni caught in each of 10
gill net mesh sizes in Septenber through Decenber of 1969 and
1975. The 1969 data is fromnets with panels 9.1 mlong.
The 1976 data is fromnets described in nethods.
1969 1975
Mesh Size (nm) X S D n X S. D n
38 13.2 . 80 6 20. 2 .71 3
51 14.8 1.05 19 19.6 — 1
64 14.9 1.08 70 19.9 1.35 7
76 16.7  2.82 11 20.2 1.53 101
90 23.3 3.38 4 20.7 2.09 101
102 26. 3 . 25 2 25.2 5.00 51
114 24.1 6. 45 4 33.1 4. 65 41
127 32.9 3.82 7 33.7 3.63 46
140 34.3 3.04 6 38.6 3.47 49
152 39.2 3.27 9 39.7 3.06 53




Table AA.  Total nunbers of Serranochrom s angusticeps
caught at each of five stations in 1969-70
and in 1975-76. Values for 1969-70 are total
nunber of fish caught in one gill net set.

Val ues for 1975-76 are nean total nunber for
two sets. [Each set consisted of one top and
one bottom nmul ti nesh net. Asterisks indicate
where the catch of one year was significantly
hi gher the conparabl e catch forFthe other year.
Stati on
Mont h Year 1 2 3 4 5
1969 - - 3 - 59*
Sept 1975 16 5 21 3 1
Ot 1969 23 - 15 - 53*
1975 27 11 18 9 0
1969 - - 16 - 10
Nov 1975 < - 1 3 2
1969 - - 6 - 29*%
Dec 1975 - - 14 10 1
1970 15 -~ 0 1 0
Jan 1976 8 7 2 3 0
1970 5 - 1 0 0
Feb 1976 - - - - -
1970 11 - 1 0 0
N 1976 6 0 0 1 0
1970 15 .- 50* 6 0
Apr 1976 3 0 1 0 0
1970 16 - 46* 39* 15*%
May 1976 5 0 3 1 0
Jun 1970 33 - ? 5 16

1976 - - - - »

49
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Table A5. Nunbers of Serranochronis angusticeps caught in three nesh
size groups. Values shown for 1969-70 are the total number
of this species caught in 25 net sets where each set consisted
of one top and one bottomnul timesh net. The 1975-76
val ues shown are the total of 25 neans, each mean derived
fromtwo such sets at each of 25 |ocations. Values in
parenthesis are the val ues expected under the hypothesis of
no difference in proportion caught in each nesh size group
bet ween years.

Mesh Size G oup

Tot al
Year Smal | Medi um Large Caught
1969- 70 24 336 69 429
(22.33) (322.7D (83.95)
1975-76 5 83 40 128
(6.66) (96.29 (25.05)
Tot al 29 419 109 557
2

X“ =14.5



51

Table A6. Mean lengths of Serranochronis angusticeps caught in each of
10 gill net nesh sizes in Septenber through Decenber of 1969
and 1975. The 1969 data is fromnets with panels 9.1 m| ong.
The 1976 data is fromnets described in nethods.

1969 1975

Mesh Size (mm) X S D n X S D n
38 13.5 1.2 9 — -— 0
51 18. 4 1.6 9 18. 2 1.7 8
64 19.8 3.5 16 20.7 2.0 17
76 23. 4 2.3 32 23.5 2.2 18
90 25. 4 1.8 39 28.5 4.7 22
102 29.1 2.2 17 32.4 2.8 38
114 32.6 2.9 20 33.7 2.6 46
127 33.6 2.0 12 35.1 2.9 35
140 34.0 3.0 5 34.9 3.0 17
152 40 _— 1 37.5 0.8 2
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Table A7. Total nunbers of Serranochronis nacrocephal a
caught at each of five stations in 1969-70
and in 1975-76. Values for 1969-70 are total
nunber of fish caught in one gill net set.
Val ues for 1975-76 are nean total nunber for
two sets. Each set consisted of one top and
one bottom nulti nesh net. Asterisks indicate
where the catch of one year was significantly
hi gher the conparable catch for the other year.

Station
Mont h Year 1 2 3 4 5
1969 - - 4 - 67*
Sept 1975 2 2 14 1 1
Ot 1969 5 - 14 - 47*
1975 16 9 7 6 3
1969 ~ - 9 - 15
Nov 1975 ¥ : 4 4 7
1969 - - 1 - 23*
Dec 1975 - - 7 3 3
1970 8 - 1 0
Jan 1976 10 5 : 3 2
1970 2 1 0 0 0
Feb 1976 : - u = =
1970 0 - 0 0 0
Nar 1976 5 2 0 1 0
1970 1 - 10 0 0
Apr 1976 1 3 1 1 0
1970 0 - 4 9* 11*
May 1976 2 1 6 0 0
Jun 1970 0 - 6 0 0

1976
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Table A8. Nunbers of Serranochronis nacrocephal a caught in three nesh
size groups. Values shown for 1969-70 are the total nunber

of this species caught in 25 net sets where each set consisted
of one top and one bottom multimesh net. The 1975-76

val ues shown are the total of 25 means, each mean derived
fromtwo such sets at each of 25 |ocations. Values in
parenthesis are the val ues expected under the hypothesis of

no difference in proportion caught in each nmesh size group
bet ween years.

Mesh Size G oup

Tot al
Year Smal | Medi um Lar ge Caught
1969- 70 20 190 21 231
(19.7) (194. %) (16.9)
1975-76 8 86 3 97
(8.3) (81.6) (7.1
Tot al 28 276 24 328
2

x- =3.71
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Table A9. Mean lengths of Serranochronis macrocephal a caught in each of
10 gill net mesh sizes in Septenber through Decenber of 1969
and 1975, The 1969 data is fromnets with panels 9.1 m|ong.
The 1976 data is from nets described in nethods.

1969 1975

Mesh Size (mm X S D n X S D n
38 13.8 0.8 2 ——— -— 0
51 18. 4 3.3 12 17.9 2.0 7
64 18.5 1.9 13 19. 7 1.6 9
76 22.5 2.7 28 23. 4 2.4 27
90 26. 6 2.8 47 26.0 2.9 43
102 29.4 2.9 32 29.3 2.7 29
114 31.5 3.1 32 29. 8 1.3 12
127 35.0 4.0 8 26.7 -— 1
140 32.8 3.9 5 32.8 2.1 3
152 36.5 - 1 27.7 -— 1




Tabl e A10. Total nunbers of Carias gariapinus caught
at each of five stations in 1969-70 and in
1975-76. Values for 1969-70 are total nunber
of fish caught in one gill net set. Values
for 1975-76 are nean total number for two sets.
Each set consisted of one top and one bottom
mul timesh net. Asterisks indicate where the
catch of one year was significantly higher the
conparabl e catch for the other year.

Station
Mont h Year 1 2 3 4 5
1969 - & 9 5 18
Sept 1975 5 3 10 7 5
1969 23 = 20 . 8
o 1975 8 3 8 5 2
1969 " + 48 - 8
Nov 1975 + + 14 13 3
1969 + + 113* - 5
Dec 1975 + + 17 0 2
Jan 1970 9 - 62 15 84*
1976 18 4 10 7 7
1970 15 14 9 7 3
Feb 1976 - . B - ®
1970 7 - 27% 7 0
Nar 1976 3 1 3 2 6
Aot 1970 11, | = 12 26* 0
1976 4 2 2 1 1
1970 8 - 29* 10* 28*
May 1976 4 6 0 1 2
Jun 1970 12 = 14 2 32

1976 - - - - -

955
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Table ALl..  Nunbers of Carias gariapinus caught in three mesh size groups.
Val ues shown for 1969-70 are the total nunber of this species
caught in 25 net sets where each set consisted of one top
and one bottom nul timesh net. The 1975-76 val ues shown are
the total of 25 neans, each nean derived fromtwo such sets
at each of 25 locations. Values in parenthesis are the val ues
expected under the hypothesis of no difference in proportion
caught in each nesh size group between years

Mesh Size Goup
Tot al
Year Smal | Medi um Large Caught
1969- 70 40 351 196 587
(34.7) (377.1) (175.2)
1975-76 3 116 21 140
(8.3) (89.9 (41.8)
Tot al 43 467 217 727

X~ = 26.4
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Table AL2. Mean lengths of Oarias gariapinus caught in each of 10 gil
net mesh sizes in Septenber through Decenber of 1969 and 1975
The 1969 data is fromnets with panels 9.1 mlong. The 1976

data is fromnets described in nethods.
1969 1975

Mesh Size () X S D. n X SD n
38 — ———— -~ —_— ——— -—
51 30.5 1.8 3 37.5 - 1
64 32.7 7.4 3 37.0 3.9 5
76 37.6 4.7 19 39.1 5.1 33
90 41.2 5.6 31 44.8 6.7 36
102 52.4 10.9 17 50. 2 7.4 28
114 51.7 7.8 21 55.3 6.2 16
127 57.6 6.0 23 59.9 5.4 12
140 62.5 8.2 12 53.6 13.8 3
152 64. 6 6.9 16 66. 3 2.4 10




Table AL3. Total nunbers of darlas nganensis caught
at each of five stations in 196970 and in
1975-76.  Val ues for 1969-70 are total nunber
of fish caught in one gill net set. Values
for 1975-76 are nean total nunber for two sets.
Each set consisted of one top and one bottom
nul timesh net. Asterisks indicate where the
catch of one year was significantly higher the
conpar abl e catch for the other year.

Station
Mont h Year 1 2 3 4 5
1969 - - 5 , 1
Sept 1975 6 1 1 0 3
1969 1 - 14 - 1
(et 1975 4 0 3 1 1
1969 - - 12 = 0
Nov 1975 5 " 4 1 2
1969 = - 13 - 0
Dec 1975 - - 3 0 0
Jan 1970 2 - 1 10 19
1976 5 2 10 8 3
11970 1 1 4 3 1
Feb 1976 - - - - -
1970 0 . 7 0 0
Mar 1976 5 1 2 0 4
1970 1 - 3 1 0
Apr 1976 3 0 0 > 9
1970 4 - 10 5 6
May 1976 2 2 0 1 6
1970 7

I w
1
N
I

Jun 1976
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Table A14. Nunbers of Carias nganensis caught in three nesh size groups.
Val ues shown for 1969-70 are the total nunber of this species
caught in 25 net sets where each set consisted of one top
and one bottomnultinesh net. The 1975-76 val ues shown are
the total of 25 nmeans, each mean derived fromtwo such sets
at each of 25 locations. - Values in parenthesis are the val ues
expected under the hypothesis of no  difference in proportion
caught in each mesh size group between years

Mesh Size G oup

Tot al

Year Smal | Medi um Lar ge Caught

1969- 70 15 103 9 127
(16.5) (99.5) (11.0)

1975-76 12 60 9 81
(10.5) (63.5) (7.0

Tot al 27 163 18 208
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Table A15. Mean lengths of Jarias nganensis caught in each of 10 gill

net mesh sizes in Septenber through Decenber of 1969 and 1975.

The 1969 data is fromnets with panels 9.1 mlong. The 1976
data is fromnets described in methods.
1969 1975

Mesh Size (nm) X Sa D) n X S.D n
38 -—— - —— —— -—-
51 31.0 1.0 2 34.5 ——— 1
64 32.7 5.7 5 33.4 3.1 7
76 38.5 4.4 12 41.5 13.4 6
90 43.6 4.0 7 39.1 3.9 8
102 47.7 8.2 16 49.5 5.8 5
114 49.6 2.0 10 57.8 5.6 2
127 49.7 1.6 3 —— —— —
140 55.5 ——— 1 45. 6 - 1
152 71.0 — 1 53.8 1.4 2




Tabl e AL6. Total nunbers of Shilbe nystus caught at each

_ of five stations in 1969-70 and in 1975 76.
Val ues for 196970 are total nunber of fish
caught in one gill net set. Values for 1975-76
are nean total number for two sets. Each set
consi sted of one top and one bottom mul ti mesh
net. Asterisks indicate where the catch of
one year was significantly higher the conparable
catch for the other year.

St ation

N Mont h Year 1 2 3 4 5
1969 - -1 . 23

Sept 1975 33 13 18 13 16
o 1969 32 - . 18

B 1975 17 10 14 13 12
1969 - - 25 . 30*

Nov 1975 5 - 3 8
1969 - - 0 . 33+

Dec 1975 - - 30 9 6

""" 1970 A4 = 1 0 8
Jan 1976 11 6 o* 6t 15

1970 26 35 15 11 1

Feb 1976 - - - - "

it 1970 17 " 5 1 0
1976 25 10 13 13+ 0

- 1970 35 - - 25 20 0

1976 11 13 17 11 2
1970 18 - 15 5 2

May 1976 36 18 16 8 1

Jun 1970 29 -~ 10 1 27

1976 - - -
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Table AL7 Nunbers of Shilbe nystus caught in three nmesh size groups.
Val ues shown for 1969-70 are the total nunmber of this species
caught in 25 net sets where each set consisted of one top
and one bottomnul ti mesh net. The 1975-76 val ues shown are
the total of 25 neans, each nmean derived fromtwo such sets
at each of 25 | ocations. Values in parenthesis are the val ues
expected under the hypothesis of no difference in proportion
caught in each mesh size group between years.

Mesh Size G oup

Tot al

Year Snal | Medi um Large Caught

1969- 70 230 168 3 401
(1268. 8) (123.9 (8.3

1975-76 258 56 13 327
(219.2 ( 100. 6) (7.2

Tot al 488 224 16 728

A

X = 56.8
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Table Al18. Mean lengths of Shilbe nystus caught in each of 10 gill net
mesh sizes in Septenber through Decenber of 1969 and 1975.
The 1969 data is fromnets with panels 9.1 mlong. The 1976

data is fromnets described in nethods.

1969 1975

Mesh Size (nm) X S. D n X S. D n
38 15.0 1.5 104 16. 2.8 61
51 19.0 2.9 82 20. 2.8 66
64 22.9 2.8 60 23. 3.0 *8
76 27.1 2.1 37 25. 3.3 32
90 27.1 2.0 30 25. 4.8 25
102 29.1 1.3 9 24, 5.4 10
114 30. 7 1.8 2 25. 7.9 4
127 S S— - 20. 2.4 5
140 14.5 e 1 20. 1.9 2
152 15.5 — 1 21. 5.0 7
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Tabl e A19. Total nunbers of Hepsetus odoe caught at each
of five stations in 1969-70 and in 1975-76.
Val ues for 1969-70 are total nunber of fish
caught in one gill net set. Values for 1975-76
are nmean total nunber for two sets. FEach set
consisted of one top and one bottom nultinmesh
net. Asterisks indicate where the catch of
one year was significantly higher the conparable
catch for the other year.

)
Station

Mont h Year 1 2 3 4 5
1969 - - 7 - 25%

Sept 1975 10 5 9 5 1

Oct 1969 12 - 12 - 25%
1975 15 8 6 7 4
1969 - -~ 6 - 14

Nov 1975 % - 3 3 2
1969 - - 1 - 16*

Dec 1975 = " 7 9 1
1970 16 - 1 2 1

Jan 1976 8 4 7 16 2
1970 2 3 4 1 0

Feb 1976 “ 5 N » @
1970 9 - 3 0 0

Mar 1976 3 3 3 2 0

Aor 1970 12 - 14* 10* 0
1976 3 3 2 2 0
1970 10 - 18 33* 34*

May 1976 3 1 4 1 2

Jun 1970 15 - 47 16 10

1976 # = A & a
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Table A20. MNunbers of Hepsetus odbe caught in two mesh size groups.
Val ues shown for 1969-70 are the total nunber of this species
caught in 25 net sets where each set consisted of one top
and one bottom multimesh net. The 1975-76 val ues shown are
the total of 25 neans, each nean derived fromtwo such sets
at each of 25 locations. Values in parenthesis are the val ues
expected under the hypothesis of no difference in proportion
caught in each mesh size group between years

Mesh Size G oup

Tot al
Year Smal | Medi um and Lar ge Caught
1969- 70 202 79 281
(203.7) (77.3)
1975- 76 101 36 137
(99.3) (37.7)
Tot al 303 115 418
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e Table A21. Mean |engths of Hepsetus odoe caught in each of 10 gill net
mesh sizes in Septenber through Decenber of 1969 and 1975.
The 1969 data is fromnets with panels 9.1 mlong. The 1976
data is fromnets described in nethods.
'''' 1969 1975
Mesh Size (nm) X S.D n X S. D n
38 23.9 2.3 29 23.0 3.0 14
51 25. 4 2.6 113 26.2 3.2 74
B 64 28.0 2.7 72 30.1 2.5 51
76 30.0 3.1 33 32.1 3.0 27
90 32.8 1.3 2 35.2 2.5 9
102 —eee —— -— 37.2 -_— 1
114 -—— e - —_—— — -—
) 127 - —— ——— —— —-—— -—
140 -— —_— - 33.7 4.3 2

152




Tabl e A22. Total numbers of Labeo nol ybdi nus caught at each
of five stations in 1969-70 and in 1975-76.
Val ues for 1969-70 are total nunber of fish
caught in one gill net set. Values for 1975-76
are nean total nunber for two sets. Each set
consi sted of one top and one bottom nul timesh
net. Asterisks indicate where the catch of
one year was significantly higher the conparable
catch for the other year.

St ation
Mont h Year 1 2 3 4 5
1969 - - 2 . 18*
Sept 1975 15 18 14t 4 0
1969 13 - 1 - 6
et 1975 4 2 15k 5 4
1969 % = 7 = 7
Nov 1975 % =% 3 2 6
1969 - -0 - 5
Dec 1975 = = 2% 1
1970 20 . 2 0 3
Jan 1976 33 15 5 3 3
1970 14 24 0 0 0
Feb 1976 - = 5 - -
Nar 1970 8 ~ 0 0 0
1976 40 12 54 Bk 0
Apr 1970 13 - 5 0 0
1976 t 26 9 13 4 0
1970 33 - 11 17% 0
May 1976 8 3 7T 1 0
un 1970 37 . 8 51 0

1976 . - . = =




Tabl e A24. Total nunbers of Marcuseni us necrol epi dotus
caught at each of five stations in 1969-70
and in 1975-76. Values for 1969-70 are total
nunber of fish caught in one gill net set.
Val ues for 1975-76 are nean total nunber for
two sets. Each set consisted of one top and
one bottom nmultimesh net. Asterisks indicate
where the catch of one year was significantly
hi gher the comparabl e catch for the other year.

_ Station
Mont h Year 1 2 3 4 5
1969 - - 4 - 15*
Sept 1975 3 10 5 30 2
o 1969 43 . 28 " 26*
1975 13 9 11 15 2
1969 - - 22 - 5
Nov 1975 - - 3 1 8
1969 " " 0 . 7
Dec 1975 - - 62 2 2
Jan 1970 7 - 0 0 0
1976 27+ 24 41* 57 3
1970 3 1 1 25 0
Feb 1976 - - - - o
1970 2 & 8 0 0
Nar 1976 2 8 4 5 0
ot 1970 7 - 57+ 21* 0
1976 5 4 0 3 0
1970 4 , 1 5 11
May 1976 4 3 8 1 1
un 1970 0 - 1 0 2

1976
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Tabl e A25. Numbers of Marcuseni us nacrol epi dotus caught in two mesh size
groups. Values shown for 1969-70 are the total nunber of this
speci es caught in 25 net sets where each set consisted of one
top and one bottom nultinmesh net. The 1975-76 val ues shown
are the total of 25 neans, each nean derived fromtwo such
sets at each of 25 |ocations. Values in parenthesis are the
val ues expected under the hypothesis of no difference in
proportion caught in each nmesh size group between years.

Mesh Size G oup

Tot al

Year Smal | Medi um and Large Caught

1969- 70 161 112 273
( 200.5) (72.5)

F 1975- 76 237 32 269
(197.5) (71.5)

Tot al 398 144 542

X~ =59.0



71

Tabl e A26. Mean | engths of Marcusenius macrol epi dotus caught in each of
10 gill net nesh sizes in Septenber through December of 1969
and 1975. The 1969 data is fromnets with panels 9.1 m | ong.
The 1976 data is fromnets described in methods.

1969 1975
Mesh Size (nm) X S D n X S. D. n
38 12.9 1.3 43 12.7 1.6 7
51 14.7 1.5 82 16. 2 1.5 83
64 16.5 1.8. 39 17.9 1.7 48
76 19.2 2.6 45 20.8 2.7 25
90 21.8 2.7 22 22.5 3.6 11
102 24.8 1.3 2 27.0 3.9 3
114 — i == — ——— —
127 — — - _— -— -—
140 - ea— e 21.5 0 2
152 —— —— - 14. 6 2.2 3
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