4 s*:"—\rv -

] LUHADTTY )
CHAPTER 4
‘ i e -

\I\Vv"\ \\‘ T \ ! N

¢

.oy o 4 r 1 t

: ’
X F
X ' i!
|
i
:
: P
4 » »
. 3 “ 5 1 ’
& t ! t - o ' \ there i
R '
hi f ) ! ! et t ! LW 1 N X t nets de 1 b ¢
| 1 ,
ection - O T 154 the rVvi | imp e leCt e
the ! OWw § e ! '
\ {
1) {ng {tes
J! E

. ‘s A ] , ’ :
eine Net |3 mm) Ly 4, 3, 6, 10
Seine Net (15 mm) by 33 10y L0
|
,
:



e

e awemms O




























[ Ci
L May ‘
- 150
2 |
& ol |
< 100F | |
- S | i ]
50*} X% | Ix | X X X 3 ll il
| ! M
0 L..__«A:J—}T’)—n .l _{“{—i ) 0 ey T s HEEE e (WONE B
GOOL tober
t .
|
h & _
- | | |
3 400 J | |
< r |
o I~ {1 !
- |
200 | ]
| ]
RER N |
Ik X X X| l X X X X X X
~ - | H ||
Q\_—-(i,l_il k). e o) S0 o O 1 SN 1_1 S s~ P
cbcdo!qn.,uemnop:rt'uv-x yzo,bccefg

Shore line

wcality

e



» ‘ y i












e

" -






33

more than 2.7 (relative gradients of northern Magalies and southern
Magalies, Table 4.1) between the different shoreline zones., Combined
catches of 0. mossambicus and C. gariepinue for the different zones
were five times greater on the southern shore than the northern shore
in October 1982 and catches of the separate species for the different
zones were six and ten times greater in May 1982 (Table 4.8).
Therefore, while the influence of gradient on gear efficiency would
have affected catches, the major influence of gradient was on produc-

tion of food organisms and hence on actual fish standing stock,

Zones of sediment accumulation occur where there is a small fetch and
thus a negative correlation between fetch and CPUE could be expected.
This occurred in the case of ESE fetch but there was a positive
correlatica between CPUE and NW fetch (Table 4.9a). There are two

probable explanations for this contradiction:

(a) ESE winds may account for greater turbulence or wave action by

predominating in frequency or strength

(b) The correlations between CPUE and fetch may be fortuitous and
reflect the influence of a fo:-'% factor, on independent and

dependent variables.

The second explanation is more likely and 1s supported by the fact
that the correlation coefficients between gradient and NW and ESE
fetch were 0.15 and =0.52 respectively. Thus the relationships
between CPUE and fetch appear to be indirect and caused by correla-
tions between gradient and fetch.

Condition factor of (/. mossambicue was mainly influenced by tempera-
ture (Fig. 4.3 and 4.4). The winter minima occurred as feeding
slowed down and halted. Caulton (1979) stated that (. mossambicus
stops feeding at temperatures between 16 and 18°C and the minimum
mean water temperature of Hartbeespoort Dam is 13 to 14°C in July
each year. The increasing density of adult fish over the study
period, as a result of falling lake volume and high recruitment, did
not affect adult Kn, showing that food stress did not occur, In
contrast juveniles exhibited declining Kn over the spawning season
(October to March) indicating that food stress occurred as juvenile

density increased. This could introduce density influences on
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CHAPTER 5

NUMBERS AND BIOMASS OF THE MAJOR SFECIES

Introduction

Fish populations or stocks can frequently be managed without informa-
tion on the actual biomass of the target stock. Trends in catch per
unit effort (CPUE) and the relationships between effort and CPUI are
used to provide data for management and plots of catch against effort
can be used to estimate fishing rate (Ricker, 1975). Pctential yield
of a fishery can be estimated roughly by a number of techniques such
as morphoedaphic index, gill net monitoring (Ryder, 1978) and other
empirical models such as those of Oglesby (1977a) and Melack (1976).
Once a fishery has become established further management decisions

can be taken on the basis of feadback on catch and effort statistics.

In this study it was felt that knowledge of the standing stocks of

the species was important for the following reasons.

(a) At the start of the project it was not known whether the level
of effort was sufficiently large to measurably inrluence stock
size, Without such impact, catch:effort relationships cannot be

used to provide information on the fishery.

(b) The recreational fishery on Hartbeespoort Dam is a multi-species
fishery and unbiased information on the relative abundance of
the three major species was considered essential for correct

management.

(¢) While order of magnitude estimates of the potential yield were
obtainable from various empirical relationships, the project
aimed to provide more accurate vyield estimates which
incorporated information on species composition and took
cognisance of the major constraints on production and yield.
With this information a more comprehensive management strategy,
aimed at optimal utilisation of the stock, should be possible.
Such predictions require a knowledge of the fish standing stock.
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closed population the catch per unit effort should decline with
time (Youngs & Robson, 1978). Youngs and Robson listed two
methods of analvsing such data, the Leslie method for variable
effort and the Moran~Zippin method for constant effort., Ricker
(19/5) added the De Lury method, which compares fishing success
to cumulative effort, for use when the fraction of the stock

taken by a unit of effort {s small,

Leslie's method estimates population size at time 0O from the
relation of fishing success to catch already taken. Using this
method, a plot of CPUE during any interval, t, against tbhe
cumulative catch should give a stralght line with slope equal to
the catchability and the X - {intercept equal to the population

at time O (Ricker, 1975)., This is derived from the equation

o 0=
where C 71 CPUE
t t
qQ =  catchability
N population size at time ¢t
t
F‘ cumulative itch at the start of interval t

plus half of that taken during the interval.

Ricker (1975) lists two major sources of systematic error in the

fishing=-success methods of population determination,

These are:

(1) 1inconstant catchabilitvy caused by, for example, seasonal

environmental change or change in vulnerubility

(1{1) additions to or natural removals tfrom the population which
can introduce serious error into the calculations. It {is
desirable to concentrate fishing effort into a short period

of time to overcome these influences.

(¢) Direct enumeration

Direct enumeration of fish stocks iavolves the direct estimation

of the number of fish in a given area and the extrapolation of
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these results to ascertain the total in the water body. Commonly

used methods of direct enumeration are:

(1) Spot poisoning e.g. Mitchell (1976)

(ii) Use of fishing gear such as nets and traps e.g. Bagenal

(1981)

(iii) Echo sounding or acoustic techniques e.g, Coulter (1977)

(iv) Concussion methods such as explosives (Lagler, 1978),

Poisoning has been widely used and successful results have been
reported by Mitchell (1976), Marshall & Lockett (1976) and van
der Waal (1980). Hanson & Leggett (1982) stated that the cove
rotenone poisoning method for estimating fish biomass had been
validated, The major advantage of poisoning is the high cffi-
ciency of capture while problems lie mainly in selection of
sites which are both suitable for poisoning and representative
of the habitat (Henderson et al., 1973). All the above authors
used rotenone or a rotenone derivative, such as Pro-noxfish,
Rotenone, at the ntrations used for fish poisoning, is not
toxic to mammals o .reiks down naturally within approximately

one week (Mitche 1, 1976),

Various types of “ishing gear have been used but generally do
not give reliable quantitative estimates, In extensive tests on
a lake in Finland, five different types of gear were tested on a
14,4 ha lake stocked with known numbers of fish, but none of the
methods was able to provide a corroborative estimate (Bagenal,
1981). Van der Waal (1980), using two seine nets of different

mesh size, obtained biomass estimates of S58,6% and 47,2% of that

obtained by poisoning,

Fcho sounding and acoustic m:thods have been used extensively in
studying fish populations (Coulter, 1977; DBruton & Boltt, 19753
Bagenal, 1981). Bagenal (1981) described the use of an echo=-
sounder 1in confunction with an analogue-to=-digital converter
which provided accurate results, The major disadvantages of this

method are,
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(i) the cost of the equipment

(1i) the bias introduced by avoidance action of fish at the

surface (Bagenal, 1981) which reduces the efficiency o the

equipment in the generally productive littoral zones

(1i11) fish recorded by this method cannot be identified and hence

only a total estimate can be obtained.

Methods applied to biomass determinations in Hartheespoort Dam

At the st rt of the studr the impact of the recreational fishery
on stocks and its potential use In stock assessment was unknown
and it was decided that standing stock investigations would be
undertaken using mark and recapture methods for adults of the
three species, Littoral poisoning was selected as the most
practical method to investigate the relative abundance of fry ot
the three major species in view of the labour and equipment

available,

On the basis of available time and the other requirements of the
project it was decided that two marck and recapture exercises
could be undertaken per vear, in May and October, and that
littoral poisoning exercises would be undertaken at three sites
around the lake, cnce per year in mid to late summer, when the
breeding seasons of all species were well advanced. Littoral
poisoning was undertaken at three sites in 1982 and in 1984,
'he number of replicoies was lower than the optimum for statist-
{cal accuracy but was the maximum which could be undertaken in
view of the time required per station and the ecological impact

of the method,

After the second mark ond recapture exercise, undertaken in
October, 1982, it was apparent that carp could not be caught in
sufficient numbers to obtain a population estimate by this
method. However, angler catches of (', carpio were found to be
considerably higher than anticipated and the possibility of

using a catch:effort relationship existed. The most suitable
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method was Leslie's method of fishing success against catch |
already taken, and thi ethod was used to obtain a population
eatimate for C. ecarpio.

(a) Mark and recapture

It wae necessary initially to establish whether the requirements
fo: correct usage of mark and recapture methods, as listed in

Section 5.2.1, could be met in Hartbeespoort Dam.

e ——

The first requirement, that ol a closed system, could be assumed
to be correct, Only 1+ and older fish were tagged and these

were clearly distinguishable, by size, from the younger age

greup. Therefore, recruitment did not interfere with results,

~—rr

W gariepinue wmigrates up rivers to spawn but exercises were

.
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limited so as not to coincide with the breeding period. The
exercises were conducted over a 12 day period whirh should have j
further increased the reliability of the closed system assump- ]

tion,

ﬁ Point 4, that all marked fish are reported, was dealt with by at !

least two people checkinp each fish in the census samplees for

tags. ‘
E
Random mixing of marked fish with unmarked fish, point 5, could i
not be assumed, particularly as eacl exercise was run over only
12 days, This problem was overcome by the random selection of
sites for both marking and census exercises. The lake shoreline
was divided into 33 approximately one kilometre zones (Fig. |
L 2.1), each of which was further sub=-divided into 10 sites,
Zones and sites within each zone were selected randomly. In
order to save travelling time, sites were selected for each of |
the two, 4~5 day sampling periods per exercise, and were then
sampled approximately sequentfally around the lake each week. |
Thus by the end of each exercise the lake shore would have been
covered twice., Approximately 40 sites were sampled in each f
exercise, This method of sampling coupled with natural movements
of the fish, would have resulted in random sampling of marked
and unmarked f{ish, |
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e IS Number of replicates and fish, duration of experiment

and size of cages used to measure tag loss and
mortalitv of tagged fish

Date Species Cage Hur;tion Rgplicatcs ¥ Nno.
(m) (d) of fish
May 82 mossambicus 2x2xl L4 1x15
May 82 gariepinus 2x2x1 14 1x4
Oct 82 mogsambicue 2x0.7x1 23 110, 1x9, Ix4
ct 83 ariepinue 2x2x1 17 2x6, 1x4

The requirements 2 and , that marked fish suffered the same
mortality and were equn' y vulnerable to capture as unmarked
fish, and thac tagged fish did not lose their tags, were investi-
gated, Three separate experiments were done, in May and October
1982 and in October 1983, in which fish were captured, tagged
and placed in holding cages. Cages were checked daily for
mortalities and at the end of the experiment fish were checked
for tag loss, As the greatest stress would have occurred during
capture of the fish, untagged, control fish were not included in

the trials.

A total of 38 7. mossambicue and 20 C. gariepinue were held in
cages in the series of experiments (Table 5.1)., All fish were
tagged with Floy-type spaghetti taps, inserted in the flesh
alongside the dorsal fin using a Dennisson Mark 11 tag gun., In
order to cut costs colourless, nylon, unnumbered clothing tags,
15 mm long were used., The results of the experiments showed no
tag loss in either species for the duration of the trials and no
mortality amongst the (. gariepinue. In the October 1982
experiment there was no mortality or sign of stress amongst the

. mogsambicue but in May 1982 one fish died after nine days and
a second after 10 days, The seurviving fish had moderate to
severe fin and tail rot which would have made them more vulnera-
ble to capture, In May low water temperatures would place the
species under cold-stress (Allanson ¢t al., 1962) and the
additional stress of capture and tagging was sufficient to cause
fungal infections which were fatal vo two fish, 1In October when
temperatures were higher and the condition of the fish be'ter,

they were able to survive the handling stress.
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