





However, the wet weight analysis method is thought to be an improvement
on the other widely used method, the comparison method, which essentially
involves looking into a container and guessing the number of fry

(helped by comparison with a container holding a known quantity of fry).
In addition, the wet weight analysis method gives an estimate of mean

fry weight.

The daily fry harvest from arena 1 (fig.13) shows that the first fry
were collected on day 13. Rana (1988) quotes the end of yolk sac stage
(when fry are released by the female) as occurring between days 9 and 18
at 28°C). The graph suggests the presence of two main peaks in the
numbers of fry collected, separated by a period of low fry harvest
(days 31 to 35). The variation in daily fry harvest was quite high

- the standard deviation of daily fry harvest figures from the mean
(7120 fry per day) being 3066. This daily variation is due to the fact
that all fry are expelled from the buccal cavity of the female at once,
thus the number of fry harvested each day will vary in increments
corresponding to the number of fry produced by each female minus any

fry mortalities cccurring before fry are drained from the arena.

The total fry harvest over the 52 day period of 284 797 may be compared
with the possible egg production of O.niloticus calculated from the
fecundity relationship to weight from Rana (1988):

F = 39410020

where F = fecundity, W = weight (g)

Mean weight of tilapia in arena 1 = 426.4g

F = 39.41 x 426.49-2°

F=1170

il



This is a calculation of the number of eggs in a freshly laid clutch
of O.niloticus with a weight of 426.4g. 301 females were stocked into
arena, therefore if each female spawned once a total of 352 170 eggs
may have been produced. If each female spawned twice, a total of

704 340 eggs may be produced. This is considerably more than the

284 797 fry collected from arena 1. However the number of mortalities
between the freshly spawned egg and newly released fry is unknown and

so this fecundity relationship is of limited use.

The presence of two main phases in fry production from arena 1 is further
suggested when the daily fry harvest is grouped into weekly periods

(see fig.l4) which effectively eradicates the daily variation in fry

harvest.

The daily mean fry weights of the fry collected from arena 1 show a low
variance from the mean (mean wt. = 0.0167g, S.D. = 0.00162), most of
which is accounted for by the relative inaccuracy of the weighing
instrument used in mean weight estimation. In addition, mean fry weight

remains at a similar level for the duration of the study.

The numbers of fry harvested daily from arena 3 show a markedly different
trend from the same data for arena 1 (see fig.16). Daily fry harvest is
far more variable than for arena 1 - the standard deviation from a mean
of 489 fry per day was found to be 616. This is almost certainly due to
the low stocking density of broodstock in arena 3. Consequently, a day
when a number of females release their fry may, by chance, be followed

by a day when no females release their fry. This may explain a harvest
of 2460 fry on day 33 being followed by a harvest of 178 on day 34.

The fact that very low numbers of fry were harvested on some occasions
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was probably due to the fact that some fry avoid capture by swimming
out of the fry catchment channel, to get captured some time later.

Consequently, fry were not necessarily drained from the arena on the

same day that they left the maternal mouth.

Due to the considerable fluctuations in daily fry harvest any peaks

in fry production are difficult to see. However, if daily fry harvest

is grouped into weekly periods, these fluctuations are hidden, and reveal
a small initial peak in fry harvest in week three, followed by a main
peak in week six. This second peak in fry harvest took place before

the second peak in fry harvest in arena 1. The most productive days for
arena 3 (days 33 and 38) coincide with the period of low fry harvests

and the beginning of the second peak in fry production in arena 1.

The total fry harvest of 18 596 may be compared with a calculated fecundity
(freshly layed eggs in a clutch) of 24 949 if all females breed once,
and 49 898 if all females breed twice.

The daily estimates of mean fry weight for arena 3 are markedly different
from the same values for arena 1 (see fig.18). Mean fry weights are
higher than in arena 1 and far more variable (ie. mean fry weight =
0.0361g, S.D. 0.026) particularly over the final 14 days of the study
period. It would therefore seem that the tilapia in arena 3 are producing
bigger fry than the female broodstock in arena 1. However, Rana (1988)
and Siraj et al (1983) state that smaller specimens of O.niloticus

produce smaller eggs and, consequently, smaller fry than larger specimens.
The techniques used to determine mean fry weight are unlikely to be at
fault since the mean fry weight data from arena 1 is so consistent.

It would, therefore, seem likely that the fry being collected from arena
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3 were not newly released fry but had remained in the arena for some
reason. The age of the fry cannot be determined since no growth curves
are available. This reluctance of fry to enter the fry collection

channel may be due to a number of reasons. Firstly, the broodstock
stocking density in arena 3 was very low. Consequently, fry were under
less pressure than those in arena 1 to escape from prééatory or aggressive
territorial adult fish, or predatory fingerlings, by seeking the relative
safety of the fry catchment channel, into which larger fish were unable

to follow. Secondly, the structure of arena 3 differed slightly from
arena 1 in that the slope of the floor of the brooding area leading up

to the shallow lip connecting with the fry catchment channel is far
steeper in arena 3 than arena 1 and may act more as a barricr to the passage
of fry than as a gradual slope encouraging fry into the shallows.

Thirdly, there was relatively more human activity in the vicinity of the

arena which may have frightened fry away from the fry catchment channel.

The very high values for mean fry weight observed in the final 14 days
of the study period for arena 3 were due to the presence of a number of
large fry in the presence of small numbers of newly released fry

(see table 6). Most of these large fry are presumed to be fry which
remain in areas A and B of the arena. These fry were observed to become
cannibalistic and were found to consume high mumbers of smaller fry
(pers. comm. C. Smith). These predatory fry, or 'hunters', were trapped
in both arenas in baited traps and Table 5 shows that far more hunters
were trapped in arena 1 than arena 3. This would suggest that the
presence of 'hunters' is a common phenomenon in both arenas, irrespective
of stocking density. The apparent prevalence of 'hunters' in arena 3

is due to the fact that low numbers of newly released fry were being

drained from the arena, so a small number of hunters would significantly
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Table 6 Details of mean weights of fry harvest from arena 3 over the period

of days 41 to 51. Fry passed through 5mm mesh.

Day | Fry passing through mesh | Fry too large to pass through mesh Total
No. mean wt(g) No. mean wt(g) no. mean wt(g)

41 192 0.020 29 0.341 221 0.062
42 790 - 0.016 3 0.400 793 0.018
43 415 0.021 42 0.607 457 0.073
44 887 0.019 60 0.485 947 0.049
45 659 0.018 4 0.300 663 0.020
46 38 0.018 16 0.500 54 0.161
47 1334 0.015 15 0.450 1349 0.015
48 334 0.019 15 0.747 349 0.050
49 463 0.017 7 0.540 470 0.026
50 317 0.020 35 0.740 352 0.092
51 26 0.023 3 0.470 29 0.069
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increase the daily mean fry weight. In arena 1 the very high numbers of
newly released fry released would hide the presence of hunters by keeping

the daily mean fry weight from arena 1 low.

It is possible that some of the large fry drained from arena 3 had
originated from other parts of the hatchery and had been dropped by
kingfishers flying over the arena. Kingfishers were frequently seen
capturing fish in the vicinity of arena 3 and flying over the arena.

No such activity was observed around arena 1.

In both arenas 1 and 3 the observed peaks in fry harvest and probably,
therefore, fry production show that fry production is sychronised.

The mechanism of synchronisation is unlikely to be due to any
environmental factors, which were relatively stable over the period of
study. The most likely cause is the fact that the broodstock were
introduced to each arena when at the same stage in the reproductive

cycle ie. they had been kept in sexually segregated tanks, therefore
prevented from reproducing. On introduction to the arenas most of the
tilapia are expected to begin breeding within a few days. The development
rate of the eggs and fry varies within relatively narrow limits in
O.niloticus (Rana, 1988) and thus fry production will be expected to

be synchronised. However, over time the inherent intraspecific variation
in rate of development of the eggs and fry will be expected to result

in a gradual decline in this synchronisation.

The possible effect of sensory stimulations from conspecific fishes
in contributing to this synchronisation cannot be dismissed. Jalabert
& Zohar (1982) state that within the family Cichlidae spawning frequency

is increased by various conspecific stimuli eg. visual stimuli, sound
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production, lateral line contacts and possibly chemical communication.

They found that for some members of the genus Sarotherodon isolated

females showed increased interspawning intervals compared to non-isolated
females. 1In addition, visual stimuli were found to hasten ovulation

in Sarotherodon mossambicus but had little influence on oogenesis,

whilst other non-visual stimuli (eg. tactile or chemical) could advance
yolk deposition by about seven days. Much more work is required within
this field and in particular efforts should be made to look for the
existence of pheromone-like substances in the tilapia which have been shown

in other fish.

4.4 Correlation between daily number of brooding territorial females

and daily fry harvest

If the bar charts for the daily number of brooding territorial female
tilapia and daily fry harvest are superimposed for both arenas (see

figs. 19 and 20) it would appear that some degree of correlation exists
between these two parameters. It is obvous that a relationship exists
since a female brooding fry will eventually release those fry, a proportion
of which will then become trapped in the fry catchment ring of the arena

and later harvested.

In arena 1 both the daily number of territorial females and daily fry
harvest show two peaks in number, separated by a brief period of low
numbers. However, the two parameters do not coincide exactly - a time

lag of approximately two or three days would appear to exist ie. a peak
in fry harvest occurring approximately 2 - 3 days after the initial

peak in the number of territorial brooding females observed. Furthermore,

daily fluctuations in fry harvest are much greater than fluctuations
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in the number of females. This may explain why the scatter diagram
constructed (see fig.21) showed little evidence of any correlation,
and that the correlation coefficient for these points showed that there

was no significant correlation.

A similar result was obtained for arena 3 (see figs.20 and 22). Again,
periods of maximum fry harvest coincided with the time when highest

numbers of brooding females were recorded and again an approximate time

lag of 2 - 3 days would appear to exist between brooding female number and
number of fry harvested. Daily fluctuations in the number of fry harvested
were considerable, consequently there was no significant correlation

between brooding female number and fry harvest. In addition, the possibility
of any correlation was reduced due to the fact that the newly released

fry were not necessarily removed from the arenas on the day they were
released. A shoal of fry may remain in areas A and B for a number of

days before being drained.

Correlation was found in both arenas whenthe daily fluctuations in brooding
female number and fry harvest were eliminated by grouping each into weekly
periods (see figs.23 and 24) and the approximate two day delay between
these two parameters was taken into account. Correlation was more
significant (to the 0.1% level) for arena 1 than arena 3, probably because
of the greater stocking density in this arena which would result in

less extreme fluctuations in daily fry harvest. As a consequence it may
be stated that fry harvest and territorial brooding female number are
correlated in both arenas, but that this correlation is masked by the
daily fluctuations in the number of territorial brooding females and

in particular the number of fry harvested daily, particularly when low

broodstock densities are being used. Knowledge of this correlation
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may be of use in the management of the arena breeding system, since a
degree of predictability is possible with respect to the number of fry
collected, if the number of territorial brooding females are recorded

on a daily basis.
4.5 Comparison of arenas 1 and 3

The main differences between arenas 1 and 3 and the fish stocked into them
for the purposes of this study are summarised in table 7. In addition

to these differences the actual structure of the two arenas differs
slightly as can be seen in figs.7(a) and 7(b). All of these factors

may affect fry production and fry harvest.

The fry harvest from arena 1 amounted to 67.4 fry per m? per day compared
with 9.3 fry per m2 per day from arena 3. This difference is almost
certainly due to the differing stocking densities of broodstock in the
arenas (see Table 7) and shows that the density of 0.15kg per m2 is
particularly inefficient when compared to the fry harvest obtained from

a stocking density of 2kg per m2 (as in arena 1). However, if the stocking
density of the fish in arena 3 is multiplied up to 2.008kg per m? (the
stocking density in arena 1) then a total of 124.5 fry per m2 per day

is calculated to be the expected fry harvest. This assumes that a change
in broodstock density does not affect the fry yield of an individual
female. If this assumption is accepted then for some reason relative

fry harvest in arena 3 is almost twice as high as fry harvest in arena 1.

As arenas 1 and 3 differ with respect to arena size, structure, origin
of broodstock, sex ratio and broodstock size it is impossible to separate

any of these factors and determine how each of the factors individually
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Table 7

Summary of differences between arenas 1 and 3

Arena 1 Arena 3
Diameter of arena 12.8m 9.3m
Arena.available for 2 9
breeding (areas A+B) 105.7m 52.8m
Origin of broodstock Mixed Lake Turkana
Sex ratio 1 male : 3 females 1 male : 1.7 females
Mean broodstock weight male = 824g male = 105g
female = 426g female = 66g
Stocking density 2.008kg per m? 0.150kg per m?
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affects the observed fry harvest. Only by varying one of these variables
and keeping the others constant and replicating the experiment enough
times to produce statistically significant results could this be achieved.
However, much work has been performed in the past on these aspects of
stocking procedure with their effect on fry production in other tilapia
farming facilities around the world. This information may be applied

to the observed fry harvest from arenas 1 and 3 in an attempt to explain

any differences between the two arenas.

There is likely to be an optimum size for a breeding arena, with respect

to the maintenance and management of the system. Haller (pers. comm.)
stated that arena 3 is consistently less productive than arena 1. However,
comparison of the effect of size of arena on fry production was not possible

in this study due to the number of variables involved.

Slight differences in structure of the arenas may be of considerable
importance. Indeed, arena 2 was dismantled principally because of the
difficulty in keeping this arena clean (pers. comm. R. Haller). The
structure of arenas 1 and 3 is very similar, however, andis not thought
likely to affect fry production or fry harvest to any great degree, although
possible consequences of the increased gradient of the slope between

the brooding ring and the fry catchment channel in arena 3 have already

been discussed.

A comparison of fry production in arenas 1 and 3 is further complicated

by the fact that two different genetic strains of Oreochromis niloticus

were stocked into the arenas. There is very little information in the
literature regarding the effects of different genetic strains on fecundity

and fry production and it was not possible to compare the fry harvest
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of the different strains of tilapia used in this study because the strains

were different'in age, size, stocking density and sex ratio.

The most important factors in tilapia seed production are quoted by
Hughes and Behrends (1983) as:

1. broodfish size and age

2. broodfish stocking density

3. broodfish sex ratio

4. broodfish nutrition

5. frequency of fry or broodfish removal

6. type of facility used for holding the broodstock

/. water quality

8. rate of water exchange

The last five of the above listed factors can be regarded essentially
as non-variables in the present study (although minor differences

in these factors between the two arenas are acknowledged but considered
to be of minor importance). Consequently, the principal variables
involved in this study with the most influence on fry production are

broodfish size, age, stocking density and sex ratio.

[t is generally accepted that the number of eggs produced by female tilapia
increases with age, length and weight of that female, but that relative
fecundity decreases (Babiker & Ibrahim, 1978; Siraj et al, 1983; Rana, 1988).
Fig.25 shows the influence of wet body weight on total fecundity in hatchery
reared O.niloticus females (from Rana, 1988). The fry harvest from

arena 1 (where mean female wt = 426g) was equivalent to 662 fry per female
per month, or 1554 fry per kg female per month. In comparison, the fry

harvest from arena 3 (where mean female wt = 66g) was equivalent to 225
fry per female per month, or 3405 fry per kg female per month. Therefore,
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Fig.25> Influence of wet body weight on total fecundity in hatchery
reared O.niloticus females. Data based on number of eggs spawned.

(From Rana (1988)).
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although the average female in arena 3 produced 347 of the number of fry
produced by female tilapia in arena 1, each kg of female in arena 3

could produce over twice the number of fry than each kg of female in

arena 1.

It is, however, also known that smaller tilapia will produce relatively

more but smaller eggs per unit body weight than larger tilapia (Rana, 1988).
For a number of fish species it has been shown that larger and heavier fry
result from bigger eggs (Rombough, 1985 ; Thorpe et al, 1984) and Rana, (1985)
demonstrated that fry from larger eggs show better survival than fry from
smaller eggs. As a consequence, the increase in relative fecundity

of smaller female tilapia may be offset to some extent by a poorer
performance of fry. However it is unclear as to whether an increased

egg size confers any long term survival advantages to tilapia fry

(Rana, 1988; Siraj et al, 1983). A number of workers (Pullin, 1982;
Guerrero & Garcia, 1983; Siraj et al, 1983) have found that small female
tilapia are more efficient at fry production in intensive systems and

recommend the use of fish below 100g in weight.

If the number of tilapia of the size used in arena 3 were increased to
a density of 2kg per m2 (ie. the broodstock density in arena 1) and

if this increased density had no effect on the individual fecundity

of each female then fry harvest equivalent to 123.8 fry per m2 per day
(as opposed to 67.4 fry per m2 per day harvested from arena 1 in this

study) would be expected.

The effect of differing stocking densities has already been discussed.
Balarin & Haller (1982) found that the effects of crowding adversely

affected reproduction. At Baobab Farm no successful spawning was seen
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in tanks with a broodstock density over 10kg per m3. However, this
would seem to be an extreme value. The broodstock density commonly
used in extensive ponds is very low - 0.06 - 0.09%g per m2 for

example (Balarin & Haller, 1982), whilst that successfully used in

net cages is approximately 0.7kg per m2 (Hughes & Behrends, 1983;

Siraj et al, 1983). The highest broodstock densities are successfully
used in intensive tank breeding systems eg. 1.65kg per m? (Coche, 1982).
The University of Stirling, Scotland obtains high fry yields of

71.4 - 96.4 fry per m2 per day by using a stocking density of 2.52 kg
per m2 (Balarin & Haller, 1982). No higher broodstock densities
regularly in use in tilapia production units were found in the literature.
It would therefore appear that the broodstock density of 2kg per m2
used in arena 1 during this study is approaching the optimum, although
further research into the effects of higher broodstock density on fry

production would be recommended.

Much research has been performed in an attempt to find the optimum
sex ratio of broodstock to maximise fry production. Uchida & King
(1962) found that a sex ratio of 3 females to 1 male was most productive,

at a broodstock density of approximately1.5kg per m2 for Sarotherodon

mossambicus. Fig.26 shows the effect of sex ratio and brood density

on fry production of S.mossambicus with a mean weight of approximately

1509 reared in 3800 litre tanks (from Balarin & Haller, 1982).

Since this work has been done, most workers have found that a 3:1

ratio is the most efficient ratio for Oreochromis niloticus (Balarin

& Haller, 1982; Broussard et al, 1983; Guerrero & Garcia, 1983; Siraj
et al, 1983). At ratios above this it is thought that the resulting

high number of non-breeding fish may predate on fry and disrupt spawning,
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Fig.26 Effect of sex ratio and brood density on (upper) fry
production by each female and (lower) overall fry production

per unit area of Sarotherodon mossambicus reared in 3800 litre

tanks. (From Balarin & Haller, 1982).
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Table 8 Fry production figures for various methods of fry production

currently in use for Oreochromis niloticus.

Production facility .

Fry production
(no. fry/m¢/day

Source

Tanks, Scotland

Arena system, Kenya
Net cages, USA

Tanks, Ivory Coast
Tanks, Belgium

Net cages

Net cages, Philippines
Net cages, Philippines
Ponds, Belgium

Ponds, Israel

Earth ponds

Ponds

Earth ponds, Ivory Coast

Semi-intensive ponds

/1.4 - 96.4

67.4

66.7

22.8 - 45.5

37.5
28.4
31

11.6

- 31.4

2.1 - 3.3

0.5

less
0.26
0.15
0.11

than 0.4

- 0.15

Balarin & Haller (1982)
present study

Hughes & Behrends (1983)
Coche (1982)

Pullin (1982)

Coche (1982)

Broussard et al (1983)
Guerrero & Garcia (1983)
Balarin & Haller (1982)
Broussard et al (1983)
Coche (1982)

Broussard et al (1983)
Coche (1982)

Broussard et al (1983)

93




Before a comparison is made it must be stated that Balarin & Haller
(1983) state that the arena breeding system at Baobab Farm is capable
of producing 200 fry per m2 per year. Results from the present study
show that this is a gross under estimate. The potential yearly
production of fry by arena 1 élone is over 20 000 fry per m2 per year,
assuming that 60 days in each year the arenas are empty or broodstock

have not commenced fry production.

The arena breeding system in use at Baobab Farm is potentially the
most productive and efficient fry production system in use at the
present time (see Table 8). The fry harvest measured from arena 1
during this study exceeded the quoted fry production figures for most
tank systems, all hapa systems (net cages) and all extensive and

semi intensive fry production systems listed in Table 8. It was only
exceeded by the fry production figures from a small intensive fry

production unit at the University of Stirling, Scotland.

The arena breeding system cannot realistically be compared with extensive
pond systems, since the inputs to extensive systems are virtually
negligable. However, amongst intensive systems (which includes the

hapa systems), the arena breeding system is particularly efficient. The
main advantage of this method of fry production is the fact that fry
can be removed from the system without disturbing the broodstock,
allowing the continuous production of fry. Furthermore, fry handling

is minimal, thus minimising mortalities at this stage. The labour

and expertise required is low, thus making this system particularly
suitable for mass fry production in the developing world, particularly
Africa. The system is simple and can be constructed and maintained

with local materials.
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A number of problems, however, do exist with this system. It was
observed that a number of fry are not drained from the arena, but
remain in the central arena area and brooding ring, to be predated
upon or to become large, cannibalistic 'hunters'. These hunters were
found to be capable of consuming very high numbers of fry (pers. comm.
C. Smith) and further research is required to reduce this problem.
Furthermore, it must be noted that fry production depends on fry
survival in addition to broodstock performance. Thus husbandry methods
which maximise the survival of fry once removed from the arenas must

be incorporated into the arena management programme.

In addition to the recommendations already put forward in this discussion
a number of changes in arena management may be suggested in an attempt

to improve the efficiency of the arena breeding system. Further

research is necessary to elucidate the optimum size of an arena system
with respect to both fry harvest and maintenance of the system. Once
this is known, fry production may be increased by building groups of

arenas in specialised tilapia hatcheries.

During the current study it was noticed that in both arenas a number
of grilles, which separate the central arena area from the brooding
area, were removed due to the fact that some females were too large

to pass through. However, this allowed the free passage of males,
which were then observed to establish territories in the brooding area.
Territorial males become very aggressive and were frequently observed
attacking brooding females with the possibility of causing the females
to spit out the eggs or fry (a known response to extreme stress) or
abandon fry too immature for an independent existence. It is thought

that greater attention should be given to ensuring that the broodstock
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differ sufficiently in size to allow the separation of the sexes between
the central arena area and the brooding ring, and to ensure that all
females are able to pass through these grillés. The subsequent lack

of males in the brooding area may then encourage more females to brood
fry in the brooding area and minimise any disturbance from aggressive

males.

Further research should be conducted into the length of time broodfish
are allowed to remain in the arenas. Current practice at Baobab Farm
allows that broodstock remain in the arenas for a maximum of 12 weeks.
Mires (1982) and Siraj et al (1983) found that in some individual
spawners there was a trend of increasing clutch size through successive
spawns, suggesting that broodstock should be allowed to breed over a
number of reproductive cycles. In a Scottish intensive tilapia fry

production unit broodstock Sarotherodon niloticus were allowed to

breed every 28 - 35 days over a period of 18 months before any obvious

decrease in reproductive efficiency was observed.

Due to the intraspecific variation in spawning frequency amongst

female Oreochromis niloticus, if broodstock were retained in the arenas

for a longer period than twelve weeks, it would be expected that the
synchronisation in breeding activity and fry production observed in
arenas 1 and 3 during this study would gradually diminish. It may be
advantageous to favour synchronous spawning in the arena breeding
system. For example, each peak period in fry production will result
in the harvesting of large numbers of similar aged and therefore
similar sized fry. The production of similar sized fry is important
in tilapia fry production because the fry quickly become cannibalistic

as soon as a sufficient disparity in size occurs. This can lead to
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considerable losses in the fry rearing stage of the tilapia production
process. The maintenance of synchronisation in spawning activity and
fry production over long periods must be studied to find the optimum
length of time broodstock should remain in the arenas before this

relative asynchronisation has too great an effect.

Further research is also considered necessary in the development of
genetic selection programmes for tilapia broodstock. At most tilapia
production units, including Baobab Farm, broodstock are selected for
qualities desirable in the finished product ie. a fast growing,

disease free fish of acceptable appearance to the consumer. Increased
attention should perhaps be given to selecting for optimal reproductive
traits in addition to the above traits, such as egg clutch size and

egg and fry survival.
4.7 The future of mass tilapia fry production

The availability of seed is essential to the establishment of any
aquaculture industry. The controlled production of tilapia seed has
been hampered by the low number of eggs produced per spawn, and
asynchronous spawning behaviour under most hétchery conditions,
necessitating the maintenance of large numbers of broodstock. The
extensive pond culture of tilapia reduces the above problems, but at
the cost of a comparatively low fry yield. However, most large scale
commercial production of fry is still carried out in spawning ponds.
In Israel, these ponds double as nursery ponds ie. broodstock are
introduced and fingerlings harvested some months later (Pullin, 1982).

These methods are very inefficient, but cost effective.
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Research over the last 15 years has shown that the intensive culture
of tilapia is possible and the development of tilapia hatcheries is
felt to be the key to the expansion of the tilapia culture industry
(Pullin, 1982). These hatcheries may then supply any local extensive

pond systems in addition to intensive systems.

The type of fry production system chosen for any particular area will
depend on a number of conditions, particularly water supply and degree
of economic development of the country in which the tilapia farming
industry is being developed. If an intensive tank system of tilapia
production is chosen, the arena breeding system as devised at Baobab
Farm must be strongly recommended as an efficient method of fry

production involving low labour and expertise inputs.

Recent research, particularly by Rana (1988) proposes the development

of tilapia hatcheries which are designed to rear tilapia from the egg
stage. Eggs are obtained by the frequent harvesting and manual
stripping of broodfish. This method of fry production enables the
production of seed according to need, can improve the overall fertility
rates of clutches, reduce egg mortalities (caused during the normal
mouth brooding phase), increase the egg production of female tilapia

by reducing the inter spawning interval and allow the detailed observation
of the reproductive performance of broodfish, leading to the development
of improved selection programmes for various genetic traits. Such

a method may potentially increase fry yeild dramatically but requires

a high input of labour and technological expertise. This method of

fry production may be particularly suited to developed economies with

a strong tradition in aquaculture, such as Israel and South East Asia.

However, in the developing world and particularly in Africa, the value
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of the additional time, expense and expertise required for the care of
incubating eggs is considered greater than the value of the increased

numbers of fry produced.

The arena breeding system is capable of a very high yield of tilapia
first fry whilst requiring a minimum of labour and expertise in its
management. However, being an intensive system, it is reliant on a
suitable water supply (eg. a pumped supply), the provision of an
adequate feed to broodstock and fry, and the use of chemotherapeutic
techniques for the control of disease. It is envisaged that the

arena breeding system may be scaled up to form a large tilapia hatchery,
perhaps run as a co-operative or financed by government funds, providing
large numbers of fry for a large number of intensive and extensive

tilapia production units.
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Appendix 1

Temperatures and Specific Gravity of water samples from Arena 1.

Date . Temp. (°C) Specific Salinity
Gravity (%a)
May 0800hrs 1500hrs
4 27.4 29.5 1.006 12.4
5 26.9 -- ‘1.007 13.6
6 - - - -
7 - 30.5 1.005 12.2
8 27.8 29.3 1.005 11.2
9 26.8 30.4 1.006 12.2
10 27.1 30.2 1.006 12.2
11 27.0 28.0 1.006 12.2
12 26.7 29.5 1.006 12.0
13 -- -- -- --
14 27.4 29.6 1.006 12.4
15 26.4 27.0 1.006 12.0
16 27.2 28.5 1.006 12.2
17 26.4 28.3 1.006 12.0
18 26.3 28.0 1.006 12.0
19 26.9 28.3 1.005 10.7
20 26.1 29.5 1.007 13.2
21 26.0 27.3 1.006 11.9
22 26.5 27.7 1.006 12.0
23 26.0 28.0 1.006 11.9
24 26.0 28.6 1.005 10.5
25 26.3 -- 1.006 12.0
26 26.4 27.5 1.005 10.7



. Appendix 1 continued

O

Date Temp. (7C) Specific Salinity
Gravity (%a)
May 0800hrs 1500hrs
27 26.7 28.2 1.006 12.0
28 26.4 28.4 1.006 12.0
29 26.1 -- 1.006 11.9
30 26.1 27.0 1.005 10.5
31 27.5 28.0 1.005 11.0
June
1 27.5 28.0 1.005 11.0
2 26.0 -- 1.006 11.9
3 27.8 28.0 1.006 12.6
4 27.0 28.0 1.005 10.8
5 26.4 29.4 1.006 12.0
6 26.8 -~ 1.006 12.0
7 26.5 28.5 1.005 10.7
8 26.3 28.0 1.006 12.0
9 25.3 27.3 1.006 11.6
10 26.2 27.0 1.007 13.2
11 26.0 27.3 1.005 10.5
12 25.9 -- 1.005 10.5
13 26.0 26.6 1.005 10.5
14 25.6 27.5 1.005 10.3
15 25.8 27.5 1.005 10.5
16 25.8 26.7 1.006 11.9
17 25.7 27.0 1.005 10.2
18 25.4 27.1 1.005 10.2
19 25.4 26.9 1.005 10.2

106



... Appendix 1 continued

Date

June

20
21
22

Temp.
0800hrs
25.8
25.5
25.7

(O

C)
1500hrs
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Specific
Gravity
1.005
1.005
1.005

Salinity
(%)
10.5
10.2
10.2



Appendix 2

Daily numbers of brooding territorial females in Arena 1.

Date Day area A area B Total
oy .
2 1 0 0 0
3 2 0 0 0
4 3 0 0 0
5 4 0 0 0
6 5 - - -
7 6 0 0 0
7 0 0 0
9 8 0 0 0
10 9 0 0 0
11 10 0 0 0
12 11 0 1 1
13 12 - - -
14 13 0 1 1
15 14 14 6 20
16 15 14 16 30
17 16 20 12 32
18 17 30 15 45
19 18 27 15 42
20 19 28 15 43
21 20 21 15 36
22 21 18 9 27
23 22 14 8 22
24 23 14 8 22
25 24 15 9 24
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... Appendix 2 continued

Date Day area A area B Total
May

26 25 14 12 26
27 26 14 9 23
28 27 9 4 13
29 28 5 10 15
30 29 6 10 16
31 30 7 6 13
June

1 31 7 8 15
2 32 6 8 14
3 33 10 5 15
4 34 8 7 15
5 35 13 7 20
6 36 14 9 23
7 37 16 10 26
8 38 16 3 19
9 39 24 10 34
10 40 11 12 23
11 41 23 13 36
12 42 18 14 32
13 43 14 13 27
14 44 15 14 29
15 45 20 8 28
16 46 20 12 32
17 47 19 12 31
18 48 16 9 25
19 49 16 10 26
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. Appendix 2 continued

Date Day area A area B Total
June

20 50. 14 13 27

21 51 15 8 23
22 52 13 9 22
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Appendix 3

Daily numbers of brooding territorial females in arena 3

Date Day area A area B Total
May

8 13 - - 13
9 14 - - 13
10 15 4 14 18
11 16 2 16 18
12 17 2 14 16
13 18 - - -
14 19 2 9 11
15 20 4 7 11
16 21 4 5 9
17 22 4 3 7
18 23 3 7 10
19 24 2 7 9
20 25 2 6 8
21 26 1 6 7
22 27 1 6 7
23 28 2 7 9
24 29 2 9 11
25 30 2 9 11
26 31 3 11 14
27 32 7 11 18
28 33 7 10 17
29 34 5 13 18

30 35 6 11 17
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. Appendix 3 continued

Date Day area A area B Total
May

31 36 5 12 17
June

1 37 6 13 19
2 38 4 9 13
3 39 5 11 16
4 40 5 9 14
5 41 5 6 11
6 42 3 7 10
7 43 3 6 9
8 44 5 6 11
9 45 2 6 8
10 46 3 5 8
11 47 2 7 9
12 48 1 5 6
13 49 2 2 4
14 50 3 6 9
15 51 4 5 9
16 52 2 7 9

112



Appendix 4

Daily estimated numbers of fry collected daily from Arena 1

Date Day No. of fry No. of fry Daily mean
' collections fry wt (g)

May

14 13 361" 1 0.019
15 14 300" 2 0.013
16 15 1070" 4 0.018
17 16 3522 3 0.020
18 17 8786 4 0.017
19 18 8545 3 0.018
20 19 11 577 4 0.017
21 20 10 887 4 0.017
22 21 5410 3 0.016
23 22 7227 3 0.018
2 23 7918 3 0.017
25 2% 6844 2 0.016
26 25 5009 3 0.018
27 26 11 216 3 0.016
28 27 10 706 3 0.015
29 28 5145 3 0.017
30 29 8296 3 0.014
31 30 5675 3 0.015
June

1 31 4815 3 0.015
2 32 1591 3 0.016
3 33 4446 3 0.017
4 3% 5186 2 0.014
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. Appendix 4 continued

Date Day No. of fry No. of fry Daily mean
collections fry wt(g)

June

5 35 2742 2 0.019
6 36 6570 3 0.019
7 37 8628 3 0.015
8 38 7239 3 0.016
9 39 8541 3 0.017
10 40 11 555 2 0.014
11 41 10 260 3 0.017
12 42 9377 3 0.016
13 43 9160 3 0.016
14 44 9080 3 0.017
15 45 7972 3 0.016
16 46 6850 2 0.018
17 47 8845 3 0.016
18 48 11 002 3 0.018
19 49 6597 3 0.019
20 50 8582 3 0.019
21 51 7760 3 0.017
22 52 9530 3 0.015

" These fry numbers counted directly
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Appendix 5

Numbers of fry collected daily from arena 3

Date Day No. of fry No. of fry Daily mean
' collections fry wt(g)
May
8 13 20 1 -
9 14 24 1 -
10 15 23 1 0.032
11 16 194 2 0.021
12 17 541 2 0.037
13 18 - - -
14 : 19 693 2 0.028
15 20 101 2 0.027
16 21 392 2 0.029
17 22 112 1 0.025
18 23 56 1 0.023
19 24 274 1 0.026
20 25 229 1 0.034
21 26 241 1 0.032
22 27 129 1 0.022
23 28 847 2 0.037
24 29 101 1 0.034
25 30 75 1 0.029
26 31 184 1 0.030
27 32 88 1 0.035
28 REE 2660 2 0.021
29 34 178 2 0.027
30 35 69 1 0.013
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... Appendix 5 continued

Date Day No. of fry No. of fry Daily mean
collections fry wt(g)

May

31 36 953" 2 0.016
June

1 37 41 1 0.028

2 38 2691" 2 0.017

3 39 1052” 3 0.022

4 40 142" 1 0.019

5 41 221 2 0.062

6 42 " 793" 1 0.018

7 43 457 2 0.073

8 44 97 3 0.049

9 45 663" 2 0.020

10 46 54 1 0.161

11 47 1349” 2 0.015

12 48 349 2 0.050

13 49 470 2 0.026

14 50 3564 2 0.092

15 51 29 1 0.069

.
7

) Fry numbers estimated by wet weight analysis
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