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ABSTRACT

Feeding experiments were designed to measure the 
growth rate of Tilapia zjllji (Gervais) fed three nonpre- ., 
ferred aquatic plants: Najas marina L., Elodea densa Planch,
and Myriophyllum. exalbescens Fern. Two groups of fish were 
used as controls: one group received preferred aquatic
plant, Chara sp. and the other group received no food.

Tilapia zillii.consumed more Chara sp. than the non- 
preferred plants. The consumption rate was 14.76 g/day/ 
individual :(79% body weight/day)-.. Najas marina was second to: 
Chara sp. in consumption at a - rate of 11.63 g/day/individual 
(67% body wight/day). Fish did not consume E . densa and M. 
exalbescens to any extent. Based on the amount of plants 
consumed I control of Chara sp . and N . marina in small lakes 
and ponds by T. zillij was judged possible.

Fish growth on diets containing exclusively-Chara sp. 
or N.- marina did not differ greatly. This growth was slow 
and thus was not regarded as sufficient to produce either a 
food or sport fishery. The fish maintained their initial 
weight on E. densa although they consumed very little of 
this plant. Tilapia zillii fed M. exalbescens lost weight 
which was similar to the weight loss in the nonfed group. •;

vii.i



INTRODUCTION

Aquatic.plants often grow profusely in shallow waters 
and. .interfere with fishing,' boating and other aquatic activi
ties . Chemical control can be hazardous to the environment,: 
and mechanical removal. is often'-difficult and costly. - These 
problems have stimulated interest for using biological con
trols of aquatic plants. One way is to use herbivorous 
fishes. The African cichlid, Tilapia zillii (Gervais) is a 
fish that has gained increasing popularity for weed control.

A combination of vascular plants and algae is usually 
the common problem of many ponds, lakes and irrigation ca
nals . Tilapia zillii does not seem equally effective in con- 
.trolling various genera of aquatic plants (Hauser et al.,
197 6). and shows preferences when choices are offered 
(Fitzpatrick' 1978). The extent to which these nonpreferred 
plants are eaten if they are the sole source of food is not 
known and the growth which the fish can achieve by eating 
these plants has not been measured.

Tilapia zillii,eat and control certain aquatic plants 
.effectively.. Rickel (197 5) Showed that T. zillii controlled ' - 
Chara sp. and Najas marine L. in a southwestern pond. Simi
lar results were reported by Legner (1977).

1



■ - . . ■ v  ' . 2
Whenever a .choice .of plant is available, T. ziilii .

■ consume the:most preferred species first (Hauser and Legner 
/197:5) . Although both Chara sp. and N. marina were irradiated 
in Rickel’s experiments, H. marina was consumed after the • 
Chara sp. was gone (Rickel 1975).

A closely related fish, Tilapia mossambica Peters, 
Showed a definite preference among the plant species offered 
(Lasher 1967). Some plant species were eaten little or not 
at all. His study showed that El odea densa Planch was not 
eaten even when it was the only plant present.

Myriophyllum in irrigation canals in California was : 
consumed after other aquatic plants had been reduced (Hauser 
' et a l ,- 1976) . The quantitative difference..between the con- .. 
sumption of each species was hot shown. The only quantita
tive study was done by Fitzpatrick (1978) who found that T. 
ziflil prefer 11 softer" plants over the "coarse" ones, and 
that Chara sp. and Zannjchellja palustris L. were preferred . 
over N. marina and M. exalbescens. It appears that after 
soft plants are consumed., then the coarse ones may be eaten 
(Rickel 1975 , Legner 1977). The consensus is that Chara sp. 
and Z.-.palustris are preferred species due. to their texture 
and M. exalbescens- and N . marina are regarded as nonpreferred . 
species. These studies suggest that. T. ziilii will consume 
nonpreferred plants to an unknown extent if nothing else is 
available. ...
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Tllapia zjllii adapt, readily to different diets and ' 

they consume a variety of foods. Stomach analysis data 
CSpataru 1978) indicated that foods eaten varied from algae, 
macrophytes and detritus to zooplankton, benthos and other - 
insects on the water surface, ' This could have an adverse ef
fect on sport fish stocked with T. zillli. If TV zillii de
stroy plant cover and utilize animal food, it could create a 
food overlap and limit the resources available for sport, 
fish.

The data on growth of T . zillii. fed a strict plant 
diet are more scarce than that on plant preferences. Obser^ 
vations of T. zillii in aquaria with a combination of Najas 
Guadalupensjs (Sprang) Magnus, Potamogeton pectinatus L., 
Ohara sp. and Myriophullum spicatum- L.. indicated the fish in
creased in weight. When the fish were fed M. ' spicatum 
alone, they lost weight (Hauser and Legner 1974). The data 
to substantiate these results were not included in the re
port .

Tilapja sillii show a diet shift with size increase. 
When Fitzpatrick (1978) offered both plant and animal mater
ial s to small fish (under 5 cm), they fed preferentially on 
tubifex larvae. After the fish were 10. cm they increased 
their consumption of plants. Tilapja zjllii 1:5 cm in length 
were more effective in consuming Hydrilla verticellata Royle 
than fish 9.2 cm in length (Legner 1978). These data suggest
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that' T. z'illii, over 9.0 cm.are capable of eating plants bet
ter than fish smaller than 9.0 cm.

Water temperatures■directly influence the feeding 
rates of T. zillii. Lower temperatures decrease.feeding- rate 
and feeding stops at. 1.1. 0-12 . 0OC . Pelzman (1973) indicated 
that temperatures ranging between 18-32°C are optimal for 
feeding.

The aforementioned information focuses on the use of 
T. zillii for biological weed control. When T. zillii are 
also considered for sport or food fish, growth rates become 
important. As a sport fish, they must grow sufficiently to 
satisfy the anglers.

As a food fish in its native habitat in Africa, T. 
zillii is an excellent source of protein. Overfishing of 
certain fishing grounds leads to a marked reduction in fish 
size and a drastic increase in fish price. For these reasons 
T. zillii are reared in ponds and provided with food supple
ments for growth. The main food consumed by this species in 
Africa consists of leaves and stems of aquatic macrophytes . 
(Spataru 1978). . If fish can grow to a commercial size on a 
plant diet, a less expensive source of protein will be pro
duced and will aid in control of nuisance aquatic weeds.

The purpose of this study was to determine whether or 
not T. zillii (Gervais) will eat N. marina, M. exalbescens, 
and S. densa when each is in isolation, and whether these 
fish will show growth equal to that which they can achieve



by eating Ghara sp. in isolation. The objectives are Cl) to 
obtain quantitative data on fish growth-from nonpreferred 
plant consumption in comparison with preferred plant consump-' 
tion and a non-fed group; and (2) to evaluate the potential 
of T. zillii as a sport or.food fish in conjunction with - 
aquatic plant control.



MATERIALS AND METHODS

Feeding experiments were designed to measure growth 
rates of T. zillii fed three nonpreferred aquatic plants.,
E. densa; N. marina; and M, exalbescens. .Two controls were .
used concurrently: one group was fed an established pre
ferred- plant, Chara spy and the other group received no food.

The fish for all experiments were obtained from stock 
maintained by the Arizona Cooperative Fishery Research Unit 
(ACFRU), The University of Arizona. They were selected in 
the length range of 9 - 11 cm, a size at which they predom
inantly eat plants.

Plants for this test were collected from several 
ponds in the vicinity of Tucson. Chara sp. and N. marina 
were obtained from LaCebadilla and Kingsley lakes.
MyriophyHum exalbescens was obtained from Dorado Golf Course 
and E. densa from Tucson Estates. All tests were conducted 
at •the. ACFRU off-o.ampus research facility.

Seven 3.00 liter aquaria were used and each was di
vided into eight compartments. One fish was placed into each 
compartment to avoid fighting. A group of 10 fish was used 
for each treatment... The test fish were acclimated for 48 
hr. prior to weighing. Weight measurements of fish were made 
in water. A tare weight of. the container and water was

6
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recorded3 a total weight including the fish was obtained, and 
the tare, weight substracted from the total weight. ■ Weights - 
were measured to the nearest 0.1 gram with an Ohaus Triple- 
beam balance.

, All plants were damp dried and weighed before they ■ 
were.placed in the aquaria with the fish. Plants were added 
or removed every other day so that good quality food was al
ways available to the fish. When plants were removed, 
weights were recorded and subtracted from the.amount added.

" At 14-day intervals the weights and lengths of the 
fish were recorded. Lengths (cm) were obtained by using a 
fish measuring board. The experiment was terminated after 
56 days.

Water temperatures were maintained between 2 5 and 3 0° 
C, and the dissolved oxygen ranged from 6.8 to 8.8 mg/1.

Fish-behavior and mode of eating each plant was 
studied in five 20 L aquaria. The aquaria were located in a 
dark room in which light.was adjusted to duplicate day and 
night periods. Small holes were made in the dark room wall 
so fish could be observed without any disturbance. In one 
aquaria, a group of five fish (9-11 cm) were observed for 
potential aggressive behavior. Four observations were made 
for 15 minutes intermittently during the day. In the other . 
four aquaria, one fish was used per aquarium. Fish starved 
for two days then each fish was given a test plant. After



each observation the remains of plants were removed I Fresh , 
plants were provided immediately prior to the next observa
tion. :

Linear regression was used to determine growth rates 
(slope coefficients). Data were .computed with a Wang, Series 
10 0, electronic calculator. Differences in growth rates for 
fish in different treatments were determined by analysis of 
variance and the significance was tested at the 0.01 level. 
The mean growth rates of the five treatments were then sep
arated by testing for Least Significant Difference (LSD). A 
t-test was conducted for each treatment to determine if the 
mean growth rate was different from zero *



RESULTS

The only statistically significant growth occurred in 
the group of fish that were fed Chara sp. (Control). More 
Chara sp. was consumed than any other plant during the 56 day 
experiment. The fish consumed N. marina and did gain weight, 
but to a lesser degree than on Chara sp. Elodea densa was 
not eaten to any great extent, however, the fish maintained 
their original weight. Myriophyl.lum exalbescens was eaten 
the least of any plants and the fish markedly lost weight.

Growth of Fish and Plant Consumption 
The group of fish in the Control consumed 8266.2 g of 

Chara sp. during.the eight week experimental period. The 
average daily consumption for each individual fish was 14.76 
g (Table 1). This was equal to 7 9% of the body weight of the 
fish. Total weight gained by the group was 15.8 g which was 
equivalent to 1.58 g/fish (Table 2). The average growth of 
individual fish per day was calculated as .03 g. The conver
sion ratio, using the amount of plant consumed and the aver
age growth of individual•fish, was only 492:1 and the overall 
increase of body weight was 8.85% (Table 2). Two fish in 
this treatment did loose weight (Appendix A).

The growth rate of fish fed Chara sp. was found to be 
significantly different (p < .05) from zero (Table 3).

' ' : V  • A V ■ ' I



10

Table 1. Quantities of plants consumed by Tilapia zillij 
in 56 day experiments

Plant consumption■in wet weight (g)
Chara sp. N. marina E. densa M. exalhescehs

Total plant consumed 9266.2 6512.4 2758.3 1599.8 :

Plant consumed per day 147.61 116.29 49.26 28.6

Plant consumed per day 
per fish • 14.76 11.63 4.93 2.86



Table 2. Weight measurements (g) and linear regressions for the groups of fish 
fed Ghara sp., N. marina, E. densa, M. exalbescens and a group which 
was not fed

D a y s  

. 28 . 42
Total weight 
Gain (+) or 

56 Loss'(-)
% weight 
Gain (t) or 
Loss (-)

Linear
Regression

Total
Mean

Total
Mean

Total
Mean

Total
Mean

Total
Mean

178.6
17.86

167.3 
16.73

205.4 
20.54

195.8 
19.58

170.17
18.97

185.5
18.55

182.3 
18.2.3

203.4 
20.34

181.0
18.10

156.4 
17.38

185.9
18.59

176.5
17.65

203.2
20.32

168.0
16.80

149.4
16.60

187.2 
18.72

182.5 
18.25

204.2 
20.42

160.1
16.01

Chara sp. 
194.4
19.44 

M. marina 
179.3
17.93 

Eh densa 
203.9
20.39 

t4. exalbescens 
156.1
15.61 
Non-fed 

143.1 137.4
15.90 15.27

15,8
1.58

12.0
1.20

- 1.5
- .15

-39.7
- 3.97

-33.3
- 3.70

8.85

7.17

.72

-20.28

-19.51

3.33
.33

2.42
.24

-  . 2 2  

-  .02

-10.03 
-  1.00

- 8.85
-  .88
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Table 3. Analysis of variance, student t-test and LSD test

Analysis of Variance
Source df . SS MS F

Between treatments 4 t16.0341 4.005
Within treatments' (error 44

/
3.3658 . .0765 52.4*

Student t-test and LSD test i
,Chara sp. N. marina E. densa M. exalbescens Nonfed

Mean .333a .242a . -,022b - 1.003C - .8855c
Standard
Deviation .098 .115 .056 .083 .072
t-value 3.41** 2.11 .39 -12.11** -23.32**

t a, b, c = LSD test
* Difference between means significant under .01 level 
** Growth rate different from zero P <.05 level



. Length measurements resulted In a very negligible 
change, 0.17 cm total length for the individual fish in this 
treatment during the 56 days. Only one example of these data 
is presented-. (Appendix B) .

The group of fish in the N . marina treatment consumed 
6512.4 g during the experiment. The average daily consump- 
tion was 11.63 g/fish.(Table 1). This was equal to 67% of 
the body weight of the fish. Total weight gained by the 
group was 12.0 g. This was equal to 1.2 g/fish (Table 2).
The average growth of individual fish was computed to be .02 
g/day. The conversion ratio, using the amount of plant con
sumed and the average growth of individual fish was only 
582:1. The overall increase in body weight was 7.17%
(Table.2), Only One individual in this treatment lost weight 
during the 56 day experimental period (Appendix C).

The growth rate of fish fed N. marina was not signif
icantly different (p< .05) from zero (Table 3).

Fish fed E . densa consumed 27 58.3 g of plant material 
during the experiment. The average daily consumption for 
each individual fish was 4.93 g/day (Table 1). This was 
equal to 24% of the body weight of the fish. These fish lost 
rather than gained weight. The total weight loss was only 
1.5 g which was equivalent to .15 g/fish. The overall loss 
of body weight was less than 1% during the eight week experi
ment (Table 2). Growth curves are.also illustrated in



Figure 1. The mean slope of the linear regression line was 
...0 22 (Table 2), virtually the same as the zero slope. Six 
fish in this treatment.gained weight and four lost weight 
(Appendix D).

. The growth rate of fish fed E . densa was not signifi
cantly different (p < .05) from zero (Table 3). The growth 
rate:was shown to be different from the rest of the treat
ments by. the LSD test (Table 3).

The, group of fish fed M. exalbescens consumed .
15 99.8 g of this plant during the .eight week experimental 
period. The average daily consumption for each individual 
fish was 2.86 g (Table 1). This was equal to 16% of the body 
weight of the fish. The group of fish had a total weight 
loss of 39.7 g. This was equal to 3.97. g/fish. The average 
loss of weight by individual fish was . .07 g/day. The overall 
loss of body weight was 20.28% during the experiment (Table 
2). Each fish in this treatment lost weight (Appendix E).
The loss of weight by fish fed M. exalbescens was found to be 
significantly different (p < .05) from zero (Table 3).

The group of fish fed nothing lost a. total of 33.3 g. 
This was equal to 3.7 g by each individual during -the experi
ment. The overall loss of body weight was 19.5% (Table 2). 
The average daily loss of weight by each fish was .07 g.
This, treatment consisted of nine fish because one was lost . 
at the beginning of the experiment.
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Figure 1. Relationship between mean weight of T. zillii (g) 
and time (days) when fed Chara sp., N. marina,
E. densa and M. exalbescens
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.The loss of weight; was similar to the group of fish 

fed M. exalbescens as indicated by the LSD test (Table 3) and 
was significantly different (p < .05) from zero (Table 3).

Feeding Observations 
Observations of T. zillii feeding on Chara sp. showed 

that they approached the plant, grasped the branch with their 
jaws, and gradually filled their mouths. They then separated 
the branch from the main plant with their premaxillary and 
dentary teeth while twisting their body from side to side.
After this, they appeared to grind the plant with their
pharyngeal teeth and swallow the whole bite.

Najas marina was taken in a similar manner to Chara 
sp. but in small bites. The fish began feeding on. the ad
vent itous roots if they were present, and then took the lower 
parts of the stems where leaves are less dense. Finally, 
they left the terminal bushy twigs untouched.

Fish fed sparingly on E. densa. They took parts 
which they could separate easily, primarily the leaves and 
slender stems. The leaves from the base of the plant were 
taken first and the upper more compact leaves were taken 
next. Fish consumed the whole petioles off basal leaves and 
only the tips of the compact upper leaves.

I did not observe the fish, eating M. exalbescens.
They searched for attached organisms which were not there.
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On many occasions the fish actually spit the plant out of 
their oral cavities. .



DISCUSSION

The- growth of T . zillii, when fed three nonpreferred 
aquatic plants, was variable depending on the plant species 
offered. This variability was attributed to differences in 
consumption rates and, possibly, nutritive value of the 
plants. An evaluation of these variables provided a basis 
for predicting the potential of T. zillii to control aquatic 
plants and to produce a sport or food fishery.

Factors Associated with Feeding and Growth 
The growth of fish in the control group fed Cha'ra sp. 

was significantly greater than zero (p < .05). This growth 
was not' outstanding considering that the fish consumed Chara 
sp. at a rate of 7 9% of their body weight per day. When the 
actual gain in weight was considered (0.03 g/day), it became 
evident that Chara sp. had a poor conversion ratio (-4 92:1) 
and that the growth achieved was considered inadequate to 
produce a sport or commercial fishery. The relatively low 
weight gained by the fish fed only Chara sp. may not be un
usual. When Fitzpatrick (197 8) offered-T. zillii (8.0 - 
10.5 cm TL) a choice of Chara sp. and tubifex worms, they ate 
about 50% of each type of food. Fitzpatrick’s experiments 
were short term and growth was not measured, however, the 
data pointed out that the T. zillii will consume animal food

18



19
if it- is available. In my experiments where no animal food 
was offered, the fish consumed large quantities of Chara sp. 
but evidently lacked the proteins supplied by animal food . 
needed to grow well. The data also suggest that within the 
size range tested (9 - 11 cm) T..zillii can be primarily 
herbivorous but their protein requirement can not be fur
nished totally by plant material. The fish consumed more 
Chara sp. than the other plants (Table 1) which indicated 
that the preferred food in isolation was also consumed more 
than the nonpreferred.

Chara sp. was the preferred plant in the studies of 
Fitzpatrick (1978) and Rickel (1975) who stated that the lack 
of coarseness of a plant is the main determining factor for 
plant preference. Coarseness, however,. may not be the only 
factor for plant preference. Chara sp., which was also eaten 
most in this study, could be considered a coarse plant due to 
encrustation of calcium carbonate (Boyd 1968). This high 
content of calcium makes Chara sp. break off easily when fish 
take bites and this could be the. reason it is consumed most.

In the group of fish fed N. marina the data show that 
this plant was eaten very well (67% body weight per day).
This relatively high consumption indicates that T . zillii 
will eat and grow if only N. marina is available. Najas 
marina is second to Chara sp. in consumption (11.6 3 to 14.76 
g/day) which agrees with the results of Fitzpatrick (1978).
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She found that more Chara sp. was consumed when present in 
combination with NY marina. The data also agree with Rickel 
(197 5) when he found that T. z'ilHi turned to N. marina after 
consuming Chara sp. in a field experiment. Although T. 
zillii will eat N. marina as a secondary food, statistical 
analysis showed that growth is not statistically significant 
from zero (p < .05). This is reflected by the conversion 
ratio (582:1) for N. marina. Even though the growth on N. 
marina was not statistically significant from, zero, it was 
somewhat comparable to Chara'sp. (7.17% to 8.55% increase in 
body weight, respectively). Therefore it would be inadvis
able to describe N . marina as a preferred or nonpreferred 
plant. Experiments of longer duration may give more defini
tive results.

Coarseness appears to have some influence on consump
tion of N. marina because during feeding observations the 
fish avoided the terminal bushy twigs. Also N. marina leaves 
have sharp characteristic toothed margins. Consequently 
there is very little reason for the fish to consume vast 
quantities of this type of leafed plant. Najas marina is 
consumed because it is palatable and is easy to cut by the 
fish. The fish take stems and lower leaves because spines 
are less crowded or, possibly, because of their flavor.

Lasher (1967) indicated that E . densa was not eaten 
by T. mossambica even when it was the only plant provided.
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Data from my experiments showed that T.'zillii will eat E. 
densa. My observations revealed that the fish grasped leaves 
and soft slender stems because they were easy to separate. 
Animals generally feed selectively on plant parts probably 
as a response to nutritive quality (Boyd and Goodyear 1971). 
Leaves are generally higher in protein and it may be that the 
fish fed selectively on E. densa leaves. However, the growth 
was not signif icant from zero (p < .05). This could be attrib
uted to the small amount consumed (4.93 g/day - 24% body 
weight).

The group of fish in the M. exalbescens treatment 
lost significant weight (p < .05). Hauser and Legner (1974) 
found similar results. The loss of weight in M. exalbescens 
was similar to the nonfed control group (-20.28% to -19.5%, 
respectively). This indicates that even when M. exalbescens 
was provided in isolation fish did not eat sufficient quanti
ties to grow and probably that M. exalbescens is extremely 
unpalatable. It also suggests that Myriophyllum may be nu
tritionally poor and provides a very inbalanced diet.

Myriophyllum exalbescens is high in cellulose content 
and it is difficult for fish to bite and is coarse due to 
encrustation of calcium carbonate on the- external surfaces 
(Boyd 1968). This makes it high in roughage content and un
palatable.
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The nonfed group (Control) demonstrated the ability 

of the fish to remain alive while starved since after 58 
days without food no starvation mortality occurred.

After reviewing data on the growth of the fish and 
the amount of plants consumed in the four treatments, plant 
preference rankings can be established. ' Chara sp. (Control) 
ranked first followed by N. marina, E. densa and.M. 
exalbescens. Tilapia zillii generally grew according to the 
amount of the plant they consumed. The amount consumed of 
Chara sp. and N. marina (14.76 and 11.63 g/day/fish, respec
tively) was much greater than the amount of E. densa and 
M. exalbescens (4.93 and 2.86 g/day/fish, respectively). The. 
loss of weight by the fish fed H- exalbescens was therefore 
understandable since the amount consumed was low. But con- . 
sumption rates were low for both E. densa and H. exalbescens; 
hence the difference between maintenance of weight with E. 
densa and the loss of weight with M. exalbescens suggests 
that E. densa had a more balanced nutritional content.

Potential Causes - for Growth Variation
The lack of growth by the test fish fed nonpreferred 

plants suggests possible nutritional deficiencies. Plants 
alone appear to lack sufficient protein for good growth.

Crude protein and the amount of the non-cell wall ma
terial are indicators of the quality of food. Boyd (1968) 
determined the proximate nutritional analysis of some aquatic
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plants in which E. densa, M. spicatum, H. brasiliense 
Cambess, Ghana sp. and N. guadalupens'is were included (Table 
4). Percent, crude protein may help explain the results of 
the feeding tests with E. densa. Elodea densa has a high 
crude protein content compared to analyses of other plants 
. (Table 4) . Although the T. • zillii ate very little E. densa 
(4.93 g/day/fish) they were able to maintain their initial 
body weight, presumably because of the higher level of crude 
protein.

The rejection of M. exalbescens by the fish and: their 
subsequent loss of weight may be caused not only by lack of 
palatability but also by a lack of some essential nutrients. 
When Nelson and Palmer (193 8) provided the right supplements 
of protein, fat and vitamins M. spicatum was taken readily by 
rats. This could also be the case with T. zillii since they 
have monogastrie stomachs like rats.

The basic fertility of the water may also affect the 
nutritive quality of plants grown therein (Boyd 1968). The 
plants used in my study were brought from different ponds 
which were possibly different in their fertility. Another 
factor is that crude protein decreases with maturity while 
cellulose increases (Nelson and Palmer 1938, Boyd 1968). The 
E. densa and M.. exalbescens used in my experiments were in a 
very mature stage of growth. It appears that additional nu
trition analysis of plants and more feeding experiments with.
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Table 4. Comparisons of some nutritional aspects using dry 
matter (DM) and proximate nutritional analysis*

Species .
D.M.'

. %
- Ash 

%

. Dry Weight Basis
Crude .Crude 
Protein Fat-- 
- % % ,

Cellulose
%

■ Tannin 
%

M. brasiliense 13.7 11.2 ' 14.1 o> <1 00 20.6 11.9
M. spicatum 12.8: 40.6 9.8 1.81 18.8 3.2
N..guadalupens is ' 7.3 ; 18.7 22.8 3.75 35 . 6 - 1.4
E. densa 9.8 22.1 . 20.5 ■ 3.27 29.2 .8
Char a sp.. 8.4 35.8 17.5 1.63 23.8 .4

* From Boyd, 1958, p. 364.
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T. zilli'i are needed to more fully understand the relation
ships of water fertility, age of plants and growth of fish.

- Management Implications
Tilapia zillii in the size range of 9 - 11 cm (total 

length) achieve poor growth when only certain plants are 
available for food. This lack of growth is apparently be— ■ 
cause a plant diet alone does not supply sufficient'nutrients 
for the fish at this size. From management standpoint sport 
fishery anglers would not have a reasonable size fish to . 
catch where plants are the sole source of food. . For food 
fisheries, this growth is. not sufficient to provide a har- . 
vestable fish.

Hauser and Legner (197 6) using T. zillii to control 
plants in irrigation canals showed that the fish attained a 
growth of 0.5 inch (1.27 cm) per month. The best growing 
group in my experiment (fed Chara sp.) resulted in an average 
growth of 0.0 9 cm total length per month. The growth rate 
described by Hauser and Legner is possibly due to animal, 
protein.(aquatic fauna) encountered in the field coupled 
with the larger size fish used which have less protein re
quirements . It can be predicted that in tropical ponds, 
where T. zillii are stocked for food, a commercial size can 
be harvested only if there is sufficient natural protein or 
if a food supplement is given.
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■ Management .of aquatie weeds may require the use of 

more than one control measure. Of these, biological control 
is receiving more;attention. The most obvious implication . 
drawn from this is that at the size tested T. zillii could 
not possibly control M. exalbescens. The fish ate M. 
exalbescens at a very negligible rate and they .lost weight. 
This agreed with the findings of Fitzpatrick (197 8) who re
ported no actual feeding in her observations. Legner (1977) 
reported that the fish probably preferentially fed on P. 
pectinatus when it was present in combination with M. 
spicatum. When P. pectinatus was reduced to a limited sup
ply , the- fish were forced to eat M. spicatum and limited its 
buildup. This result could be due to a difference in size 
of fish or to. a higher stocking rate. Fish may destroy M. 
exalbescens while foraging for attached organisms but not 
through feeding. -

Ponds and lakes usually have more than one species of 
plants. The combinations however may vary. Based on my data 
with the following combinations of.plants, I would predict 
the following results:
A. Chara sp. + N. marina

Fish will, control both plants but Chara sp. will be con- 
trolled first. Growth of fish.would be good.
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B. diara -sp. _ + N. marina + E. dens a

Control of Chara sp. .and N. marina would be.expected .with 
fish having good growth:. Elodea dens a would not be con
trolled,

C. In all.possible combinations M.. exalbescens will not be 
controlled. Other methods would he required.

■ Fish■larger than 11 cm should be used coupled with a . 
long growing seaSQh, .. Hauser and Legner (19 75) . stated that 
the effective biological control season is May through Octo^ 
her in Imperial Valley, California. These fish seem to tol
erate crowding (Shell 19 69). It is possible that a high 
stocking rate could be used and the stock renewed.each year.
,Annual stocking, is essential in places where total winter , 
mortality occurs or where populations are drastically re
duced .

In the .tropics the growing season is long,.fish will 
continue to reproduce and the Offspring, may become stunted.
If offspring are stunted at a size less than 11 cm they can- . 
not effectively control plants and an overabundance of plants 
will re-occur. These T. zillii will also be too small to be 
used for human food. In this case removal of the stunted 
fish and re-stocking with larger fish would be advisable.

... Tilapia zillii did' eat. animal food when offered in 
combination with plants (Fitzpatrick 1978). This may have 
serious implications on other game fish.. If T. zillii cannot 
grow on weeds alone, it. must compete for animal food with ..
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cially when populations of T . zillii- are dense . The. extent - 
of' this overlap' is - hot knowni One beneficial-aspect is that :
T. zillii could be forage for other fish but even this is
limited by the size of T ... zillii abailable. Tilapia zillii 
may destroy vegetative cover which may reduce the standing ' 
crop-.of aquatic invertebrates and affect the food chains.
This depends on the population density of T. zillii and other
predator fish. There seems to be a delicate population bal
ance between predatory sport fish and T. zillii which is not 
known and needs further study. *

The use. of T . zillii for•aquatic weed control should 
be tested in irrigation canals of experimental ponds before 
they are stocked in sport fishing.waters.



CONCLUSIONS.

Tilapia zill'ii ate more of the preferred aquatic 
plant. Chara sp., than N . marina, E . densa or M. exalbescens 
when each plant was provided in isolation. Naj as marina was 
consumed radily by the fish and was preferred more than it. 
was previously thought to be. Fish did not eat E. densa to . 
any extent and M. exalbescens proved to be.extremely unpalat
able. In ponds or lakes fish may be able to control Chara 
sp. and N . marina but not .E. densa and M. exalbescens.

. The plants tested did hot produce growth of T. zillii 
sufficient to develop a good food or sport fishery. Fish 
gained a little weight on a diet of•Chara sp. or N. marina, 
did not gain on E. densa and lost weight on a diet of H. 
exalbescens. These fish appear to need additional animal, 
protein. This requirement may create a serious food overlap 
with other game fish.. Therefore stocking of T. zillii. with 
game fish must be preceded by sound studies of population 
interactions and possible competition for•food.

2.9



APPENDIX A-

WEIGHT MEASUREMENTS (g) AND LINEAR REGRESSION 
, FOR INDIVIDUAL' FISH IN THE GROUP : .

FED CHARA SP. (CONTROL TREATMENT)

■Fish # Day 0 Day; 14

Weight (g) 

Day 28 Day 42 Day 5 6

■ Linear 

Regression

1 • 21.1 ' 21.3 • .21.0;; 2 0.4 21. 0 .11
' 2 • 18.5 18.4 19.0 18.7 19.7 , ' .27

3 15. 9 17.2 17.8 17.3 18.4 .51
4 19.2 21.3 20.1 : 21.1 2 0.8. ; .so
5 16.6 ' 15. 3 15.6 15. 3 ' 16. 0 - .12 - ;
6 17.7 19.3 19 .3 : 19.4 . 21.5 . .77 ;

. 7 . 22.2 2 3.8 2 4.2 2 3.8 24. 3 ... .42
8 14.5 14.7 15.2: 15. 4 15.3 " .23
9 16.2 ' 16.4 ' 15.7 16. 7 17.4 .27

- 10 16.; 7. 17.8 18.0 19.1 20.0 : ; . 79
Total 178.6 185.5 185.9 187.2 194.4 3.33
Mean 17. 86 18.5 5 18.59 18.72 19.44 • .33
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APPENDIX B,

LENGTH MEASUREMENTS (cm)'FOR THE GROUP 
OF FISH FED OHARA SP. (CONTROL GROUP)

Fish #
Initial 

Total Length
■ Final 

Total Length Change Change %

. 1 \ 10,8 10.9 .1 . .93
2 . 10.4 :• 10.6 .2 1.92
3 10 ,3 10.5 .2 1.94 .
4 : ■ 10.7 10. 8 • -1 .93
5 9.8 9 .9 ’ .1 ' ' .93
6 H o CD ■ 10. 8 • ' .2 1. 89
7 11.2 11. 3 .1 . 89
8 9.7 9.9 . 2 2.06
9 10.2 10.3 .1 ,98

10 : 10.3 10.7 .4 ' 3.01 . -
Total 104.0 105.7 1. 7 OOCDH

Average 10.4 10.5 .17 1. 6 3
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APPENDIX C

WEIGHT MEASUREMENTS (g) AND LINEAR REGRESSION 
FOR INDIVIDUAL FISH IN THE GROUP FED NAJAS MARINA

Fish # Day 0 Day 14
Weight (g) 

Day 2 8 Day 42 Day 56
Linear

Regression

1 . 17.6 . 19.8 19. 6 2 0.9 21. 6 .91 '
2 17.1 ' 17.9 18.1 18.1 17.9 .18 .
3 16.8 17.2 17.9 ’ 18.5 17.4 .25
4 16.1 18. 3 18.1' 18.6 18.5 • .51
5 15..6 16.5 16.1 17.3 16.8 . . 32
6 ; 17.4 19. 8 18.5 17.8 17.4 " - .20
7 16.9 18. 8 17.5 17.7 17.1 - .07
8 15.0 15.9 15.0 16.0 . 16.O; .21
9 17.7 .. 17.5 17.0 17.1 16.6 - .26
10' 17.1 20.6 18.7 20.5 20.0 .57

Total 167.3 182 . 3 : 176.5 182.5 • 179.3 2.42
Mean 16.73 18.23 17.65 18.25 17.93 .24
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APPENDIX D

WEIGHT MEASUREMENTS (g) AND LINEAR REGRESSION 
FOR INDIVIDUAL FISH IN THE GROUP FED ELODEA DENSA

Fish # Day 0 Day 14 Day 2 8 Day 42 Day 5 6 Regression

1 20.9 21.8 22.3 . 21.4 . 21.8 .14 .
2 . 21.5 20.2 19.7 ' ' 20.3 19.1 - .47
3 22.4 21.5 22.1 21.6 22.1 - .05
4 20.7 20.7 . '20.7 21.8 21.0 . .07
5 17.5 16.4 16.7 17.3 . 16.9 - .03
6 20.5 20.3 20.3 2 0.4 20.6 .03
7 19.7 19.9 20.5 20.2 20.2 .13
8 18.1 18. 3 17.9 17.9 17.2 . - .22
9 18.6 20.2 17.9 . 19.0 19.3 .02
10 2 5.5 24.1 25.1 25.3 25.7 .16

Total 205 . 4 203.4 203.2 204. 2 2o"3. 9 - . 22
Mean 20.54 20.34 20.32 20.42 . 20.39 - .02



APPENDIX E

WEIGHT MEASUREMENTS (g) AND LINEAR REGRESSION 
FOR INDIVIDUAL FISH IN THE GROUP - 
FED MYRIOPHYLLUM EXALBESCENS

Weight Cg) Regression
Fish. # Day 0 Day 14 Day 2 8 Day 42 Day 5 6 Analysi;

1 20.2 18.2 16 .8 15.4 15.3 ; -1.26
2 22.5 20.6 19. 5 18.2 17.7 - 1.20
3 20.0 17.8 16.8 16. 8 17.4 - .62
4 19.6 17.9 16.6 15.8 14, 3 - 1.27
5 16 .6 14.7 13.6 12.7 12.7" - .98
6 21.6 20.3 18. 5 17.8 ' 17.0 - 1.17
7 16. 3 16.2 14.9 14.6 13.9 - . 64
8 17.0 16 .6 15.6 14.3 14.8 - .6 7
9 20.2 18.6 16,6 16 .4 1:5 . 7 - 1.12

10 21,8 20.1 19.1 18.1 17.3 " - 1.10
Total 195.8 181.0 16 8.0 160.1 15 6.1 COoo

 
1—1!

Mean 19.5 8 18,10 '16.80 16.01 15.61 = 1 © 0 0
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