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ABSTRACT

The herbivorous fish Tilapia zillii was studied in the labora

tory and in the field to evaluate its effectiveness as a control animal 

for aquatic vegetation.

T. zillii showed breeding tendencies at 19-20°C ; eggs were laid 

and hatched at 23-24°C. Temperatures of 9»5-10.3°C were lethal.

Tilapia that weighed 6.9 gm consumed 0.22 gm of Chara per gram of fish/ 

48 hr. and Tilapia 60.2 gm consumed 0.05 gm of Chara per gram of fish/ 

48 hr. Young of the year were primarily responsible for controlling 

vegetation. Calculations showed that adult JP. zillii, stocked at a 

rate of sixty-one pairs/hectare could produce a population that would 

control the aquatic plants in the study area by mid August. Dates for 

stocking adult Tilapia, length of their breeding season, and the period 

of their progeny's maximum effectiveness in eating aquatic plants were 

predictable by using past weather records as indices.

This study provides information for controlling aquatic plants 

that is safer, more economical and as effective as chemicals.

viii



INTRODUCTION

There has been a growing reluctance to use chemicals to control 

aquatic vegetation because of their detrimental effects on the environ

ment. Chemicals frequently kill fish and their food organisms in addi

tion to the aquatic plants.

These undesired effects have stimulated interest in using 

biological controls for aquatic plants. Biological controls of aquatic 

vegetation have been tried in various parts of the world. Hickling 

(1962) reported that Tilapia zillii were effective in controlling soft 

plants in ponds in Africa. In Sweden, the white amur Ctenopharyngodon 

idella were found to be effective in controlling Myriophyllum verti- 

cillatum in Lake Osbysjon (Ahling and Jernelov, 1971)• In the United 

States, the Army Corps of Engineers sponsored research using the white 

amur (Sutton and Blackburn, 1972) that showed them effective in con

trolling hyacinths, Chara, southern naiad, Vallisneria, and Hydrilia.

There are several advantages in using biological controls in

stead of chemicals for controlling aquatic plants, i.e., they are less 

harmful to the environment; they are safer to handle; and the expenses 

incurred in the use of chemicals are eliminated. A possible disad

vantage is that biological control organisms may disturb the community 

into which they have been introduced, and could make the environment 

unfavorable for desired organisms.
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Tilapia zillii, an herbivorous fish, was selected as a test 

animal for this study. The purposes of this research were (1) to study 

the behavior of T. zillii in relationship to evaluating this fish as a 

biological control of aquatic plants, (2) to quantitatively evaluate 

their efficiency in eating aquatic plants, and (3) to establish the 

best management criteria for using this species in controlling aquatic 

plants.



DESCRIPTION OF RESEARCH AREAS

Laboratory studies were conducted at the Arizona Cooperative 

Fishery Research Unit's off-campus research facility. Above ground 

pools were used for outdoor experiments and aquaria were used for in

door experiments. The outdoor pools were used for temperature toler

ance tests and as holding tanks for brood stock of Tilapia zillii.

The pools and aquaria were heated during the winter.

The field studies were done in two ponds at the Tucson National 

Golf Course. Pond A (Fig. 1) was used for collecting physical, chemi

cal and biological data; and pond B was used for observing fish be

havior. Pond A has a surface area of 0.71 hectares (1.75 acres) with 

a maximum depth of 2.5 m. The bottom of the pond at the eastern end 

has a 12.5^ slope; the western end has a 25# slope; and the slopes of 

the sides ranged from 20# to 25#. Pond B is approximately one-third 

as large as Pond A but similar in other respects.

3
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Figure 1. Pond A, Tucson National Golf Course. —  1 cm = 5-3 m. 
D  - exclosure
X - water Quality sampling station 
|--------j- seining location
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METHODS

The laboratory experiments were conducted between November 1973 

and February 1975• Field work began in May 1974 and ended in November 

of that year.

Laboratory Studies

Minimum-lethal temperature experiments were conducted twice in 

the fall of 1973 and once in the fall of 1974 in a 3.5 m diameter out

door pool. Water temperatures were measured with a Taylor maximum- 

minimum thermometer every other day while the daily means were above 

13°C1 and daily when the means were below 13°C. The temperatures were 

recorded in the evening to insure that the daily maximum and minimum 

had been reached.

The fish used in the experiment ranged from 8 to 13 cm, stan

dard length. Dead fish were removed when temperatures were recorded. 

The experiments were terminated after 100# mortality had occurred.

The" behavior and reproductive studies took place indoors in two 

1.8 m diameter tanks. Eight Tilapia, 8-10 cm long, of both sexes, were 

stocked in each tank. Each tank was filled with water to a depth of 

45 cm and had 8 cm of sand on the bottom. Concrete blocks and plastic 

plants were placed in the tanks to provide breeding areas and cover.

The temperature of each tank was taken with a Model 2261 Weston 

thermometer when observations were made.

5
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An experiment to determine the feeding rates of various size 

fish was conducted in 190 1 aquaria. During the winter, the aquaria 

were equipped with 100 watt Oscar heaters, insulated with cardboard, 

and partially covered with clear plastic covers.

The experiment consisted of four sets of three replicates each. 

Each replicate had one fish of a particular weight and length. The 

mean weights of the fish in the sets were 6.9, 12.7, 28.2 and 60.2 gm. 
and the mean lengths were 5»3» 7.1, 8.9 and 11.8 cm respectively. The 

weights and lengths were recorded at the beginning and at the end of 

each set. The mean temperature of the sets was 22.1, 24.5, 23.6 and 

25.7 respectively.

Chara vulgaris, collected from a local pond, was fed to the 

fish every 48 hours. The plants were washed, drained and weighed to 

the nearest 0.01 gm on a Model 311 Ohaus balance before they were fed 

to the fish. The temperature of the water in each tank was measured 

with a Model 2261 Weston Thermometer at the time of feeding. At the 

end of 48 hours, the uneaten plants were collected, drained and weighed.

After 14 days, the mean weight of Chara eaten per 48 hours for 

each fish was calculated; using these means, the mean number of grams 

of Chara eaten per gram of fish per 48 hours was calculated for each 

fish. A regression line was fitted to the means by the least square 

method described by Edwards (1967)•

The wet weights were converted to dry weights by drying three 

30 gm samples of Chara for five days at 48°C and using the mean, 0.19 

gm of dry plants per 1.00 gm of wet, as a conversion factor.
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Field Studies

On May 16 and 17, 121 Tilapia zillii of both sexes and of vari

ous sizes, 5 to 20 cm, were stocked in pond A.

The growth of the offspring of the parent stock and the average 

weight of the fish in the pond were determined by seining monthly with 

a 3^ m seine with 2 cm mesh at two stations (Fig. 1). The fish were 

counted and the total collective weight recorded. All except ten fish 

were released. These ten fish were preserved in 10# formalin for sub

sequent analysis in the laboratory to determine what various size fish 

were eating at different times of the year. The contents of the 

digestive tract from the end of the esophagus to the anus were examined. 

These preserved fish were weighed and their standard lengths recorded 

prior to examination.

The amount of plant material consumed and the effectiveness of 

JP. zillii in clearing pond A of plants was determined by constructing 

two 4.2 m exclosures in the pond on May 12. One quarter of each ex- 

closure and two areas of corresponding size outside the exclosures were 

harvested monthly from June to August.

The amount of plant material in the enclosures for August was 

extrapolated from the data for the previous months. The extrapolation 

was calculated by adding the product of the average growth rate for 

each exclosure and the number of days between the sampling in July and 

August to the respective weight of plants collected the previous month.
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The wet weight of the.plant material collected from each area 

was converted to dry weights by using the mean of three aliquots of 3$ 

of a 3.8 1 sample. The aliquots were dried for five days at 47*0.

The growth rate of the vegetation was calculated by the for

mula:

(1) Gi - Go

where R = rate of growth per day, T = time over which the growth occur-
i ired in days, and Gq , are the mean dry weights of the samples col

lected inside the exclosures at the beginning and at the end of the 

time period respectively.

The mean weights of the plant material inside and outside the 

exclosures were compared to determine how much the fish were consuming.

The consumption rate of the total population was calculated 

from the formula:

a x G0 + 4  - °0 - G? = C
T

where C = consumption rate per day, T, Gq and G^ are as in formula 1. 

Gq and G° are the mean weights of the sample collected outside of the 

exclosures at the beginning and at the end of the time period respec

tively and a = total area covered by vegetation.

The number of pairs needed at the time of stocking was calcu

lated from the formula:

4 C = P 
basf (M+m)

(3)
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where C and a are as in formula 2, b = size of the broods, s = average 

size of the fish, f = feeding rate per 48 hours for the particular size 

fish and plant, and M, m are the maximum and minimum number of broods 

expected during a breeding season respectively. The maximum number of 

broods used in the calculation was three, two less than the predicted 

maximum.

The pH, dissolved oxygen, and the temperature of pond A were 

recorded monthly. The pH was measured at the surface with a Model 1009 

Beckman pH meter. Dissolved oxygen and temperature were measured at 

the surface, 1 m, and 2 m with a Model 54 YSI oxygen-temperature meter. 

All of the physical and chemical measurements were made at the same 

location each month (Fig. 1).

The surface temperatures were compared to the 50 year daily 

mean air temperatures to determine the relationship between the water 

temperature and the air temperature.

The "enclosed rectangle," the "line transect," and the "paper 

weight" method described by Welch (1948) were used to determine the 

surface area, the bottom contour, and the bottom area at various depths.

The behavior of the T. zillii in pond A and in pond B was ob

served and recorded on the days of collecting data from pond A.



RESULTS

Reproduction, low temperature tolerance, and social behavior 

studies in the laboratory preceded the field research* The results of 

both parts of the studies were integrated to implement management tech

niques for weed control.

Laboratory Studies

Behavior Studies

Tilapia zillii schooled until the water temperature reached 

19-20°C. The fish then began to develop red throats and dark bars on 

their sides and both males and females became aggressive. The aggres

sion led to the establishment of a pecking order with a dominant male 

and a dominant female. The fish formed pairs, established territories, 

and dug nests at 21-23*0. The dominant male and female then estab

lished their territory at the most favorable nesting site. The other 

fish paired off later and occupied nesting sites according to their 

position in the pecking order.

Eggs were laid at 23-24°C about six weeks after pairing com

menced. The eggs hatched in 2-3 days at 23-24*0. Three broods were 

observed. The first 2 broods had approximately 300 fry, and the last 

brood had approximately 1000 fry.

The parents guarded the eggs and the newly hatched fry. The 

parental care decreased as the fish grew and in approximately 10 days 

the young schooled alone.

10
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Feeding Rates

The feeding rate experiments showed that the amount of Chara 

consumed per gram of fish for 48 hours decreased as the size of the 

fish increased (Fig. 2). The mean feeding rates ranged from 0.22 gm 

of Chara/gm of fish/48 hours for the smallest fish, mean weight and 

length of 6.9 gm and cm, to 0.05 gm of Chara/gm of fish/48 hours 

for the largest fish, mean weight of 60.2 gm and mean length of 11.8 

cm.

The fish lost an average of 6.5% of their body weight during

14 days.

The low mean temperature for the set consisting of the smallest 

fish was due to a faulty heater in one of the tanks, and the tempera

tures dropped to 15 and 16°C. As the temperatures in this tank de

creased from 19°C the feeding rate of the fish decreased from 0.17 gm 

of Chara/gm of fish/48 hours to 0.15 gm of Chara/gm of fish/48 hours.

In all of the other sets there was no correlation between 

temperature changes, 0-2.5°C/day, and the amount of plant material 

consumed.

The correlation coefficient for the regression line was -0.77* 

Minimum-Lethal Temperature

The fish re-formed schools and became less active at tempera

tures below 19°C, and stopped feeding at 11-12°C. Mortalities began 

at 11.1°C, and 51% of the fish died when the temperatures were between 

9.5 and 10.5°C (Fig. 3)• There was no correlation between the size of 

the fish and cold tolerance.
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Figure 2. Rates of Tilapia zillii feeding on Chara vulgaris, average 
water temperature, 23«9°C.
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Figure 3» Number of mortalities at various temperatures.
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The fish that died above 10.3°C were infected with a fungus. 

Prior to death the fish surfaced to gulp air and lost equilibrium.

Field Studies

Physical and Chemical Data

The surface temperatures varied 0.5-l«5°C from the 30 year 

daily mean air temperature for respective dates (Fig. 4).

Water temperatures reached a maximum in June, 30°C at the sur

face and 26°C at 2 m. Temperatures decreased or remained constant with 

increasing depth. The differences between the temperature at the sur

face and at 2 m varied from 1.4 to 4°C (Fig. 5)•

The highest recorded DO's occurred in June, 16 ppm at the sur

face and 18.7 ppm at 2 m. The DO's declined to 8.6 ppm and 9.1 ppm at 

the surface and at 2 m respectively in July and remained fairly con

stant for the following three months (Fig. 5)•

The pH at the surface reached a maximum of 9.1 in September 

and a minimum of 7.6 in November. During the three months prior to 

September the pH varied from 7.8 to 8.5 (Fig. 5)•

Plant Growth

Chara sp., the predominant rooted aquatic plant, began to grow 

the first part of May at depths less than 2 m.

The average growth rate of the Chara from May 1 to July 29 was
2 24.5 gm/day/m in the western exclosure and 4.3 gm/day/ni in the eastern

exclosure.
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2The Chara inside the exclosures increased from 0 gm/m at the

beginning of May to an average of 368 gm/m^ by the end of July. The

plants outside the exclosures increased during May and June to an
2average of 163 gm/m . In July and August, the average weight of Chara 

outside the exclosures decreased until there was no measurable quan

tity (Fig. 6).

Ducks broke the exclosure screens early in August enabling 

Tilapia to forage in test areas, therefore plant growth for that month 

was extrapolated from data of the previous months. The estimated 

average of plant material inside the exclosures for August was 508 

gm/m2.

Fish Behavior and Growth

The first broods appeared in late June, six weeks after the 

adults were stocked. The young fish schooled in the same manner as 

was observed in the laboratory. They remained in schools as they grew 

although they became less compact. The fish were always observed in 

the shallow areas of the pond.

The offspring were too small to be seined until August. In 

August, their mean weight was 7 gm/fish. The mean weight increased to 

9 gm/fish in September and remained constant until sampling was ended 

in November (Fig. ?)•

The fish primarily ate Chara even though large amounts of Najas 

were present. In September and November, the fish were observed trying 

to catch Gambusia affinis and flying insects.
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JUNE
MONTHS

Figure 6. Plant growth inside and outside the exclosures. 
• - inside western exclosure 
X  - inside eastern exclosure 
□  - outside western exclosure 
O - outside eastern exclosure

- mean weight outside the exclosures 
A  - mean weight inside the exclosures 
- - - - -  extrapolation
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MAY JUNE JULY AUG. SEPT OCT. NOV
MONTHS

Figure ?• Average weight per fish of the young of the 
year, T. zillii.
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Most fish had died by December 9» when water temperatures 

dropped below 11°C.

Stomach and Intestine Analysis

Stomach and intestine analysis began in August when the fish 

were large enough to be collected by seining. Most of the fish ate 

only plant material. Four fish had sediment and benthos, or pieces of 

fish (Tilapia or Gambusia) in their stomachs. The fish eaten were 

small (Table 1).

Consumption Rate of the 
Total Population.

The consumption rate of the total population of Tilapia from 

May through June was 1.4 kg dry weight of Chara per day; then in July, 

the rate increased to 11.0 kg of Chara per day. The rate remained high 

during August until all of the Chara had been consumed (Fig. 8)•
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Table 1. Contents of the stomachs and intestines of Tilapia zillii 

according to standard length and time of the year for 
fish examined per date.

Date

Standard
Length

cm
Content of

Stomach and Intestine

August 26 2.8-8.9 Plants

September 30 2.6-11.2 Plants, fish, benthos

November 4 4.8-14.3, Plants
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JUNE
MONTHS

Figure 8. Consumption of plants by the total population of 
T. zillii in pond A.



DISCUSSION

Data from the laboratory studies and field investigations, 

although presented separately, are integrated for overall evaluation 

and application to the project.

Laboratory Studies

Reproduction

Laboratory studies showed that J?. zillii developed breeding 

characteristics at temperatures (19-20*0) lower than those (23-24*0) 

at which eggs were laid and hatched. This phenomenon suggests that 

stocking should be done before temperatures reaches 19*0 to allow the 

fish to pair and mate at the earliest possible time. This stocking 

schedule would insure early feeding on aquatic plants.

2* zillii must have sufficient space to breed or their large 

reproductive potential may not be realized, thus inhibiting their vege

tation control capabilities. The aggressiveness of the parents during 

breeding and rearing their young in a restricted area, the tank, was 

probably why more broods were not produced. The aggressive behavior 

of the parents apparently inhibited the other pairs from breeding, be

cause they kept the other fish too disrupted to breed. Under more 

favorable conditions, pairs of Tilapia zillii have been reported to 

have broods every 24 days (Legner and Medved, 1973), and at intervals 

of 70, 73* 43, and ?8 days (Fryer and lies, 1972). These time intervals

23
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and the number of broods obtained in the laboratory suggest that in a 

five month breeding season, as in this study, 1 to 5 broods per pair 

could be expected. The estimates of 500 fry for the first two broods 

and 1000 fry in the last brood observed in the laboratory were in accord 

with other brood sizes reported. Fishelson (1963) reported that broods 

varied in size from 600 to 1500 eggs. Legner and Medved (1973) ob

served that a pair initially had a brood of 350 eggs and by the fourth 
brood there were over 1000 eggs. The increase in the brood size with 

the increase in the size of the female has also been reported by Lowe 

(1955)• These data suggest that fish held over the winter and then 

stocked during the spring would initially have small broods but produce 

increasingly larger broods as the summer progressed.

Feeding

After the fry absorb their yolk sacs, they begin feeding, 

preferably on immature Daphnia, by the age of 10 to 12 days and continue 

to feed on zooplankton for approximately one month (Pelzman, 1973)• At 

this age, Tilapia may be competitors for food with resident juvenile 

sport fishes, a potential disadvantage. They then begin feeding on 

aquatic plants. According to Crindland (1962), young T. zillii begin 

feeding on plant material, lettuce, at 5 weeks when the water tempera

ture is 30.0°C and at 8 weeks when the temperature is 19.8°C.

My feeding experiment showed that once young fish began to 

forage on plants, they fed at rapid rates. These rates decreased as 

the fish increased in size (Fig. 2). A fish that weighed 6.9 gm con

sumed four times more plant material per gram of body weight per 48



hours than a fish that weighed 60 gm. However, the 60 gra fish feeding 

at the slower rate consumed approximately twice as much plant mate

rial. Even though larger fish consume more plant material than smaller 

ones, less effort would be required to stock a few breeders that re

produce and provide many small efficient fish. The ability of the 

small fish to consume proportionally larger amounts of Chara than 

larger fish indicates that a large population of small fish would be 

better for controlling aquatic vegetation.

All of the fish, large and small, "nibbled" at the plants and 

were not aggressive in their eating. This was also observed in the 

field. The casual feeding indicated that the fish eat over long peri

ods which is essential for effective plant control.

Feeding rates of fish on plants were relatively constant when 

temperatures remained above 19°C (1.15 gm/day) but decreased to 0.86 

gm/day at temperatures less than 19°C. These data showed that T?. 

zillii's greatest effectiveness is at temperatures greater than 19°C.

Minimum Lethal Temperature

The minimum lethal temperature experiment revealed that as 

temperatures decreased from 19°C the activity of the fish lessened. 

This suggested that the consumption of the vegetation would diminish 

correspondingly, consequently decreasing their effectiveness. Some 

control of vegetation could be expected until 11-12°C at which time 

feeding would cease. At temperatures below 10°C high mortalities

25

occurred
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Field Studies

Physical and Chemical Parameters

Pond A never stratified thermally during the summer and all 

depths were habitable for fish. Dissolved oxygen was high in the pond 

at all times-due to the constant change in the water. The golf course 

is irrigated daily from these ponds and they are refilled by water 

pumped from wells. Aquatic vegetation also produced oxygen which made 

water quality conditions favorable for the fish.

Fish Feeding and Growth

Tilapia were feeding heavily on the aquatic plants by mid-July 

and in August they fed on plants exclusively (Table 1)• They preferred 

the softer plant tissue, Chara, but after this was nearly gone they ate 

Najas, a coarse prickly plant. These data indicate that control of 

vegetation would be achieved in different time spans depending on the 

coarseness of the plant species present.

The effects of temperature on growth rates of T. zillii has 

been reported by Crindland (1962). He showed that fry reared in 

aquaria grew at increasing rates as the temperature increased from 

19*8 to 30.0°C. The rapid growth of the young fish in this study (Fig. 

7) can be attributed to the high water temperatures (mean 28.5°C) from 

June through September.

Welcomme (1964) determined that young T. zillii preferred shal

low areas because they were attracted by light and they followed a 

positive temperature gradient. In this study the young fish were
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always observed in shallow warmer waters. This habitat preference en

hanced their control efforts because their preferred food, Ohara, grew 

in shallow areas of pond A.

Water temperatures, the amount of shallow areas of a pond, and 

the type of aquatic plants are variables that must be considered in any 

plans for effective weed control.

Effectiveness of Tilapia zillii

The adult population stocked in mid-May were unable to consume 

sufficient plant material to counteract the rapid plant growth that

occurred in June. The average dry weight of the plants collected at
2 2 the end of June was 217 gm/m inside the exclosures and 16? gm/m out

side, only a 2^6 reduction.

The young began to forage on the vegetation the first part of 

July. After approximately one month, there was an 80& reduction of 

plant material outside the exclosures compared to that inside (Fig. 6). 

The reduction of Chara continued until nearly all of it had been con

sumed by August 29. If the fish had not been present to graze, the 

total dry weight of Chara in the pond by the end of August would have 

been 1,650 kg.

The rapid eradication of the vegetation by the young fish 

demonstrated their effectiveness as a biological aquatic weed control. 

The high reproductive rates of adult T. zillii make this possible.
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Stocked Pairs Needed

The number and size of fish required to control unwanted 

aquatic vegetation depends on the length of the growing season, the 

amount and species of plants and how much control is desired in a 

given time. In this study, complete eradication was the goal. The 

calculated number of pairs needed to provide a sufficient number of 

young to achieve this goal was 6l pairs/hectare. This stocking rate 

was calculated from formula 3 using the smallest brood size (350 eggs/ 
brood) reported by Legner and Medved (1973), my data on the consumption 

and feeding rates, and a maximum number of broods of 3* The reduction 

in the maximum broods from 5 to 3 was used because the generation(s) 

after August did not contribute to the eradication of the Chara, since 

nearly all of this plant had been consumed by the end of August.



CONCLUSIONS

This study showed the effectiveness of Tilapia zillii as a 

biological control of aquatic vegetation in ponds and indicated some 

of the management implications associated with their biology.

Temperatures must be taken into account if a meaningful manage

ment program is to be implemented. A temperature of 19-20°C is neces

sary before stocking can begin. The fish are at their maximum effec

tiveness when the water is above 19°C. Spawning occurs at temperatures 

23-24°C which determine the start and duration of the breeding season. 

Temperatures of 9«5 to 10.3°C are lethal. Predictions of water tem

peratures in ponds can be made by using the mean air temperature for 

the area. Water temperatures will closely follow these means. Brood 

stock for the following year should be moved to warm water holding 

facilities for the winter before temperatures drop below 12°C.

Small fish 6 cm to 9 cm prove to have the highest feeding rates 

and are the most efficient at consuming plants. The feeding rate de

creases as the fish grow. The rate of growth depends on the water 

temperatures in the optimum range of 24°C to 30°C and amount of food 

available.

T. zillii are very effective in eradicating Chara and moder

ately effective in controlling Najas. Their effectiveness is demon

strated in the complete clearing of Chara from the pond by August 29.

29
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If the fish had not been foraging in the pond there would have been 

approximately 1,650 kg (dry weight) of the Chara at that time. The 

control of Najas is indicated by the marked reduction of this plant.

Tilapia zillii prefer soft tissued plants such as Chara to the 

tougher tissued plants such as Najas. They feed on the latter only 

after the preferred food has been consumed.

Based on feeding rates, reproductive potential and plants con

sumed, 6l pairs of T. zillii/hectare are needed to achieve effective 

control and eradication of aquatic plants.

Since Tilapia zillii are effective in controlling and eradi

cating aquatic vegetation in ponds and a management program can be 

implemented, the use of chemicals can be eliminated. The use of T. 

zillii instead of chemicals to control aquatic vegetation eliminates 

contamination of the environment by herbicides, the danger of handling 

the controlling agent, and high management costs.
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