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It has been proposed that small, brightly colored poeciliid fishes 

be used as live bait for Florida gamefish. Studies were conducted to 

determine whether Xiphophorus variatus are preferentially preyed upon over 

a native poeciliid (Gambusia affinis) by Micropterus salmoides and investi

gate possible effects of variable platyfish on a community of native 

Florida poeciliids. Xiphophorus variatus were selectively consumed when 

Hydrilla verticillata was present. In pool studies variable platyfish had 

some detrimental effects on Heterandria formosa and Poecilia latipinna 

while G. affinis was not affected. Xiphophorus variatus were unable to 

maintain their population size during the six month study. Their numbers 

were especially reduced by the presence of~· verticillata. These con

trolled condition studies indicate the introduction of X. variatus by use 

as bait would probably not lead to displacement of native poeciliids. The 

author emphasizes the dangers of introducing any exotic into dynamic 

ecosystems. 

iv 



TABLE OF CONTENTS 

Page 

Acknowledgments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii 

Abstract........................................... . .......... iv 

List of Tables................................................ vi 

List of Figures............................................... viii 

Introduction...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Materials and Methods 

Selective Predation..................................... 5 

Predation on Fry by Adults.............................. 7 

Interspecific Competition............................... 8 

Results and Discussion 

Selective Predation..................................... 13 

Predation on Fry by Adults.............................. 25 

Interspecific Competition............................... 29 

Conclusions............... . ................................... 48 

Literature Cited..... . ............ . ........................... 50 

v 



Table 1. 

Table 2. 

Table 3. 

Table 4. 

Table 5. 

Table 6. 

Table 7. 

LIST OF TABLES 

Experimental design of selective predation 

study ............................................. . 

Experimental design of competition study .......... . 

Slopes of linear regression representing 

rates of Poeciliid population decrease due to 

bass predation on ~- affinis and !· variatus 

Page 

6 

11 

tested separately.................................. 23 

Slopes of linear regressions representing 

rates of Poeciliid population decrease due to 

bass predation on~- affinis and!· variatus 

tested together. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

Results of fry predation study .................... . 

Initial mean standard length, biomass, number 

and percent composition of Poeciliid populations 

26 

in the competition study........................... 30 

Number of individuals and percent composition of 

each species after four and six months............. 31 

vi 



Page 

Table 8. Total biomass (g preserved wet weight)............. 38 

Table 9. Mean standard length (em) of the 20 largest 

individuals recovered from each experimental 

treatment (10 from each replicate)................. 44 

vii 



LIST OF FIGURES 

Page 

Figure 1. Schematic diagram of experimental pool cut 

away at the screen divider................... . ..... 10 

Figure 2. Number of mosquitofish and variable platyfish 

remaining as a function of time when each 

species was tested separately without Florida 

elodea. Results of the two replicate trials 

are represented ...... . .......................... . . . 

Figure 3. Number of mosquitofish and variable platyfish 

remaining as a function of time from predator 

introduction when both species were tested 

together without Florida elodea. Results of 

the two replicate trials are represented .... . ..... . 

Figure 4. Number of mosquitofish and variable platyfish 

remaining as a function of time from predator in

troduction when each species was tested 

separately with Florida elodea. Results of 

the two replicate trials are represented .......... . 

Figure 5. Number of mosquitofish and variable platyfish 

remaining as a function of time from predator 

introduction when both species were tested 

viii 

15 

17 

19 



Page 

together with Florida elodea. Results of 

the two replicate trials are presented............. 21 

Figure 6. Mean standard length of least killifish 

with 95% confidence interval indicated. 

Data from replicate pools were combined............ 34 

Figure 7. Mean standard length of sailfin mollies with 

95% confidence interval indicated. Data 

from rep 1 i ca te poo 1 s were combined ................ . 

Figure 8. Mean standard length of mosquitofish with 95% 

confidence interval indicated. Data from 

37 

replicate pools were combined... . .................. 40 

Figure 9. Mean standard length of platyfish with 95% 

confidence interval indicated. Data from 

replicate pools were combined ..................... . 

ix 

42 



INTRODUCTION 

It has been proposed by various sectors of the bait and aquarium 

fish industry and sport fishermen that small, brightly colored poeciliid 

fishes such as Xiphophorus variatus (Meek) (variable platyfish) be used 

as live bait for bass, crappie, and other freshwater game fish. 

Presumably the bright red-orange coloration would result in a more 

conspicuous lure, thereby increasing fishing success. In addition, since 

these fish are not native to Florida, profits of exotic fish farmers 

could be markedly increased. Presently Florida statute 372.26 

prohibits the release of exotic fishes in Florida waters. More 

specifically, rule 9.07 of the Florida Game and Fresh Water Fish 

Commission prohibits, without Commission consent, use of non-native 

fishes for bait or other purposes which could lead to their release 

into Florida waters. The main concern is not introduction of bait by 

escape from hooks but from what Tody (1971) describes as the 11 indiscri

minate transfer of fish by the bait bucket 11
• Dahlberg and Scott (1971) 

attribute the introduction of the goldfish (Carassius auratus) and the 

fathead minnow (Pimephales promelas) in Georgia to their use as a 

bait fish. In Louisiana, the Wild Life and Fisheries Commission made 

it unlawful to use the Rio Grand Tetra (Astyanyx fasciatus) as a bait 

fish because it was feared its establishment would have a devastating 

effect on native species (Snyder, 1961). 

Ecological disasters resulting from the introduction of exotic 

fishes is not a new phenomenon. Cichlosoma bimaculatum (black acara) 
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became established in Florida after escaping from one or more aquarium 

farms. It is now widely distributed in southeast Florida, comprising 

up to 80% of the total fish biomass in some areas (Courtenay and 

Robins, 1975). This species is very territorial and competes with 

native centrarchids for spawning sites. An unauthorized transfer of 

Tilapia aurea (blue tilapia) from experimental ponds operated by the 

Florida Game and Fresh Water Fish Commission by fishermen resulted in 

widespread establishment. In just six years blue tilapia comprised 

over 93% of total fish biomass in one lake sampled (Courtenay and Robins, 

1975). The blue tilapia is not a game fish and its potential as a 

human food source remains questionable. Introduction of Clarias batrachus 

(walking catfish) is attributed to escape from a fish farm. Dispersal 

of this species was very rapid due to its ability to withstand desiccation 

and migrate overland during rainy periods (Courtenay and Robins, 1975). 

Walking catfish are most threatening during dry months when water 

levels are low and fauna aggregate in small ponds. Walking catfish kill 

or consume most of these animals within a few weeks, (Courtenay and 

Robins, 1975). Florida 1 s own Gambusia affinis (mosquitofish) has had 

devastating effects on native populations almost everywhere it has been 

introduced for mosquito control (Myers, 1975). It is responsible for 

elimination of most or all smaller species of fishes and also the young 

of larger game and food fishes in these areas. Cyprinus carpio (carp) 

is selectively bred for good food qualities in Europe and Asia. In 1831 

the first of many introductions was made in this country (DeKay, 1842). 

Carp reproduction was very successful and the species is now found in 

46 states and most Canadian provinces (Courtenay, pers. comm.). 
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Unfortunately, the imported culture variety reverted back to an 

unpalatable wild form. In addition, carp uproot vegetation, muddy 

waters and destroy waterfowl habitat. Not all introductions have such 

detrimental effects but fisheries biologists can profit from past 

successes and failures. Studies done prior to proposed introductions 

could help prevent exotic disasters. 

Florida's warm climate and disturbed aquatic environment are 

especially conducive in promoting survival of many exotic fishes and the 

vast network of interconnected waterways aids in their rapid dispersal 

(Courtenay and Robins, 1973, 1975). Establishment of an exotic species 

may be through a single large introduction, smaller periodic introductions 

or a continual influx of individuals. The critical population size 

necessary to establish a breeding population is presumedly smaller for 

live-bearing fishes such as the variable platyfish than for general 

spawners (Courtenay and Robins, 1975). Forty-two species and several 

hybrids of exotic fishes have been collected in Florida. Of these, 24 

species and 5 hybrids are known to have established reproductive popula

tions (Courtenay and Robins, 1975 and Courtenay et ~., 1974). 

Xiphophorus variatus, the exotic poeciliid chosen for this 

study, is a small to moderate-sized species of the genus. 

Its distribution includes most of the Atlantic coastal rivers of 

southern Tamaulipas, eastern San Luis Potosi and northern Vera Cruz, 

Mexico, a straight line distance of approximately 350 miles (Rosen, 

1960). In its native distribution, it is found in spring pools, ditches, 

swamps, and occasionally in streams, often within dense aquatic or 

emergent vegetation (Rosen, 1960). In wild forms, females are mostly 
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olive in color with a yellowish body. Males are slightly more colorful, 

having a brownish-yellow back and orangish belly (Gilbert, 1970). 

Many bright yellow and orange forms have been developed from the wild 

stock. 

Additional descriptions of the species may be found in Gordon 

and Benzer (1945), Rosen et ~- (1953), and Rosen (1960). Two subspecies 

have been described: !· ~· evelynae, and!· ~· variatus. The species, 

especially!· ~- variatus, exhibits marked geographical and individual 

variation. Selective breeding of X. variatus has produced so many 

color variations and has been hybridized with!· helleri (green swordtail) 

and X. maculatus (southern platyfish) to such a degree that it is 

difficult to find a pure-bred original strain except from its native 

habitat (Axelrod et~., 1962). For this reason it was impossible to 

determine the precise subspecies and, in some cases, species of 

Xiphophorus used in these studies. 

The purpose of this study was to (l) determine whether variable 

platyfish are preferentially preyed upon over a native poeciliid (G. 

affinis) by the Florida largemouth bass (Micropterus salmoides floridanus) 

and (2) elucidate possible effects of variable platyfish on a community 

of the three native poeciliids, ~- affinis, Poecilia latipinna (sailfin 

molly) and Heterandria formosa (least killifish). 



MATERIALS AND METHODS 

Selective Predation 

An investigation was conducted to determine if the variable 

platyfish is preferentially preyed upon over the natural prey species, 

mosquitofish, by the Florida largemouth bass, a native piscivore. 

Predation experiments were conducted in six 3.785 liter (10-gallon) all 

glass aquaria, equipped with undergravel filters and fiberglass screen 

covers. Half of the experimental chambers contained Hydrilla verticillata 

(Florida elodea) secured in the sand substratum and extending to the 

water surface to provide a refugium at all depths. Florida elodea 

density was duplicated as closely as possible between experimental 

units. A total of 20 prey individuals, 10 males and 10 females, were 

placed in each tank when the two species were tested separately (tanks 

1, 2, 4, and 5) (Table 1). An equal number of males and females were 

used for simplicity, although such a ratio probably does not exist in 

nature, at least in the case of the mosquitofish (Krumholtz, 1948). When 

mosquitofish and platyfish were tested together (tanks 3 and 6) (Table 1), 

five individuals of each species-sex combination were used in order 

to maintain a constant number of 20 prey individuals in each 

experimental tank. 

Platyfish and mosquitofish were introduced into aquaria and 

allowed to acclimate 48 hr before one largemouth bass, approximately 

10 em standard length, was introduced into each aquarium. Immediately 

prior to their introduction, predators were fed to satiation with 

5 



Tank 

2 

3 

6 

TABLE 1 

Experimental design of selective predation study 
(F = female, M =male) 

Species Composition Tank Species Composition 

10 X. variatus (M) 4 10 X. variatus (M) 

10 X. variatus (F) 10 X. variatus (F) 

M. sa1moides M. salmoides 

H. verticillata 
(refugium) 

10 G. affinis (M) 5 10 G. affinis (M) 

10 G. affinis (F) 10 G. affinis (F) 

M. sa1moides 1 M. salmoides 

H. verticillata 
( refugium) 

5 X. variatus (M) 6 5 X. variatus (M) 

5 X. variatus (F) 5 X. variatus (F) 

5 G. affinis (M) 5 G. affinis (M) 

5 G. affinis (F) 5 G. affinis (F) 

M. salmoides 1 M. salmoides 

H. verticillata 
(refugium) 
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mosquitofish to avoid possible immediate prey consumption. Poeciliids 

were fed TetraMin (TetraWerke, West Germany) fish food flakes daily. 

Enumeration of individuals remaining and observations of 

relative activity and aggressive displays were made twice daily, 0900 

and 2100 hr, from 22 January until 27 January 1975, at which time no 

prey remained. A replicate study was subsequently conducted in the same 

manner between 5 March and 11 March 1975. Number of individuals 

remaining were plotted as a function of time from predator introduction. 

Straight lines were fitted by least squares regression and correlation 

coefficients (!:)calculated (Mendenhall, 1971). Student's t-test was 

employed to test for significant species effects on rates of variable 

platyfish and mosquitofish consumption by bass under similar conditions. 

Student's t-test was also used to test for significant environmental 

effects of Florida elodea on bass predation of variable platyfish and 

mosquitofish. 

Predation on Fry by Adults 

Gravid females of each of the four species of poeciliids, mosquito

fish, variable platyfish, sailfin molly and least killifish, were 

maintained in brood chambers until they gave birth. Within 24 hr, 

five fry were introduced into a five-gallon aquarium containing an 

adult poeciliid which had been deprived of food for three days. The 

presence or absence of predation on each species of fry by each species 

of adult was determined. 

were tested separately. 

One male and one female adult of each species 

If all fry remained at the end of three days, 

absence of predation was assumed. 
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Interspecific Competition 

A study designed to assay the competitive effects between the 

variable platyfish and the three native poeciliids was conducted in 

eight 3.658 m diameter, 0.914 m deep vinyl-lined aluminium pools. A 

water depth of 0.75 m was maintained with untreated well water over a 

10 em deep substratum of calcareous sand. Each pool was bisected 

by l/16 inch mesh fiberglass screen stapled to wood uprights. A 

piece of foam rubber between the vinyl lining and wood uprights 

eliminated any gaps. Chain weighted the bottom of the screen and sand 

was mounded over the chain against the screen to further seal the 

bottom. Two separate experimental cells per pool with free interchange 

of water resulted (Figure 1). 

The experimental design for the competition study is presented 

in Table 2. Florida elodea was introduced as a refugium into half of 

the experimental cells and rapidly became rooted. The rapidity with 

which this aquatic plant spreads necessitates its introduction into 

contiguous experimental cells to prevent vegetation from a planted 

side from becoming established in an unplanted side. A period of 

two weeks between the initial experimental setup and fish introduction 

allowed time for chemical equilibration and sediment precipitation. 

Native fishes were stocked at densities similar to those found in 

Florida waters: 25 mosquitofish, 11 sailfin mollies, and 21 least 

killifish (Wegener~~., 1973). Initial platyfish densities were 

equal to the total number of native fishes stocked, or 57 fish per 

tank. Three sets of native fishes and variable platyfish, all similar 

to those used for stocking, were preserved in 10% formalin for estimating 



Figure 1. Schematic diagram of experimental pool cut away at the 

screen divider. A, supporting wire; B, pool wall and 

vinyl liner; C, foam rubber; 0, chain; E, "C" clamp; F, 

wood upright; G, fiberglass screen; H, bolt. 
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TABLE 2 

Experimental design of competition study 

Numbers represent different pools and letters represent cells within pools. 

Florida elodea 
Chamber Natives Exotic Refugium 4 Months 6 Months 

la X X 

lb X X X 

2a X X 

2b X X X 

3a X X X 

3b X X X X 

4a X X X 

4b X X X X 

5a X X 

5b X X X 

6a X X 

6b X X X 

7a X X X 

7b X X X X 

8a X X X 

8b X X X X 
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initial mean standard length (MSL) and total biomass of each species. 

Upon termination of the experiment, Florida elodea was removed and the 

water level in the pools lowered to approximately 15 em. Fish were 

poisoned with rotenone and collected with dipnets. Plant material, 

sediments and detritus were examined to recover all individuals. Fish 

were preserved in 10% formalin for subsequent enumeration. 

Standard length of each fish was determined to the nearest 0.1 mm 

using dial calipers. Total biomass (g preserved wet weight) of each 

species was determined to the nearest 0.01 g. Effects of two factors, 

presence of variable platyfish and presence of Florida elodea on 

population density and biomass of native poeciliid species, were 

determined using a 22 complete factorial design witb four replications. 

The experiment was blocked over time to determine main effects and 

interactions after four and six months. Preliminary observations and 

student•s t-tests indicated there were not significant differences 

between replicates within blocks so these data were consolidated. 

Two MSL values were calculated by considering all individuals 

of a species and the ten largest individuals of the species separately. 

This eliminated effects of juveniles on length calculations. Main 

effects of variable platyfish on MSL of each of the native fishes were 

tested using a two-way (time and variable platyfish presence) unweighted 

analysis of variance (Winer, 1971) using data blocked relative to the 

presence or absence of Florida elodea. The effects of Florida elodea 

on MSL and total species biomass were tested using a pooled one-way 

analysis of variance with data pooled across time and presence or absence 

of variable platyfish from four and six months. 



RESULTS AND DISCUSSION 

Selective Predation 

Before predator introduction, variable platyfish often maintained 

a lower position in the water column and were less active when mosquito

fish were present. Mosquitofish also displayed aggressive behavior 

toward the platyfish, especially in the form of caudal fin biting. 

By the end of the 48 hr acclimation period, mosquitofish had removed 

the caudal fins of many variable platyfish. Both aggressive displays 

and vertical displacement were more conspicuous in the absence of 

Florida elodea. 

Trials I and II show analogous results (Figures 2-5, Tables 3 and 

4); however, actual numerical values cannot be compared since the 

trials were conducted at different times and subjected to different 

climatic conditions. Temperatures were much lower during the replicate 

study and, for the most part, lower slopes were obtained. This indicates 

a reduced feeding rate by the predator as would be expected under 

cooler conditions. 

When mosquitofish and variable platyfish were tested separately, 

in the absence of Florida elodea, no statistical differences were 

observed in the rates at which mosquitofish and variable platyfish 

were eaten (Figure 2, Table 3 and 4). Similar results were obtained 

when individuals of both species were tested together (Figure 3, 

Tables 3 and 4). When tested in the presence of a Florida elodea 

refugium, variable platyfish were preyed upon by bass at a significantly 

13 



Figure 2. Number of mosquitofish and variable platyfish remaining 

as a function of time when each species was tested 

separately without Florida elodea. Results of the two 

replicate trials are represented. 
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Figure 3. Number of mosquitofish and variable platyfish remaining 

as a function of time from predator introduction when 

both species were tested together without Florida elodea. 

Results of the two replicate trials are represented. 
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Figure 4. Number of mosquitofish and variable platyfish remaining 

as a function of time from predator introduction when 

each species was tested separately with Florida elodea. 

Results of the two replicate trials are represented. 
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Figure 5. Number of mosquitofish and variable platyfish remaining 

as a function of time from predator introduction when 

both species were tested together with Florida elodea. 

Results of the two replicate trials are presented. 
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faster rate than mosquitofish (Figures 4 and 5, Tables 3 and 4). The 

presence of a refugium significantly reduced predation on mosquitofish 

in only one case (Figure 2 and Table 3) and increased the rate of 

predation on variable platyfish in another (Figure 5 and Table 4). The 

remaining cases, although not significantly different (P > 0.1), 

suggest that variable platyfish were preyed upon at a faster rate 

with a refugium than without. The rate at which mosquitofish were 

preyed upon was similar in the presence or absence of a refugium. 

The results of the selective predation study indicate that 

exotic platyfish are preferentially preyed upon by Florida largemouth 

bass, under controlled conditions, when Florida elodea is present. 

The data also suggest that variable platyfish were disadvantaged by 

Florida elodea more than mosquitofish were benefitted by this refugium. 

Preferential predation and the presence of Florida elodea probably 

both contributed to predation rates on variable platyfish and mosquito

fish. 

The lateralis, olfactory and optic sensory systems are used to 

locate prey by various fishes to different degrees. Involvement of 

lateralis or olfactory systems could produce the observed results if 

Florida elodea changed individual behavior, resulting in augmented near 

field vibrations or release of a substance, making prey more conspicuous 

to the predator. It has been postulated that products in the urine of 

catfish indicate their state of stress and, therefore, signal dominance 

or subordinance to other members of the same species (Todd, 1971). 

A similar mechanism could work interspecifically. Although it is more 

likely that the optic system is responsible for the observed effects, 
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TABLE 3 

Slopes of linear regression representing rates of poeciliid population 

decrease due to bass predation on Q. affinis and X. variatus tested 

separately. NS =not significantly different (P > 0.1), S =significantly 

different (P < 0.1) as determined by t-tests. 

Slope 
(without 
refugium) 

Slope 
(with 
refugium) 

TRIAL I 

G. affinis X. variatus 

-0.319 -0.289 NS 

-0.124 -0.292 s 

s NS 

TRIAL II 

G. affinis X. variatus 

-0. l 55 -0. 152 NS 

-0.148 -0.185 s 

NS NS 
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TABLE 4 

Slopes of linear regressions representing rates of poeciliid population 

decrease due to bass predation on~· affinis and X. variatus tested 

together. NS =not significantly different (P > 0.1), S =significantly 

different (P < 0.1) as determined by t-tests. 

Slope 
(without 
refugi urn) 

Slope 
(with 
refugium) 

G. 

TRIAL I 

affinis X. variatus 

-.081 -.073 

-.069 -.107 

NS s 

TRIAL II 

G. affinis X. variatus 

NS -.140 -.181 NS 

s -.164 -.258 s 

NS NS 
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it is possible that the other two systems may also be involved. 

Because of their vivid coloration, platyfish are conspicuous 

to humans with normal vision. Behavioral work done on color vision 

in fishes, however, is often contradictory and inconclusive due to 

problems concerning intensity, brightness, and wave-length (Warner, 1931). 

Although recent advances on the subject of teleost color vision are 

limited, three types of cones have been found in the goldfish (Rodieck, 

1973), indicating the possibility of trichromatic vision in at least 

some species of fish. In any case, fishes generally seem to be 

either attracted or repelled by red objects, be it a consequence of hue, 

brightness or intensity (Walls, 1942). Red is such an unfamiliar 

stimulus to many fishes that when encountered, it causes either a fear 

or pursuit response (Walls, 1942). In this study pursuit was the 

preponderant response, resulting ultimately in consumption of variable 

platyfish. Florida elodea may serve as a dark background which 

accentuates the contrast between variable platyfish and their 

surroundings, making them more conspicuous to bass. This could be the 

case in moderately dense situations, but greater densities of aquatic 

plants may prove to be more beneficial to the platyfish. Florida 

elodea may also protect variable platyfish from aggressive attacts by 

mosquitofish since the latter do not usually penetrate thickly 

matted aquatic plants (Myers, 1965). 

Predation on Fry by Adults 

Adult mosquitofish preyed upon fry of all four species tested, 

including mosquitofish (Table 5). Least killifish ate only least 



TABLE 5 

Results of fry predation study+= predation during three day trial, - =no predation, F = female, M = 

Male. 

FRY ADULT 

P. LATIPINNA H. FORt~OSA X. VARIATUS G. AFFINIS 

F M F M F M F M 

P. latipinna + + 

H. formosa + + + + + + 

G. affinis + + 

X. variatus + + + + 

N 
m 
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killifish fry. Variable platyfish adults preyed upon variable platyfish 

fry and least killifish fry. Sailfin molly fry were eaten only by 

mosquitofish, and adult sailfin mollies preyed on none of the species . 

tested. Least killifish fry were most susceptible to predation. The 

only adults not preying on least killifish fry were sailfin mollies, 

which did not prey on any fry. Sailfin molly fry were the least 

susceptible to predation, being taken only by mosquitofish. There were 

no differences in predation patterns due to sex. 

One possible component of interspecific competition between 

native and introduced poeciliid species is differential fry predation. 

This form of competition may affect the outcome of competition between 

two species. Interspecific and intraspecific fry predation may both 

determine the outcome of competitive interactions. 

Predation on fry by adults is probably determined by (1) relative 

size of adults and fry, (2) degree of herbivory of adults, (3) aggressive

ness of adults and (4) coloration of adults. Poeciliid fishes 

probably eat fry of a size equal to or less than that of their own 

young unless herbivorous or aggressive tendencies act to decrease or 

increase, respectively, the size of fry taken by adults. Adults and 

fry in order from largest to smallest average size are sailfin molly, 

mosquitofish, variable platyfish and least killifish. Least killifish 

are the smallest species studied and their fry were eaten by all 

species of adults except the herbivorous sailfin molly. The largest 

species studied, sailfin molly, were only eaten by the very aggressive· 

adult mosquitofish. Fry of the moderate sized variable platyfish were 

eaten by adult variable platyfish and mosquitofish but not by the small 
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least killifish adults. Sailfin mollies are largely herbivorous and do 

not usually eat their young if they are adequately fed (Innes, 1966). 

This species has a strong preference for vegetation since it did not prey 

upon any species of fry even after six days with no other food source. 

Although variable platyfish commonly eat algae, male and female adults 

ate fry of their own species and those of the least killifish after 

being deprived of food for three days. Variable platyfish are usually 

not aggressive and are known to be a "good corrrnunity fish" among 

aquarists for that reason (Innes, 1966). The least killifish, a 

diminutive species with carnivorous habits but not exhibiting conspicuous 

aggressiveness, eats only its own young. The aggressiveness of the 

mosquitofish extends the upper size limit of prey consumed. Exemplifying 

this is the situation where the California State Fish and Game Department 

was forced to discontinue the use of mosquitofish as a forage fish with 

which to feed black bass at the Friant hatchery because mosquitofish 

destroyed large numbers of young bass (Myers, 1965). 

Adult coloration of variable platyfish does not develop until 

approximately four months of age (Innes, 1966). While coloration of 

variable platyfish fry is not an important factor in fry predation of 

the exotic, adult coloration may be. If native poeciliids are attracted 

to variable platyfish adults because of their pigmentation, the frequency 

of contact with platyfish fry as they are born and concomitant predation 

may be increased. The fact that variable platyfish ate their own fry 

but not those of mosquitofish, while mosquitofish ate variable platyfish 

fry and their own fry, may result in a competitive disadvantage for the 

platyfish in situations when these two species occur together. Based 
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on predation alone, the least killifish would be the least competitive of 

all species, being preyed upon by mosquitofish and variable platyfish as 

well as killifish adults. Because least killifish fry are small and 

readily preyed upon by other carnivorous poeciliids the use of refugium 

or other defense mechanisms to avoid predators may be important under 

natural conditions. 

Interspecific Competition 

Total biomass and MSL of the initial populations in different 

experimental cells were not significantly different (P < 0.05) (Table 6). 

None of the four species was eliminated from any experimental cell 

during the experiment. 

A smaller total number of individuals of native species were 

recovered from cells containing exotic platyfish than those without. 

Variable platyfish did not have any detectable effect on total biomass 

of native species when Florida elodea was present. When Florida elodea 

was absent, however, the total biomass of all native fishes was reduced 

by variable platyfish. 

Effects of variable platyfish on each of the native species is 

less distinct and more difficult to interpret. Number of individuals 

and percent community composition of least killifish were depressed by 

the presence of variable platyfish in cells with Florida elodea, although 

this difference was reduced after six months (Table 7). A two-way 

analysis of variance of the effects of time and the presence of variable 

platyfish on least killifish MSL in the presence of Florida elodea 

indicated a significant interaction (f < 0.01). The presence of variable 



30 

TABLE 6 

Initial mean standard length, biomass, number and percent composition 

of poeciliid populations in the competition study. Values for biomass 

andnumbers of individuals have been doubled to facilitate comparison with 

pooled analyses after four and six months. 

Mean 
Standard Biomass Number 

Length (g) (% Comp.) 
(em) 

H. formosa l. 51 4.24 42 
(18.4) 

P. latipinna 3.02 22.52 22 
( 9. 7) 

G. affinis 2. 72 31.48 50 
( 21. 9) 

X. variatus 2.70 92.96 114 
(50.0) 

Total 151 . 22 228 
( l 00.0) 



TABLE 7 

Number of individuals and percent composition of each species after four and six months. Replicate 

chambers are combined. 

Florida elodea No Florida elodea 

4 Month 6 Month 4 Month 6 Month 

Natives Natives Natives Natives Natives Natives Natives Natives 
+ + + + 

Exotic Exotic Exotic Exotic 

H. formosa 380 282 560 451 38 39 44 41 w 
(37.6%) (21.7%) (50.7%) (44.7%) (18.5%) (14.6%) (18.4%) (13.1 %) 

P. latipinna 41 85 67 82 69 44 68 28 
( 3.2%) ( 6.5%) ( 6.1 %) ( 8. l %) (33.7%) (16.5%) (28.5%) ( 9.0%) 

G. affinis 756 863 477 452 98 83 127 171 
(59.2%) (66.4%) (43.2%) (44.8%) (47.8%) (31.3%) (53. l %) (54.8%) 

X. variatus 69 23 l 01 72 
5.3%) ( 2.3%) (37.8%) (23.1 %) 

Total 1277 1299 ll 04 l 008 205 267 239 312 
( l 00%) (99.9%) (100%) (99.9%) ( l 00%) ( l 00%) (100%) ( l 00%) 
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platyfish had no significant effect on least killifish MSL (Figure 6) 

after four months (l test, P > 0.05) but significantly increased MSL 

after six months (l test, t < .0.01). A similar analysis of variance 

performed on data from chambers without Florida elodea also showed a 

significant interaction between the Time and Presence-of-exotic factors 

on least killifish MSL. The presence of variable platyfish had no 

significant effect on least killifish MSL after four months (l test, 

P > 0.05) but significantly decreased it after six months (l test, 

p < 0.01). 

When Florida elodea was absent, the same number, but a lower 

biomass, of least killifish were recovered from chambers with the exotic 

platyfish than without. Platyfish inhibited growth of least killifish 

in the absence of Florida elodea. When Florida elodea was present, 

variable platyfish reduced the number and biomass but increased MSL of 

least killifish, indicating a reduction in the number of juveniles 

either by decreased natality or increased mortality among least 

killifish fry. Not enough is known about these two species to 

speculate on the cause. 

The total number and percent community composition of sailfin 

mollies were reduced by the variable platyfish when Florida elodea was 

absent. This effect was greatest after six months. In contrast, when 

Florida elodea was present, the total number and percent community 

composition of sailfin mollies was somewhat enhanced by variable 

platyfish after both four and six months. The effect diminished with time. 



Figure 6. Mean standard length of least killifish with 95% 

confidence interval indicated. Data from replicate 

pools were combined. 
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Time was the most important factor determining the MSL of sailfin 

mollies when Florida elodea was absent (Figure 7) (£..test, .2.. < 0.01 ). 

With Florida elodea, however, the mean standard length of sailfin mollies 

was reduced by the presence of the variable platyfish at four months 

(1 test, p < 0.01) while there was no significant effect at six months 

(1 test, p > 0.05). The MSL of the 10 largest adults was similarly 

affected (Table 9). Sailfin molly biomass was reduced by the platyfish 

only when Florida elodea was absent. Therefore, the effect of platyfish 

on sailfin mollies depends on the presence of Florida elodea. When 

Florida elodea was present there was an increase in natality or 

survival rates and a reduction in size of individuals. Perhaps sailfin 

molly growth was inhibited by competition with platyfish for food. 

This does not, however, explain the increase in number of sailfin 

mollies when platyfish were present. 

Variable platyfish had a minimal effect on total number of 

mosquitofish, slightly increasing the number at four months when 

Florida elodea was absent and again at six months when Florida elodea 

was present. Mosquitofish MSL was not affected by variable platyfish 

(Figure 8). The only effect of variable platyfish on mosquitofish 

biomass was a slight increase after six months when Florida elodea was 

absent in conjunction with the increased number of individuals 

mentioned above. 

Variable platyfish exhibited no population growth. Total number 

of variable platyfish decreased throughout the study, the greatest 

reduction occurring in experimental cells containing Florida elodea 

(Table 7). The presence of Florida elodea also reduced MSL (Figure 9), 



Figure 7. Mean standard length of sailfin mollies with 95% 

confidence interval indicated. Data from replicate 

pools were combined. 
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TABLE 8 

Total biomass (g preserved wet weight). Replicates are pooled. Number of individuals are 

presented in parentheses. 

Florida elodea No Florida elodea 

4 Month 6 Month 4 Month 6 Month 

Natives Natives Natives Natives Natives Natives Natives 
+ + + 

Exotic Exotic Exotic 

H. formosa 15.42 9.96 12.10 11 . 35 4.44 2.66 8.32 
(480) (282) (560) ( 451 ) (38) (39) (44) 

P. latipinna 14.42 13.59 13.22 14.84 59.57 30.58 60.02 
( 41 ) (85) ( 67) (82) (69) ( 44) (68) 

G. affinis 49.40 45.62 45.42 48.85 44.73 40.39 47.99 
(756) (863) ( 4 77) (452) (98) (83) ( 127) 

X. variatus 18.19 3.08 41.58 
(69) (23) ( 1 Ol) 

Total 79.24 87.36 70.74 78.12 108.74 11 5. 21 116.33 
( 1277) (1299) ( 1104) ( 1008) (205) (267 (239) 

Natives 
+ 

Exotic 

4.82 w 

( 41 ) 
co 

24.45 
(28) 

63.15 
( 1 71 ) 

25.73 
( 72) 

118.15 
( 312) 



Figure 8. Mean standard l~ngth of mosquitofish with 95% 

confidence interval indicated. Data from replicate 

pools were combined. 
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Figure 9. Mean standard length of platyfish with 95% 

confidence interval indicated. Data from 

replicate pools were combined. 
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MSL of the 10 largest individuals (Table 9), average weight of each indi

vidual and total biomass (Table 8) of the variable platyfish. There 

was no significant change in variable platyfish size (Biomass/individual 

and MSL) throughout the study when Florida elodea was absent but 

there was a continual decrease with time when Florida elodea was present. 

Florida elodea affected each species of fish in the competition 

study differently. Fish communities were denser in experimental cells 

containing Florida elodea than in those containing no Florida elodea 

(Table 7). Two exceptions to this trend were observed when individual 

species were considered. Fewer sailfin mollies were recovered after 

four months from pools containing Florida elodea and native species 

only than equivalent chambers without Florida elodea. However, the 

difference was reduced by the end of six months. There were also 

fewer platyfish recovered from pools containing Florida elodea after 

four and six months. 

Mean standard lengths of all individuals and the 10 largest 

individuals of each species were significantly lower (f < 0.01) in the 

presence of Florida elodea. The presence of Florida elodea did not, 

in any case, result in a greater overall biomass (all species together) 

(Table 8). The least killifish was the only species to show an increased 

biomass due to the presence of Florida elodea. The average size and 

weight per individual was reduced but there were 7 to 13 times as 

many fish as in cells without Florida elodea. Sailfin molly biomass 

was markedly reduced by Florida elodea while mosquitofish biomass was 

unaffected. Fewer individuals and smaller size and weight per individual 

contributed to the lower biomass of variable platyfish in the presence 



TABLE 9 

Mean standard length (em) of the 20 largest individuals recovered from each experimental treatment 

(10 from each replicate) 

Florida elodea No Florida elodea 

H. P. G. X. H. p. G. X. 
formosa lat1pinna affinis varTatus formosa lat1pinna affi ni s var1atus -

4 months 

Natives 2.08 3.42 3.68 ---- 2.37 4.38 4.42 

Natives 
~ 

+ ~ 

Exotic 2.00 2.74 3.74 2.74 2.30 4. 21 4.43 3.24 

6 months 

Natives 1.85 2.79 3.76 ---- 2.68 4.37 4.19 

Natives 
+ 

Exotic l. 84 3.08 3.84 2.01 2.47 4.19 4.39 3.15 
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of Florida elodea. 

Florida elodea increased natality and/or decreased mortality 

of mosquitofish and least killifish while decreasing natality and/or 

increasing mortality of variable platyfish. There was little effect 

on the balance between natality and mortality of the sailfin molly. 

Mosquitofish were the most voracious predator on fry of 

the four species studied, while least killifish and variable platyfish 

exhibited a lesser degree of fry predation. 

probably greatest on the least killifish. 

Fry predation pressure is 

Any situation which reduces 

fry predation could be advantageous to the prey species. In the case 

of the mosquitofish, least killifish and to a limited extent the sailfin 

molly, Florida elodea probably acts as a refugium which provides a 

hiding place for gravid females and fry. Perhaps plants make adult 

platyfish more conspicuous to other fish, thus, indirectly leading 

predators to fry as they are born. 

Environmental or minimal nutritional requirements necessary for 

successful reproduction and fry survival also determine population 

success. Lack or reduction of refugium effects on variable platyfish 

and sailfin mollies indicates other mechanisms may be dominant for these 

species. For instance, the diet of both variable platyfish and 

sailfin mollies consists mainly of algae. The presence of Florida elodea 

ties up nutrients from the water so there are less available to algae 

(Fitzgerald, 1969). , 

Growth inhibition of all species of fish was observed in the 

presence of Florida elodea. Mean standard length of all species 

was reduced. Reduced mean standard length of the 10 largest individuals 
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of each species due to Florida elodea eliminates the possibility that 

reduced mean standard length merely reflected a larger proportion of 

juveniles. This was especially true in the case of mosquitofish and 

least killifish. It is possible that adult mosquitofish, least 

killifish and variable platyfish attained larger mean standard 

lengths in pools without the refugium by consuming a larger proportion 

of fry. There was also more algae present for sailfin mollies and 

variable platyfish to eat in these pools. Greater MSL was accompanied 

by greater biomass and mean weight per individual in both sailfin 

mollies and platyfish. The net result of individual size reduction 

and increase in number of mosquitofish was such that biomass of 

mosquitofish remained constant. Least killifish, however, exhibited 

such a dramatic increase in numbers with the Florida elodea that 

even though mean weight per individual was less, total species biomass 

was markedly greater. 

Throughout the study, all the native fishes increased in 

number while variable platyfish exhibited no population growth. Since 

there was little evidence of successful platyfish fry production and 

survival, it seems reasonable to assume that the platyfish population 

would continue to decrease, reducing any competitive factors. In 

addition, results from the selective predation study suggest that the 

variable pl.atyfish decrease could be accelerated by the presence of a 

piscivorous gamefish such as Florida largemouth bass. This reduction 

in population size may not necessarily result in total elimination of 

variable platyfish. Bright coloration of variable platyfish has been 

produced by aquarists through selective breeding for this trait. 
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When left to reproduce in the wild, they will tend to revert back 

to less vivid coloration (Courtenay, pers. comm.). If coloration 

is important in the reduction of the variable platyfish population, 

the process of natural selection may eventually produce a population 

represented by dull, less conspicuous forms which could more readily 

compete with native species. This will depend on many factors not 

considered in this study. 

In addition to being a potential competitor, there also remains 

the possibility of introducing exotic diseases and parasites with an 

exotic fish. The methodology exists to certify disease and parasite 

free imports for breeding stock, at least externally (Conroy, 1975), 

but such measures are not routinely taken (Courtenay and Robins, 1975). 

It is critical to try to avoid further mishaps as the introduction of 

the tapeworm Bothriocephalus gowkongensis into Russia through the 

grass carp (Ctenopharyngodon idella) (Courtenay and Robins, 1975). 

Allegedly, this parasite has recently been passed on to cyprinid minnows 

which were raised as bait fish with grass carp in Arkansas (Courtenay, 

pers. comm.). The fact that no disease or parasite problems have been 

reported in variable platyfish used us aquarium fish is encouraging; 

however, further study of the subject is advisable. 



CONCLUSIONS 

Variable platyfish showed little sign of reproduction followed 

by fry survival and decreased in number throughout the study. This 

decrease was greater when Florida elodea was present. Population 

size, MSL and biomass of mosquitofish were not affected by variable 

platyfish. In the presence of Florida elodea, variable platyfish 

reduced the number of least killifish. In the absence of Florida elodea 

the MSL and average weight of individual killifish was reduced by 

variable platyfish while population size was unaffected. The size and 

number of sailfin mollies was reduced when platyfish were present but 

size effects were no longer detected after six months. 

Platyfish were shown to be preferentially preyed upon over native 

poeciliidsin some cases and did not show the ability to maintain or 

substantially increase their numbers over the duration of the study. 

Combined with the limited detrimental effects observed on the other 

fishes studied, these factors render the use of the variable platyfish 

as bait potentially feasible in terms of effects on native poeciliids. 

Further investigation should consist of year-long pond studies 

involving a piscivorous predator and additional native forage fishes. 

It must be emphasized, however, that predicting effects of 

releasing an exotic is a complex and formidable task. Very little is 

actually known about the critical requirements for most fish beyond 

extremes of temperature, salinity, pollution and the needs of some 

species for specific breeding sites (Bay, 1967). Regier (1968) maintains 

48 
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that at the present, we do not know enough ecology to predict the 

effect of introducing an exotic species into a given community. It 

has been recognized, however, that a community•s susceptibility to 

invasion by exotics is greatly increased by eutrophication and exploita

tion by man (Christie et ~., 1971). As in the case of any proposed 

introduction, it is imperative to measure the potential benefits of 

the introduction with the risks that such an introduction might impose. 
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