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Abstract 

Eastern and Western Gambusia (i.e., Gambusia holbrooki and G. affinis, respectively) are considered 
together here because these two fish species are very closely related, similar in appearance, similar in biology 
and often confused. Widely divergent attitudes have developed with regard to these fish with some viewing 
them as being highly beneficial to humans through controlling mosquitoes and the diseases they harbor, 
and others expressing concern about the negative impacts that these fish may have on other species with 
which they interact. Because of the widespread distribution, high levels of abundance, ease of capture and 
captive maintenance, and divergent attitudes, a very large and diffuse literature has developed with regard 
to these species. In fact, few fish species have been studied as much as or more than these two species 
combined. There has, however, been no comprehensive review of their biology published to date. As it is 
not possible to provide a comprehensive review of Gambusia biology in one reasonably sized document, I 
provide here a review of aspects of their biology at the level of species and individual. In another review I 
focused instead on the levels of population and species communities and consider the impacts that these fish 
have on mosquitoes and other organisms (Pyke, unpublished). As would be expected of such widespread 
and abundant species, Gambusia affinis and G. holbrooki are clearly very tolerant, adaptable and variable in 
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their biology, at both an individual and population level. Both individuals and populations can tolerate, 
and often thrive within, a wide range of conditions and the abilities of individuals to do this are enhanced if 
they have time to acclimate to any changes. Populations can adapt through genetic or evolutionary changes 
in response to conditions that vary in space or time, and there is significant genetic variation within and 
between populations. 

Introduction 

The Eastern and Western Gambusia (i.e., Gambusia 
holbrooki and G. affinis, respectively) are consid
ered together here because these two fish species are 
very closely related, similar in appearance, similar 
in biology and often confused (see below). Except 
where there are apparent differences between them, 
they are referred to collectively as Gambusia. 

Divergent attitudes have developed with regard 
to Gambusia. Some have viewed these two fish 
species as being highly beneficial to humans 
through efforts to control mosquitoes and the 
diseases they harbor (Washino, 1969; Sholdt et al., 
1972; Green and Imber, 1977). Along with this view 
has gone the common name ‘Mosquito Fish’, 
collectively applied to both species (Seale, 1917; 
Jordan et al., 1930). Relatively recently, on the 
other hand, others have expressed concern about 
the negative impacts that these fish may have on 
other species with which they interact and the 
common name ‘Plague Minnow’ has sometimes 
been used in this context (Ehmann, 1997; Pyke and 
White, 2000). 

These two fish species are extremely widespread 
and abundant, and are relatively easy to maintain 
in captivity. Having been successfully introduced 
from North America to most of the warmer parts 
of the world, they are now collectively the most 
widely distributed freshwater fish in the world and 
are present and widespread on all continents except 
Antarctica (Krumholz, 1948; Lloyd, 1984; Lloyd 
and Tomasov, 1985; Lloyd, 1986). In habitats 
where they occur Gambusia are generally common 
to abundant fish (Vooren, 1972; Berra et al., 1975; 
Webb and Joss, 1997). Methods for keeping and 
breeding them in captivity are well known and 
readily implemented (Robison et al., 1983; Abshier 
et al., 1991; Coykendall et al., 1991; Beidler, 1995). 

Because of the widespread distribution, high 
levels of abundance, ease of captive maintenance 
and divergent attitudes, a very large and diffuse 
literature has developed with regard to Gambusia. 
Included in my bibliographic database are about 
1800 documents that relate to Gambusia, repre

senting about 400 different journals, many book 
chapters and reports, and at least 50 University 
theses. Most journals occur just once in this 
database and Copeia, the most frequent, accounts 
for only about 5% of journal articles (i.e., 86/ 
1666). 

Despite divergent attitudes towards these two 
species and the extensive literature concerning 
them, there has so far been no comprehensive 
review of their biology (Lloyd et al., 1986). Such a 
review should increase our understanding of the 
biology of these species, the reasons for their very 
successful spread throughout the world, their 
effectiveness as mosquito control agents, any 
impacts they may have on other animal species, 
and their management. It should also be compre
hensive, identify gaps and limitations in our 
knowledge, and be reasonably easy to revise 
whenever additional information becomes avail
able (Pyke, 2001). This paper provides such a 
review. 

It is not possible, however, to provide a com
prehensive review of Gambusia in one document. 
Given the extensive literature and wide array of 
issues and topics regarding these fish, a single 
review that tried to include everything would be 
excessively large. In another document I have 
focused on the reasons for the very successful 
spread of these fish throughout the world, their 
effectiveness as mosquito control agents, any 
impacts they may have on other animal species, 
and aspects of their general biology that are 
relevant to these issues (Pyke, unpublished). My 
goal in the present document is therefore to review 
those aspects of the general biology of Gambusia 
that are not directly relevant to the above-men
tioned issues and hence not included in my other 
review. The present review therefore omits a 
number of topics including distribution, habitat-
use, abundance, and population biology. It also 
omits consideration of possible impacts with other 
aquatic species. 

Examination of the literature regarding Gam
busia will always remain incomplete, but I assume 
that the documents that I have viewed represent an 
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unbiased sample of the relevant literature, and 
permit a comprehensive and accurate review. 
Tracking down this literature has proven both 
tedious and time consuming, and many documents 
have been difficult or impossible to obtain through 
available library resources. I have so far been able 
to view about 700 of the relevant documents in my 
bibliography and obtain abstracts from about 400 
more, but this still leaves about 700 documents for 
which I know little more than the title. In addition, 
keeping this review to reasonable size has meant 
that citations have had to be restricted to those 
most relevant. As a result of these two factors, my 
present review cites just 263 documents. My 
complete bibliography is available upon request. 

This review was developed using the strategy 
recommended in Pyke (2001) and illustrated in 
Pyke and White (2001), Pyke (2002) and Pyke and 
Read (2002, 2003). I have divided my review into 
sections based on the level at which observations 
regarding the species are focused (i.e., species, 
individual, population) and how these observa
tions are made. Community-level observations are 
considered in my other review. Within each of these 
sections there are also sub-sections that reflect the 
extent of knowledge about these species. 

Biology at the species level 

Species names, appearance and differentiation 

The etymology of the generic name Gambusia 
belies any impacts, positive or negative, that fish 
species in this genus may have had, and conveys 
nothing of their appearance or biology. In 
introducing this genus in 1851, Poey (1854) 
modified a provincial Cuban word Gambusino, 
meaning nothing, a joke or farce, and added that 
‘one says to fish for Gambusinos when one 
catches nothing’ (Jordan and Gilbert, 1882; 
Jordan and Evermann, 1896; Kuntz, 1913). 
Gambusia is also a Latin word meaning nothing 
or frustration (Gall et al., 1980). Fish of this 
genus were initially viewed as being ‘of no 
importance’ and ‘worthless’ (Kuntz, 1913). 

On the other hand, a variety of common 
names have been adopted for Gambusia affinis 
and G. holbrooki, reflecting their appearance, 
behavior, taxonomic status and impacts on other 

organisms. The initial common name of Top 
Minnow for Gambusia affinis (which included 
G. holbrooki at the time) reflected its minnow-
like appearance and its habit of swimming near 
the surface (Hildebrand, 1919b), though it was 
also often referred to simply by its generic name 
Gambusia (Smith, 1912). After about 1905, when 
both Gambusia affinis and G. holbrooki began to 
be introduced into waters for control of mos
quito larvae, they became increasingly known 
(collectively) as the Mosquito Fish (Seale, 1917), 
though the names Top Minnow and Gambusia 
have continued to be used (Grant, 1978). 
Because of concern regarding deleterious impacts 
of these fish on other organisms including other 
fish, frogs and aquatic invertebrates, some people 
have recently begun to use the name Plague 
Minnow (Ehmann, 1997; Pyke and White, 2000; 
Richard, 2002). With the elevation in 1988 of 
these two fish from the sub-species level, the 
names Eastern and Western Gambusia have been 
adopted by some authors (Meffe, 1989). 

Gambusia are relatively small, non-descript fish. 
They generally range in size from about 1 to 5 cm, 
occasionally reaching up to about 6 cm (Kuntz, 
1913; Hildebrand, 1919b; Wu et al., 1974; Vond
racek et al., 1988). They are generally silver in 
color, sometimes with a greenish hue, with scat
tered gray and black markings (Lake, 1959). They 
have a single dorsal fin, with multiple fin rays, and 
a large rounded caudal fin (Grant, 1978). 

Through differences or changes in the degree 
of melanism in the skin, the general darkness in 
appearance of Gambusia varies both between 
individuals and populations, and also within 
individuals in accordance with their environ
ment. There is sometimes noticeable variation in 
degree of melanistic color within and between 
populations of Gambusia (Sumner and Douder
off, 1938; Snelson et al., 1986). In addition, 
Gambusia are apparently able to change in 
appearance in accordance with the darkness of 
their surrounding conditions, through the aggre
gation and desegregation of melanin pigment in 
the chromomatophores (Sumner, 1934, 1935a, b). 
Individuals that have been kept for 7 weeks or 
longer in black tanks are darker in appearance 
than individuals kept in white tanks (Sumner, 
1934, 1935a, b). If these individuals are trans
ferred into a container of the opposite color to 
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the tanks they have been in, they change in color 
with the dark fish becoming lighter and the light 
fish becoming darker, but remain distinguishable 
for several days from other fish that have not 
been given a different background color 
(Sumner, 1934, 1935a, b). 

Male Gambusia have an external organ called 
a gonopodium, which is the anal fin, modified 
during development to provide a tube for the 
passage of sperm into the urogenital opening of 
the female during mating (Constantz, 1989). 
Some of these developmental modifications per
mit the male to swing the gonopodium forward, 
so that it points anteriorily and slightly laterally 
and can penetrate the posteriorly opening female 
urogenital opening (Peden, 1975; Howell et al., 
1980). The gonopodial tip is equipped with barbs 
and spines that serve as holdfast devices during 
its brief insertion into the female urogenital 
opening (Rosen and Gordon, 1953). 

Gambusia have internal and external morphol
ogy that reflects their diet and foraging behavior. 
They have strong, conical teeth and a relatively 
short esophagus and intestine, typical traits of 
predatory fish (Odum and Caldwell, 1955; Rosen 
and Mendelson, 1960; Meffe and Snelson, 1989). 
They have a small, dorsally oriented mouth and a 
dorso-ventrally flattened head (Lewis, 1970), 
which fit their habit of foraging at and near the 
water surface (see below). They have no cephalic 
canals (Rosen and Mendelson, 1960) and, hence, 
have relatively poor ability to detect water distur
bances or vibrations (Walker, 1987; Helfman 
et al., 1997). They presumably rely more on sight 
to detect prey, predators and other physical 
objects (Lanzing and Wright, 1982). 

The two species can be distinguished on the 
basis of differences in external morphology, chro
mosome morphology and genetic makeup. They 
differ in the number of dorsal fin rays, with 
G. affinis having seven and G. holbrooki having 
eight (Grant, 1978). Both species have 24 chro
mosome pairs, but a differing sex determining 
mechanism (Roberts, 1965; Black and Howell, 
1979; Angus, 1989). G. affinis shows chromosomal 
heteromorphy with a WZ-ZZ sex determining 
mechanism, while in G. holbrooki there is no 
chromosomal heteromorphy and the mechanism is 
XX-XY (Chen and Ebeling, 1968; Black and 
Howell, 1979; Howell et al., 1980; Angus, 1989). 

Earlier estimates of chromosome number for these 
two fish species were incorrectly low (Geiser, 
1924). G. affinis and G. holbrooki show differing 
patterns of genetic allele frequencies and an abrupt 
differentiation in local genetic constituence be
tween them (Wooten et al., 1988). 

Age/sex categories 

Four age/sex categories, namely adult males, adult 
females, immature males and others, can be 
distinguished amongst free-swimming fish on the 
basis of externally visible characteristics. Individ
uals with gonopodia (external insemination 
organs) that are not fully developed (see below) 
are considered immature males (Stearns, 1983; 
Meffe, 1992). Individuals that lack a gonopodium 
and have a dark, peritoneal spot on the side of the 
body above the gonoduct are mature females 
(Peden, 1973; Howell et al., 1980). In addition, 
yolked eggs about 1 mm in diameter can, in some 
cases, be seen in the abdomen of a pregnant female 
when viewed against a strong light (Stearns, 1983). 
Mature but sterile males can also be recognized on 
the basis of a relatively forward position of the 
anal fin, but without the development of this fin 
into a gonopodium (Geiser, 1924). 

In some cases it may be possible to assign 
individuals to an age/sex category on the basis of 
just their size, but variability in rates of growth 
and development generally make this difficult 
(Yan, 1987; Zulian et al., 1993). Because males 
born relatively late in the breeding season mature 
more slowly and at a larger size than males born 
earlier, mature males sampled late in the season 
may, for example, be markedly smaller than males 
that are still maturing (Hughes, 1985c). An indi
vidual that is the size of an immature male but 
lacks a developing gonopodium, is more likely to 
be an immature female than a late developing 
male. 

Taxonomy and systematics 

The taxonomy of the two species G. affinis and 
G. holbrooki has changed considerably over the 
years. Gambusia affinis and a synonymous species, 
G. patruelis, were described in 1853 from two 
locations in Texas (Baird and Girard, 1853). 
Gambusia holbrooki was described a year later by 
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Agassiz on the basis of specimens from Charles
ton, South Carolina, and again by Girard in 1859 
(Jordan and Gilbert, 1882; Jordan and Evermann, 
1896). Subsequently these three species were con
sidered to be a single species G. affinis (Jordan and 
Gilbert, 1882; Jordan, 1885) with G. patruelis and 
G. affinis being considered to be a single sub
species G. affinis affinis and G. holbrooki to be a 
second sub-species G. affinis holbrooki (Hilde
brand, 1927; Collier, 1936; Hubbs, 1957a; Rivas, 
1963). In 1979, these two subspecies were recog
nized as semi-species (Black and Howell, 1979), 
and finally in 1988 they were considered separate 
species, Gambusia affinis and G. holbrooki (Wooten 
et al., 1988; Smith et al., 1989). This is the present 
situation. 

Because of the changing taxonomic relation
ships between G. affinis and G. holbrooki, and 
because of complex patterns of translocation of 
these two species throughout the world, it is often 
difficult to be certain as to whether a study or 
project has involved G. affinis or G. holbrooki or 
both species (Krumholz, 1948; Lloyd et al., 1986). 
The Gambusia in Australia were not, for example, 
identified as G. holbrooki until 1981 (Milton and 
Arthington, 1983; Lloyd and Tomasov, 1985) and 
almost all published articles prior to 1985 refer to 
them as G. affinis (Arthington and Milton, 1983; 
Lloyd, 1984). However, some confusion regarding 
their species identity has continued through to at 
least the early 1990s with some published articles 
continuing to refer to Australian Gambusia as 
G. affinis (Koehn and O’Connor, 1990; Hughes 
et al., 1991). A similar situation has occurred in 
Europe (Vargas and de Sostoa, 1996). In addition, 
despite the current general recognition of G. affinis 
and G. holbrooki as distinct species, some recent 
studies still refer to them as subspecies of G. affinis 
(Komak and Crossland, 2000). 

Hybridization and sub-specific variation 

These two fish species have been found to hybrid
ize with other members of the genus Gambusia 
including G. georgei (Hubbs and Peden, 1969), 
G. nobilis and G. heterochir (Hubbs, 1957a, b; 
Hubbs and Delco, 1960; Yardley and Hubbs, 
1976). The prevalence of such hybridization is, 
however, presently unknown. 

Gambusia show patterns of geographic varia
tion in terms of population genetics, morphology, 
physiological processes, physiological tolerances, 
biochemical characters and behavior, with the 
degree of dissimilarity between populations 
increasing with either the geographic distance 
between them or with the degree of habitat 
difference between the sites where they occur. 
Differences between populations have, for exam
ple, been found in terms of annual lipid cycle, 
enzyme activity levels, protein concentration, body 
size, weight and shape, a number of life-history 
parameters, resistance to insecticide and other 
toxins, temperature tolerance and tolerance of 
high salinity (Otto, 1973; Angus, 1983; Stearns, 
1983; Meffe and Snelson, 1993a; Fuernwein et al., 
2004). Langerhans et al. (2004) found that 
Gambusia from populations where predatory fish 
were present were able to swim faster than fish 
from predator-free populations and exhibited 
morphological differences that were expected to 
be associated with higher swimming speed. Genet
ic differences in terms of allele frequencies have 
been found between different populations of Gam
busia (Smith et al., 1983; Kennedy et al., 1985; 
McClenaghan et al., 1985; Hughes et al., 1991). 
The pattern of genetic heterogeneity has been 
found to be correlated with environmental vari
ables such as water temperature and flow charac
teristics (Smith et al., 1983; Liu et al., 1985) and 
the presence in the water of contaminants such as 
organochloride pesticides (Hughes et al., 1991) 
and radionuclides (Theodorakis and Bickham, 
2004). In other cases little association with habitat 
has been found (McClenaghan et al., 1985; 
Zimmerman et al., 1987). In general, neighboring 
Gambusia populations have been found to be 
genetically more similar to each other than more 
distantly separated populations (McClenaghan 
et al., 1985), though sometimes there are signifi
cant genetic differences over short distances 
(Stearns and Sage, 1980). 

Patterns of genetic variation within Gambusia 
populations are, however, not necessarily con
stant. In some cases the pattern of genetic varia
tion within a population has been found to change 
over time, especially if conditions change (Smith 
et al., 1983; McClenaghan et al., 1985; Congdon, 
1989), while in other cases allele frequencies have 
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displayed temporal stability across years (McCle
naghan et al., 1985). 

These patterns of variation may involve evolu
tionary changes within Gambusia populations or 
flexible responses by individual animals. Variation 
in physical traits of the fish such as morphology, 
physiology or biochemistry may be due to evolu
tion, brought about by differential selection pres
sures, or to the effects of different circumstances 
on individual animals (Zimmerman et al., 1987). 
On the other hand, the spatial and temporal 
patterns of genetic variation are believed to be 
brought about through a combination of selection, 
inbreeding, genetic drift and genetic exchange 
between populations (Yardley and Hubbs, 1976; 
Smith et al., 1983; McClenaghan et al., 1985). 
Artificial selection experiments have shown that 
some traits can be selected for and, hence, must 
have a genetic component. These traits include 
body weight, growth rate, age at maturity and size 
of first brood (Busack, 1983; Busack and Gall, 
1983). 

Despite the noticeable geographic variation 
within Gambusia, no sub-species of either G. affinis 
or G. holbrooki have been formalized with taxo
nomic status and a Latin name. 

Habitat preference 

Gambusia are able to utilize a very wide range of 
habitats across a very broad range of landscapes 
and environments and are able to tolerate, and at 
times thrive, under significantly different physical, 
chemical and biological characteristics (Rees, 
1958; Lloyd et al., 1986; Hubbs, 2000). However, 
this section focuses on habitat preference while 
patterns of habitat-use are reviewed elsewhere 
(Pyke, unpublished). 

Observations and experiments indicate that 
Gambusia prefer the habitats in which they are 
generally found over other available habitats. 
They prefer, for example, water temperatures 
around 31–35 �C to other temperatures. Winkler 
(1979), for example, observed that Gambusia 
exhibited daytime migrations between relatively 
deep and shallow water and attributed this to 
temperature changes in the water with the fish 
having a preference for 31 �C. Maglio and Rosen 
(1969) observed diurnal variation in the two-
dimensional distribution of Gambusia across a 

pond with variable depth and temporal variation 
in the pattern of sun and shade. In addition, 
laboratory choice experiments indicated that 
Gambusia prefer water temperatures around 31– 
35 �C to both higher and lower temperatures. 
Cherry et al. (1976) found, for example, that G. 
holbrooki (based on geographic location) preferred 
a water temperature of about 35 �C and had an 
upper temperature avoidance limit of 39 �C, 
regardless of whether they were acclimated at 30 
or 36 �C. Similarly, Winkler (1979) found that G. 
affinis, acclimatized to temperatures above, below 
and at 31 �C, have a preferred temperature of 
31 �C. It is not clear, however, whether these 
observations demonstrate a genuine difference 
between G. affinis and G. holbrooki in preferred 
temperature as the studies differed in methodology 
and involved single populations of each species 
(Cherry et al., 1976; Winkler, 1979). Gambusia 
have also been found to prefer calm water over 
turbulent water, areas without any aquatic vege
tation over areas with just a floating layer of 
aquatic vegetation, and areas with submerged 
natural vegetation or submerged plastic model 
vegetation over areas that either lack aquatic 
vegetation or have only a floating layer (Casterlin 
and Reynolds, 1977). 

Gambusia prefer water that is shallow (i.e., 
about 8–15 cm deep), but not too shallow. Its 
preferences with regard to substrate are less clear. 
In laboratory experiments Casterlin and Reynolds 
(1977) observed a preference for dark over light 
substrate. However, Maglio and Rosen (1969) 
found that substrate preference depended on the 
sex and reproductive status of the fish tested and on 
the topography of the underlying substrate. They 
found that, when water depth is constant at about 
7.6 cm and fish have a choice between black and 
white substrate, non-pregnant females and females 
in early stages of pregnancy show a high preference 
for the black substrate, but this preference declines 
as pregnancy advances, while newborn fish show a 
low preference for the black substrate. They also 
found that when the experimental aquarium was 
tilted, the fish generally choose the deeper end 
when this end had a depth of 7.6 or 15.2 cm 
regardless of the substrate. Miura et al. (1979) 
found that Gambusia preferred pond areas that 
were <20 cm deep to equally available areas that 
were about 35–60 cm deep, regardless of whether 
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or not emergent aquatic vegetation was present. 
Habitat preference in Gambusia may also depend 
on individual age and size. Adults are generally 
observed in shallow, open water while immature 
fish tend to aggregate in shallow, densely vegetated 
areas (Miura et al., 1979). 

The nature and extent of any diurnal or 
seasonal variation in patterns of habitat use by 
Gambusia are also unclear. Gambusia can be 
observed swimming near the water surface both 
during the day and at night, though they are often 
more conspicuous at night (Pyke, personal obser
vation). Foraging by Gambusia has been reported 
to occur throughout the day with peaks in the 
early morning and at dusk (see below). Much 
lower densities of Gambusia are observed during 
the winter than during the warmer months of the 
year, but it is unclear how much of this is due to 
reduced population sizes in the winter versus 
sheltering behavior that makes them less observa
ble. Such sheltering behavior may include retreat
ing to relatively deep pond areas or burrowing in 
the mud. Gambusia have sometimes, for example, 
been observed immobile and scattered over the 
bottoms of deeper pools (Winkler, 1979), and, by 
burrowing into the mud, they may be able to 
survive the icing over of some ponds or other 
inimical conditions (Lloyd, 1984). 

Biology of individual animals 

Physiology 

Gambusia are able to store fats or lipids in ways 
that give them considerable flexibility in terms of 
survival and reproduction (Reznick and Braun, 
1987; Meffe and Snelson, 1993b). Gambusia have 
been found to show different patterns of lipid 
storage and utilization, depending on how cold it 
is during the winter, with winter survival making 
use of relatively more of the lipid supply in 
relatively cold areas (Meffe and Snelson, 1993b). 
Gambusia, in populations from northern USA 
where winters are relatively severe, deposited large 
lipid stores in autumn and late summer and used 
some of these stores as an energy source to survive 
the winter and to produce the first clutches in the 
spring (Reznick and Braun, 1987; Meffe and 
Snelson, 1993b). Further to the south in South 

Carolina where winters are milder, the amount of 
lipid stored in somatic tissue was highest during 
the non-reproductive autumn/winter months and 
lowest during the March–September reproductive 
period, when large amounts of lipids shifted to the 
ovaries, eggs and developing embryos, while the 
reproductive tissues showed the reverse pattern 
(Meffe and Snelson, 1993b). In addition, individ
ual Gambusia can delay maturation or cease 
breeding before the end of the breeding season, 
storing fat instead for subsequent use to enhance 
either winter survival or reproduction at the onset 
of the next breeding season (Reznick and Braun, 
1987). 

Gambusia physiology has also been investigated 
with regard to metabolic rate and provision of 
maternal resources to developing embryos. 
Gambusia are generally considered to have yolk 
dependent (i.e., lecithotrophic) embryos rather 
than embryos that receive a continuous supply of 
maternal nutrients via a blood supply connection 
with the mother (i.e., matrotrophic) (Reznick and 
Miles, 1989; Howe, 1995). However, Wourms 
(1981) pointed out that a constant dry weight of 
the embryo during gestation suggests that the 
developing embryo gets about 30–40% of its 
resources from the mother. In addition, Marsh-
Matthews et al. (2001) found experimental evi
dence of maternal-to-embryo nutrient transfer in 
Gambusia geiseri, suggesting the same is probably 
true for G. affinis and G. holbrooki. Finally, 
metabolic rate for stationary Gambusia has been 
found to increase with increasing temperature 
(from 10 to 35 �C) and with reduced level of 
dissolved oxygen (Cech et al., 1980; Cech et al., 
1985), but it remains relatively constant as salinity 
varies from 0 to 20 ppt (Akin and Neill, 2003). 

Growth, development and morphological 
relationships 

Fertilization in Gambusia is internal and young 
develop inside the mother until they are born as 
small free-swimming fish (Wourms, 1981). Birth of a 
clutch of young usually lasts from 1 to 3 h, but may 
extend to up to 1–2 days (Smith, 1912; Hildebrand, 
1919b; Herms and Gray, 1940). 

Growth and development of Gambusia can be 
divided into three phases. The first or gestation 
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phase involves eggs and embryos from the time of 
fertilization to the time when they are born. 
During the second or immature phase the fish 
change from immatures to adults, and the final 
phase is the period when the fish are adult. 

The durations of these phases show consid
erable variation amongst individuals and from 
one time of year to another. The gestation 
period is usually 22–25 days (Krumholz, 1948; 
Lloyd et al., 1986), but can extend from 15 to 
50 days depending on water temperature, season 
and locality (Gall et al., 1980; Reznick, 1981; 
Milton and Arthington, 1983; Fernandez-Del
gado, 1989). For males the immature phase has 
lasted 18 days to 8 weeks in most studies (Lloyd 
et al., 1986; Meffe, 1992), but can also range up 
to about 8 months (Trendall, 1982). For females 
it has lasted about 18 days to 10 weeks in most 
studies (Lloyd et al., 1986; Vondracek et al., 
1988; Meffe, 1992), and up to about 8 months 
if water temperature is low (Hildebrand, 1919a; 
Vondracek et al., 1988). In addition, Hughes 
(1985c) showed that males born early in the 
breeding season matured rapidly at small body 
size, while males born later in the breeding 
season delayed maturation and achieved larger 
size. 

Developmental changes occur within at least 
the first two of these phases. When the ovaries 
of pregnant females have been dissected, a series 
of sequential embryonic stages have been ob
served, though the number of recognized stages 
has varied from three to six to ten (Peden, 1973; 
Meffe, 1987; Brown-Peterson and Peterson, 1990; 
Galat and Robertson, 1992). Soon after fertil
ization eyes form in the developing embryos, and 
the presence of these eyes is sometimes used to 
distinguish embryos from unfertilized eggs 
(Peden, 1973; Brown-Peterson and Peterson, 
1990). From about the time of birth there are 
visible differences between the internal male and 
female reproductive systems that permit the 
sexing of young, as well as older developmental 
stages (Kuntz, 1913; Seale, 1917; Geiser, 1924; 
Hildebrand, 1927). In males, the gonopodia 
begin to form during the immature phase and 
reproductive maturity is considered to have been 
reached when these gonopodia are fully devel
oped (Trendall, 1982; Busack and Gall, 1983; 
Meffe, 1992). At this stage the hooks at the ends 

of two of the rays (i.e., 4p and 5) are free of 
opaque tissue, giving the apex of gonopodium a 
distinctly pointed appearance (Busack and Gall, 
1983). There are also changes that occur within 
the male testes during the development of 
spermatogonia (Kuntz, 1913; Geiser, 1924; Hil
debrand, 1927; Harrington, 1974). As female 
immatures age, they develop both mature, yol
ked eggs within their ovaries and a dark, 
periproctal spot, which stimulates males to 
attempt copulation and hence apparently indi
cates they are reproductively mature (Stearns, 
1983). Females are assumed to have reached 
reproductive maturity when either one of these 
changes is observed (Stearns, 1983). No devel
opmental changes during the adult phase for 
females have so far been reported. 

Gambusia grow, both in size and weight, 
through each of these phases. Eggs range in 
diameter from about 0.2 to 1.0 mm when imma
ture and reach about 1.4–1.8 mm when mature 
(Vargas and de Sostoa, 1996). Embryos are 
initially about 2.2 mm in diameter (Vargas and 
de Sostoa, 1996). As embryos they increase in 
snout-anus length from an initial 1.6 to 2.1 mm 
(Geiser, 1924; Wu et al., 1974) to a length of about 
6–8 mm at birth (Rees, 1958; Meffe, 1990). During 
this gestation period, however, embryo weight 
remains relatively constant (Wourms, 1981), with 
early-eyed embryos having a dry weight of about 
1.1–2.4 mg (Stearns, 1983), and the dry weight of 
newborn young being about 0.6–2.8 mg (Stearns 
and Sage, 1980; Meffe, 19871990). In males, 
gonopodia begin to form and can be recognized 
on the basis of anal fin structure at an average 
snout-anus length of about 15 mm (Ham, 1981), 
with reproductive maturity being reached at an 
average snout-anus length of about 17–20 mm, 
ranging from about 13 to about 23 mm (Hilde
brand, 1919b; Trendall, 1982; Merrick and Sch
mida, 1984; Meffe, 1992). In females, reproductive 
maturity is reached at an average standard length 
of about 17–20 mm, ranging from about 13 to 
24 mm (Hildebrand, 1927; Trendall, 1982; Meffe, 
1992). Consistent with this, the smallest pregnant 
Gambusia are generally about 20 mm in length 
(Ham, 1981), but have been recorded as small as 
16 mm (C. Hubbs, personal observation). 

Males and females, therefore, generally mature 
at about the same body length. As immatures, 
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both male and female Gambusia grow at a roughly 
constant rate of about 1–2 mm per week until they 
reach maturity (Seale, 1917; Sokolov, 1936; Scho
enherr, 1981; Trendall, 1982; Stearns, 1983). Males 
and females generally mature at about the same 
age. During this phase they also increase in weight 
as they grow and develop from a weight (i.e., wet 
weight) of about 3.8 mg when newborn, to adult 
weights of about 0.2–1.0 g for females and about 
0.13–0.20 g for males (Ryder, 1882; Brown and 
Fox, 1966; Lewis, 1970). During this phase females 
increase in weight faster than males with females 
being heavier on average than males of the same 
length (Vargas and de Sostoa, 1996). As adults, 
males grow very little while females continue to 
grow (Johnson, 1976; Hughes, 1986; Zulian et al., 
1993; Vargas and de Sostoa, 1996). Mature 
females are consequently generally larger than 
mature males with snout-anus lengths rarely 
exceeding about 3.5 cm for males and about 
6 cm for females (Hildebrand, 1919b; Vondracek 
et al., 1988). 

This variation in duration of the different 
phases of development may be due, at least in 
part, to the effects that various physical, chemical 
and biological factors have on the rates of devel
opment and growth. Growth rate in Gambusia has, 
for example, been found to be influenced by water 
temperature, salinity, diet, rate of food consump
tion, and density of conspecifics. The rate of 
development has been found to vary with temper
ature and conspecific density. In all cases the rates 
of growth and development either increase or 
decrease together (see below). Development rate 
and phase duration are necessarily inversely 
related. 

Growth and developmental rates in Gambusia 
are greater, and age at maturity less, at 25–30 �C 
than at other temperatures. Meffe (1992) found 
that Gambusia grew faster and matured at a 
younger age and smaller size when kept at a 
relatively high 32 �C as compared with fish kept at 
a more normal 25 �C. Wurtsbaugh and Cech 
(1983) found that growth rate at a food ration 
level equivalent to 20% dry body weight/day 
peaked at 25 �C. Meffe and Snelson (1989) found 
that temperature and salinity interact to affect 
growth with maximum growth occurring at a 
temperature of 25 �C and salinity of 5 ppt. Snelson 
(1989) found that growth rate increases with 

increasing temperature up to about 25–30 �C and 
then declines. Vondracek et al. (1988) found that 
growth rate at 20 �C was much lower than at 25 or 
30 �C, and that ages at maturity for male and 
female Gambusia were greater at 20 �C than at 25 
or 30 �C. Vargas and Sostoa (1996) found that, on 
the Iberian peninsula in Spain, Gambusia grew 
during the warmer months and not through the 
winter. 

Growth rate in Gambusia depends on salinity 
but in no consistent fashion. Stearns and Sage 
(1980) found that Gambusia affinis from Texas grew 
more slowly in fresh water rather than in brackish 
(i.e., 10 ppt) water, while Zimmerer (1983) 
obtained the opposite result for Gambusia from 
southern Florida (therefore G. holbrooki). Meffe 
and Snelson (1989) found that, at 25 �C, maximal 
growth rate was obtained at a salinity of 5 ppt. 

Growth rate in Gambusia also varies with diet. 
Meffe and Crump (1987) reported that cannabi
listic Gambusia grew faster than Gambusia that 
were raised on various other diets. Wurtsbaugh 
and Cech (1983) found that growth rates of 
Gambusia fed on Artemia nauplii were higher than 
those that were fed tubifex worms. Reddy and 
Shakuntala (1979) found that, with a mixed diet of 
tubifex worms and mosquito larvae, the rate of 
growth for juvenile Gambusia increased with an 
increasing proportion of worms. 

Growth rate in Gambusia increases with food 
level or ration (Shakuntala and Reddy, 1977; 
Wurtsbaugh and Cech, 1983; Vondracek et al., 
1988). Trendall (1983) found that somatic growth 
rate peaked at intermediate food levels, while 
fecundity and brood mass continued to increase 
with increasing food level. 

Rates of both growth and development in 
Gambusia generally decrease with increasing fish 
density. Stearns (1983) found that female Gambu
sia subjected to crowding in the first 10 days of life 
reached reproductive maturity at about 80 days, 
whereas those kept on their own took about 
40 days. Zulian et al. (1993) found that both age at 
maturity and body length at maturity were higher 
for males grown in groups compared with males 
grown individually, but they found no effect of 
group size on female growth rate. Hughes (1985c) 
attributed slower growth rates of males later in the 
breeding season to the effects of increasing fish 
density through the season. 
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Size differences that develop among individuals 
during one phase of development may or may not 
persist during subsequent growth and develop
ment. The ultimate size attained by male Gambusia 
has, for example, been found to increase with 
increasing size at maturity for individuals grown in 
groups and, hence, maturing at a relatively large 
size, but male ultimate size is thought to be 
unrelated to size at maturity for individuals grown 
singly and, hence, maturing at a relatively small 
size (Zulian et al., 1993). 

Body weight and various other size-related 
measurements increase with body length in 
Gambusia. Body weight, for example, increases in 
proportion to the snout-anus length raised to 
about the power 3.5 with no difference 
between males and females (Liu et al., 1985; 
Brown-Peterson and Peterson, 1990). In addition, 
total gut length and mouth gape size increased 
linearly with increases in snout-anus length 
(Booth, 1980). 

Little is known about the underlying physio
logical mechanisms that control growth and devel
opment in Gambusia, though experimental work 
indicates that the normal pattern of sexual devel
opment in Gambusia is under the partial control of 
sex hormones. Turner (1941a, b, 1942b) found 
that the normal patterns were disrupted by either 
castration or exposing individuals to the andro
genic hormone ethinyl testosterone. 

Reproduction 

Both male and female Gambusia have annual 
reproductive cycles with a distinct breeding season 
that, in most locations, extends from about mid-
spring until mid-autumn with a peak in summer. 
Mature males generally show an annual testicular 
cycle, with a period of spermatogenesis from about 
mid-spring to mid-autumn and a period of testic
ular quiescence during the remainder of the year 
(Fraile et al., 1992, 1993; Fraile et al., 1994). 
Spermatozoa are released from the testis during 
almost the entire spermatogenesis period (Self, 
1940; Fraile et al., 1992). Mature females show an 
essentially identical annual cycle in terms of 
reproduction, with ovarian maturation beginning 
in early-spring and oogenesis occurring through
out the period from mid-spring to mid-autumn 
(Self, 1940; Brown-Peterson and Peterson, 1990). 
Pregnant females are also generally found 

throughout this latter period (Hildebrand, 1919b; 
Hughes, 1985b; Brown-Peterson and Peterson, 
1990). During the non-reproductive months ova
ries represent a negligible amount of total body 
weight and contain a very small amount of lipids 
(Meffe and Snelson, 1993a). Reproductive activity 
apparently peaks during early- to mid-summer in 
most areas with both maximum testicular volume 
and maximum percentage of pregnant females 
occurring at this time (Hughes, 1985b; Fraile 
et al., 1992). 

However, the breeding season for Gambusia 
sometimes varies from one location to another 
within a region as an apparent function of local 
water temperature and might be expected to vary 
geographically as well. In early-spring almost all 
females in thermally heated water were, for exam
ple, pregnant while no females from a nearby site 
with relatively cold water were pregnant. Despite 
the relatively warm and constant water tempera
tures at the thermal site, pregnant females were 
rarely found there during the period from mid-
spring to mid-summer (Galat and Robertson, 
1992). Similarly, for a pond in winter that was 
heated by thermal effluent, Ferens and Murphy 
(1974) found that the percentage of females greater 
than 30 mm in length bearing eyed-embryos was 
linearly related to the water temperature and that no 
females from non-heated areas were carrying eyed-
embryos. Similarly the breeding season in thermally 
heated pools in Utah started earlier and finished 
later than that in unheated pools (Rees, 1958). In 
regions where there is a summer dry period and a 
winter wet period and where winter temperatures 
are generally mild, Gambusia might breed mostly 
during the winter. 

Experiments using G. affinis collected in Spain 
(Fraile et al., 1994), Texas (Medlen, 1951) and 
Japan (Koya et al., 2004) have shown that tem
perature, photoperiod and reproductive state are 
all important in determining (in a proximal sense) 
reproduction in Gambusia. Mild temperature (i.e., 
20 �C) at the end of the quiescence period induced 
spermatocyte formation independent of the pho
toperiod, but both mild temperature and relatively 
long photoperiod (i.e., 16L:8D) were required for 
meiosis and spermiogenesis (Fraile et al., 1994). 
However, mild temperature and long photoperiod 
had no effect on spermatogenesis in the late phase 
of testicular quiescence (Fraile et al., 1993). 
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Medlen (1951) found little or no evidence of 
reproduction amongst female Gambusia if the 
water temperature was less than about 16 �C 
regardless of other conditions and also that 
females under an extended light regime became 
pregnant earlier than other females. He concluded 
that both photoperiod and water temperature 
regulate reproduction in Gambusia, with photope
riod playing a relatively minor role. Koya et al. 
(2004) found that parturition intervals became 
shorter at higher temperatures under constant 
photoperiod, and shorter under longer day-length 
periods at a constant temperature. They concluded 
that temperature primarily influences the rate of 
embryonic development while photoperiod pri
marily affects the progress of vitellogenesis (timing 
of fertilization after parturition) and has little 
effect on embryonic development. Gambusia kept 
in aquaria may produce young during the winter 
months (Self, 1940). The reproductive responses to 
these and other factors could, of course, change 
evolutionarily and, hence, lead to different repro
ductive patterns in different regions. 

Female Gambusia that are pregnant with a litter 
of young do not usually become pregnant again 
until after the first litter is born, Therefore, 
superfetation, or the presence of more than one 
litter of developing embryos in the same animal at 
the same time, does not usually occur in Gambusia 
(Turner, 1937; Scrimshaw, 1944; Trendall and 
Johnson, 1981; Reznick and Miles, 1989). This is 
best indicated by the observations that females 
with developing embryos may also have maturing 
unfertilized eggs but not fertilized eggs (Vondracek 
et al., 1988; Vargas and de Sostoa, 1996), and 
there is usually a pause of several days to 2 weeks 
between the birth of one litter and fertilization of 
the next (Turner, 1937; Reznick and Miles, 1989). 
However, that Gambusia may occasionally have 
superfetation is suggested by the observation that 
there may sometimes be a range of developmental 
stages of embryos present in the ovary (Scrim
shaw, 1944; Nelson, 1983), though this could 
reflect variation within a litter rather than different 
litters. 

Female Gambusia can store viable male sperm 
and have considerable flexibility in terms of when 
their eggs are fertilized. They may retain viable 
sperm in their oviducts for several months after 
their last mating and may produce multiple broods 

using sperm from a single mating (Hildebrand, 
1919b; Krumholz, 1948). They can, in particular, 
retain viable sperm over the non-reproductive 
period (Haynes, 1993). This makes it very difficult 
to know when mating has occurred and it is not 
clear whether Gambusia mate just once during a 
breeding season, or more often (Turner, 1937). It is 
likely that retained sperm are nourished within the 
lining of the ovary (Hoar, 1969). 

Male Gambusia are apparently capable of 
successful mating any time during the spermato
genesis period which extends through the breeding 
season. Spermatozoa are released from the testis 
during almost this entire period, but those formed 
at its end remain in the testis during the quiescent 
period and are released at the beginning of the nest 
spermatogenesis period (Self, 1940; Fraile et al., 
1992). 

Gambusia females may have multiple broods 
over a single breeding season, with older and 
larger females having more broods during the 
breeding season than younger females. That this 
should be possible is suggested by the short 
durations of both gestation and pre-fertilization 
periods relative to the length of the breeding 
season. With a gestation period as short as 2– 
3 weeks and as little as about a week between birth 
of one litter and fertilization of the next, it is 
theoretically possible that Gambusia females will 
reproduce about every 3–4 weeks (Turner, 1937). 
If maintained over an entire breeding season of 
about 6–7 months, this could result in up to about 
nine broods per female per season. Laboratory 
studies have in fact observed intervals between 
broods as low as 28–30 days (Turner, 1937; 
Trendall, 1982). Six consecutive broods during 
one breeding season have been observed on a 
number of occasions (Hildebrand, 1919a; Milton 
and Arthington, 1983), and the maximum ob
served number of broods per female per season has 
been nine (Milton and Arthington, 1983). Both 
Krumholz (1948) and Maglio and Rosen (1969) 
found that females that are breeding in their 
second season had 4–5 broods, whereas smaller 
young-of-the-year females generally produced no 
more than two broods. 

It is not clear how many broods a single 
Gambusia female can and does have during her 
lifetime. According to Minckley (1973), a single 
female may produce up to about five broods in her 
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lifetime. However, if a female that had nine broods 
in one season (as described above) and was able to 
breed again in the following season, then she 
would have produced 10 or more broods over her 
lifetime. There could, however, be a tradeoff 
between reproduction and survival so that such 
theoretical lifetime fecundity is rarely if ever 
achieved. 

That Gambusia populations are capable of 
having multiple generations within the one breeding 
season is suggested by the short durations of both 
gestation and pre-adult periods relative to the 
length of the breeding season. With a gestation 
period of 2–3 weeks and 1–2 months between when 
an individual is born and when it is reproductively 
mature (see above), it is possible for there to be up to 
3–4 successive generations during a single breeding 
season with about 2–3 months between each gen
eration. Rees (1958) reported that there are 3–4 
generations per breeding season in normal unheated 
ponds in Utah and even more in thermally heated 
ponds. 

Clutch size in Gambusia varies considerably. 
Average clutch sizes have ranged from 5 to over 100 
(Krumholz, 1948; Hoy and Reed, 1970; Brown-
Peterson and Peterson, 1990), while minimum 
clutch sizes have ranged from 1 to 84 (Smith, 1912; 
Gall et al., 1980) and maximum clutch sizes have 
ranged from 10 to 375 (Krumholz, 1948; McDo
wall, 1978; Trendall, 1982). 

A number of factors have been found to influ
ence clutch size in female Gambusia, including age at 
first reproduction, whether early or late in the 
breeding season, level of available food, female 
body weight or length, and geographic location. 
Females that breed for the first time in their second 
breeding season, having been born near the end of 
the previous breeding season, have larger clutches 
than females that breed in the same season in which 
they were born and are only about 1–2 months old 
(Krumholz, 1948; Maglio and Rosen, 1969; Haynes 
and Cashner, 1995). Because of this, clutches are 
generally larger at the beginning of the breeding 
season than later on (Wu et al., 1974; Hughes, 
1985b; Meffe and Snelson, 1993a). Clutch size 
increases with increasing level of available food 
(Gall et al., 1980; Meffe, 1986) and with increasing 
female body length or weight (Busack and Gall, 
1983; Milton and Arthington, 1983; Vondracek 
et al., 1988; Brown-Peterson and Peterson, 1990). 

Schoenherr (1981) found a linear increase in clutch 
size with female body length, while others found 
that it was exponential (Wu et al., 1974; Hughes, 
1985b; Kennedy et al., 1986). Clutch size has been 
found to increase linearly with body weight and to 
depend on geographic location (Wu et al., 1974; 
Vargas and de Sostoa, 1996). Clutch size has so far 
been found to be unaffected by water temperature 
(Vondracek et al., 1988). 

Females invest relatively more body resources 
into reproduction than males. Female gonad 
weight has sometimes, for example, reached 
almost 25% of total weight, whereas male gonad 
weight has rarely reached 4% (Vargas and de 
Sostoa, 1996). 

Courtship and mating 

The courtship/mating in Gambusia involves three 
distinct phases: association, courtship and mat
ing. During the association phase males and 
females tend to move together, males often 
congregate around a female and males are 
generally aggressive towards one another, with 
the larger individual in a group becoming 
dominant and chasing others away from the 
vicinity of the female (Itzkowitz, 1971; Hughes, 
1985a; Bisazza and Marin, 1991). This associa
tion occurs mostly in late spring and early 
summer; at other times males and females are 
more dispersed (Maglio and Rosen, 1969; Mar
tin, 1975). Courtship usually involves the female 
and the dominant male of her attendant group, 
and may include one or more matings (Bisazza 
and Marin, 1988). Courtship and mating in 
Gambusia also peak in late spring and early 
summer (Maglio and Rosen, 1969; Martin, 
1975). 

Courtship in Gambusia involves sexually 
aggressive approaches to the female by the male 
and acceptance or rejection on the part of the 
female. The overt courtship behavior of the 
males may include the gonopodial swing, when 
the gonopodium is erected but copulation is not 
attempted, chasing a female without erecting the 
gonopodium, and attempted copulation with 
erect gonopodium (Rosen and Tucker, 1961; 
Haynes, 1993). Before copulation occurs, the 
female will usually either allow the male to 
approach her or she may approach and follow 
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the male (Bisazza and Marin, 1991). She may 
also exhibit ‘arching behavior’, which is thought 
to signal sexual receptivity (Bisazza and Marin, 
1991). She may also simply swim away (Rosen 
and Tucker, 1961). Whether or not copulation 
occurs appears to be under the control of the 
female. 

Copulation attempts by males are generally 
frequent but unsuccessful, and if they are suc
cessful copulation itself is very brief. Attempted 
copulations typically occur at a rate of about 
once per minute (Martin, 1975; Bisazza and 
Marin, 1991) and involve very rapid thrusts of 
the male gonopodia towards the female urogen
ital opening (Haynes, 1993). Copulation involves 
only a very brief contact of the gonopodial tip 
with the oviductal opening (Seal, 1911; Collier, 
1936) and in the closely related G. heterochir 
takes on average only 0.9 s (Warburton et al., 
1957). Though the speed with which attempted 
copulation occurs makes it difficult to distinguish 
successful and unsuccessful copulation attempts 
(Haynes, 1993), it is nonetheless apparent that 
the males often miss their mark (Seal, 1911). 

Male courtship behavior is influenced both by 
the presence of reproductively mature females 
and water temperature. Experiments with artifi
cial models of females have shown that the dark 
anal spots on the females, that indicate female 
maturity, attract the males and facilitate orien
tation when the gonopodium is thrust at the 
females urogenital opening (Peden, 1973). In 
addition, male sexual activity, as measured by 
chases/time, attempted copulations/time and 
average pursuit distance, decreases if the water 
temperature is experimentally lowered, with an 
apparent threshold temperature of 10 �C, below 
which no sexual activity occurs (Haynes, 1993). 

Female Gambusia may sometimes exhibit mate 
choice, but males are unlikely to ever do so. 
Female Gambusia have sometimes been found to 
exhibit a mate preference for relatively large males 
(Hughes, 1985a) and other times to show no size-
based mate preference (Bisazza and Marin, 1991). 
Similar experiments, as well as experiments involv
ing one male and two female fish placed together 
in the same aquarium, have shown that male 
Gambusia affinis discriminate poorly between con
specific females and females of another species 
with which this species is known to hybridize (e.g., 

G. heterochir) in comparison to how well they 
discriminate when the heterospecific female is from 
a species with which hyrbridization does not occur 
(e.g., G. hurtadoi and G. geiseri) (Hubbs and 
Delco, 1960, 1962; Peden, 1975). They therefore 
seem unlikely to discriminate between different 
females within their own species. Furthermore, 
given the relatively small amounts of time and 
other resources invested in reproduction by males, 
males would not be expected to show significant 
mating preference amongst different females 
(Andersson, 1994). On the other hand, the aggres
sive behavior amongst males may limit any choices 
in mates available to the females. 

The extent to which there is reproductive 
isolation between G. affinis and G. holbrooki 
through courtship behavior is unclear. Since 
G. affinis males do not discriminate between 
conspecific females and females of G. heterochir, 
they are unlikely to discriminate with regard to G. 
holbrooki females (Hubbs and Delco, 1960, 1962; 
Peden, 1975). Any discrimination and mate choice 
must be carried out by the females. There are 
differences in male courtship behavior between G. 
affinis and G. holbrooki (Itzkowitz, 1971; Martin, 
1975; Hughes, 1985a; Bisazza and Marin, 1991; 
Haynes, 1993), but it is not known whether female 
Gambusia discriminate on the basis of this 
behavior. 

Foraging, Diet, Food Consumption, Digestion and 
Food Conversion 

Gambusia often obtain necessary food and oxygen 
at or near the water surface. Though Gambusia can 
survive in water with very little dissolved oxygen 
(see below), their survival as dissolved oxygen in 
the general water column approaches zero depends 
on their ability to gain access to the surface of the 
water (Homski et al., 1994), where they either take 
in water that is relatively oxygen-rich at the 
atmosphere-water interface (Lewis, 1970) or 
gulp air from the atmosphere (Odum and Cald
well, 1955; Sjogren, 1972). Gambusia usually for
age near the water surface and often take food 
items from the surface itself (Hildebrand, 1919b; 
Vooren, 1972). Their dorsally oriented mouth and 
dorso-ventrally flattened head facilitate these uses 
of the surface water layer (Lewis, 1970; Lloyd, 
1984). 
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Gambusia show both diurnal and seasonal 
foraging patterns. They forage throughout the 
day (Belk and Lydeard, 1994), with analysis of 
stomach contents suggesting two diurnal peaks in 
feeding activity, one in the morning and another 
around dusk (Hess and Tarzwell, 1942; Walters 
and Legner, 1980). Average food consumption and 
presumably time spent foraging by individual 
Gambusia also varies seasonally, with a peak in 
summer and a trough in winter (Morton et al., 
1988). Morton et al. (1988) found that in winter 
most Gambusia stomachs were empty, suggesting 
that most individuals were not feeding at all at the 
time, while a few stomachs were full, suggesting 
that these few individuals were feeding extensively. 

Gambusia in the wild have diets that include an 
exceptionally wide array of different food types 
and may vary considerably from one time and 
place to another (Rees, 1958; Miura et al., 1979; 
Blanco et al., 2004). Based on analysis of stomach 
contents, these include insects and spiders that 
either land or fall on the water, crustaceans, 
worms, molluscs, larvae and pupae of other 
aquatic invertebrates, algae and other plant mate
rial, smaller fish of both its own and other species 
and diatoms (Crivelli and Boy, 1987; Arthington, 
1989a; Arthington and Marshall, 1999; Garcia-
Berthou, 1999). Based on analysis of faecal sam
ples, wild Gambusia feed on crustaceans, molluscs, 
diatoms and algae (Bay and Anderson, 1966). 
Direct observations of Gambusia feeding are not 
generally reported but wild Gambusia have been 
observed attacking the tails of other larger fish, 
removing pieces of their fins and other body parts 
(Lloyd et al., 1986; Arthington, 1989b). Analysis 
of stomach contents also indicates that the diet of 
Gambusia may vary with time of day and with 
feeding location (Maglio and Rosen, 1969). 

Based on the analysis of stomach contents, it is 
apparent, in particular, that wild Gambusia often 
include mosquito larvae in their diet, but also that 
mosquito larvae typically constitute a small pro
portion of the food eaten (Sokolov and Chvaliova, 
1936; Washino, 1968; Harrington and Harrington, 
1982). Only occasionally mosquito larvae have 
been found to constitute a large proportion of the 
observed diet (Harrington and Harrington, 1961; 
Morton et al., 1988; Lounibos and Frank, 1994). 

Most amphibians have aquatic eggs and larvae, 
yet reports of these food types being included in 

the diets of Gambusia in the wild are conspicuous 
by their general absence. Being soft bodied and 
without hard body parts, the eggs and tadpoles of 
amphibians rapidly disintegrate once ingested by a 
fish, and it not surprising that there are no reports 
of tadpoles from Gambusia stomach contents 
(Reynolds, 1995). There are also very few reports 
of wild Gambusia observed feeding on frog eggs or 
tadpoles (Ghate and Padhye, 1988). Both labora
tory experiments and circumstantial evidence sug
gest, however, that the extent of these reports 
greatly underestimates the importance of amphib
ian eggs and larvae in the diet of Gambusia (see 
below). 

Comparisons of stomach contents of wild 
caught Gambusia with samples of available prey 
show biases towards or away from certain prey 
types, and these biases are generally interpreted as 
indications of feeding preferences (Hess and Tarz
well, 1942; Farley, 1980). Predation by Gambusia 
has, for example, been found to be biased towards 
small versus large tadpoles (Blyth, 1994), chirono
mid larvae and ceratopogonid larvae versus other 
types of invertebrate prey (Hess and Tarzwell, 
1942; Farley, 1980), one kind of mosquito (Culicini) 
rather than another (Anopheles) (Hess and Tarz
well, 1942), late versus early instars of Anopheles 
mosquitoes (Hess and Tarzwell, 1942), and Anoph
eles pupae versus larvae (Hess and Tarzwell, 1942). 
In addition, large Gambusia tend to eat different 
and often larger prey than do smaller fish (Hess and 
Tarzwell, 1942; Farley, 1980). 

These biases could, however, be the result of 
differences in terms of where different prey are 
distributed coupled with biases in terms of where 
the Gambusia choose to feed (Maglio and Rosen, 
1969), or differences in the abilities of the prey to 
hide from or escape the Gambusia (Hess and 
Tarzwell, 1942), or variation in the ability of 
Gambusia to catch different prey. Gambusia are, 
for example, less able to catch food in running 
versus still water, and their predatory efficiency 
declines as water speed increases (Reddy and 
Pandian, 1974). Gambusia are also more likely to 
attack moving than stationary prey. Herms and 
Gray (1940) found that, when mosquito larvae and 
pupae are placed in the same water as Gambusia, 
the first items to be eaten by the Gambusia are the 
larvae, and they suggest that the stationary nature 
of the pupae may make them less susceptible to 
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predation than the moving larvae. Similarly Hil
debrand (1919b) found that Gambusia eat live 
mosquito larvae in preference to dead larvae and 
suggested that movement by a larva greatly 
increases its likelihood of being eaten immediately. 
Similarly Gambusia have been observed to swim 
past stationary mosquito larvae while any that 
begin to move are quickly eaten (Hildebrand, 
1919a; Rees, 1958). 

That Gambusia have wide and flexible diets is 
also indicated by the range of foods that have been 
used to maintain them in captivity. In these 
situations they are usually fed some type of 
commercial fish food (Meffe, 1992; Zulian et al., 
1993; Fraile et al., 1994) but they will also eat a 
wide variety of other food types such as smaller or 
minced Gambusia, including a female’s own young, 
other fish and fish eggs, mosquito larvae and 
pupae, Drosophila adults and pupae, corixid lar
vae, odonate larvae, Daphnia, copepods, back 
swimmers, brine shrimp, oligochaete worms, 
boiled egg, bread soaked in beaten egg and dried, 
finely chopped snails and liver (Seale, 1917; Geiser, 
1924; Dionne, 1985; Meffe and Crump, 1987; 
Murdoch and Bence, 1987). Captive Gambusia 
will, in particular, eat the eggs and tadpoles of 
amphibians if provided with them (Lawler, 1989; 
Gamradt and Kats, 1996; Komak and Crossland, 
2000). 

Gambusia, especially if well fed and not hungry, 
show dietary preferences in choice experiments 
with respect to both prey size and prey identity. 
Consistent with the expectations arising from 
optimal foraging theory (Pyke, 1984), starved 
Gambusia feed indiscriminately (Bence and 
Murdoch, 1986). 

When the alternative prey are relatively small 
invertebrates, Gambusia show a preferred prey size 
which increases with increases in the size of the 
Gambusia. Bence and Murdoch (1986) found, for 
example, that, when feeding on Daphnia, 
Gambusia have a preferred prey size which 
increases with increasing size of the Gambusia. 
Similarly, Homski et al. (1994) found that Gam
busia prefer one mosquito instar level over others 
and that the preferred instar increases with size of 
the Gambusia. Similarly Wurtsbaugh et al. (1980) 
found that larger Gambusia prefer to eat larger 
mosquito larvae (Culex tarsalis). Consistent with 
this, Booth (1980), working with relatively large 

fish and small prey, found that Gambusia preferred 
larger prey. 

When Gambusia are provided with alternative 
foods of different types, they generally exhibit 
some preference amongst them. Gambusia gener
ally eat invertebrate prey in preference to tadpoles. 
Lawler et al. (1999) found, for example, that 
Gambusia attack mosquito (Culex) larvae, Daphnia 
and corixid larvae in preference to tadpoles. 
Reynolds (1995) found that Gambusia eat mos
quito larvae and Daphnia in preference to tad
poles, and Hubbs (1991) reported that Gambusia 
seemed to prefer larval Drosophila over adults and 
Drosophila over Tetramin fish food. Gambusia will 
sometimes eat mosquito larvae in preference to 
other invertebrate prey, but other times the reverse 
is true. Murdoch and Bence (1987) found, for 
example, that Gambusia prefer mosquito larvae 
over back-swimmers (Notonecta sp.), and Seale 
(1917) found that Gambusia prefer to eat mosquito 
larvae rather than corixid larvae. However, Reddy 
and Shakuntala (1979) found that Gambusia prefer 
worms (Tubifex tubifex) over mosquito larvae 
(Culex fatigans). Rees (1958) reported that they 
ate small crustaceans before eating any mosquito 
larvae, and Miura et al. (1979) found that they 
selected against mosquito larvae as food when a 
variety of other aquatic organisms was available. 

When Gambusia have been provided with 
different species of prey from the one prey type, 
they have sometimes exhibited a prey preference 
and sometimes have not. Rajasekharan and 
Chowdaiah (1972) found, for example, that Gam
busia eat one mosquito species (Aedes aegypti) in  
preference to another (Culex fatigans) and Komak 
and Crossland (2000) found that Gambusia prey 
on tadpoles of one frog species (Limnodynastes 
ornatus) in preference to tadpoles of another frog 
species (Bufo marinus). However, Pyke and White 
(2000) did not observe any preferences when 
Gambusia were provided with choices of different 
tadpole species. 

In choosing from among alternative foods, 
Gambusia may prefer food types that yield rela
tively high rates of energy gain, while avoiding 
prey that contain toxic or use repellent chemicals. 
Bence and Murdoch (1986) found, for example, 
that the sizes of Daphnia preferred by Gambusia of 
different sizes were the most profitable in terms of 
food yield per unit time. Kerfoot (1982) found that 



354 

release of hydrogen peroxide by small notonectids 
acts or helps to repel predation by Gambusia. The 
relatively high toxicity of tadpoles of Bufo marinus 
may explain why they are less preferred by 
Gambusia than tadpoles of another frog species 
(Komak and Crossland, 2000). That Gambusia 
generally prefer invertebrate prey to tadpoles may 
similarly be due to the relatively higher toxicity of 
tadpole tissue to this fish. 

Growth and survival of Gambusia depend on its 
diet, with mixed diets possibly yielding the highest 
rates. Growth and survival have, for example, 
been found to be relatively low when Gambusia 
feeds solely on mosquito larvae (Reddy and 
Pandian, 1972; Reddy and Shakuntala, 1979; 
Murdoch and Bence, 1987). Growth of Gambusia 
is better on a diet of tubifex worms than on a diet 
of just mosquito larvae (Reddy and Pandian, 1972; 
Reddy and Shakuntala, 1979), and higher still on a 
diet of shrimp (Wurtsbaugh and Cech, 1983). 
Reddy and Pandian (1972) found that Gambusia 
have a relatively high mortality rate when fed just 
mosquito larvae, especially with Culex sp. rather 
than Anopheles sp. and that Gambusia exhibited 
better survival and growth when fed a mixed diet 
of tubifex worms and mosquito larvae than when 
fed either worms or mosquito larvae alone. Vond
racek et al. (1988) found, similarly, that Gambusia 
had a higher growth rate when fed both tubifex 
worms and commercial fish flake rather than just 
worms. 

Experiments have shown that the rate of food 
consumption by Gambusia depends on water 
temperature and salinity, the sex and body size 
of the fish, available prey size, food abundance, 
and the hunger level of the fish (as determined by 
how long it has been since the fish last had food), 
with increased consumption generally reflecting 
increased food requirements relative to food avail
ability. Food consumption, for example, increases 
with increasing water temperature (Reddy, 1975), 
female Gambusia eat more than males of the same 
size (Reddy, 1975; Shakuntala, 1977), food con
sumption increases with increasing body size (Hess 
and Tarzwell, 1942; Maglio and Rosen, 1969; 
Shakuntala and Reddy, 1977; Homski et al., 
1994), and the number of food items consumed 
per unit time decreases with increasing prey size 
(Homski et al., 1994). In addition, hungry fish eat 
more than less-hungry fish (Dionne, 1985), and 

food consumption increases with increase in the 
level of food abundance (Shakuntala and Reddy, 
1977). 

Experiments have also shown that the rate of 
food consumption depends on what kind or kinds 
of prey are available, in ways generally consistent 
with apparent feeding preferences as discussed 
above. When Gambusia are provided with both 
mosquito larvae (Culex fatigans) and worms 
(Tubifex tubifex), their rates of food consumption 
(weight/fish/day) increase as the proportion of 
worms increases from 0 to 100%, reflecting a 
feeding preference for the worms (Reddy and 
Shakuntala, 1979). Komak and Crossland (2000) 
found that Gambusia show relatively high levels of 
predation on early-stage tadpoles of the frog Bufo 
marinus and lower predation on both eggs and 
later-stage tadpoles of this species, and explained 
this on the basis of the eggs being imbedded in a 
thick gelatinous material, making predation on 
them difficult, and the tadpoles increasing in 
toxicity as they age. When Gambusia and mosquito 
larvae have been offered together, consumption of 
the mosquito larvae by the fish has sometimes 
seemed high (Seale, 1917; Hildebrand, 1919a, b) 
and other times seemed more modest (Reddy and 
Shakuntala, 1979). This may reflect the apparently 
ambivalent responses of Gambusia to mosquito 
larvae in prey preference experiments. 

In Gambusia small prey are digested faster than 
larger prey and the rate of digestion increases with 
increasing water temperature. At about 20 �C 
small fish larvae (<5 mm total length) are digested 
beyond the point of recognition within 2–3 h, 
while larger larvae do not reach this stage until at 
least four hours after ingestion (Ivantsoff and 
Aarn, 1999). At 30 �C digestion of mosquito 
larvae begins about two hours after ingestion 
and complete discharge has occurred by 3–4 h, but 
at 17–23 �C discharge occurs after 5–6 h (Sokolov 
and Chvaliova, 1936). 

The rate at which food consumed by Gam
busia is converted into fish biomass depends on 
the level of food supply, but not on the age or 
size of the fish. When oligochaete worms were 
provided as food for just two hours per day, the 
rate of conversion was about 8%, but it 
increased to about 14% when unlimited food 
was supplied (Shakuntala and Reddy, 1977). At 
both levels of food supply the conversion rate 
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did not depend on fish age (Shakuntala and 
Reddy, 1977). 

Other behavior 

Gambusia exhibits both social and anti-social 
behavior. It is well-known for its aggressive 
behavior, both intra- and inter-specific, towards 
other fish (Courtenay and Meffe, 1989). This 
aggressive behavior includes biting and physical 
pushing or thrusting (Caldwell and Caldwell, 1962; 
Meffe et al., 1983; Meffe, 1985; Lloyd et al., 1986), 
and as a result, dominance hierarchies are estab
lished with larger fish generally dominant over 
small fish (Caldwell and Caldwell, 1962; Bisazza 
and Marin, 1991; Mills et al., 2004). This aggres
sion is not usually site specific and territories are 
rarely defended (Itzkowitz, 1971; Winkler, 1979). 
On the other hand, Gambusia is often found in 
aggregations or in schools that move together, and 
during these times individuals are clearly tolerant 
of other individuals in close proximity (Rees, 1958; 
Maglio and Rosen, 1969; Al-Daham et al., 1977). 

Physical and chemical tolerances 

Changes in the physical and/or chemical environ
ment may influence the likelihood of mortality for 
individual Gambusia with the effects of such changes 
depending on the rate and duration of change, the 
initial environment and how long it was in this state, 
and the final state and how long it has been this way. 
These effects may also depend on individual traits 
such as physiology and genetic background. Cong
don (1994a), for example, found genetically based 
differences in salt tolerance. Aspects of the environ
ment that have been considered include salinity, 
water temperature, dissolved oxygen and a variety 
of chemical substances. 

Salinity has been the best studied of the 
various physical and chemical factors and studies 
of it have demonstrated several of the above 
effects. Firstly, if Gambusia are transferred 
abruptly from freshwater to partly saline water, 
mortality increases with both the salinity of the 
new water and the duration of exposure to it. 
Congdon (1994a) found, for example, that mor
tality after transfer from freshwater to a salinity 
of 17 ppt was 16% after 1 day, 46% after 2 days 
and 67% after 3 days. In addition, Al-Daham 

and Bhattit (1977) found that 90% or more 
Gambusia survived for 6 days after transfer from 
fresh water to water with salinity either 10 ppt 
or 20 ppt, but all Gambusia were dead within 
24 h after transfer to 31 ppt salt water (i.e., 75% 
sea water). Similarly, Nordlie and Mirandi 
(1996) found 100% survival over 14 days when 
Gambusia were transferred from freshwater to 
salinities of up to 6 ppt, and that survival over 
this period decreased to 60% when the new 
salinity was 10 ppt and further decreased to 37% 
at 12 ppt. Ahuja (1964) found that survival was 
50% over about seven weeks, after transfer from 
freshwater to a salinity of 10 ppt, and that 
survival decreased to about 5% at 16 ppt. 
Similarly, Chervinski (1983) found that survival 
over 1–2 days was about 90% when Gambusia 
were transferred from freshwater to a salinity of 
20 ppt, and that this decreased to 0% at 
salinities of 24 ppt and 28 ppt. Congdon 
(1994a) (see above) found 67% survival over 
3 days in Gambusia transferred from freshwater 
to a salinity of 17 ppt and 0% survival if 
transferred to 30 ppt. It is difficult, however, to 
compare these studies because of their different 
durations, differences in body size of the fish 
used (Congdon, 1994a) and other differences in 
experimental protocol. 

Secondly, survival of Gambusia in water with 
relatively high salinity is increased if the fish are 
subjected to slow increases in salinity, allowing 
for gradual adaptation to the new conditions. 
Chervinski (1983), for example, found that after 
gradual adaptation survival by Gambusia over 
7 days was 100% at 20 ppt (compared with 90% 
for abrupt transition), 80% at 36 ppt and 65% 
at either 36 or 40 ppt (compared with 0% for 
abrupt transitions to these salinities). 

Survival by Gambusia at relatively high water 
temperatures also shows the effects of initial and 
final conditions. Survival by Gambusia in fresh 
water at increasing temperatures is generally high 
until an upper lethal temperature is reached at 
which rapid mortality occurs (Otto, 1973; Cherry 
et al., 1976). This upper lethal temperature 
increases with increases in the temperature to 
which the Gambusia are acclimated beforehand. 
Otto (1973) found, for example, that the upper 
lethal temperature increased from about 32 �C to  
about 43 �C as the acclimation temperature 
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increased from 5 to 35 �C. Similarly, Cherry et 
al. (1976) found that, when Gambusia are accli
mated at either 30 or 36 �C, the upper lethal 
temperature is about 38 �C. 

Survival of Gambusia at relatively low water 
temperatures shows similar effects. In the wild, 
Gambusia sometimes survive reasonably cold 
winters and have even been observed swimming 
around beneath the ice on some ponds in water 
that must have been only a few degrees Celsius 
(Krumholz, 1944). Laboratory experiments have 
been consistent with these observations, with 
Ham (1981) reporting that Gambusia survived a 
water temperature of only 1 �C for brief periods. 
Glover (1979) reported that Gambusia survived 
temperatures as low as 3 �C without signs of 
stress for at least 24 h, and Otto (1973) reporting 
that fish acclimated to low water temperature 
showed reasonable survival at temperatures 
below 5 �C. On the other hand, they sometimes 
do not always survive the winter in the wild 
(Rees, 1934; Maglio and Rosen, 1969; Rees 
et al., 1969) and have been observed to die 
under ice in some locations (Rees et al., 1969; 
Duryea et al., 1996). The reasons for these 
differences in survival are unknown. 

Experiments have also shown that Gambusia 
can survive increasingly low concentrations of 
dissolved oxygen, but only if the duration of 
exposure decreases or they are able to gulp air at 
the water surface. Gambusia, that did not gulp 
air at the water surface, have been found, for 
example, to show 100% survival if the oxygen 
concentration was 1.3 mg/l (Odum and Caldwell, 
1955), to survive a little less well at a concen
tration of 1.0 mg/l (Homski et al., 1994), and to 
be able to survive only briefly at a concentration 
of 0.5 mg/l (Glover and Sim, 1978). However, in 
situations where Gambusia are able to gulp air at 
the water surface, they have been found to 
survive concentrations of dissolved oxygen as 
low as 0.28 mg/l (Odum and Caldwell, 1955). 

Unusually high levels of radiation can also 
affect Gambusia mortality. Blaylock (1969) 
found, for example, that Gambusia females that 
were exposed to radiation at the rate of about 
11 rads/day showed high levels of dead embryos 
and abnormally developed young. 

In summary, whether through basic abilities, 
physiological adaptation to conditions, or genetic 

changes at the population level, Gambusia are able 
to survive a very wide range of physical conditions. 
They may survive water temperatures ranging from 
about 1 to about 40 �C., salinities from that of 
freshwater to that of sea-water, and concentrations 
of dissolved oxygen as low as about 0.28 mg/l. 

The effects of various chemical substances on 
Gambusia survival have also been relatively well 
studied. This has mostly been the result of concern 
that agricultural use of chemicals such as herbicides 
and insecticides might reduce Gambusia densities 
and hence their effectiveness as mosquito control 
agents (Lewallen, 1959; Mulla, 1961; Mulla et al., 
1963; Davey et al., 1976). There has also, however, 
been relatively recent interest in using chemical and 
other means to control or eliminate Gambusia in 
certain situations (Hubbs and Brodrick, 1963). 

Gambusia may suffer relatively high mortality 
when exposed to a variety of chemical substances, 
with mortality increasing with increases in the 
concentration of the substance and, in some cases, 
being high at extremely small concentrations. 
Ahmed et al. (1970) found, for example, that 
mortality over 24 h in Gambusia increases with 
increases in concentration of methyl parathion 
with 100% mortality occurring at only 0.3 ppm. 
Increases in mortality with increasing concentra
tion were also found by Ferguson and Boyd 
(1964). Some insecticides result in 50% mortality 
in Gambusia at concentrations that are measured 
in parts per billion (Culley and Ferguson, 1969). 
Darwazeh and Mulla (1974) found high mortality 
in Gambusia exposed to some herbicides at 10 ppb. 
Pollard (1973) found rapid die off in Gambusia in 
water aerated with air that had passed over a ‘pest 
strip’ containing an insecticide. Reed and Bryant 
(1975) found that Gambusia densities in rice fields 
were reduced if the fields were sprayed with the 
insecticide parathion. 

Some chemical substances are more toxic to 
Gambusia than others. Darwazeh and Mulla 
(1974) found, for example, complete mortality 
in Gambusia exposed for 48 h to the mosquito 
larvacide ‘‘Chloropyrifos’’ at a concentration of 
5 ppm, while the same concentration of the 
larvacide ‘‘Abate’’ did not result in any mortality 
over this period. Similar results have been 
obtained in other studies (Lewallen and Brydon, 
1958; Lewallen, 1959; Mulla and Isaak, 1961; 
Mulla et al., 1963). 
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Gambusia from populations that have had a 
long history of exposure to toxic chemicals such as 
herbicides, insecticides or industrial pollutants 
show less mortality when experimentally exposed 
to these chemicals than Gambusia from other 
relatively unaffected populations (Boyd and 
Ferguson, 1964). Culley and Ferguson (1969) 
found, for example, that Gambusia taken from a 
site with a history of application of various 
insecticides, including DDT and parathion, were 
relatively resistant to these insecticides in compar
ison with fish taken from a site that was distant 
from any use of these chemicals. Similar results 
have been obtained in a number of other studies 
(Ferguson and Boyd, 1964; Ferguson, 1966; Fer
guson et al., 1966; Burke and Ferguson, 1969). 
These differences between populations may result 
from either genetic differentiation between them or 
differences in physiological adaptation on the part 
of the fish, or both (Lloyd, 1984). 

Gambusia may also show behavioral, histolog
ical, physiological or biochemical effects of accli
mation to different water temperatures. Hammill 
et al. (2004) found, for example, that the sustained 
swimming speeds by fish at different temperatures 
depended on the long-term temperature to which 
they were acclimated and that this acclimation 
effect was associated with changes in muscle 
structure and function. 

Gambusia may also show similar effects of 
exposure to chemical contaminants in the water 
and some of these effects have been used as 
biomarkers of contamination. Capps et al. (2004) 
found, for example, that Gambusia exposed to 
ammonium perchlorate developed macrophage 
aggregates, a sign of immunotoxic effect, in the 
trunk kidney. Castro et al. (2004) found that 
post-exposure feeding inhibition and the enzymes 
acetylcholinesterase, lactate dehydrogenase and 
glutathione S-transferases acted as biomarkers of 
acid mine contamination. 

Chemical substances can also induce abnormal 
development in Gambusia. Turner (1941a, 1942a), 
for example, found that ethynyl testosterone 
induced precocious gonopodial development in 
immature males and some gonopodial develop
ment in young females. Howell et al. (1980) found, 
similarly, that effluent from a paper mill was 
associated with abnormal expression of secondary 
sex characters. Toft and Guillette (2005) found 

that a lower sperm count and disrupted sexual 
behavior in fish exposed for one month to water 
from a lake with antiandrogenic and estrogenic 
contamination compared to those from reference 
uncontaminated sites. 

Just as Gambusia are relatively tolerant of a 
wide range in the physical properties of their water 
habitat, they are also, compared with other fish, 
highly resistant to the effects of toxins and adverse 
conditions (Cherry et al., 1976; Lloyd, 1984; Lloyd 
et al., 1986; Lloyd, 1989b). Most fish are killed, for 
example, by a rotenone concentration of about 
0.5 ppm, but Gambusia apparently survive this 
concentration with little mortality (Bonham, 
1946). Based on the times taken for 50% and 
90% of individuals to gasp at the water surface 
under different rotenone concentrations, Gambusia 
is only about half as sensitive to rotenone as 
Neochanna diversus (Willis and Ling, 2000). Gam
busia are more tolerant to ‘‘Dursban’’, an organic 
phosphorus insecticide, than the fish species Lep
omis cyanellus and Notemigonus crysoleucas (Fer
guson et al., 1966). Henry et al. (2004) found that 
Gambusia did not die after exposure to a voltage 
gradient of 16 V/cm, whereas half the individuals 
of most other species died at much lower gradi
ents. Saiki et al. (2004) found that female Gambu
sia can accumulate high concentrations of 
selenium in their body tissues and yet maintain a 
very high rate of survival of newborn young. 

Dispersal, movement patterns and orientation 

Gambusia are non-migratory and individuals usu
ally move about locally within relatively small 
areas, with some individuals occasionally dispersing 
over longer distances. Gambusia do not, for exam
ple, show regular seasonal pattern of movements 
between different habitats or regions (Marsden and 
Gehrke, 1996). They may, however, move about 
locally as a function of variation in conditions and 
time of day. Winkler (1979) found, for example, 
that Gambusia changed location during the day, in 
ways possibly reflecting spatial and temporal var
iation in water temperature, and at night, Gambusia 
were immobile and scattered over the bottoms of 
the deeper ponds. They may also disperse widely, 
especially when its habitat is disturbed, such as by a 
flood (Moore, 1973; Congdon, 1994b) or an influx 
of artificially heated water (Brown, 1985, 1987). In 
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this case, however, there may be genetic, sex, age 
and physical differences between those individuals 
that disperse and those that do not (Brown, 1985, 
1987; Robbins et al., 1987; Congdon, 1994b). 
Except when undergoing dispersal, individual Gam
busia remain resident in relatively small areas. 
Booth (1980), for example, followed marked fish 
that moved, over the course of 1–2 h, up to 30 m 
along the edge of a water body, but never venturing 
more than about 2 m from the shore. 

Gambusia sometimes move about in cohesive 
groups or schools, especially during the early part 
of the breeding season (Maglio and Rosen, 1969), 
when they are in relatively large water bodies 
(Rees, 1958), or when they have just been intro
duced into a new water body (Sumner, 1934, 
1935a). Sometimes these schools contain reason
able numbers of both sexes; other times they may 
involve mostly females (Bisazza and Marin, 1991). 

Discussion 

Few fish species have been studied more than 
Gambusia affinis and G. holbrooki. The computer
ized bibliographic database Zoological Records 
includes, for the period 1978–2004, a total of 895 
citations with these scientific species names 
(including G. patruelis, see above) in the title, 
abstract or list of keywords. This number is 
exceeded for only a few very well-studied fish 
species such as the rainbow trout (Oncorhynchus 
mykiss) and common carp (Cyprinus carpio) for 
which there are, respectively, 1824 and 2180 
citations that include the scientific species name. 
It is similar to the 844 citations that include the 
scientific name for the goldfish (Carassius auratus). 

The Zoological Records database provides an 
incomplete but very useful list of relevant citations 
for Gambusia affinis and G. holbrooki. My own 
bibliographic database includes about 500 publi
cations that are not included in the list of 895 
produced from Zoological Records. This, of 
course, is hardly surprising, since the search via 
Zoological Records does not include publications 
where reference is made to a particular species in 
the main text, but not more prominently in the 
title, abstract or keywords. However, in the case of 
Gambusia, a computerized search of Zoological 
Records very quickly provides a list of publica
tions corresponding to about 64% of my much 

larger list, which has taken a long time to develop. 
A similar situation seems likely to apply to other 
species. It is also impossible, as the present review 
demonstrates, for anyone to read and incorporate 
every relevant publication for very well studied 
species such as Gambusia. 

As would be expected of such widespread and 
abundant species, Gambusia affinis and G. 
holbrooki are clearly very tolerant, adaptable and 
variable in their biology, at both an individual and 
population level. Both individuals and populations 
can tolerate, and often thrive within, a wide range 
of conditions and the abilities of individuals to do 
this are enhanced if they have time to acclimate to 
any changes. Populations can adapt through 
genetic or evolutionary changes in response to 
conditions that vary in space or time and there is 
significant genetic variation within and between 
populations. 

Though the extensive literature in relation to 
Gambusia affinis and G. holbrooki has provided a 
great deal of information about these two species, 
our knowledge and understanding of the biology 
of these species is, as you would expect, incom
plete. At the levels of the species and individual 
some information gaps are identified above, but 
these are not major. Much larger gaps are iden
tified when one looks at the level of populations 
and species communities (Pyke, unpublished data). 
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