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ABSTRACT. Western mosquitofish (Gambusia affinis) are stocked in Indiana waters for the biological
control of mosquitoes. However, this species has the potential to negatively impact native fishes. We examined
the food habits and diet overlap of adult western mosquitofish, northern starhead topminnow (Fundulus
dispar), northern studfish (F. catenatus), blackstripe topminnow (F. notatus), and banded killifish (F.
diaphanus) in Indiana from April through October 2005 to evaluate trophic resource use by month and body
length. Food habits for each species were similar, with the largest percentage of the diet composed of
zooplankton (Cladocera) and non-culicid diptera (Chironomidae and Ceratopagonidae). There was no trend
in the percentage of culicids (mosquito larvae) consumed by species, regardless of month and body length
(range, 0–27%). Diet overlap index values between western mosquitofish and the topminnow species were
high but there was no clear trend, regardless of month (range, 0.25–0.87) or body length category (range,
0.49–0.83). Because food habits for the fishes examined in this study were similar and there exists the high
potential for negative behavioral impacts by western mosquitofish, we do not recommend stocking this species
into Indiana waters that contain native topminnows.

Keywords: Western mosquitofish, Northern starhead topminnow, Northern studfish, Blackstripe topmin-
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The introduction of non-native fishes can
lead to large-scale changes in aquatic commu-
nities (Fuller et al. 1999). However, long-term
impacts to community structure resulting from
these introductions are often unknown (Bonar
et al. 2005). On a global scale, introductions of
non-native fishes are one of the primary causes
for ongoing declines of native fishes (Simberloff
2004; Vitule et al. 2008). These introductions
may have far-reaching consequences, and can
lead to the extirpation of native species
(Rogowski & Stockwell 2006; Vitule et al.
2008).

The western mosquitofish (Gambusia affinis),
and its congener the eastern mosquitofish (G.
holbrooki), are the most widely distributed
larvivorous fishes in the world (Courtenay

and Meffe 1989). These species were broadly
stocked outside their native distribution for
mosquito control and often outcompete native
fishes for habitat and trophic resources (Fuller
et al. 1999; Rehage et al. 2005; Laha &
Mattingly 2007; Matthews & Marsh-Matthews
2011). Although mosquitofish are efficient at
mosquito control (Hoy and Reed 1971; Bence
1988), more recent studies suggest that they do
not preferentially prey on mosquito larvae and
that native fishes may more effectively control
mosquitoes (Castleberry and Cech 1990; Blaus-
tein 1992; Hurst et al. 2004). As a result, there is
a need to evaluate the food habits of introduced
mosquitofish relative to other native fishes.

Topminnows occupy a similar ecological
niche as mosquitofish and are often negatively
impacted by introductions of this species
(Meffe 1985; Laha & Mattingly 2007). For
example, when Sonoran topminnows (Poeci-
liopsis occidentalis sonoriensis) were exposed to
western mosquitofish in laboratory experi-
ments, the topminnows ceased to feed, retreat-
ed to areas with structure to escape aggression
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and predation, and experienced declines in
growth, increases in mortality, and reductions
in reproductive potential (Schoenherr 1981).
Sutton et al. (2009, 2013) found that western
mosquitofish initiated agonistic behaviors (i.e.,
chases and nips) on four native Indiana
topminnow species (banded killifish [Fundulus
diaphanus], northern studfish [F. catenatus],
northern starhead topminnow [F. dispar], and
blackstripe topminnow [F. notatus]) and caused
changes in topminnow behavior in mixed-
species microcosms. The first three topminnow
species have restricted ranges in Indiana, while
the latter species is ubiquitous throughout the
state.

We evaluated the food habits of populations
of introduced western mosquitofish and four
species of native Indiana topminnows to
determine similarity in prey consumption. We
examined: (1) temporal and size-related pat-
terns in food habits; (2) the percent consump-
tion of mosquitoes in the diet; and (3) temporal
and size-related patterns in diet overlap. This
research will allow greater understanding of
how western mosquitofish could potentially
impact native topminnows in Indiana if they
were to co-occur in the same aquatic systems.

METHODS

Western mosquitofish and topminnows were
collected from Indiana waters from April
through October 2005 (Table 1; Figure 1). Fish
sampling was conducted monthly at three sites
per species (14 sites total; one site was sampled
for two species each month). The wetland site
(Greenfield Bayou) contained silt substrate and
no aquatic vegetation, and only supported
western mosquitofish. The pond site (Martell
Forest Pond) contained silt substrate and
coontail (Ceratophyllum demersum), and the
dominant fish species was green sunfish (Lepo-
mis cyanellus). Lake-edge sites contained grav-
el, sand, and silt substrates and supported
water lilies (Nymphaea spp.), with the exception
of Waubee Lake and Lake Wawasee which
lacked aquatic vegetation. These sites con-
tained diverse fish assemblages, with the most
abundant species being bluegill (L. macro-
chirus), largemouth bass (Micropterus sal-
moides), and various minnow species. Stream
and river-edge sites contained silt and gravel
substrates and supported diverse fish assem-
blages, and were dominated by native min-
nows. Regardless of sampling site, fish were
always collected in shallow water habitats,

Table 1.—Fish species collected at Indiana sites from April - October 2005, and associated site numbers for
Figure 1. Species are western mosquitofish (MSQ), blackstripe topminnow (BST), northern studfish (NSF),
northern starhead topminnow (NST), and banded killifish (BAK).

Site
number Site name Latitude Longitude

Fish
species

System
type Land-use type

1 Loomis Lake 41.5200u N 87.0550u W NST Lake Fallow Fields
2 Pine Lake 41.6203u N 86.7478u W NST Lake Fallow Fields/

Residential
3 Upper Fish Lake 41.5714u N 86.5439u W NST Lake Fallow Fields/

Residential
4 Silver Lake 41.6303u N 85.0644u W BAK Lake Fallow Fields/

Residential
5 Golden Lake 41.6037u N 85.0650u W BST Lake Residential
6 Lake Wawasee 41.4006u N 85.7022u W BAK Lake Residential
7 Waubee Lake 41.3875u N 85.8292u W BAK Lake Fallow Fields/

Residential
8 Moots Creek 40.5378u N 86.7804u W BST Stream Agriculture
9 Martell Forest

Pond
40.4534u N 87.0542u W MSQ Pond Fallow Fields/Forest

10 Greenfield Bayou 39.1930u N 87.3237u W MSQ Wetland Fallow Fields/
Agriculture

11 Connelly Ditch 39.1524u N 87.0908u W MSQ Stream Agriculture
11 Connelly Ditch 39.1524u N 87.0908u W BST Stream Agriculture
12 Sugar Creek 39.3043u N 85.5812u W NSF Stream Fallow Fields/Forest
13 Flatrock River 39.2149u N 85.5118u W NSF River Fallow Fields/Forest
14 Lewis Creek 39.2355u N 85.4938u W NSF Stream Fallow Fields/Forest
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either backwater or side channels in stream and
river-edge sites with no flow or shoreline areas
of wetland, pond, and lake sites. Habitat types
supporting these fishes were similar among
sites.

A maximum of 20 adult fish of each species
was collected each month from each sampling
site. Sampling gears included a 3.18-mm mesh
seine (length: 3.05 m; depth: 1.22 m) and a 3.18-
mm mesh dip net (diameter: 40 cm). Fish were
euthanized with an overdose of tricaine metha-
nosulfonate and placed on ice to slow the

digestion of stomach contents. In the labora-
tory, fish were measured for total length to the
nearest 0.05 mm, weighed to the nearest 0.01 g,
and fixed in 10% formalin pending laboratory
analysis of stomach contents.

Stomach contents were extracted from each
fish, blotted to remove excess formalin, and
weighed to the nearest 0.0001 g. Consumed
prey were examined under 2.5 X magnification
with a stereomicroscope, and individual items
were identified to family for diptera and order
for all other prey types. The percentage of each

Figure 1.—Map of Indiana, with field sites sampled from April through October 2005 identified by the
three-letter abbreviation. For the name of each site, see TABLE 1.

10 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE



consumed prey type in relation to the entire
stomach contents for each fish was recorded as
the percent composition by weight following
methods described in Garvey and Chipps (2012).
Stomach contents were further analyzed to
determine the proportion of mosquito (Culici-
dae) larvae consumed by fish species. To
facilitate examination of trends in food habits,
data from all three sampling sites for each fish
species were combined for each sampling month
because stomach contents did not differ for each
species among sites (Chi Square, all P . 0.08.
Because there was no difference in stomach
contents between males and females for each
species (Chi Square, all P . 0.24), both sexes
were pooled for all analyses for each species.

The diets of western mosquitofish were
compared each month and by 5-mm total-
length category to the diets of each topminnow
species using Schoener’s diet overlap index
(1970):

Cxy~1{0:5
X

pxi{pyi

�� ��� �
,

where Cxy was the index value, pxi was the
proportion of food type i consumed by species
x, and pyi was the proportion of food type i
consumed by species y. Calculated values
ranged from 0.0 (no diet overlap) to 1.0
(complete diet overlap for consumed prey).
Although this index cannot be used to make
statistical comparisons of diet, index values
greater than 0.60 indicate significant prey
consumption overlap (Schoener 1970).

RESULTS

A total of 1,816 fish was collected from April
through October 2005. Western mosquitofish
(n 5 394) had a mean length of 32.25 mm and a
mean weight of 0.54 g. Northern starhead
topminnows (n 5 346) were larger than
mosquitofish, with a mean length of 40.16 mm
and a mean weight of 0.88 g. Both blackstripe
topminnows (n 5 370) and banded killifish (n
5 287) were similar in size to northern starhead
topminnows. Blackstripe topminnows had a
mean length of 42.63 mm and a mean weight of
0.98 g, while banded killifish had a mean length
of 46.98 mm and a mean weight of 1.21 g.
Northern studfish (n 5 417) were the largest
species, with a mean length of 49.71 mm and a
mean weight of 2.01 g.

Non-culicid diptera (primarily chironomidae
and ceratopagonidae) dominated the prey items

consumed by topminnows and western mos-
quitofish each month (Figure 2). For northern
starhead topminnows, non-culicid diptera com-
prised 34% of the diet, with the highest
consumption in April (51%), May (47%), and
October (61%). The highest percentage of
culicid diptera consumed by this species oc-
curred in May (23%) and September (18%).
For northern studfish, non-culicid diptera
comprised at least 40% of the diet each month,
except during July and August when ephemer-
optera, coleoptera, and other prey items
(gastropods and nematodes) accounted for the
majority of consumed prey items. The highest
percentage of culicid diptera consumption for
northern studfish occurred in April (20%) and
August (10%). Non-culicid diptera comprised
at least 38%, and coleoptera and hymenoptera
comprised at least 25% of the stomach contents
for blackstripe topminnows, regardless of
month. Culicid diptera comprised their highest
percentage of the diet in April (17%) for this
species. Cladocera and non-culicid diptera
composed the largest percentages of prey
consumed by western mosquitofish (33 and
34%, respectively). The highest percentages of
culicid diptera were consumed by this species in
May (27%) and June (18%). Banded killifish
consumed variable percentages of cladocera
and non-culicid diptera, with the greatest
consumption of non-culicid diptera in June.
Culicid diptera were always a low percentage
component of the diet for banded killifish.

Diet composition of topminnows and west-
ern mosquitofish varied by length category, but
largely consisted of non-culicid diptera (chi-
ronomidae and ceratopagonidae) and zoo-
plankton (mostly cladocera; Figure 3). The
percentage of zooplankton consumed by north-
ern starhead topminnows declined for larger
fish, whereas the percentage of non-culicid
diptera remained high for individuals .

30 mm. More culicid diptera were consumed
by this topminnow than any other species at
lengths of 25 mm (17%) and 30 mm (21%).
Nearly half of the prey items (49%) in northern
studfish diets were comprised of non-culicid
diptera, but the percentage of ephemeroptera
and hemiptera consumed increased with fish
length. This topminnow species consumed its
highest percentage of culicid diptera at 20 mm in
length (18%). Although most sizes of blackstripe
topminnows contained similar percentages of
prey items, non-culicid diptera comprised more
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than half (55%) of the diet for 25-mm fish.
Length classes for this species that consumed the
most culicid diptera ranged from 35 to 45 mm
(10% to 13%). Western mosquitofish of size 20

to 30 mm consumed similar percentages of
zooplankton and non-culicid diptera (42% and
36%, respectively), but these prey items com-
posed a lower dietary percentage for fish 35 to

Figure 2.—Percent of diet by weight for (A) northern starhead topminnows, (B) northern studfish, (C)
blackstripe topminnows, (D) western mosquitofish, and (E) banded killifish each month.
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Figure 3.—Percent of diet by weight for (A) northern starhead topminnows, (B) northern studfish, (C)
blackstripe topminnows, (D) western mosquitofish, and (E) banded killifish in each size category.
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40 mm (mean 5 22% and 27%, respectively).
Non-culicid and culicid diptera were consumed
at higher percentages by 35 (28% and 14%,
respectively) and 40 mm (51% and 22%,
respectively) fish. Banded killifish consumed
mostly zooplankton (38%), except 20-mm fish
where other prey items (amphipods) were the
primary prey type (49%). Culicid diptera never
comprised more than 9% of the diet for any
length class of banded killifish.

There was no clear trend in diet overlap
between western mosquitofish and topminnows
from April through October 2005 (Table 2).
Although no species pairings had significant
diet overlap (. 0.60) for all months, western
mosquitofish and blackstripe topminnows had
significant overlap for all months except June
(0.47). Diet overlap of western mosquitofish
with banded killifish, northern starhead top-
minnows, and northern studfish was significant
for five, four, and three months, respectively.
The only month where diet overlap was
significant between western mosquitofish and
all topminnow species was May.

Diet overlap between western mosquitofish
and topminnows did not follow a clear length-
related trend (Table 3). For the 25- through 40-
mm length categories, diet overlap was signif-
icant for all mosquitofish-topminnow pairings.
Only the western mosquitofish-blackstripe top-
minnow pairing had significant diet overlap for
all size categories. Diet overlap was not
significant for the smallest and/or largest size
categories between western mosquitofish and
northern starhead topminnow (20 mm), north-
ern studfish (20 and 50 mm), and banded
killifish (20 and 45 mm).

DISCUSSION

The food habits documented in this study for
western mosquitofish and native Indiana top-
minnows are similar to the results of dietary
studies reported for mosquitofish species in
other evaluations. Although western mosquito-
fish consume culicids, they often consume other
insects, small crustaceans, arachnids, and rotif-
era (Pflieger 1997). Eastern mosquitofish will
switch from mosquitoes to other prey types
with availability (Jenkins and Burkhead 1994).
Northern starhead topminnows consumed in-
sects, chironomidae, crustaceans, plant materi-
al, and algae, while blackstripe topminnows
often ingested large percentages of insects,
molluscs, cladocera, and copepods (Gunning

and Lewis 1955; Schwartz and Hasler 1966).
Northern studfish utilized more ephemerop-
tera, trichoptera, gastropods, and pelecypoda
than other fish species, but also consumed
diptera, nematodes, and coleoptera (McCaskill
et al. 1972; Fisher 1981). Banded killifish
consumed a variety of prey items, including
small crustaceans, amphipods, cladocera, nem-
atodes, chironomidae, and plant material
(Becker 1983). All fishes examined in our study
also consume terrestrial insects at the water
surface (Becker 1983; Pflieger 1997), which was
observed in our analyses.

Prey availability may be more important in
prey selection of mosquitofish and topminnow
than preferences for particular food items. For
example, differences in the diet composition of
mummichogs (Fundulus heteroclitus) reflected
prey availability, regardless of habitat type
occupied by this species (James-Pirri et al.
2001). In California rice fields, western mosqui-
tofish reduced the abundance of mosquitoes, but
preference for this prey type diminished in the
presence of abundant zooplankton (Bence
1988). Native topminnows, such as the Plains
killifish (Fundulus zebrinus), consumed mosquito
larvae at rates equal to mosquitofish in outdoor
mesocosms (Nelson and Keenan 1992). Prey
availability data were not collected during this
study, but it is well documented that fish are
opportunistic feeders (Specziar 2004; Hinz et al.
2005; Quist et al. 2006). As a result, the lack of
preference for mosquito larvae by western
mosquitofish and similarity in food habits
among the five species examined in this study
may be more a function of availability rather
than predilection for particular prey types.

Similarities in feeding strategies, behavior,
and habitat use for western mosquitofish and
topminnows may increase their potential for
high niche overlap. All species examined in this
study have an upturned mouth and flattened
head to facilitate prey consumption at the water
surface (Pflieger 1997). All five species occur at
shallow depths (, 15 cm) near aquatic vegeta-
tion, with the exception of banded killifish and
northern studfish which occur over gravel and
sand substrates devoid of plant material. These
similarities could facilitate interspecific compe-
tition when they co-occur. For example,
western mosquitofish and blackstripe topmin-
nows were often collected during this study in
the same seine haul from Connelly Ditch,
indicating co-occurrence in the same system.
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Both western and eastern mosquitofish have
been shown to negatively impact native fish
species where resource overlap is high. For
example, western mosquitofish had a signifi-
cant negative effect on the abundance and
biomass of the threatened White Sands pupfish
(Cyprinodon tularosa; Rogowski and Stockwell
2006). Sympatric populations of western mos-
quitofish and blackstripe topminnows in In-
diana were observed to consume similar prey
items, indicating the potential for high diet
overlap between these two species (Clem and
Whitaker 1995). In our study, the similarity in
food habits (i.e., high diet overlap) indicates
that these fishes have the potential for signif-
icant competition in prey consumption. The
high similarity in food habits, coupled with the
aggressive behaviors that western moquitofish
exhibit towards other fishes (Schoenherr, 1981;
Laha and Mattingly 2007; Sutton et al. 2009,

2013), suggest that introductions of this species
could lead to deleterious results for native
Indiana topminnows.

The potential impacts of western mosquito-
fish on native Indiana topminnows proposed in
this study need to be interpreted with caution
because rarely was the former species found in
the same systems as topminnows. Western
mosquitofish were only found at one site
(Connelly Ditch) during this study that also
contained a native topminnow species (black-
stripe topminnow). Diet overlap between these
two species at this site was high (month: range,
0.53–0.86; length: range, 0.60 to 0.85; Zeiber
2007), suggesting that the potential for trophic
competition is also high. Although western
mosquitofish are native to southern and south-
western Indiana, they have been stocked
throughout much of the state to reduce West
Nile Virus Flavivirus transmission by mosqui-
toes (G. Polston, Marion County Health
Department, personal communication). As a
result, the potential for trophic competition is
high and could result in niche shifts due to
changes in behavior and/or prey/habitat utili-
zation, which may have deleterious effects on
native Indiana topminnows as has been shown
in other studies (Schaeffer et al. 1994; Arthing-
ton and Marshall 1999; Fuller et al. 1999;
Rehage et al. 2005; Laha and Mattingly 2007;
Matthews & Marsh-Matthews 2011). Addition-
al research is required to determine if these
potential impacts will lead to realized outcomes
if western mosquitofish are introduced or
escape into aquatic systems in Indiana which
currently support topminnow species.

Western mosquitofish and the Indiana top-
minnows examined in this study appear to be
trophic equivalents and have nearly identical
habitat requirements. These similarities, cou-
pled with the unknown potential impacts of
resource competition and aggressive and dele-
terious behaviors often exhibited by mosquito-
fish toward topminnows, make it likely that
western mosquitofish would negatively impact
topminnow species in Indiana waters if they co-
occurred in the same aquatic system. We do not
recommend stocking mosquitofish into perma-
nent or even ephemeral water bodies where the
possibility of escapement by mosquitofish into
nearby waterways exists. If there is a need for
mosquito control in Indiana waters, we suggest
that blackstripe topminnow be considered as an
alternative to western mosquitofish because

Table 2.—Diet overlap values for April - October
2005 between western mosquitofish (MSQ) and
blackstripe topminnow (BST), northern studfish
(NSF), northern starhead topminnow (NST), and
banded killifish (BAK).

Month
MOSQ-

BST
MOSQ-

NSF
MOSQ-

NST
MOSQ-

BAK

April 0.81 0.59 0.77 0.87
May 0.77 0.62 0.83 0.68
June 0.47 0.47 0.74 0.47
July 0.70 0.25 0.56 0.64
August 0.70 0.41 0.26 0.69
September 0.72 0.66 0.63 0.54
October 0.67 0.64 0.35 0.66

Table 3.—Diet overlap values by length category
between western mosquitofish (MSQ) and black-
stripe topminnow (BST), northern studfish (NSF),
northern starhead topminnow (NST), and banded
killifish (BAK). Length categories were 20 (20.01–
25 mm), 25 (25.01–30.0 mm), 30 (30.01–35.0 mm), 35
(35.01–35.0 mm), 40 (40.01–45.0 mm), 45 (45.01–
50.0 mm), and 50 (50.01–55.0 mm) mm.

Size
Category

MOSQ-
BST

MOSQ-
NSF

MOSQ-
NST

MOSQ-
BAK

20 0.63 0.56 0.53 0.54
25 0.77 0.75 0.75 0.71
30 0.79 0.79 0.72 0.67
35 0.70 0.64 0.64 0.64
40 0.81 0.70 0.82 0.72
45 0.69 0.83 0.72 0.49
50 0.64 0.55 0.62 0.60
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they are the most trophically similar topmin-
now species in Indiana. Sutton et al. (2012)
observed that blackstripe topminnows exhibit-
ed almost no aggressive behaviors toward
northern starhead topminnows, northern stud-
fish, and banded killifish and did not change
the behavior of these fishes in laboratory
evaluations. However, this recommendation
also requires additional research to ensure that
blackstripe topminnows would not negatively
impact other fishes if introduced into aquatic
systems in which they are not native.
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