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ABSTRACT

Using laboratory experiments, I determined the
palatability of eight species of freshwater surface
Hemiptera to potential fish predators (Lepomis macrochirus -
bluegill, and Gambusia affinis - gambusia). Species tested
included five from the family Gerridae (Trepobates inermis,
Rheumatobates palosi, Rheumatobates tenuipes, Gerris
marginatus, and Gerris remigis), one from the family
Mesoveliidae (Mesovelia mulsanti), and two from the family
Veliidae (Microvelia americana and Microvelia pulchella).
Field collections of gambusia and bluegill were also made to
determine by stomach analysis the importance of surface
Hemiptera in their diet. The Gerridae tested were palatable
to gambusia and bluegill but both Veliidae were unpalatable
to both fish species. Results for Mesovelia mulsanti were
mixed: gambusia rejected them while bluegill ate them.
Stomach analyses indicated that surface Hemiptera are
probably at most only an incidental and sporadic part of
fish diets.
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PALATABILITY OF FRESHWATER SURFACE HEMIPTERA TO POTENTIAL

FISH PREDATORS (LEPOMIS MACROCHIRUS AND GAMBUSIA AFFINIS)




INTRODUCTION

For many years ecologists have focused on predation as
a major factor in the structure of communities, including
aquatic ones. One aspect of predation, the unpalatability
of the prey as a possible defensive mechanism in aquatic
environments, has not received much attention until recently
(Kerfoot 1982). Whirligig beetles (Gyrinidae) (Benfield
1972), predaceous diving beetles (Dytiscidae) (Schildknect
et al. 1966), and aposematically colored water mites
(Arachnoides) have been found unpalatable to fish (Kerfoot
1982). Two species of Hemiptera have also been found
distasteful to fish in direct feeding experiments: pygmy

backswimmers - Plea strida (Pleidae) (Kerfoot 1982) and

Velia caprai (Veliidae) (Bronmark et al. 1984). 1In

addition, suspected multifunctional compounds (possible
sexual attractants, alarm substances, defensive compounds)
have been isolated and identified for eight species among
the aquatic Hemiptera families Notonectidae, Corixidae,
Belastomatidae, Naucoridae, Pleidae, and Gelatotrichidae
(Scrimshaw and Kerfoot 1987).

Various semi-aquatic Hemiptera of the suborder
Heteroptera, infraorder Gerromorpha occupy the surface

(neustonic) zone of fresh, brackish, and salt water. These



insects are often an abundant and very visible component of
shallow, near-shore freshwater communities. Preliminary
observations indicated that Lake Matoaka and other
freshwater lakes and streams in the Williamsburg vicinity
contained typical representatives, including the families
Gerridae (water striders), Veliidae (broad shouldered water
striders), and Mesovellidae (water treaders). Two species
of fish are common in the same general habitats: Gambusia

affinis (gambusia) and juvenile Lepomis macrochirus

(bluegill). Gambusia are generalists feeding on a wide
variety of items including mosquito larvae and pupae,
copepods, algae, and small fish (Carlander 1969, Flemer and
Woolcott 1966). Juvenile bluegill feed on aquatic insects
and smaller crustacea while adults, which generally occur in
somewhat deeper water, feed mainly on aquatic insects, small
crayfish, and small fish (Carlander 1977).

In a review of prior studies Anderson (1982a) listed
hunting spiders, damselflies, backswimmers, pelagic fish,
frogs, and surface feeding birds as potential predators of
surface Hemiptera, but presented no firm evidence. Many
surface Hemiptera are known to be cannibalistic, feeding on
vulnerable nymphs and smaller individuals (Anderson 1982a).

A review of the literature on gambusia and bluegill
stomach analyses reveals sporadic and infrequent records of
surface Hemiptera prey in their diet. 1In a saltmarsh
habitat, combined data for 2,786 fish (including gambusia
along with 9 other species) stomach samples yielded a total

of 0.18% frequency of occurrence and 0.03% aggregate volume



for Veliidae (Harrington and Harrington 1961). Of 143
bluegill taken from 18 Kentucky farm ponds, one fish (in a
1.0-1.6" length range) contained one adult gerrid (Turner
1955). Only 3/273 bluegill from six collecting stations on
Tuckahoe Creek, Virginia contained gerrids, although gerrids
were present in large numbers in all areas (Flemer and
Woolcott 1966). Butler (1989) reported that in Dog Lake,
Florida bluegill (60-125 mm in length) fed primarily on
benthic invertebrate prey (95% by mass); surface Hemiptera
were not found in any of the stomach samples.

One of the most distinguishing organ systems of the
Heteroptera is the metathoracic scent apparatus (Anderson
1982b). Although the role of the secretions for these
glands is unknown, it has been suggested as a possible
defensive chemical against predators in surface Hemiptera
(Anderson 1982a). There is a statement with no
documentation in Polhenus and Chapman (1979) suggesting that
a metathoracic scent gland secretion would make Gerridae
distasteful to predators.

A case where unpalatability apparently plays a

defensive role involves the interaction of Velia caprai

(Heteroptera: Veliidae) with Salmo trutta (brown trout)

Bronmark et al. (1984) found that trout refused to eat V.
caprai in direct feeding experiments and suggested that the
unpalatability of V. caprai is possibly enhanced by school
formation which would promote learned avoidance behavior in
the trout. Other defensive behavioral responses of the prey

were also observed. These included thanatosis and expansion



skating (secretion of a fluid which decreases surface
tension and shoots the insect across the water).

Observations on rainbow trout (Salmo gairdneri) and

gerrids (Gerris remigis) in stream pools indicated that the
trout affect mircrodistribution of gerrids (Cooper 1984).
Trout were added to previous troutless stream pools and
removed from other pools. Undisturbed pools with and
without trout served as controls. 1In stream pools lacking
trout, gerrids occupied all parts of the pool. Conversely,
it was observed that in pools containing trout, gerrids were
restricted to the perimeter and apparently maintained there
by trout harassment. Experimentally disabled gerrids were
readily eaten by trout. However, gerrids were not found in
any of eight trout stomachs collected in the research pools.
Cooper (1984) was unable to determine any possible effect on
gerrid fitness but noted that trout and gerrids share a
similar food supply (terrestrial insects) so competition as
well as potential predation may be occurring. Additionally,
the increase in gerrid densities on the trout pool perimeter
might cause increased intraspecific competition.

There is little other information on the nature of the
predator-prey interaction involving surface Hemiptera,
particularly in regard to palatability. The major purposes

of this study, therefore, were to:

(1) Determine the palatability of various surface
hemipteran prey to Gambusia affinis and Lepomis
macrochirus in direct feeding experiments in the
laboratory.




(2) Check by stomach analysis for any evidence that
surface hemipterans are important in the natural
diets of G. affinis and L. macrochirus.




GENERAL SURVEY AND IDENTIFICATION

General surveys were conducted to determine species of
surface Hemiptera present in Lake Matoaka and William & Mary
Wildflower Refuge creek. Specimens were collected using a
fine mesh net and preserved in 70% alcohol. The insects
were keyed and identified to species using Bobb (1974),
Pennak (1978), and Usinger (1973). Final verification of
species was made by comparison with preserved specimens in
the Department of Entomology at the Smithsonian Institution
in Washington D.C. A total of eight species was found as
listed in Table 1 and pictured in Figures 1-4. Additional
surveys in Waller Mill pond, Longhill Road marsh, Lake
Powell, and Crim Dell yielded no species other than the
eight previously found. These were tested for palatibility

as described in the following sections.
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b.

Trepobates inermis (adult-right, nymph-left)
(Vertical bars denote millimeters in Figures 1-

Rheumatobates palosi



Figure 2.

a.

Rheumatobates tenuipes

Gerris marcrinatus

10



Figure 3.

a. Mesovelia mulsanti

1-T

b. Microvelia americana



Figure 4.

a. Microvelia pulchella



MATERIALS & METHODS

Part I. Palatability tests.

This series of experiments was conducted to determine
palatability of surface Hemiptera to gambusia and bluegill.
Experiments were conducted between July - September 1987 and
June - August 1988. All were conducted in a windowless room
maintained at 65°F, with normal laboratory fluorescent
lighting and a photoperiod continually adjusted to coincide
with the natural one.

All fish were collected from Lake Matoaka. Gambusia
were collected with a dip net, juvenile bluegill with a
baited minnow trap, and adult bluegill by hook and line.

Dechlorinated tapwater was used to fill eight 10-gallon
tanks to a level 6 cm from the top (Figure 5), and two 30-
gallon tanks to a level 10 cm from the top. Bottoms of the
tanks were covered with a mixture of sand and gravel. Four
of the 10-gallon tanks contained 5 gambusia each. Four size
classes (28-32 mm, 33-37 mm, 38-42 mm, and 43-47 mm) were
established, with each tank containing only one size class.
The other four 10-gallon tanks contained three juvenile
bluegill each. Four size classes (43-50 mm, 51-58 mm, 59-66
mm, and 67-74 mm) were established with each containing only

one size class. Two adult bluegill (148 mm and 175 mm) were

13



Figure 5.

Experimental tank set-up.
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maintained separately in the two 30-gallon tanks.

A control feeding regimen was established to maintain a
standard level of hunger and to monitor the fishes' general
willingness to eat. All fish were fed daily between 10 anm
and 1:30 pm. The eight 10-gallon tanks, containing gambusia

or juvenile bluegill, received 10 wingless Drosophila

melanogaster (2-3 mm in length) per tank. The total number

eaten after three minutes was recorded. Tetramin was then
added in slight excess to satiate the fish. The two adult
bluegill each received two crickets daily. Fish quickly
became éccustomed to the presence of humans and generally
fed readily. After each feeding, tanks were aerated and
filtered for two hours.

To replace any experimental fish that occasionally
died, extra fish were kept in 20-gallon tanks, with the same
feeding regimen as the experimental fish.

Surface Hemiptera were collected the day of or the day
prior to testing, using a fine mesh net. In the field they
were temporarily stored in a bucket with a screen bottom to
prevent injury or drowning. The insects were then
transferred in the lab to 20-gallon holding tanks containing
3 cm of water.

Table 1, as described, lists the surface Hemiptera
species tested for palatability and their size, as well as
the location and general habitat where they were collected.
Some of the species from Lake Matoaka were tested in 1987,

with replicate testing in 1988. Rheumatobates tenuipes was

not discovered until 1988; this species and the two stream
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species (Gerris remigis and Microvelia americana) were

tested only in 1988. These three species were tested only

in 1988. Male Rheumatobates tenuipes and Rheumatobates

palosi can be distinguished from the other and from females;
females, however, cannot be easily distinguished by species.
For this reason, only males of these two species were
tested. For all other species males and females were
morphologically similar, therefore, test organisms were not
distinguished by sex.

All testing was done immediately prior to the normal
feeding regimen, with only one species tested per day. To
begin a test, a prey item was dropped into the middle of a
tank. The fate of the item was categorized as one of the
following five possibilities: 1) Attacked & Eaten; 2)
Attacked, Ingested, Rejected, Eaten; 3) Attacked, Ingested,
Rejected; 4) Attacked but not Ingested; 5) Not Attacked. If
the prey item was eaten, a fresh one was added immediately.
If the prey item was not eaten, it was removed after 3
minutes and a fresh one added immediately. This procedure
continued for 5 trials per tank = 20 each for both gambusia
and bluegill = 40 trials total. The regular feeding and
aeration regimen was followed immediately after the tests.
One rest day or more, with the control feeding regimen only,
was allowed between each series of trials.

The two larger prey (Gerris marginatus and Gerris

remigis) were tested only with the large bluegill. To
obtain a total of 20 trials for each prey species, five

trials per tank were performed as above twice, with rest
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days in between each set of five trials.

Fish occasionally had to be replaced because of death;
when this happened testing was stopped until feeding was
again normal under the control regimen.

For all Gerridae species, legs were removed from prey
in some trials to help distinguish the palatability factor
from simple leg interference or the ability to avoid the

predator.

Part II. Stomach analysis

A preliminary study was conducted to verify that
ingested gerrids could be identified in stomach contents.
Gerrids were fed to gambusia, which were then sacrificed at
one hour intervals for four consecutive hours. Even after
four hours when the gerrids had passed out of the stomach
into the intestine, legs and characteristic gerrid markings
were still readily visible.

All fish, including adult bluegill, were collected in
Lake Matoaka within 3 m of shore in the general vicinity of

all surface Hemiptera tested above except Gerris marginatus,

Gerris remigis, and Microvelia american. Gambusia were

collected using a dip net. Collections of five gambusia
were made nine times on three separate dates (8/15/88,
8/23/88, and 9/25/88), providing 135 fish for analysis.
Each day three five-fish collections were made one hour
apart starting approximately one half hour following
sunrise; other collections were made at 11 am and 1 pm; and

the final three collections preceded sunset at one hour
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intervals with the final collection at sunset. Juvenile and
adult bluegill were collected in the evening of 8/23/88 and
the morning of 9/25/88. A total of 16 juvenile bluegill (<
70 mm) were captured with a bread-baited minnow trap. A
total of six adult bluegill (> 150 mm) were caught by hook
and line.

After capture gambusia and juvenile bluegill were
treated using a method similar to that of Flemer and
Woolcott (1966). Specimens were rolled in cheese cloth for
five minutes to induce partial suffocation and then placed
in a bottle containing 10% formalin. For adult bluegill,
stomachs were removed immediately and placed in 10%
formalin.

Stomach contents were examined using a dissecting
microscope. Data were recorded in terms of presence/absence
of various food items. For invertebrates the categories
were generally based on identification to the order or
family level. Plant/algal material was lumped in a single

category.



RESULTS

Part I. Palatability tests
Palatability results are summarized in Tables 2-8.
Generally, all three smaller species of the family Gerridae

(Trepobates inermis, Rheumatobates palosi, and Rheumatobates

tenuipes) were palatable to both juvenile bluegill and

gambusia. The larger Gerridae (Gerris marginatus and Gerris

remigis) were palatable to adult bluegill. However, all
Gerridae with legs were more difficult to capture and ingest
than those with legs removed. Gambusia tended to reject the
Mesoveliidae while juvenile bluegill ate them. Both
gambusia and juvenile bluegill rejected both species of
Veliidae.

A more detailed description of results follows below.
The statistical analysis reported involves pair wise
comparisons of one insect species versus another with the
same fish predator, or of the response of one fish predator
versus the other in regard to the same insect species. 1In
all cases the test statistics are based on 2x2 contingency
tables subjected to x2 analysis with critical values based
on Yates' Correction for sample size and Sidak's
multiplicative inequality for the total number of

comparisons. Data used were for numbers eaten versus not

19
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eaten, as described in the last two columns of Tables 2, 3,
and 4, with totals combined for those experiments replicated
in two different years.

As described, a control feeding regimen was used to
make sure the fish were responding normally to addition of a
prey item. Almost always, all ten control flies were eaten
after experimental testing. However, on four occasions
during the palatability testing the fish in a particular

tank did not eat the controls normally. With Trepobates

inermis (legs on) (Table 2 a, 1987) the gambusia in one tank

ate only 1 of 10 control flies. With Trepobates inermis

(legs removed) (Table 2 b, 1987) the gambusia in one tank

ate only 4 of 10 control flies following testing. With

Rheumatobates palosi (legs removed) (Table 2 d, 1987) the

gambusia in one tank ate only 5 of 10 control flies. With

Rheumatobates palosi (legs on) (Table 3 c, 1987) the
bluegill in one tank ate only 5 of 10 control flies. The
data from each of those tanks for the respective tests has
been discarded.

A. Gambusia Responses

Gambusia readily attacked members of the family
Gerridae (Table 2 a-f) and readily ate gerrids with legs off
but had difficulty capturing and ingesting individuals with
legs on. Significantly fewer (P < .05) gerrids with legs on
were eaten than gerrids with legs removed for all possible
comparisons within and between gerrid species. For example

in trials involving Trepobates inermis (Table 2 a), gambusia

ate only 4/20 in 1987 and 5/20 in 1988 although many more in
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each case (9 & 15 respectively) were attacked. With the T.
inermis legs removed (Table 2 b), gambusia captured and
ingested 14/15 in 1987 and 20/20 in 1988. The same type of

eating trend can be noted with both species of Rheumatobates

(Table 2 c-e). Gambusia had difficulty capturing

Rheumatobates palosi with legs on (Table 2 c¢) as evidenced

by 4/20 eaten in 1987 and 1/20 in 1988. With legs off
(Table 2 d), 15/15 in 1987 and 20/20 in 1988 were captured

and eaten. Gambusia captured and ate 11/20 Rheumatobates

tenuipes with legs on and 20/20 with legs off (Table 2 e&f).

Gambusia readily attacked Mesovelia mulsanti (Table 2

g), 19/20 in 1987 and 20/20 in 1988. However, only 3/20 in
1987 and 9/20 in 1988 were actually eaten. In addition,
negative responses (rejection after ingestion) occurred:
7/20 in 1987 and 8/20 in 1988. Significantly fewer (P < .01
in all cases) M. mulsanti were eaten than any legless gerrid
species.

Negative responses also occurred with both species of

Veliidae (Table 2 h&i). In 1988, 0/20 Microvelia americana

were eaten, 8/20 were ingested and rejected, and 2/20 were

not attacked at all (Table 2 h). In 1987, 6/20 Microvelia

pulchella were attacked and eaten but 4/20 of these were
ingested and rejected first, and 8/20 were not attacked
(Table 2 i). 1In 1988, only 1/20 M. pulchella was eaten and
9/20 were ingested and rejected (Table 2 i). Significantly
fewer (P < .01 in all cases) M. americana and M. pulchella

were eaten than any legless gerrid species. In most trials
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thanatosis was a common behavior exhibited by both species
of Veliidae which seemed to deter further attacks.

B. Bluegill responses

As with gambusia, juvenile bluegill readily attacked
members of the family Gerridae (Table 3 a-f) and ate gerrids
with legs removed but had difficultly capturing and
ingesting gerrids with legs on. Significantly fewer (P <
.01) gerrids with legs on were eaten than gerrids with legs
removed for all possible comparisons within and between

gerrid species. In trials involving Trepobates inermis with

legs on (Table 3 a), 10/20 in 1987 and 5/20 in 1988 were
eaten. With legs off (Table 3 b), 19/20 in 1987 and 20/20
in 1988 were eaten. The same trend is evident with both
species of Rheumatobates (Table 3 c-f). In trials involving

Rheumatobates palosi with legs on (Table 3 c¢), 3/20 in 1987

and 7/20 in 1988 were eaten. With legs off (Table 3 d),

bluegill ate 20/20 in 1987 and 20/20 in 1988. 1In 1988, only

4/20 Rheumatobates tenuipes with legs on (Table 3 e) were
eaten but 20/20 with legs off (Table 3 f) were eaten.

Juvenile bluegill ate more Mesovelia mulsanti (Table

3 g) than gambusia (P < .0l1). Bluegill ate 19/20 in 1987
and 17/20 in 1988 while gambusia ate 3/20 in 1987 and 9/20
in 1988. The bluegill response to M. mulsanti is not
significantly different from their response to T. inermis
with legs off (Table 3 b&g). As with gambusia, the majority
of both species of Veliidae (Table 3 h&i), were not eaten as
compared to species of Gerridae (P < .01) and negative

responses occurred. In 1988 (Table 3 h), 1/20 Microvelia
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americana was eaten, 11/20 were ingested and rejected and
5/20 were not attacked. 1In 1987 (Table 3 i), 1/20

Microvelia pulchella was eaten but rejected first, 6/20 were

ingested and rejected, and 13/20 were not attacked. 1In 1988
(Table 3 i), no M. pulchella were eaten, 9/20 were ingested
and rejected, and 3/20 were not attacked. As with gambusia,
in most trials thanatosis was a common behavior exhibited by
both species of Veliidae which seemed to deter further
attacks.

Adult bluegill had great difficulty capturing both

Gerris marginatus and Gerris remigis with legs on (Table 4)

because the gerrids were continually able to run away from

the fish. Only 1/20 G. marginatus (Table 4 a) and 0/20 G.

remigis (Table 4 b) were eaten although most were attacked.

With legs removed, bluegill ate 20/20 G. marginatus (Table 4

a) and 19/20 G. remigis (Table 4 b). Significantly fewer (P
< .01) gerrids with legs on were eaten than gerrids with
legs removed for all possible comparisons within and between
both gerrid species.

C. Average number of attacks per prey item

An analysis of the average number of attacks per prey
item is summarized by prey species in Table 5 (gambusia) and
Table 6 (bluegill). There is a trend involving palatable
verses unpalatable prey items. Gambusia (Table 5) made 5.97
attacks on T. inermis with legs on but only 2.65 on M.
americana and 2.2 on M. pulchella. Bluegill (Table 6) made
3.6 attacks on T. inermis with legs on but only .5 attacks

on M. americana and 1.05 on M. pulchella. Overall, bluegill
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made fewer attacks per prey item than gambusia. Gambusia
were more persistent in attacks than bluegill. For example,
gambusia (Table 5) made 5.97 attacks per T. inermis with
legs on while bluegill (Table 6) made only 3.6 attacks.

D. Number of prey items eaten as a function of fish
size class.

There were no strong apparent trends regarding the
number of prey items eaten as a function of fish size class
(Tables 7 & 8). In some cases one fish size class ate more
prey items than another. For example, the largest size
class of gambusia (43-47) ate 6/10 M. pulchella while the
smaller size classes (28-32, 33-37, and 38-42) ate 1/10,
0/10, and 0/10 respectively. However, sample sizes are too

small within size groups to do any meaningful comparisons.

Part II. Stomach Analysis

The gambusia stomach analysis (Figure 6 a) results for
the 3 collection dates (8/15/88, Table 9; 9/22/88, Table 10;
& 9/25/88, Table 11 respectively) can be summarized as
follows. Both Diptera larvae and pupae were a common part
of the diet, with larvae found in 50%, 30%, and 25% of the
fish and pupae found in 30%, 5%, and 27.5%. A variety of
unidentified, apparently insect parts were also common and
were contained in 25%, 37.5%, and 22.5% of the fish. Plant
material was found in 40%, 32.5%, and 32.5% of the fish.
Other identifiable Insecta, Crustacea, Arachnidae, and
Mollusca were all less common with occurrence ranging up to

15%.
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Figure 6.

a.

b.

Typical contents of a Gambusia affinis stomach
including several Diptera larva.

Gambusia affinis stomach containing nymphal
Trepobates inermis.
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Table 9. Stomach analysis results for Gambusia affinis
(8/15/88). Data expressed as percent of fish
containing the item, for various times of day.

%Stomachs with item
n=15 n=10 n=15 Total

Item Morn Mid Eve n=40
Insecta
Coleoptera 0.0 0.0 13.3 5.0
Diptera (larva) 60.0 60.0 33.3 50.0
Diptera (pupa) 60.0 10.0 13.3 30.0
Ephemeroptera 0.0 0.0 6.7 2.5
Unidentified 26.7 50.0 20.0 30.0
insect parts
Arachnida
Araneida 0.0 20.0 0.0 5.0
Hydracarnia 0.0 0.0 6.7 2.5
Crustacea
Cladocera 6.7 10.0 13.3 10.0
Ostracoda 0.0 10.0 33.3 15.0
Mollusca
Gastropoda 0.0 0.0 6.7 2.5

Plant Material 20.0 40.0 60.0 40.0
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Table 10. Stomach analysis results for Gambusia affinis
Data expressed as percent of fish
for various times of day.

(8/22/88) .

containing the itenm,

Item

Insecta
Diptera (larva)
Diptera (pupa)
Ephemeroptera
Hemiptera
Gerridae
Megaloptera
Odonata
Unidentified
insect parts

Arachnida
Araneida

Crustacea
Cladocera
Ostracoda
Unidentified

Plant Material

%Stomachs with item

n=15 n=10 n=15
Morn Mid Eve
40.0 30.0 20.0
13.3 0.0 0.0
0.0 10.0 0.0
80.0 30.0 0.0
0.0 0.0 6.7
0.0 0.0 13.3
40.0 40.0 33.3
0.0 0.0 13.3
6.7 10.0 0.0
0.0 10.0 0.0
0.0 0.0 6.7
33.3 40.0 26.7

Total
n=40
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W
N O g
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Table 11. Stomach analysis results for Gambusia affinis

(9/25/88) .

containing the item,

Item

Insecta
Diptera (larva)
Diptera (pupa)
Ephemeroptera
Hymenoptera
Unidentified
insect parts

Crustacea
Cladocera
Ostracoda

Mollusca
Pelecypoda

Plant Material

%Stomachs with item

n=15 n=10 n=15
Morn Mid Eve
46.7 10.0 13.3
33.3 40.0 13.3
6.7 0.0 0.0
6.7 0.0 6.7
20.0 30.0 26.7
6.7 20.0 6.7
6.7 20.0 6.7
0.0 10.0 6.7
6.7 20.0 66.0

Total
n=40

NN
.

(G RON S IENES)|
oMo RN Ne)

\V]

Data expressed as percent of fish
for various times of day.
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The main focus of the stomach analysis collections was

to determine the importance of surface Hemiptera in the diet
of fish. Out of the total 135 gambusia stomachs examined

only 15 (11.1%) contained surface hemipterans; all were from
the same day. Specifically, on the second collection date

(Table 10) nymphal Trepobates inermis (Figure 6 b) were

found in 12/15 (80%) of the morning collection stomachs and
in 15/40 (37.5%) of the stomachs for that day.

The percent occurance for bluegill in each of the two
categories (juvenile and adult) are combined for dates of
collection. The most common contents (Figure 7) of juvenile
bluegill (Table 12) included Diptera larva (75%),
unidentified insect parts (37.5%), ostracods (75%), and
plant material (25%). All the large bluegill collected
contained Diptera larva and plant material (Table 13).

There was no indication of surface hemipterans in any

bluegill stomach samples examined.



Figure 7.

Typical stomach contents of a juvenile
bluegill stomach containing Diptera larva
and several small Pelecypoda
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Table 12. Stomach analysis results for juvenile Lepomis
macrochirus in 1988. Data expressed as
percent of fish containing the item.

%$Stomachs with item
8/23 9/25

n=10 n=6 Total
Item Morn Eve n=16
Insecta
Diptera (larva) 90.0 50.0 75.0
Odonata 10.0 0.0 6.2
Unidentified 30.0 0.0 18.8
insect parts
Crustacea
Amphipoda 10.0 0.0 6.2
Cladocera 50.0 50.0 50.0
Ostracoda 90.0 50.0 75.0
Mollusca
Pelecypoda 10.0 0.0 6.2
Rotifera 20.0 0.0 12.5

Plant Material 20.0 33.3 25.0



Table 13. Stomach analysis results for adult Lepomis
macrochirus in 1988. Data expressed as
percent of fish containing the item.

%Stomachs with item
8/23 9/25

n=2 n=4 Total
Item Eve Morn n=6
Insecta
Coleoptera 0.0 25.0 16.0
Diptera (larva) 100.0 100.0 100.0
Hymenoptera 0.0 25.0 16.0
Unidentified 0.0 25.0 16.0

insect parts

Crustacea
Amphipoda 0.0 25.0 16.0
Isopoda 50.0 0.0 16.0
Rotifera 0.0 25.0 16.0

Plant Material 100.0 100.0 100.0



DISCUSSTION

It has been suggested that the secretion of the
metathoracic scent glands serves as a defensive chemical in
surface Hemiptera (Anderson 1982a). However, none of the
five species of the family Gerridae tested were found to be
inherently unpalatable to gambusia or bluegill. Although a
tank is an extremely artificial situation which greatly
hinders the escape of the insect prey, many gerrids did
escape within the three minute time interval. Mere speed
and agility are apparently the main defensive agents of the
Gerridae.

The two species tested from the family Veliidae,

Microvelia americana and Microvelia pulchella, were

unpalatable to both gambusia and bluegill. Similarly, a

member of the same family, Velia caprai, was unpalatable to

brown trout (Bronmark et al. 1984). Veliidae are smaller
in size and slower in movement than gerrids, and in the
laboratory were caught more readily than intact gerrids with
legs on. Consequently, the chemicals produced by the veliid
metathoracic scent gland might be subject to selective
pressures directed more towards distastefulness, as a better
defensive strategy. Thanatosis seems to deter additional

attacks. Another possibility for the rejection of the

40
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Veliidae is from an energy stand point for the fish.
Perhaps the organisms were too small to provide an
energetically efficient amount of food. The control
organisms were the same size as the smallest test organisms
(Veliidae), therefore, size alone might not be an adequate
explanation for the reluctance of the fish to eat these prey
itens.

It is difficult to speculate why bluegill readily ate

and gambusia rejected Mesovelia mulsanti. Perhaps the

degree of distastefulness has something to do with size of
the predator in proportion to the prey, as the bluegill were
generally larger than the gambusia.

There was no apparent trend in the number of prey items
eaten as a function of fish size class. For both gambusia
and bluegill, responses differed to palatable and
unpalatable prey items. Palatable prey items were attacked
more (even with legs on) than unpalatable prey items.
Perhaps avoidance was learned quickly after exposure to the
unpalatable prey item. There did seem to be a difference in
the average number of attacks per prey item between bluegill
and gambusia. Gambusia were more persistent in attacking
than bluegill.

Of the 120 gambusia examined, a total of 15 fish
contained gerrids. Since the majority of fish containing
gerrids were taken during one morning time interval, the
importance of gerrids in the gambusia diet seems to be
sporadic at best. It is also interesting to note that no

adult gerrids were found in stomachs. One can only
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speculate about the reason for the abundance of nymphal T.
inermis found at this particular time period. Maybe some
type of material such as an algal blcom or pollen on Lake
Matoaka (personal observation) was interfering with the
surface tension of the water and inhibiting normal
locomotion by the gerrids. The lack of M. mulsanti, M.
americana, and M. pulchella in any of the gambusia or
bluegill suggests that the same defensive mechanism(s) that
deterred predation in the lab may be working in the field.
In addition, Veliidae and Mesoveliidae are also found often
on or near vegetation in very shallow water, perhaps
decreasing the chance of predator interactions.

The stomach analysis results suggest that gerrids may
only be an incidental and sporadic part of the gambusia
diet. However, this does not mean that there is no
interaction in the field. Gambusia commonly occupy the
surface layer of very shallow water close to shore around
submerged vegetation (personal observation). Juvenile
bluegill and other sunfish occupy the more vegetated
habitats somewhat deeper and more distant from shore and
thereby segregate themselves from the large piscivourous
fish (Mittelbach 1988, Werner et al. 1977). Frequent casual
observations on the field distribution of gerrids suggests
that in the presence of gambusia there is a definite
avoidance of the shallow water near shore. Gambusia may be
maintaining the gerrids in separate territory just as trout
forced gerrids to the perimeters of pools (Cooper 1984).

One may also look at the relative lack of surface
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Hemiptera from gambusia and bluegill stomachs and their
segregated distribution in the field from a competition
standpoint (see Krebs & McCleary 1984 for a general review).
Even if fish generally can't capture gerrids, gerrids may be
maintaining distance to conserve energy in this case just as
gerrids may have segregated themselves from trout (Cooper
1984). This is especially true when gerrids and fish may be
competing for a similar resource -- insects trapped in the

surface layer of water (Cooper 1984).
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