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Abstract. We examined whether feeding by hardhead silversides (Atherinotorus stipes) occurs
predominantly at night in the back reef or during the day in the mangroves. We also examined
differences in the number and sizes of prey consumed by large fish and small fish. The Ivelv
Electivity Index was used to examine the possibility of selectivity for prey. We discovered that A.
stipes predominantly feed at night in the back reef. Large fish consumed more prey and larger
sized prey than small fish. A. stipes positively selected for amphipods and isopods while they
appear to avoid larvaceae, foramanifera, fish larvae, and decapod zoea. Other zooplankton types
found in the water column were neutrally selected by A. stipes. These results could explain one of
the factors driving the diel migration of A. stipes .

INTRODUCTION

A. stipes is a planktivorous min-
now that aggregates in large schools and
feeds primarily on zooplankton. In
Discovery Bay, Jamaica, A.stipes dis-
plays a diel migration pattern, remain-
ing in a mangrove lagoon during the
day and migrating out to the back reef at
night.

Variations in time of day and sub-
strate type have been demonstrated to
be associated with distinct differences in
zooplankton abundances. Aldredge and
King (1977) found greater zooplankton
abundances occurring at night and over
more complex substrates. Since the back
reef area to which A. stipes nocturnally
migrates is more structurally complex
substrate than the sand and boulder
substrate of the mangrove, the A. stipes
migration is thought to be linked with
nocturnal feeding behavior.

In our study, we examined the diel
feeding patterns and prey selectivity of
A. stipes through the analysis of fish gut
contents, as well as how these differ-
ences are related to fish size classes
within the school.

We formulated the following
hypotheses:

(1) Gut contents of fish will be
greater in the morning after the
completion of the nightly
feeding bout.

(2) Larger fish will have propor-
tionally greater numbers of prey
in their gut than smaller fish.

(3) Larger fish will consume larger
prey items than smaller fish.

METHODS

Fish samples were obtained from
the mangrove area known as "The Blue
Maze," west of the boat dock at the
Discovery Bay Marine Laboratory,
Jamaica, WI. Sampling was performed
at 0630 immediately following the re-
turn of the A. stipes school to the man-
groves from the back reef and again at
1700, just before they left for the back
reef for the night. These samples were
obtained over a period of five consecu-
tive days and five consecutive nights, 2-
6 March 1993, each sample representing
a replicate.

We randomly selected a portion of
the school in the mangrove area and
captured them in a seine net. We then
visually selected the five largest and five
smallest individuals from within the

Table 1. Distribution and densities of

zooplankton at Discovery Bay, Jamaica.

Location Density (m™3)

Day Night
Mangrove 45 67
Back reef 24 317

Table 2. Proportion of zooplankton types in
diet of large A. stipes vs. proportion found in
the environment (back reef).

Pre e % in environ- % in Ivelv
Y

ment diet Electivity

. Index
Decapod zoea * 42 12 -56
Other 22 44 32
decapods
Cyclopoids 21 10 -.35
Calanoids 2.0 20 0
Nauplii 3.0 20 -20
Amphipods 0.1 13 98
Isopods 1.0 3.0 50
Polychaetes 1.0 0.5 -33
Foraminifera 7.0 20 -56
Larvaceae 0.1 0.0 -1.0
Fish larvae 0.1 0.0 -1.0

A. stipes school sub-sample for
dissection. These individuals were
immediately preserved in alcohol
(Overproof Rum). Within two hours of
capture, the standard lengths (tip of
snout to base of caudal fin) were
measured and the guts were removed
from the fish. Using a dissecting
microscope, the gut contents were
analyzed, the prey items were classified
into taxonomic groups, and
representative measurements were ob-
tained for the prey items.

Zooplankton Sampling. Using a plank-
tonic tow, we sampled both the man-
grove study area and the back reef both
during the day and at night to assess
diel changes in the composition of the
zooplankton communities. We sampled
at times of similar light intensity (1000
and 2200) to eliminate variation. A vol-
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ume of 3.19m3 was sampled for each
replicate. A plankton net of 150um
mesh size and a radius of 13cm was
pulled for 60m to achieve this volume.
Two replicates were obtained for each
site for both day and night.
Immediately after completing the tow,
each replicate was preserved in 10%
formalin and sea water for later analysis.
Using a dissecting microscope in the lab,
zooplankton were counted, divided into
taxonomic groups, and representational
measurements were taken to establish a
mean size for each group.

Data Analysis. The Ivelv Electivity Index
was used to rank prey items found in
the fish guts. Rankings were deter-
mined using the following formula:

Electivity =
[(proportion in diet) - (proportion in
environment)]

[(proportion in diet) + (proportion in
environment)]

The rankings ranged between -1 which
represents negative selection (selection
against that prey item), and +1 which
represents a positive selection (selection
for that prey item). A ranking of zero
represents neutral selection (neither for
nor against the prey item). The index
was only used on data from the morning
samples of large fish, because full guts
were required to obtain a sample size
large enough for analysis.

RESULTS

Gut contents were greater in the
morning after nightly feeding in the
back reef than after feeding in the man-
groves during the day (t=5.18, p <.001;
Figure 1). The highest densities of zoo-
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Figure 1. Gut content of large A. stipes
individuals during both the day and night.

plankton were found in back reef sam-
ples taken at night (Table 1). During the
night, decapods were the dominant prey
type for large fish (44%) and cyclopoids
were the dominant prey type for small
fish (29%), while during the day
foraminifera composed 100% of the diet
for both small and large fish.

We found the mean length of small
fish to be 80% that of large fish. Thus,
we scaled gut fullness with respect to
the size of fish. Large fish had propor-
tionally greater numbers of prey
(including fragments) in the gut con-
tents than smaller fish (t=3.19, p<0.01;
Figure 2). Large A. stipes also consumed
a larger maximum prey item size
(7.0mm long) than the small fish
consumed (3.5mm). However, when
comparing the mean size of each
zooplankton type consumed by small
and large fish, the mean sizes did not
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Figure 2. Gut content of small and large  A.

stipes during the day.

*Fullness of guts is scaled to size differences
between small and large guts, assuming size
of gut correlates to length of fish.

differ with a substantial variance.
Therefore, we made the assumption that
differences in size of prey items selected
correlated with differences in taxonomic
selection by fish (Figure 3). Decapods, a
large zooplankton, represented a signifi-
cantly greater proportion of the large
fish's diet (43%) than the small fishes
diet (16%) (t=2.33, p<0.05). Cyclopoids,
a smaller zooplankton, comprised 29%
of the small fish's diet while only 10% of
the large fish's diet (t=1.5, p>0.05).
Finally, the Ivelv Electivity Index
(IEI) comparing the proportion of zoo-
plankton in the diet versus the propor-
tion found at the back reef at night
demonstrated that A. stipes are selective
(Table 2). The large A. stipes strongly
avoided decapod zoea, foraminifera, fish
larvae, and larvaceae, but had a strong
selection for isopods and amphipods.

Figure 3. Diet composition of small and large A.
Taxonomic groups descend in order of size.

DISCUSSION

Results suggest that A. stipes feed
predominantly at night following migra-
tion to the back reef. The migratory be-
havior may be a result of a larger zoo
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plankton population in the back reef at
night. Day and night plankton tows in
the mangroves and back reef support
current theories of zooplankton abun-
dance (Aldredge and King 1977); the
highest density of zooplankton was
found in the nocturnal reef sample, an
area with more complex substrate than
the mangroves. Another possible con-
tributing factor leading to migratory be-
havior is that diurnally active piscivo-
rous fish may exert predation pressure
on A. stipes, causing them to aggregate
in large schools in areas of refuge during
the day. At night when predation pres-

Foraminifera (0.41)

Stipes.
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sures are low, A. stipes can safely enter
the back reef to feed.

When comparing day and night di-
ets of A. stipes, we found substantial
changes in dominant prey types. The
fact that daytime diets consist entirely of
foraminifera, a predominantly benthic
protozoan, suggests that fish are occa-
sionally feeding when schooled during
the day and do so in the benthos. The
school switches to planktivorous feeding
behavior during the night.

When analyzing gut fullness of
small and large fish we made the as-
sumption that fish length correlates di-
rectly with gut size. The results showed
that larger fish consumed proportion-
ately greater numbers of zooplankton
than small fish, suggesting that increas-
ingly more food is needed to meet en-
ergy requirements as size of fish in-
creases.

Both the mean and maximum size
of prey items found in guts support the
hypothesis that large fish are consuming
larger prey items than small fish. When
the size of prey items was analyzed by
comparing prey type distributions of
large and small fish diets, distinct pref-
erences seemed to occur. Decapods, a
large prey type, made up a significantly
greater percentage of large fish diets
compared to small fish diets.. Though
not statistically significant, cyclopoids, a
smaller prey item, made up a substan-
tially higher percentage of small fish di-
ets than large fish diets. Thus, large fish
may be selecting larger prey types and
small fish may be selecting smaller prey
types. Since small fish did consume de-
capods on occasion, they are able to eat
large prey items, yet, they are not pre-
ferred.

Such selectivity may occur because
small fish find smaller prey items easier
to handle. Items such as decapods may



be too large for small fish to eat in great
abundances, because they may require
increased handling time. This idea
could be examined by observing
whether handling time of small fish
varies with prey items of different sizes.

When examining the possibility of
selectivity by A. stipes for various prey
types, we found that selectivity does
exist during nocturnal feeding.
Decapod zoea appear to be selectively
avoided, possibly because of the organ-
ism's morphology. Decapod zoea com-
monly have an anterior spike that may
deter fish predators such as A. stipes.
Results suggest that foraminifera are
being selectively avoided at night as
well, possibly because this prey type is
too small to be a cost-efficient prey item.
Fish larvae and larvaceae also appeared
to be selected against. This may not be
an indication of fish selectivity, how-
ever, because these organisms lack a
hard exoskeleton, and even though they
may be consumed, they may not be dis-
cernible in the guts of A. stipes.
Furthermore, larvaceae are usually
found encased within self-made gelati-
nous homes, which may make them too
large to be predated upon by A. stipes.

Our results suggest that A. stipes
selects for isopods and amphipods.
Based on our plankton tows, these
groups occur in low densities within the
back reef, yet because they are fairly
large and appear to have no morpholog-
ical deterrents, their benefits as a food
resource may be substantially greater
than the costs of foraging for these rare
species.

Decapods and cyclopoids do not
exhibit either strong positive or negative
selectivity indexes, respectively. These
species are abundant within the zoo-
plankton community and are also the
most readily consumed prey types. This
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suggests that little selectivity is occur-
ring for these species, and that fish are
consuming decapods and cyclopoids in
proportion with their abundances in the
environment.

When examining gut contents, we
found that the majority of prey items
were actually unidentifiable fragments,
We made the assumption that the frag-
ments existed at the same proportions as
whole prey items found within the gut.
Although unavoidable, this is a difficult
assumption to make since a particular
prey type may be broken into fragments
more easily than others, and thus would
be underrepresented in the evaluation of
prey items (Randall 1967).

The feeding behavior of A. stipes
could be further examined by observing
the school over a large time period, not-
ing possible patterns in feeding behav-
ior. It would be interesting to note if
seasonal changes in the composition of
the zooplankton community have an ef-
fect on diet composition. Finally, this
study should be expanded to include
analysis of several schools of A. stipes at
several locations to see if the patterns
observed are consistent throughout the
entire species.
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