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Abstract
Diet and feeding strategies of redbreast sunfigpgmis auritus) and bluegill sunfishL{epomis

macrochirus) in two suburban lakes

by

Linda Anne Lalicata

Adviser: Dr. Joseph Rachlin

This is a study of the feeding habits of two sps@f sunfishl_epomis auritus (Linnaeus,
1758), redbreast sunfish, abgpomis macrochirus Rafinesque, 181®luegill sunfish, co-
occurring in two suburban lakes with different dsgg of shoreline development. Since it has
been well-documented that other animal speciesgehtreir dietary habits during or just prior to
breeding season, it seemed sensible to determsumiish also exhibited this behavior. The two
study lakes are close in proximity in Putnam Coulgw York. Lake Mahopac is a more
urbanized setting, close to road traffic, surrouhbg homes, and has little to no vegetation due
to the introduction of grass carp. Long Pond ia more pristine setting with one side being
entirely wooded. It is not close to any main roadd there are few houses on the perimeter.
The vegetation is for the most part undisturbedepkéor a small amount removed from its
beach areas. Despite the lack of vegetation, Lalleddac still has as much species diversity as
Long Pond. Unfortunately the bluegill populationbake Mahopac has suffered from the lack
of weed beds, which are necessary for successdablbrg, which has resulted in a steady decline

in numbers.



The redbreast sunfish population in Long Pond ry geall, most likely due to the fact
that redbreast sunfish prefer moving water and U®ogd is relatively stagnant.

Breeding season usually starts in May and endsuguét; the exact time changes from
year to year based upon weather conditions. Febhadgills from Lake Mahopac exhibited a
dietary shift in which they fed opportunisticallyrihg the pre-breeding season (when water
temperature is below 20° C), but shifted to thad gpecialist during the breeding period (when
water temperature is between 20° C to 28°C) anttHpesding (when water temperature once
again begins to cool). When water temperaturs faglow 20° C in the fall, sunfish move to
deeper waters until the following spring when thetev once again warms up and they move to
the shoreline to breed. There is some dietarylapdretween the species, especially between
females during pre-breeding, as well as betweee anadl female redbreast sunfish from Lake
Mahopac and male and female bluegills from Longd? ardicating that if food sources become
scarce they could develop both interspecific coitipatbetween females and intraspecific

competition between the sexes in each lake.
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Introduction

The females of a variety of species change diefgference prior to and during
breeding (Young, 1989; Durstche, 1991; Rubenstanh Mikelski, 2003; Velara et al., 2005;
Markovich et al., 2007). This change may be duartancreased need for certain nutrients to
prepare for the costly demands of breeding (Rukenstnd Mikelski, 2003). Mammals have

delayed reproduction if an adequate supply of iotrs food is unavailable (Temple, 2004).

Lack of sufficient nutrient supplies may influentecundity in certain fish species,
resulting in a greater interval between spawningpgs (Ali and Wootton, 1999). Pre-spawning
gonadal development of fish greatly depletes thetein and lipid stores (Huss, 1995). Proper

gonadal development can only occur with correctitiomal intake (Shan, 1985).

The focus of this thesis was to study the diepmegerences of fish by season, specifically
pre-breeding, breeding, and post-breeding timesyedlsas by gender. It is well-known that
there are feeding preferences between gendersmarmsi(Cline et al., 1998; Turrell, 1998). The
dietary differences between the men and womeneHadza people of Tanzania were studied
by Berbesque and Marlowe (2009). The Hadza ardehgatherers whose diets have not
changed much since Paleolithic times. They eadl items that are widely available, such as
baobab (a type of fruit), honey, berries, game, tabers. Berbesque and Marlowe (2009) found
that although there were similarities in food clesiamong genders, women ranked berries
higher than meat, whereas men ranked meat higlaer ltlerries. Erlinge (1981) in studying
Mustela ermine Linnaeus, 1758 (ermine), found thatales have a preference for large voles,
whereas combinations of large and small voles atenal prey items for females. Stellar sea

lion females have significantly different diets fiomales, consuming more salmon; males eat



more pollock, flatfish, and rockfish than femal@sites and Calkins, 2008). McKormick (1998)
studied dietary shifts in the red mdRheilodactylus spectabilis Hutton, 187ZCheilodactylidae)
and found no differences in dietary trends betweates and females; however, other studies
have shown difference in diet composition. A study neotropical pipefish by Garcia, et al.
(2005) showed that female pipefish have a morersévdiet based upon prey richness and prey
size range compared to male pipefish. The dieferofle and maleepomis auritus (Linnaeus,
1758),redbreast sunfist{Figure 1) and_epomis macrochirus Rafinesque, 1819, bluegill sunfish
(Figure 2) were compared in this study to see ifdge-associated dietary preference was also

present in sunfish.

Figure 1: Redbreast sunfishepomis auritus)
DEC.NY.GOV

Figure 2: Bluegill sunfishL{gpomis macrochirus)
DEC.NY.GOV



Redbreast sunfisfrommonly known as “redbreasts”) and bluegill ssimficommonly
known as “bluegills”) are members of the family @archidae, order Perciformes. The
redbreast’s native range is eastern United Staig<anada, but they can also be found in
western states. They inhabit lakes, ponds, andt frequently, slow-moving streams (Steiner,
1997). They average in size from 15.2 - 20.3 cegiters (6 - 8 inches). They have been known
to grow larger, attaining lengths of about 30.48tireeters (12 inches). Their body is
compressed and very deep. They have a very lbimg,dark blue earflap which is one of the
main identifying features. The operculum is aladkdlue. They have short, rounded pectoral
fins, a dorsal fin of ten spines, a forked caudgldnd three anal fin spines. The back ranges in
color from olive to dark brown with the lower sidgsy to green. Turquoise bands radiate from
the back of the head (Werner, 2004). Sexual dilnenp centers on coloration differences
(Kodrick-Brown, 1998), with males displaying a brigorange to red breast that is more deeply-
hued during spawning than females, which havesade®rful pale orange or yellow breast.
Sexual maturity occurs at about two to three ye&esye for males and three to four years for

females.

Spawning season is from May through August wherperatures range from 20° C to
28° C (68° F to 82° F). Nests are similar in camdion to other sunfish (Figure 3) with
redbreasts known to use abandoned nest sitesmales of several species of sunfish have been
documented as using nesting sites sequentiallyrfend988). The nest is constructed in the
typical centrarchid manner; using the tail, theerfahs out the benthic substrate (typically
gravel or sand) (Avila, 1976; Stegemann, 1990)bsBate particle size is approximately 0.51 —
16.0 millimeters in diameter (Helfrich et al., 199Nests are approximately 30.48 centimeters

in diameter. Females lay between 1000 and 10,806 per season, depending upon their age



and size (Stegemann, 1990). Males entice femaleir nest where the female will lay a
portion of her eggs. Females typically lay eggsore than one nest, such that nests often
contain eggs from two to six females (Hill and C&005). After fertilizing the eggs, males

may guard the nest for three or more weeks (Stegeni®90).



Figure 4: Bluegill sunfishl{epomis macrochirus) nesting site and collection site A, Long Pond



The diet of redbreasts is varied and includes spalhms, crustaceans, aquatic and
terrestrial insects, insect larvae, and small &egemann 1990). It is unclear whether there is a
difference between male prey item preferences cozdpa female and if there is a difference in
the quantity or quality of prey items in pre-spamghcompared to breeding and post- spawning

females and males.

Bluegills are native to the eastern United Stasesitheastern Canada, and northeastern
Mexico (Stuber et al., 1982). They inhabit lakesnds, reservoirs, and slow-moving streams.
They prefer still waters with abundant vegetatidrere they can hide and feed; they avoid direct
sunlight (ODWC, 2010). Young fish will frequentettshoreline throughout the day, whereas
adults prefer deeper waters during the day comingoi feed in the shallows during early
morning and evening hours (Whitmore, et al., 198OWC, 2010). They range in size from
about 15 to 20 centimeters but can reach 25 cetaisi¢DEC 2011). They have a lifespan of
four to six years but can live around 10 yearsaptiwity (Parr, 2002). Like redbreasts, their
bodies are deep and deeply-compressed with a kead and small mouth. Their dorsal fin is
continuous with firm spines making up the frontlleé fin and soft spines in the rear. There is a
dark spot on the soft rear portion of the dorsal| fwhich is a distinguishing characteristic.
Although not as colorful as other sunfish, theidies are primarily olive green with yellow
undertones in the belly. They have an iridescéutib tinge on their cheeks and operculum,

hence the name “bluegill.” There are faint veltgtaipes on the sides of the body (Parr, 2002).

The bluegill diet is similar to that of the redbsts it has been documented that they
forage on zooplankton (Mittelbach, 1981), macrortelerates (Schramm & Jirka, 1989; Dewey

et al., 1997; Olson, et al., 2003), as well asroalkfish (Engel, 1988).



Spawning season is quite long for bluegill sunfidiey begin nesting in May, when
temperatures reach approximately 19°C, and wiltioae until August (Steiner, 1997). Bluegill
sunfish are colonial centrarchids and are synchusrveeders with distinct bouts of spawning.
The number of spawning bouts ranges from five ¢ghte{Cargnelli and Gross, 1996). Bluegill
sunfish males may spend up to three weeks defenldeignests (Stegemann, 1990) (Figure 4).
Because of the length of time male bluegills spahthe nesting site, it is possible that they
increase their dietary intake prior to spawning amaly also ingest a different array of food
items, including an increase in larval insectshds been stated that males will cannibalize eggs
within their nest (DeWoody et al., 2001). Somedlmse eggs may be the result of nest piracy,
but it is possible that some of the eggs ingestddhave been sired by the guarding male

(DeWoody et al., 2001).

Freshwater ecosystems such as those found in Lakephc and Long Pond support a
wide and diverse amount of biodiversity. Unforttehy the balance is often thrown off due to
urbanization which brings runoff, nitrification due fertilizers, and introduction of non-native,
invasive species (Molles, 1999). Over time, natriebad may cause eutrophication of the

system and loss of species (Tammi et al., 2003).

In 1994, 2,565 grass carp were introduced into Lidkéopac as a biological control for
Eurasian Milfoil, Myriophyllum spicatum L. Due to a miscalculation in the amount of fish
needed to control the weed beds, almost completdication (86%) of aquatic vegetation
resulted. By 1999 it was noted that there wasdirdein largemouth bass populations of fish
over 38 centimeters, although no one at that tiras sure this could be attributed to the lack of

vegetation (DEC, 2002). Another study published2004 (DEC 2004) stated that there has



been a steady decline in total largemouth basslatmos since the introduction of grass carp. In
1994 electrofishing catch rates per hour were 10&lich dropped down to 24.9 in 2004.
Smallmouth bass decreased slightly with electraiiglcatches decreasing from 6.9 fish per hour
to 5.8 fish per hour. Largemouth and smallmoutksbare popular sport fishes and Lake
Mahopac has been a favorite lake for fishermen.foktumately it appears that these two fish
species are being diminished and ultimately mighkdst due to the change in their environment.
No yellow perch or white perch (two other populpow fish) were caught in 1999, indicating
these animals may have become extinct in Lake Mathogd his same study shows that bluegill
sunfish may also have been affected by this lackegktation, with catch rates declining from
72 per hour down to 49. In response to questiegarding the grass carp and the state of Lake
Mahopac, Ron Pierce, senior biologist for the DR®yided data that was acquired prior to and
for the years following the grass carp introductidn 1994, catch rates per hour decreased from
an average of 435 bluegills per hour compared tawvamage of only 210.7 in 1999. Redbreast
sunfish numbers actually increased from 30 per hlou62.7 per hour. Brown bullhead and
yellow bullhead catfish have also increased in nemsilsince 1994. Redbreast sunfish appear to

be not affected by the lack of vegetation and seebe flourishing.

Largemouth bass are the primary predator of blusgrifish (Trebitz et al., 1997). Small
and juvenile bluegills avoid predation by seeking shelter in aquatic weed beds (Gotceitas,

1990).

Largemouth bass do forage on bluegill sunfishegetated areas but capture results are
higher in open, shallow waters (Savino and Ste@89). The capture rate decreases as depth

increases due to a reduction in light intensity iMtion and Holanov, 1995). Because there is



such a lack of vegetation in Lake Mahopac, it isgale that predation on the bluegills and their
fry by largemouth bass may have increased in théasins therefore further lowering the bluegill

population.

In this study several questions are addressed:

1. Is there a difference in the diversity of macroirgbrates in the two lakes?

2. Do the fish change their feeding habits duringgreebreeding, breeding, and post-
breeding seasons?

3. Is there overlap in the diets of redbreasts anddilis in Lake Mahopac?

4. Is there a difference in the diversity of the dietsedbreast and bluegill sunfish from
Lake Mahopac?

5. Is there a difference between the feeding habitealé and female fish (both redbreast
and bluegill sunfish)?

6. Is there a difference in morphology and feedingtstyies between the bluegill
populations from Lake Mahopac and Long Pond?

7. Is there a preference for certain prey items?



Collection Sites

Fish specimens and invertebrate were collected tvearlakes in Putnam County: Lake
Mahopac and Long Pond. Lake Mahopac (Figure &)natural, freshwater lake approximately
80 kilometers from New York City. It has a circuargnce of 10.46 kilometers with a mean
depth of 8.84 meters. The deepest section measboes 18.29 meters. There is an inlet on the
northeast side of the lake and an outlet on théhgast side. Private homes and docking areas
occupy most of the land encircling the lake shdrkere are two restaurants located directly
upon the shore edge of the water, as well as twinag There are three islands, (Canopus
Island, Petra Island, and Fairy Island), locatethexmiddle of the lake. Petra and Fairy both
have permanent residences, whereas Canopus ianfgmireg only; permanent structures are
prohibited. Lake Mahopac was once heavily invadild Myriophyllum spicatum, Eurasian
milfoil, which became a large problem for boatand awimmers. Eurasian milfoil is an aquatic
plant that originated in Eurasia and was introduodtie early 1900’s. It has a negative effect in
the ecosystem because it crowds out native platf8®A, 2010). A study done on Lake
George, New York, found that since 1987, the spoddde plant has expanded in all directions
leading to a decline in native species abundaneetiss a decline in species richness (Boylen

et al., 1999).

Two collection sites (Figures 5 and 6) were chdsesrause of the ideal conditions in
which to place Hester-Dendy plates and to use direlia net. Other sites proved to not be
suitable because after numerous tries, no fish eagaured. One of these sites is located on the
banks of Canopus Island. The benthic substraggtiemely rocky so fish cannot create nests
and therefore do not congregate there in the summoaths. Open-water fishing yielded no fish

specimens—whether the method of collection wasithbrella net, minnow trap, or hook and
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line—despite numerous attempts over the yearsuofystSince much of the shoreline of Lake

Mahopac is privately owned, other sites could reoabcessed or were unsuitable.
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Figure 5: Lake Mahopac
Site A. 41°22'18.51"N 73°45'05.76"W
Site B. 41°22'21.16"N 73°44'55.43"W
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Figure 6: Collection site A (41°22'18.5118°45'05.76"W), Lake Mahopac

Long Pond (Figure 7) is a freshwater lake locajgor@ximately 8 kilometers from Lake
Mahopac. It has an elevation of 60.35 metersvaRriproperty lines much of the shoreline.
There is a public park that consists of approximyal8 hectares. Eighteen acres have been
developed for recreational use, including a devadidpeachfront. In 1922, the Girl Scouts of
America built Rock Hill Camp on 81 hectares of lahdt border Long Pond. The site is still in
use at the present time. Attempts were made tesadbe lake from this site, but safety issues
made this an unsatisfactory collection area. Thedites that were chosen were ideal for
different methods of sampling: the substrate islgao the fish are found in large populations
due to it being an ideal nesting area (Figuresd4&n The dock area at collection site A (Figure

4) was suitable for use of the umbrella net, planktet, and placement of the Hester-Dendy
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plates. Site B (Figure 8) was chosen becausestanaore private spot where a minnow trap

could be placed without disturbance from park visit
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Figure 7: Map of Long Pond
Site A, 41°24°40.36"N 73°43'49.19"W

Site B.  41°24'40.36"N 73°43'52.02"W

Figure 8: Collection site B (41°24°'40.36"N 73°43'82"W), Long Pond
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Because there is such a difference in the ecosgstéthe two lakes, it may affect the
availability of prey items in the resource basksrefore affecting the dietary choices of the two
species of fish being studied. Insect larvae (@scbhironomids) and crustaceans make up a
large portion of the diets of both species of smfiCooner and Bayne, 1982; Olson, et al.,

2003) and their presence or lack there of may teet&d by changes in the ecosystem.
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Materials and Methods

To establish the food base in both lakes, inveatelsrwere collected using several
methods. Three replicate Hester-Dendy platest@desd Dendy, 1962; Rachlin et al., 1987)
were placed in fish collecting areas to assessipgayavailability. Plates were used in Lake
Mahopac in 2006 - 2008, whereas plates were ordg urs2008 — 2009 in Long Pond since
2008 is the year when fish collecting began onghes The plates were tied at one end with
rope and secured to a dock at the Indian Hill prigp@ake Mahopac) with wire to hold them
below the surface. They were also placed on thi@imato capture benthic samples by attaching
the rope to a cinder block in a depth of aboutmie®ers. The same technique was used at Long
Pond for benthic samples but it was necessaryltectdamples from the pelagic zone by
attaching stiff wire to cinder blocks that raised Hester-Dendy plates several centimeters from
the bottom and about 12.7 centimeters from theasarfAlthough there are docks on Long Pond
the collection sites are very public and it wasassary to put the plates in a protected area. It
was important to sample from both benthic and peleegions of the lake to see what prey was
available in the water column for the sunfish taafge upon. Uses of the above sampling
methods were terminated because of the lack ofrgpes collected from Long Pond. It was
decided that termination of these same collectiethods would be best for Lake Mahopac as
well so as to try to keep the methods as even ssile for both lakes; any additional
invertebrates added to the food bases after 200@ ¢@m stomach contents.

It was intended that the plates would be placealtim lakes and removed at two-week
intervals (first plate after two weeks, secondekter four, etc), but circumstances (lost plates,
human error) sometimes prevented this from ocogurrMWhen the plates were removed they

were scraped and rinsed into a pan of water teciolhe invertebrates. The specimens were
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then put into 75% ethanol for preservation. Theyenater identified down to the lowest
practical taxon (Appendix A). These data were usetteate a food data base that was used for
some statistical calculations. Other calculatiese based upon stomach contents obtained
from the sampled fish specimens. These contents also separated out into the lowest
possible taxon and preserved in alcohol (Appendix®ankton net trawls were used on both
lakes; the net was thrown out into the water taaxmately 3.1 meters and pulled back towards
the dock areas; the volume of water sampled was 30f cn?, which was determined by using
the formula V =t x R? x distance of the tow, with R = 6.35 cm and amesh of 80 um. Plant
samples were also taken from Long Pond since nargrtebrates use weed beds for nesting
and foraging. No plant samples were taken fromelldiahopac since there are no existing weed
beds available.

Parameters of the lakes’ ecology, including terapee, pH, and dissolved oxygen have
been obtained for several years (2008 — 2010) €rabl These data are used to determine the
start of spawning season for the two sunfish oteom which begins when the water
temperature reaches approximately 20° C (68° EEgg&hann 1990) and to assess if the oxygen
and pH levels are within normal guidelines. Normaaige for pH in a freshwater lake is 6.5 —
9.0 (Addy et al. 2004). Dissolved oxygen variethwemperature and can be influenced by
additional factors such as inflow of ground wated @ecomposition of detritus (Addy and Green
1997). Low oxygen levels can affect reproductivecess by damaging or killing embryos
(Keickeis et al., 1996). Oxygen levels of 2 - 4pgtress fish populations, with fish kills
resulting at levels below 2 ppm (Francis-Floyd, 299Long-term effects of low pH (<5.0) can
include a decline or even loss of fish populati@ffsight et al., 1976). The pH was measured

using the LaMotte Precision pH monitoring kit. @ey levels were monitored using a Pinpoint
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Il oxygen monitor, testing at a depth of approxietasix inches below the surface, where
sunfish tend to forage.

Sunfish tend to stay mainly in the littoral zonefison et al., 1996) therefore collection
sites were close to the periphery of the lakeh Risre collected using an umbrella net and
minnow trap at different times of the day and njgimice redbreast sunfish are diurnal feeders
(Johnson and Dropkin, 1995). The umbrella newalthe capture of several fish at one time
making it an effective method. The fish trap wabkzed where the use of an umbrella net was
difficult to maneuver and therefore inefficientaiB(bread, dog food, cat food, dried fish flakes)
were placed inside the trap to lure fish. The twas modified to better allow fish entry; flexible
wire was used to hold the openings in place sdishecould swim in but not out. The trap was
set in water depth of about one and a half feetveamlremoved at approximately fifteen minute
intervals to collect the trapped fish; the trap ween put back into place. Water testing was
conducted in the collection areas to assess therwatameters area and were found to remain
constant at this depth where fish usually woul@der (just below the surface in the littoral
zone). Fish would enter the trap quickly, heneefitbeen-minute intervals. Although larger
fish could not escape, it was discovered that sn&llh could swim out sideways. Ideally
collection continued until at least ten fish weodlected for that day but unfortunately some
days yielded less to none of that number.

Collected fish were euthanized humanely using MS@2@aine methane sulphonate) to
anaesthetize the fish before the addition of 10¥m&bdehyde. The fish remained in 10%
formaldehyde for approximately one to two weeksoading to standard museum protocol
before transfer to 75% ethanol. The fish were teered, weighed, and measured before

removal of the stomach. Stomachs were removed thapreserved fish by cutting from the
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anus to the start of the pectoral fin. Small cras$ incisions were made upwards of
approximately one inch for easier removal. Thmahtary canal is then detached from the body
by cutting the large intestine and the esophagise stomach is identified and cut away from
the alimentary canal at the sphincters. It istbibdry with paper toweling and weighed to the
nearest tenth of a gram. It is then opened byrgutBngthwise across the base. The two sides
are spread apart to remove the stomach contertarbfully scraping the tissue using dissecting
picks and flushing with water or alcohol. The sé&mim contents were then preserved in 75%
alcohol until they could be analyzed. The stomads re-weighed and its empty weight

recorded.

Stomach contents were then separated into the/Agpendix B), and were placed in a
Petri dish and examined under a dissecting micpeséor enumeration. Many of the prey items
were identified by body parts and not intact iterirsthis case the identifications were based
upon wing venation, tarsal segments, and head legpsln cases where individuals could not be
reconstructed, the animals were counted based tlngdmead capsules. The individuals were
then put into vials containing 75% alcohol. Théadaas then combined with the data collected
from the Hester-Dendy plates, plankton net traag] plant samples and used to create tables

reflecting the resource base for each lake.

Cumulative frequency curves were used to deterihigne adequate number of fish
specimens were collected for pre-breeding, bree@ingd post-breeding time periods.
Achievement of an asymptote indicates that enopghkimens have been examined to ensure
accurate characterization of their diet. In ordecreate these curves, prey items were grouped
by order; prey invertebrates were identified todswpractical taxon for additional statistical

analysis (Ebert and Sulikowski, 2009; Hallet ande®a2010). The Shannon-Wiener Index of
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Diversity (H' =3 pilnp;) was used to measure biodiversity. A high indember indicates there

is a great amount of biodiversity. The value ofitibased upon the number of categories, as
well as the distribution of data (Zar, 1999). hrststudy the values range from approximately
0.400 to 2.000; the median is 1.200. The Pieleuenness index (J'= H'/H'max) was calculated
based upon the Shannon-Wiener index to indicate\teaness of the distribution of the
organisms. The value of J' is between 0 and hi@fvalue of J' is close to 1 it indicates that the
distribution of abundance of organisms is appraageiven. Shannon-Wiener diversity values
were subjected to t-test analyses (Zar 1999). Goisgns were made between the different
groups, such as pre-breeding female redbreastssuanfid pre-breeding male sunfish. This was
also done to see if the diversity of organisms @iffsrent in the two lakes and if the diet of

Lake Mahopac bluegill sunfish is different from thiet of Long Pond bluegill sunfish.

Niche breadth (NB) (Table 2) was calculated usirgihs’ relativised index {1/(Rpi*)}
(Levins, 1968), where; s the proportion of the ith item in the diet a@ds the number of
resource states available (Rachlin et al., 1989dportional similarity (PS) in feeding was
calculated using Feinsinger’s index PS = 1 5 pb— qi] (Feinsinger et al., 1981), where pi is
the proportion of the ith item in the diet andsgthe proportion of that item in the environment
(Rachlin et al., 1989). The combination of thecaldted values from the two indices gives us
the following feeding habit definitions. If bothBNand PS values are high (above 0.60), the
species is viewed as a generalist and has a leegkniy repertoire and is selecting its food in
proportion to what is available in the food ba#feboth of the values are low (below 0.60), they
are regarded as classic specialists with a narooa fange and not feeding proportionately from
the available food base. If the NB is high andRiseis low, they are considered selectionists; its

catalog of food items is as wide as that of a gais¢but they are not feeding in proportion to
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what is available in the food base. When NB is &wl PS is high, the species in question is
considered to be an opportunist with a small fegdapertoire, but feeding in proportion to the

items availability in the food base (Rachlin ef 4889).

To assess which prey items the fish preferredelbetivity index (E*) of Vanderploeg
and Scavia (1979a) was calculated and was basedhatb the pooled stomach contents and
data collected from Hester-Dendy plates, planktettrawls, and plant samples (when
available). Vanderploeg and Scavia (1979a) statdshe indices \Wand E* can be used not
only to assess prey size preference but also foefénence, which is why it was chosen. The
formula used is E* = {W~ (1/n) / (W + 1/n)}, where W= (ri/p) / > (ri/pi), n = the number of
types of prey items; £ the proportion of the ith item in the diet oéthpecies being studied, and
pi = the proportion of the ith item that is availabighe food base. If the calculated E* values
are positive, the food item is considered to bégpred; if the value is negative it is not preferre
(Rachlin et al., 1987). This index was used teeine if the fish changed their diets depending

upon the time period (pre-breeding, breeding, arxl-preeding).

To look at comparisons of the feeding behavioreofidles and males depending upon
pre-breeding, breeding, and post-breeding perindsaéso between the two species the Schoener
% overlap index was used (Table 3). This indexthadollowing form: & = 100 (1 — 1/Z [p«i
— pil), where g and g; are the proportions of the ith items in X and e (two species that are
being compared). A value higher than approximadedp is considered to be biologically
meaningful and would indicate possible competitietween the groups in question (Zaret and

Rand, 1971).
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Results

Is there a difference in macroinvertebrate divernsdtween the two lakes?

The oxygen levels, pH, and phosphorus remainedratal levels for the most part
throughout the collection season for both Lake Metwoand Long Pond (Table 1). Any rises in
pH and phosphorus is most likely due to lawn andeafertilization of homes that are found on
the periphery of the lake shore. At its higheshppdhe pH is still within the normal range 6.5 —
9.0) (Addy et al., 2004) for a freshwater lake.of{phorus levels should not exceed 0.025 mg/l in
freshwater lakes (NOAA/EPA, 1988); levels were treqtly above this level in Lake Mahopac
but never exceeded the maximum in Long Pond (THbleFrom this table we can determine
that the pre-breeding season starts in May wheant@mperatures are approximately 16° C and
usually lasts until temperatures reach 20°C, uguallune. When temperatures remain at 20°C
and above, it is the breeding or spawning seasbrtjmcontinues until temperatures begin to
cool down in August, signaling the start of postdating. It is also apparent from this table that
there is little difference in the parameter valt@soth lakes during the same time periods. For
example on July 28, 2008 the water temperaturekelMahopac was 27° C with a dissolved
oxygen level of 7.7 ppm; Long Pond had a tempeeateading of 28° C with the same dissolved

oxygen level.

The two lakes have several differences in theirmasition, the most important being the
lack of vegetation in Lake Mahopac compared tddhge amount of aquatic weed beds found in
Long Pond; the other important difference is thegbery of Lake Mahopac is much more
suburbanized. Long Pond is more desolate with ardgunty park, a girl scout camp, and a few

homes found on its shores. Because of these ditfeseit was important to this study to compare
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them to see if the lack of vegetation in Lake Makmpas had an adverse affect on the number of
species in the fishes' dietary habitat. Macroitelaates were collected to estimate the resource
base by using Hester-Dendy plates, plankton netsraglant samples (only from Long Pond),
and the pooled stomach contents (Tables 4 andithlodgh sunfish tend to forage in the litterol
zone, it is possible while constructing their néstihe benthic substrate they occasionally forage
on benthic organisms, such as mollusks and ann@litspe, 1988). Therefore it was important
to sample the entire water column to determine wiatroinvertebrates were available to the
fish. Sunfish have been known to feed on bendepending on the environment they inhabit
(Werner et al., 1978). In order to collect benthriganisms Hester-Dendy plates were anchored
to a brick to keep it from shifting from the coltem site due to water current. The plates were
allowed to sit on the bottoms of the lakes un#ytvere removed at approximately two week
intervals.

The Shannon-Wiener index of diversity was thenudated using the resource bases for
both lakes to assess the amount of biodiversithl€ra). A t-test based upon this index was
calculated to see if the diversities of the macrertebrates in the two lakes were significantly
different or the same. Species richness, total ddce, and evenness were also calculated for
each lake (Table 6). The species richness vatgisate how many different types of organisms
are found within an ecosystem; the evenness valm@s whether the number of organisms is

evenly distributed or if some species are moreasgmted than others within the sample.

Lake Mahopac had a Shannon-Wiener divesity indéxevaf 2.217, a species richness
value of 44.0, and an evenness J-value of 0.5861€T6). The evenness value indicates that the
organisms are not evenly distributed and theregiseater number of some species compared to

others. Since Long Pond is a relatively undistdrade that is surrounded by woods, it would
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be expected that an even greater amount of biadiyevould be present when compared to a
suburbanized lake such as Lake Mahopac. Long Ras@ Shannon-Wiener diversity index
value of 1.942, a species richness value of 32@ aal-value of 0.560. Since the H’ value for
Lake Mahopac is higher than the H’ value for Loron@ we can see that despite the lack of
weed beds there is more macroinvertebrate diversitgke Mahopac as there is in the relatively
undisturbed Long Pond. A t-test calculated fromtthio H’ values indicated that the diversities

of the populations of the two lakes are signifibaditfferent with P<0.05, (P=0.000).
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Do the fish change their feeding habits duringgreebreeding, breeding, and post-breeding
seasons?

There were several questions that were addresgbsistudy regarding the feeding
behavior of the two species of sunfish. The fivas the question of whether or not there is a
shift in diet during the pre-breeding, breeding] anst-breeding seasons for both redbreast
sunfish and bluegill sunfish. Since producingpffng requires a large amount of energy, the
females of some species will change their feedatgth, whether it is a change in diet (Young,
1989; Durstche, 1991; Rubenstein and Mikelski, 2@6&ra et al., 2005) or an increase in the
amounts of food consumed to make up for the enesgi/(Rubenstein and Mikelski, 2003 he
Shannon-Wiener diversity index was used to caleula¢ amount of biodiversity there was in
the diets and Pielou’s evenness index (J’= H'/H’Inaas calculated based upon the Shannon-
Wiener index and indicates the evenness of thelalision of the organisms. Species richness
signifies how many different organisms were foumdhie diets and total abundance shows how
many individuals were consumed by the fish.

To determine if the populations in question arecfioming as specialists, generalists,
selectionists, or opportunists, both niche breaaitld proportional similarity were calculated
using Levins’ relativised index {1/(Rpi®)} for NB and Feinsinger’s index for PS, where PS =
1- 0.5 [pi—qi] (Table 2).

A total of 117 fish were collected from Lake Mahogeom 2007 to 2010 and a total of
62 fish were collected from Long Pond (Table 7);éhese there were not enough redbreast

sunfish collected from Long Pond, they were not pathe study.
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The cumulative frequency of prey item graphs weeated by counting the number of
prey items found in the stomachs from the earpstimens (earliest meaning fish caught at the
beginning of the collecting season) to specimeng/ltawhen temperatures were about ideal for

breeding and nests were observed.

Pre-breeding redbreast sunfish females approagchadyanptote at 15 fish, N=16 with a
total of 20 prey items (Figure 9) and are opposdtswith a NB = 0.05 and a PS = 0.82 (Table
2); they have a narrow feeding repertoire but f@egortionately to the prey items availability
in the food base. Chironomids were the most comiamae found in their stomachs (Table 8),
but it was not a preferred prey item (Table 9).eiflpreferred food items included several larval
insects: two families of diptera (ceratopogonidad empididae), the ephemeroptera of the
family ephemerellidae, the coleoptera of the fardifiscidae, and two trichoptera families
(hydropsychidae Curtis, 1835 and lepidostomatidimeed 1903) (Table 9). Other preferred
prey items were the gastropod of the family plardae and eggs were also common and
preferred, but from what animal they came fromrislear (Tables 8 and 9). Pre-breeding
females have a diverse diet overall with a Shanener diversity index = 1.396 with a species
richness of 20.0 (Table 10), which was one of tigaédst numbers for any of the groups. They
also consume large quantities of the food they sbdo eat with a total abundance of 519 prey
items. The diet is not evenly distributed amorigstprey they choose with an evenness value J’
of 0.466 (Table 10).

During the breeding period, female redbreast shrmémain opportunists having a very
low NB value of 0.11 and a high PS value of 0.98((€ 2). They reached an asymptote at 18
fish, N=22 (Figure 10). Chironomids are no londer most abundant prey item and make up

only 14% of their overall diet. Formicidae makethp majority of the pooled stomach contents
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at 35% and the cladocera of the family sididae rmale27% (Table 11). Preference for certain
food items has shifted slightly. Formicidae waweferred food item but sididae was not (Table
12). No formicidae were captured using the inyete sampling methods used in this study but
were often found in the stomachs of the two surdigcies because of swarms being trapped by
the water. Besides formicidae, the isopod asdlidareille, 1802, sphaeriidae, the diptera of
the family psychodidae, and the hemiptera of tinailfavelidae Amyot and Serville, 1843 are
preferred (Table 12). They fed very proportionatedm the food base with a PS value of 0.98
(Table 2) and they have a narrow feeding repertoitie a NB value of 0.11 (Table 2); they
consume 14 different prey items but ingest lesyg firan pre-breeders with a total abundance of
223 (Table 13). The Shannon-Wiener index increasttsan H’ value of 1.746 and a J’ value
of 0.662 (Table 13) and since there is a declineverall consumption with a total abundance of
223 (Table 13), it may indicate that females consumore prey prior to breeding and no longer
need such large quantities after they have spawttésllikely that some of the female fish
sampled during the actual spawning period may béeady deposited their eggs prior to
capture and were exhibiting feeding behavior thas seen during the post-breeding period.
Post-breeding redbreast females approached an ssgnap 10 fish, N=11 (Figure 11)
with species richness now down to four prey itenth & total abundance of 46 (Table 14), a
dramatic drop from the pre-breeding and breediag®@es. Formicidae makes up almost all of
the diet at 91% of the overall intake (Table 15he Shannon-Wiener index has a value of
0.386, a very low number with an evenness valu@2i8 (Table 14), indicating that the females
did not choose equally from their food choicesfemed prey items were formicidae and
heptageniidae, a family of the order ephemerogiesble 16). During this time period, they

shift their feeding behavior to that of a spectakgh a NB value of 0.03, which shows that they
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have a very narrow feeding repertoire, and a P&wval 0.57, which shows that they are not
feeding proportionately from the resource base Igah

Male redbreast sunfish are also opportunists améireso during the pre-breeding,
breeding, and post-breeding period with NB valukgrader 0.1 and PS values above 0.8 (Table
2). The cumulative frequency curve for pre-bregdedbreast males approached an asymptote
at seven fish, N=8 (Figure 12) and had fairly déeediets with an H’ value of 1.208 with species
richness of 12.0, a total abundance of 72, angaul of 0.486 (Table 10). Although
chironomids made up 73% of the overall pre-breednade redbreasts’ diet (Table 17), it was
not a preferred prey item; cambaridae Hobbs, 1842@mily of decapod, the diptera of the
family dixidae, and heptogeniidae, a family of emleeoptera, were favored items during the
pre-season (Table 18).

There is a slight decline in the amount of foodszoned during the actual breeding
season with total abundance dropping to only 48 peens; however, species richness is nearly
the same with 11 different species consumed, an&bannon-Wiener index increases with an
H’ value of 1.384 (Table 13). The evenness vadu@577, which indicate that some prey items
may be chosen more frequently than others (Table CRironomids still make up the majority
of the diet at 67% (Table 19), but the calculatéd&ues show that it still is not preferred.

Only two items were sought out; these were theagtéra of the family hydrophilidae Latreille,
1802 and undetermined ephemeroptera (Table 20g.climulative frequency curve approached
an asymptote at seven fish, N=8 (Figure 13).

When the males reach the post-breeding period,diierall consumption increases to 89

food items (Table 14); during the breeding seasmles spend all of their time defending their

nests and offspring, which would explain the lowoammt of food eaten during this period. After
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the fry have left the nest, the males are oncendgee to forage and will consume more food.
They approached an asymptote at five fish, N=6ufieid.4). The diversity of prey remains little
changed with species richness = 10. The Shannon&idversity index value H was 1.055
and the evenness value J’' was 0.453 (Table 14¢.rdlatively low evenness implies that the
males are not choosing equally amongst its chosgclaoices, but rather choosing some more
often. Formicidae make up majority of their die68% (Table 21) and is favored according to
the calculated E* values (Table 22). Sididae mauéhe next largest portion of the diet at 20%
but was not favored. The only other items that pasitive E* values were a spider and an
undetermined gastropod.

Although there is a much smaller population of gillessunfish in Lake Mahopac
compared to redbreast sunfish, enough specimeresaaptured to examine their feeding habits.
The same time periods were observed as with theeadt sunfish. Bluegill females are
opportunists and remained so regardless of timegyewith pre-breeding females having an NB
value of 0.07 and a PS value of 0.85, breedingafesna NB value of 0.04 and a PS value of
0.85, and post-breeding females having a NB vale(8 and a PS value of 0.73 (Table 2).

Pre-breeding females have a relatively diverse da@tsuming 12 different items; total
abundance was 85 (Table 23) and the cumulativeiémcy curve approached an asymptote at
four fish, N=5 (Figure 15). The Shannon-Wienerexdalue H’ is 1.596 and the evenness value
J'is 0.631 (Table 23). The most common prey ifeund in the stomachs were chironomids
making up 60% of the diet (Table 24), but basedhupe electivity index it was not a preferred
item (Table 25). Their preferred dietary items evbydracarina, daphniidae Straus, 1820,

sphaeriidae, scarabidae, and araneae (Table 25).
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Bluegill females increase their intake of preyidgrthe breeding period with total
abundance of 240 macroinvertebrates with speaibsess of 11 (Table 26). The evenness is
low with a value 0.311 indicating that they choesene items more often than others because
the diet is not evenly distributed (Table 26). Biennon-Wiener diversity index was calculated
for females to be 0.746 (Table 26), which is coesaBly lower than the value of 1.596 that was
seen during the pre-breeding period. An asymptaiereached on the cumulative frequency
graph at 10 fish, N=12 (Figure 16). Sididae mafehe majority of the breeding females diet at
83% of the stomach contents (Table 27) and wasileatd to be a preferred prey item with a
positive E* value (Table 28). All other macrointedsrates were ingested in much smaller
guantities. Other items that were preferred wgadlélidae and undetermined gastropods, as
well as the planktoiNavicula Bory.

The amount of food and diversity dropped dramésichuring the post-breeding period
with bluegill females choosing to feed on only falifferent species (Table 29) with hydracarina
and formicidae making up majority of the diet a¥#ldnd 33% respecitively (Table 30). Only
hydracarina is favored as a food item (Table 3Igtal abundance was a scant nine items (Table
29). The Shannon-Wiener diversity index was cal@a for females to be 1.215 with an
evenness value of 0.876 (Table 29). As with posetling redbreast sunfish females, the
bluegill sunfish females no longer seek out lang@ants of prey after they spawn, and feed
quite modestly. The cumulative frequency curvehed an asymptote at five fish, N=7 (Figure
17).

Bluegill sunfish males from Lake Mahopac are opyuists and remain so from season
to season. All had NB values below 0.20 and P8egafreater than 0.60 (Table 2). Pre-

breeding males had an evenness value of 0.8884Ra&)] which is quite high. They fed from
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their dietary repertoire quite uniformly (Table 3)nsuming only chironomids and trichoptera
of the family lepidostomatidae slightly more oftiwan other organisms in their diet. They had a
total abundance of 31 items chosen from 11 diffespecies (Table 23). The cumulative
frequency curve reached an asymptote at four lisi6, (Figure 18). The Shannon-Wiener index
was calculated to be 2.128, which indicates theit dhiet is quite diverse (Table 23), although
when compared to the availability of species foumthe food base (Table 4), it is a relatively
narrow diet. Their favorite food items are biva\a the family unionidae Fleming, 1828,
diptera of the family phoridae, and odonates offéimeily calopterygidae; all three had positive
E* values (Table 33).

Breeding males have slightly less diversity inrtkiéts choosing from amongst nine
species (Table 26) with crustaceans (ostracodsiaosktraca) and gastropods of the family
valvatidae being favored (Table 34). Another faediood item is the diatom Navicula.

Navicula was found in the stomach contents of many of Btethat were studied. Total
abundance is misleading with a total of 454 (T&élg 86% of that number is actually from
anostraca Sars, 1867, also known as fairy shrimpl€l35). Fairy shrimp can occur in large
groups and when consumed it would most likely beapious amounts. If this item was
removed, the evenness would be much greater tieacatbulated 0.276 (Table 26). Males had a
Shannon-Wiener diversity index of 0.606, which aades lower diversity in their diet (Table

26). The cumulative frequency curve approachedsymptote at six fish, N=7 (Figure 19).

Post-breeding bluegill males, like the femaleseha sharp decrease in prey selection as
well as amounts consumed. The species richneps dimwn to six with total abundance only 13
(Table 29). The cumulative frequency curve appnedcan asymptote at five fish, N=6 (Figure

20). The Shannon-Wiener index was calculated tb.4#1 and the evenness increased to a J’
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value of 0.787 (Table 29). Once again the diveisinot really that wide when compared to the
available species in the food base and would bsidered narrow. Although majority of the
dietary intake was made up of chironomids at 54%b(@ 36) it was not calculated to be a
preferred item having a negative value (Table J&yo items that were favored were sididae
and dixidae.

All Long Pond bluegill sunfish are opportunistdlwiboth males and females having PS
values above 0.90 (Table 2); the NB values difiggahding upon the gender and the time period
but are all below 0.25.

Pre-breeding bluegill females had a Shannon-Widnersity index value of 1.943,
which is relatively high and the evenness valu@.884 shows that they feed almost equally
from amongst the food items they forage on (TaBle Ihey have a narrow feeding repertoire
with an NB value of 0.24 (Table 2). The cumulatiregquency curve reached an asymptote at
nine fish, N=13 (Figure 21). Of the nine differgméy organisms found in the pre-breeding
females’ stomachs, five were found to be prefew#d positive E* values for hydracarina,
daphnia, undetermined diptera, odonates of thelyaaeshnidae, and cicadellidae (Table 39).
Although chironomids made up 22% of the diet (Takg it did not prove to be a preferred
item.

There is a very large increase in diversity inltheeding bluegill sunfish females with
species richness of 18 different prey items inrtbetary repertoire (Table 41). The calculated
NB value is 0.08 with a PS value of 0.92 (TableA?).asymptote was reached at 12 fish, N=14
(Figure 22). The Shannon-Wiener diversity indelugavas 1.279 with an evenness value of
0.442 (Table 41). During this time females areasiiog certain prey items more frequently than

others, specifically chironomids which make up 7dBthe overall diet (Table 42). All the
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other prey items were fed upon almost equally hédgh it would seem that chironomids would
be a preferred prey item with so much of the diehing from this particular larval diptera, when
the electivity index was calculated chironomids hategative value. However, breeding
bluegill females do have quite a few favorite fotmins with isopods, ostracods, scarab beetles,
undetermined diptera, undetermined odonates, hepidge, cicadellidae, aridavicula all

having positive values (Table 43).

During the post-breeding period there is an in@easlietary richness with the females
now feeding from 12 different items but a slightase in total abundance with 185 different
specimens collected from the stomachs (Table Aé)asymptote was reached at four fish, N=8
(Figure 23). The Shannon-Wiener index value was7Z with an evenness value of 0.510 (Table
44). The low evenness can be attributed to tlgelamount of chironomids consumed (126
specimens). Chironomids are still the majorityhad diet with 68% of the overall amount (Table
45). Post-breeding bluegill sunfish fed as clasgigortunists with an NB value of 0.08 and a PS
value of 0.95 (Table 2). Once again chironomidsewmt preferred when the electivity index
was calculated. Sididae, ceratopogonidae, undetethodonates, lepidostomatidae, and
juncales all had positive E* values and were soogihprey items (Table 46).

Pre-breeding males forage on 11 different pranst€Table 38), which is the same
species richness found in the diet of Lake Mahgpaéebreeding bluegill sunfish females but the
total abundance of the prey is slightly higher vaghindividual items found in the stomachs.
They had a calculated NB value of 0.22 and a P&ewval 0.94 (Table 2). The various species
are well-distributed in the diet with an evenneskig of 0.821 (Table 38). Two families of
diptera were consumed slightly more often with @homids making up 28% of the diet and

ceratopogonidae 24% (Table 47). The Shannon-Wauahmersity index is relatively high with a

32



value of 1.969 and similar to the value calculdtedre-breeding bluegill sunfish females,
which was 1.943 (Table 38). Of the five favoredyptems, three were larval insects
(ceratopogonidae, aeshnidae, and coenagrionidee)eimaining two items were valvatidae and
daphniidae (Table 48). The cummulative frequenaye approached an asymptote at five fish,
N=6 (Figure 24).

There is a slight decrease in species richnesppdrg from 11 down to eight, during the
actual breeding period, which was expected sindesvae now guarding their nests and
offspring (Table 41). The cumulative frequencyvaureached an asymptote at seven fish, N=9
(Figure 25). The Shannon-Wiener index value 064.mdicates this decline (Table 41). The
evenness value was 0.752 (Table 41). There isadl detline in the actual amount of food
consumed down from 58 organisms found in the stbsém47. Once again chironomids make
up a large percentage of the overall diet at 34%ghapods Order: Amphipoda Latreille, 1816
make up 36% and ostracods Class: Ostracoda Lafreé8D2, 13% (Table 49). Amphipods are
favored but chironomids and ostracods are not, battng negative E* values (Table 50).
Ceratopogonidae and scarab beetles were the dimdy pteferred items. Breeding bluegill males
had a NB value of 0.15 indicating that they do haverrow feeding repertoire and feed very
proportionately from the available resource badb @iPS value of 0.91 (Table 2).

The post-breeding bluegill sunfish males are foel®rage at this time and have more
access to prey. The cumulative frequency curvehezhan asymptote at five fish, N=7 (Figure
26). The species richness sharply increases s@vienteen and total abundance is up to 133; the
Shannon-Wiener diversity index value is 1.678 withevenness value of 0.592 (Table 44). The
diversity in the diet has increased but they amg feeeding less evenly from their food repertoire

(Table 44). Chironomids remain a large part ofdlet and are now 55% of the overall food
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intake. Ceratopogonidae make up the next largaseptage at 15% (Table 51). Both of these
organisms are larval and have a large amount of ftaicand therefore are quite caloric (Bernard
and Allen, 1997). Perhaps because of the diffyanltobtaining prey during the breeding period
when the males can spend weeks guarding nests matease their foraging and seek out prey
that will restore nutrients that may have beenilaghkn their diet. Although the chironomids
make up large portion of the dietary intake, it was a preferred item and had a negative value;
the following invertebrates did have positive valaad were preferred: sididae, coccinellidae
Latreille, 1807, chaoboridae (a family of diptena)determined diptera, aeshnidae, and

formicidae (Table 52).
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Is there overlap in the diets of redbreasts anddilis in Lake Mahopac?

The Schoener % overlap index was calculated fosithgroups, pre-breeding, breeding,
and post-breeding females and males to determthernié was diet overlap between the redbreast
sunfish and bluegill sunfish in Lake Mahopac. Qaeibetween the two species would indicate
possible competition for dietary resources.

Pre-breeding females of the two species had agpenondex value afi=0.670; there
was no indication of dietary overlap during thedatie@g period with a Schoener % overlap index
value of =0.303 but there is overlap once agathénpost-breeding period with=0.643 (Table
3), indicating that there is a very small amountedrlap in the diets: hydracarina, daphniidae,
amphipods, isopods, scarab beetles, chironomidstop®gonidae, formicidae, aiavicula
were found in both diets.

During no time is there overlap between the diéthe males of the two species; the
Schoener overlap index was calculated for the theg®ds and is as follows: pre-breeding
a;=0. 360, breeding;=0.112, and post-breeding=0.499 (Table 3). Pre-breeding redbreast
males preferred to consume decapods, dixidae laavakeephemeroptera larvae (Table 17),
while pre-breeding bluegill males prefer unionidalegridae larvae, and calopterygidae larvae
Table 33). Breeding redbreast males had only @fepred items, hydrophilidae larvae and an
undetermined lepidoptera (Table 19), while breedhluggill males preferred four, anostraca,
ostrocoda, valvatidae, and navicula (Table 43)er&lare three preferred prey items that are
ingested by post-breeding redbreast males, gastspparmicidae, and one lone arachnid. Post-
breeding bluegill males had two, sididae and diit#éavae. At no time do they share any

preferred prey items.
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Few papers have been written specifically on commpetbetween redbreast sunfish and
bluegill sunfish, most focusing on foraging behasiof bluegill sunfish, so it was impossible to
compare these results with those of other researciMittelbach stated in his 1981 paper on
bluegills that foraging changes with size; as thle become larger predation upon them
decreases and they are able to move away fromlhe@getated areas to more open waters,

therefore increasing their dietary repertoire.
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Is there a difference in the diversity of the digtsedbreast and blueqill sunfish from Lake
Mahopac?

To determine whether or not there was an equal ahadudiversity in the diets of the
two species, redbreast and bluegill sunfish, ste&re calculated based upon the Shannon-
Wiener index for each group (pre-breeding, breedang post-breeding males and females).
Pre-breeding redbreast females from Lake Mahopdatshannon-Wiener diversity index of
1.396 with a species richness of 20.0 (Table 18)clvwas one of the highest richness numbers
for any of the groups. They consumed large quastdf prey with a total abundance of 519
prey items. The diet is not evenly distributeds talculated evenness value J’ of 0.466 (Table
10) indicates that the fish are ingesting more sygieprey than others. Bluegill females from the
same lake during this time period had a Shannom#imdex value H'=1.596 and an evenness
value J' = 0.631, which means that their diet iger@venly distributed than the redbreast
females’ diet (Table 23). Bluegill females did mohsume as many different types of prey as
the redbreasts with 12 different prey items witbtal abundance was 85 (Table 23). To see
whether or not the diets are significantly diffdrendiversity a t-test was calculated; a result of
P<0.05, (P=0.00), implies that the diets are nagém diversity. Although many of the prey
items they choose are the same, pre-breeding &stlaenfish females have a more varied diet
with 20 different organisms making up its diet cargal to the 12 that were found in the pre-
breeding bluegill sunfish females’ stomachs.

During the breeding period the Shannon-Wiener iratekthe evenness value were a bit
higher for redbreast females with H'=1.746 and=#.B62 respectively (Table 13). There was a
decline in species richness and overall consumptitmspecies richness of 14 and a total
abundance of 223 (Table 13). Breeding bluegilldas had a decline in diversity with the

H'=0.746; the evenness was also lower with J’=0.3ble 26). Total abundance of prey
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increases with a total of 240 macroinvertebrat@sgoemoved from the stomachs; majority of
this number comes from sididae, which made up 88#hteobreeding bluegill females diet.
Species richness had little change, down from 1PltoThe calculated t-test yielded a result of
P<0.05, (P=0.00), indicating that the diversitieshe two diets are different with breeding
redbreast females feeding on more insects thamilléemales from the same period, which
tend to forage more on crustaceans (Tables 11 and 2

Post-breeding redbreast females had a drop indednsity and evenness values with
H'=0.386 and J’=0.278 (Table 14). Total abundamicerey consumed has also decreased with
only 46 prey items removed from the stomachs. i®peahness is down to only four different
food items (Table 14). Bluegill females had arr@ase in both diversity and evenness values at
this time with H'=1.215 and J'=0.876 (Table 29) bhey also consumed only four diffent types
of prey with a very low total abundance of ninéheTesult of the calculated t-test was P<0.05,
(P=0.00); the diversity of the two diets is not Hane.

The t-test result for comparison of dietary divisrdetween pre-breeding redbreast and
bluegill males from Lake Mahopac was significanthw#<0.05, (P=0.00), indicating that there is
a difference in the diversities of the two dieRedbreast sunfish and bluegill sunfish males had
almost equal species richness in their diets watiprey items for redbreast sunfish (Table 10)
and 11 for bluegill sunfish (Table 23) but only ngchrina, sididae, chironomids, and scarabs are
seen in both diets; redbreast also consumed mocethan bluegills with a total abundance of 72
(Table 10) compared to 31 (Table 23). Redbreastsriead an H'=1.208 with a J'=0.486 (Table
10) compared to the bluegill males, which had af2.128 and a J’=0.888 (Table 23). Itis
apparent that at this time period there is morerdity in the diet of pre-breeding bluegill males

with prey items in the diet being consumed morkess equally.
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For breeding males the t-test also yielded a resi<0.05, (P=0.00); there was no
significant difference between the diversity of thets of the post-breeding males with P>0.05,
(P=0.108). Breeding redbreasts had an H’ value384 and a J' value of 0.577 with species
richness of 11 and total abundance of 44 (Table@B8)pared to an H’ value of 0.606 and a J’
value of 0.276 with species richness of nine ptems and a total abundance of 454 individual
macroinvertebrates for bluegill males (Table 26pviously there is much lower diversity in the
bluegill males’ diet and prey items are not beirgirduted evenly within their diet but they are
consuming more prey during the breeding periode 6w evenness value for breeding bluegill
males is due to the fact that 86% of the overaltifoonsumed is made up by chironomids.
During the post-breeding time period redbreast mtile H’ value was 1.055 with a J’ value of
0.453 (Table 14); bluegill males had an H’ values\ia411 with a J’ value of 0.787 (Table 29).
Total abundance of prey increases to 89 with speaness approximately the same with 10
different types of macroinvertebreates for rediresses; bluegill males have a species richness
of six different types of organisms and total atamze drops down to 13. The small amount of
food that post-breeding bluegill males consumadase or less evenly distributed in the diet,

although chironomids do make up majority of theat{Table 36).
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Is there a difference in dietary overlap and digtsetween male and female fish (both
redbreast sunfish and blueqill sunfish) within eboeding period?

There was interest in finding out whether or inare is a difference in feeding behavior
and food choice between the two genders sincdniésof other species. It has already been
established that animals other than fish will hdierences in dietary preference based upon
gender (Young, 1989; Durstche, 1991; RubensteinMikelski, 2003; Velara et al., 2005).
Other species of fish will shift their dietary hebdlue to age (Whiteley, 2006; Chan, 2007) and
size classes (Graeb et al., 2006). There wasffezatice due to gender found by McCormick in
his 1998 paper o@heilodactylus spectabilis (red moki).

In a previous section it was shown that bluegilif@h are opportunists regardless of the
time period (pre-breeding, breeding, and post-bnegd Female redbreast sunfish are
opportunists during the pre-breeding and breed&agen but become specialists post-spawning;
male redbreasts are consistently opportunisticeiesedSince there is little change in the way the
fish forage for their food, is there overlap inithdiets? To address this question, the Schoener
% overlap index was calculated. To see if therditgein the diets were equal, t-tests were
calculated.

During the pre-breeding season, female redbreasish consume large quantities of
food when compared to the males of the species\(5182 prey items). When comparing their
diets for overlap it was found that the Schoendein= 0.765 was very high (Table 3); this is
biologically meaningful and indicates that if thevas a decline in invertebrate population
competition could possibly occur. Female redbsehatl a Shannon-Wiener H’ value of 1.396
and an evenness J’ value of 0.466; male redbrbadtan H’ value of 1.208 and a J’ value of

0.486. To see if the diversity of the two dietswvilae same or significantly different a t-test was
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calculated and it was found that there is a sigairft difference in the diversity of the two diets,
with the result of the t-test P<0.05, (P=0.023).

Breeding redbreast sunfish apparently have littleo overlap in their diets as the pre-
breeders do. The calculated Schoener index w&2 @Table 3). This number shows a decline
in the similarity of the two diets; this may be dodhe fact that males spend much of this time
guarding their nests. Females are still consurfangiore than the males (223 vs. 43 prey
items). The Shannon-Wiener diversity index H’' \afar breeding redbreast females was 1.746
and the evenness J’ value was 0.662 compared ®nedthreasts, which had a calculated H’
value of 1.384 with an evenness value of 0.577e fHiest yielded a result of P<0.05, (P=0.00),
which indicates that the diversity of the dietdafeding redbreast females and males are
significantly different.

When breeding season is over the redbreast femalksger consume such large
quantities of prey. Males on the other hand hagesiased the amounts they ingest; after the fry
have left the nest they are free to hunt for fodte overlap increases at this time with the
Schoener % overlap = 0.835 (Table 3). The diverdiprey items decreases for post-breeding
females with an H’ value of 0.386 and J’ value &&@B. Diversity also decreases for males with
an H’ value of 1.055 and a J’ value of 0.453. Wtient-test was calculated on the H’ values it
was found that the diversity of the prey itemsas equal in the two diets with a result of
P<0.05, (P=0.000).

The opposite is true for the bluegills in Lake Mphc. There is no overlap in the diets of
the males and females at any time. During thebpeeding period the Schoener index=0.570.
When the fish are actually spawning, the Schoerdax decreases to 0.491. When breeding

time is over, there is virtually no overlap betwekea diets of the genders. The Schoener %
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overlap index is exceptionally low with a value Dl)(Table 3). The Shannon-Wiener diversity
index was 1.569 with an evenness value of 0.63preibreeding bluegill females; pre-breeding
males had a higher H’ value of 2.128 and a highealdie of 0.888. The higher values for the
males indicate that they have a more diverse katis more evenly distributed. To see if the
diversities are equal for the pre-breeders a twastcalculated with a result of P<0.05,
(P=0.029). The diversity of prey items in the tdiets was not equal.

Breeding bluegill females and males had low vafoe®oth the H and J’ values. For
breeding females the H’ value was 0.746 and foemalwas 0.606; the J’ value for the females
was 0.311 and for males it was 0.276. When tlesttwas calculated it was found that there was
no significant difference in the diversity of priggms in the diets of the males and females
during spawning, with P>0.05, (P=0.088).

Post-breeding females had an increase in dietagrgity with a Shannon-Wiener index
value of 1.215 and an evenness value of 0.87@créased for males as well with an H’ value of
1.411 and a J’ value of 0.787. Their dietary diitgneas equal with the t-test result of P>0.05,
(P=0.458).

The findings for the Long Pond bluegill populatiere quite interesting. In Lake
Mahopac there was no overlap between the maleeaandlé bluegills at any time. The opposite
is true for the Long Pond bluegills. During the{reeding the overlap was the lowest with a
Schoener index value 0.673 (Table 3). Howeveretigean increase when the fish begin to
spawn with the Schoener % index value of 0.706 I@@h These numbers are high enough to
be considered biologically meaningful as they d@va the cut-off value of 0.6 and indicative of
possible rivalry for food between the sexes. Sind&es cannot be tested for statistical

significance the value of 0.60 indicates thereislbgically meaningful” overlap (Zaret and
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Rand 1971). The most dramatic overlap is posteinge with Schoener % overlap index value
of 0.825 (Table 3).

As with the previous groups, a comparison betwherBhannon-Wiener diversity index
values was made for the males and females for garobd (pre-breeding, breeding, and post-
breeding); t-tests were calculated based on theallles to see whether or not the diversity of
prey items is equal for the males and females.

The values for the Shannon-Wiener diversity inded Bielou’s evenness values were
very similar for both the males and the femalesmduthe pre-breeding period for male and
female bluegills. Pre-breeding bluegill femaled bha H’ value of 1.943 and a J’ value of 0.884;
males had an H’ value of 1.969 and a J’ value 8 0. The result of the t-test indicates there
was no significant difference in the two dietaryetsities with P>0.05, (P=0.427), during this
time.

During breeding the diversity and evenness valueg fbr both males and females with
H'=1.279 and J'=0.442 for females and H’'=1.564 dix.752 for males. Males have a higher
diversity of prey in their diet and they are conggnmore or less evenly. The result of the t-test
was significant with P<0.05, (P=0.044) indicatihg diversity of prey items is not equal in the
two diets.

Post-breeding bluegill females have similar divgrand evenness values with an H’
value of 1.267 and a J’ value of 0.510; males maH’avalue of 1.678 and a J’ value of 0.592.
Once again the diversities in prey items is difféfer males and females with a t-test result of

P<0.05, (P=0.005), which is significant.
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Is there a difference between the blueqill popataifrom Lake Mahopac and Long P8nd

In this study both populations fed as opporturpsésbreeding, breeding, and post-
breeding but the Long Pond females had higher N8egacompared to Lake Mahopac females
during the pre-breeding period. Pre-breeding fesiibm Long Pond had a NB value of 0.24
compared to 0.07 for the fish from Lake Mahopad{&&). Long Pond females apparently
have a larger feeding repertoire than the fematea .ake Mahopac and this may be due to the
fact that they must share the resource base wittreasts. During the breeding and post-
breeding the NB and PS values are very similarlgrap

The average length of the bluegills in Long Pané.R centimeters and average mass is
29.8 grams; the Lake Mahopac population averagghens 9.3 centimeters and average mass of
27.9 grams. T-tests were calculated based on damsnof the length and mass of the two
populations and there is no significant differebeéveen the two populations with P>0.05.
Length and mass are approximately the same for Mateopac and Long Pond bluegills.
Because these figures are very similar it is apygahat the lack of vegetation in Lake Mahopac
does not seem to impede the growth of the bluegiifish as they mature. To determine if the
diversity in the diets are different in the two pégiions, t-tests were calculated based on the
Shannon index of diversity for six groups: pre-liag females, pre-breeding males, breeding

females, breeding males, post-breeding femalespasidbreeding males.

The t-test result was P<0.05 for the pre-breetkngales indicating that there is a
difference in the diversity of prey items in thetsi of the two populations. Female bluegills
from Lake Mahopac consumed 12 different prey itams had an evenness of 0.631 (Table 23).
Their preferred food items were hydracarina, daghmivalves, and chironomids (Table 25).

Pre-breeding females from Long Pond fed on ninediht species with evenness of 0.884
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(Table 38); they also prefer hydracarina, daphama, chironomids, as well as odonates and

terrestrial insects that happen into the lake (&&8).

The t-test result for pre-breeding males was siggmit with P<0.05, indicating that the
diets are very different. Males from Lake Mahopad a species richness of 11 with an
evenness value of 0.888 (Table 23); results wendasi for males from Long Pond whom also
consumed 11 different prey items with an evennafgevof 0.821 (Table 38). There was no

similarity in their preferences for prey items.

Breeding females do not have the same diversipr@yf items in their diets with P<0.05.
Breeding males also have different diversitiesrefyptems with P<0.05. Species richness is
higher in the diets of Long Pond females with 1f8edent prey items (Table 26) compared to the
11 found in the stomachs of the Lake Mahopac brgefdimales (Table 41) but Lake Mahopac
females consumed more prey with a total abundah24®(Table 26) compared to that of Long

Pond females with 219 (Table 41).

There is no difference in the diversity of presniis in the diets of the two populations
during post-breeding; the t-tests for both the jbwseding females and males from both lakes
yielded results of P>0.05. Post-breeding bluewitifish of both genders from Lake Mahopac
have very low diversity in their diets; females some only four prey items and six for males
compared to twelve for Long Pond females and seeenfor males. It is unclear why there
would be such a discrepancy in the two populatcuring the post-breeding period because

there is ample prey available as evidenced by Fabkend 5.
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Is there a preference for certain prey items?

The relativised electivity index E*, based on Varoeg and Scavia (1979a, 1979b) was
calculated to estimate if the fish have a prefegenrcif they are feeding equally on all available
prey items in the food base. To ensure that amogpite food base was calculated, the data
gathered from the traditional sampling methods el &s the pooled stomach contents was used
for the indices (Rachlin et al., 1987).

Pre-breeding redbreast sunfish females graviteweards larval insects. Species of
trichoptera, diptera, ephemeroptera were all preferas were planorbidae and undetermined
eggs (Table 9). Chironomids made up the majofityhe diet (Table 8) but had a negative value
when E* was calculated (Table 9). During the bimegderiod they forage for crustaceans,
isopods being consumed preferentially, as well plasridae, the diptera of the family
psychomyiidae, and formicidae (Table 12). Sinces¢herganisms are available throughout all
the periods it can be said that they shift theafgnence as they begin to spawn. After spawning
occurs they no longer seek out crustaceans feedhitigely upon insects, adult and larvae, and in
much smaller quantities (Table 15). At this pamtime redbreast females have changed their
dietary habits to that of a specialist. With ofdyr prey items making up its feeding repertoire it
can be said that their diet is very narrow; thespalonsume mostly formicidae with 91% of the
diet being formed of this insect. Formicidae wasnd to be preferred, as was heptageniidae, a
type of ephemeroptera (Table 16). This coincidib their low PS value of 0.57, with indicates
that they are not feeding very proportionately fritva resource base.

During pre-breeding males of the species consseveral types of larval insects, with
chironomids making up majority of the diet at 73Valjle 17); dixidae and ephemeropterans are

preferred but the E* value for chironomids was niega(Table 18). The decapod of the family
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cambaridae was found to also be favored. Durirgg abtual breeding time they have few

preferred items; the coleopteran of the family loydilidae and lepidoptera were the only

organisms that had positive E* values (Table 1%jir@omids still make up the major part of

the diet at 67% (Table 19). Crustaceans are riehea large quantities and this may be due to
the fact that the males must stay on the nestdtegrr their offspring and any food that is eaten
during that time is through serendipity. After wp#ng, males seek out more crustaceans;
sididae make up 20% of the diet (Table 21) bubisanpreferred food item (Table 22). Much of

their diet at this time is based upon what falte ithe water. More than half of the dietary intake
is made up of formicidae at 69% (Table 21); a spwlas found in one stomach, as well as an
undetermined terrestrial hemiptera found in anotl@ther prey items include ostracods,

gastropods, ephemeroptera, adavicula none of which were consumed in great quantities
(Table 21). The gastropod, spider, and formicidihéad positive E* values (Table 22) and so

were considered preferred.

Bluegill sunfish from Lake Mahopac are opportusiahd feed from a relatively narrow
portion of the food base. Pre-breeding femaleseped to eat crustaceans, hydracarina and
daphnia specifically (Table 25). Chironomids ma@e50% of their diet (Table 24) but were not
favored. Bivalves, however, made up a very smait@ntage of the overall diet, only 2%, but in
relation to its availability in the food base itaspreferred item (Table 25). They also prefer to
consume terrestrial organisms when they are avajl&imth scarab beetles and a spiders had
positive E* values (Table 25). When breeding, fdmaales shift to feed upon more cladocerans;
83% of the food intake was from sididae (Table 27he only other food items that were
considered to be preferred were amphipods, gastspmdNavicula (Table 28). Chironomids

were no longer sought out and dropped to only 1%hefdiet (Table 27). After spawning, the
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females now have a very limited feeding repertoiféey only fed upon four different types of
food, and only hydracarina are considered to biepexl (Table 31). Total abundance was very
low; only nine items in total were found in the fales’ collective stomachs (Table 29).

Male bluegill sunfish also fed upon larval insedtsing the pre-breeding period but not
in great numbers (Table 32). They fed very prapoétely from the food base with a PS of 0.91
(Table 2). The largest portions of the diet camemfrthe trichoptera of the family
lepidostomatidae (26%) and chironomids (23%) (T&#¢ Neither of these had positive E*
values when the electivity index was calculatechiodidae, phoridae, and calopterygidae were
the only preferred items out of the 11 differergypitems consumed. During the breeding period
the diet does not change much in terms of divetsittymore crustaceans are consumed during
this time. A large amount of anastroca (fairy stp) was found in the males’ stomachs, making
up 86% of the diet (Table 35). Based on the negadilectivity index it is preferred as well as
ostracods and gastropods (Table 34). The didMawcula was also a prized food item and was
the next most consumed item, although it only make$% of the diet. As with the females,
there was a decline in the number of different faedhs in the diet during the post-breeding
period. The selected food items drop to only Jiable 29). Sididae and dixidae are the only
preferred items (Table 37). Chironomids make ui %4 the diet but, based upon their numbers
in the food base, they are not being heavily sowgtitand are just readily available, making
them easy prey (Table 36). The amount of food woresl drops as with the females with total
abundance only thirteen items (Table 29).

Although they are in an entirely different envinoent when compared to the Lake
Mahopac bluegill sunfish, Long Pond bluegill suhfido have similar diets. Pre-breeding

females consume hydracarina, daphnia, chirononaidd, ceratopogonidae just like their Lake
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Mahopac counterparts (Table 40). They also consuieedstrial insects that happened to fall
into the lake, such as leafhoppers and adult dipteake Mahopac females fed upon formicidae
and one female consumed a spider. Chironomidladdcerans made up the majority of their
diet, 22% and 27% respectively (Table 40) but eftihio only daphnia were preferred. Quite a
few macroinvertebrates were found to be preferiedfact five of the nine prey items:
hydracarina, daphnia, undetermined diptera, aeaknié&nd cicadellidae (Table 39). The
females’ diet becomes much more diversified atdiregtime, choosing from eighteen out of
the thirty-two of the species available in the fdmke (Tables 5 and 43). They fed a bit less
proportionately from the resources with speciesress only 0.442 (Table 42). Chironomids
made up 71% of the overall diet (Table 42) but wasfavored (Table 43). Other choice food
items are isopods, ostracods, scarabs, undetermoiiptera, undetermined odonates,
heptageniidae, cicadellidae, aNdvicula (Table 43). As the breeding season ends, we tlee li
change in the diet for the females. They stillade chironomids as their most common prey,
with 68% of the diet from the fly larvae (Table 4&)t it still is not preferred (Table 46). They
are still consuming crustaceans but only sididapréserred (Table 46). Ceratopogonidae and
trichoptera of the family lepidostomatidae are remmght out items, as are reed flowers.
Pre-breeding bluegill sunfish males from Long Pded very proportionally from the
food base with a PS of 0.94 (Table 2). The majooit the diet comes from larval diptera,
specifically chironimids and ceratopogonidae (TaWl®. Their preferred food items are
valvatidae, daphnia, ceratopogonidae, and odonatesynomids did not have a positive E*
value (Table 48). They have a relatively narroediag repertoire with 11 items, but it becomes
even slimmer when they reach spawning time; therdity drops to eight different species

(Table 41). Amphipods and chironomids make up nebshe diet but once again chironomids
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are not preferred. Besides amphipods, ground dseathd ceratopogonidae are favored. After
spawning the males have a dramatic increase infémling diversity jumping up to 17 species
(Table 44). Chironomids make up majority of thetdit 55% (Table 51), but still have negative
E* values when the electivity index was calculaf€dble 52). Prey items that did have positive
E* values include sididae, the diptera of the fgmdhaoboridae, undetermined diptera,
aeshnidae, and terrestrial insects such as foragqjdnts) and coccinellidae (ladybird beetles or

ladybugs.)
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Discussion

Is there a difference in macroinvertebrate divernsdtween the two lakes?

Biodiversity was highest in Lake Mahopac. The |lovwa¢al abundance of
macroinvertebrates in Long Pond may be attribubettie fact that twice as many fish were
sampled from Lake Mahopac where there were twoispeollected; only five redbreast sunfish
were collected from Long Pond. If an equal amainmtdbreast sunfish had been sampled, the
abundance might have been as great as or greatewtiat was found in Lake Mahopac. More
importantly is that the diversity seems to be great Lake Mahopac. The two lakes have
different biogeographies. Lake Mahopac is found more surbanized setting with homes, two
restaurants, and a highly trafficked road foundrenperiphery of the shores; motor boats are
also allowed. Long Pond is relatively undistubariaath only a few homes, a girlscout camp,
and a small county park found on its shores. Ntomaoats are allowed on Long Pond and the
roads that pass by it are not heavily traffickedke Mahopac is almost completely devoid of
aquatic vegetation and Long Pond has ample aqwagd beds. It would stand to reason that
Lake Mahopac would have less macroinvertebratersityehan Long Pond given the several
factors stated that could impact the water qualitgl biodiversity. This apparently is not the

case.

The Hester-Dendy/plankton net/plant samples fromg.Bond may not have had a great
abundance of invertebrates but what was collegtbén combined with the pooled stomach
contents from the fish specimens, was enough tgeaoeto Lake Mahopac. To compare the
diversity of macroinvertebrates in the two lakes 8hannon-Wiener index of diversity H' was
calculated for both Lake Mahopac and Long Pondgisgeichness and evenness were also

calculated. The lack of vegetation due to theoihtiction of grass carp in Lake Mahopac

51



evidently has not had a negative effect on inveatebdiversity since Lake Mahopac had a H’
value of 2.217 compared to 1.942 from Long Ponte difference between the
macroinvertebrate diversity in the two lakes wasiicant with a t-test result of P<0.05. The J’
values were not very different from each lake; Liahopac had a J’ value of 0.586 and Long
Pond a J’ value of 0.560. Data in tables 4 anticate that both lakes have a high number of
chironomids. Lake Mahopac had over 36% of thd sotsount of macroinvertebrates collected
coming from this family of diptera; 55% of the sdagpmacroinvertebrate population from Long
Pond were chironomids. Chironomids are an impoiftasd source for both fish and aquatic
birds (Shcherbina and Zelentsov, 2008) and thesgnce can be an indicator of water quality.
Certain species are very tolerant of a wide rarigpiality conditions (Simpson and Bode,
1980). The specigslyptotendipes lobiferus indicates that there is the presence of large atsou
of decomposable matter (Simpson and Bode, 1980is drganism was frequently found in both
stomach contents (Appendix B) as well as from #mages from Hester-Dendy/plankton net
(Appendix A) from Lake Mahopac and occasionallgamples from Long Pond. Lake
Mahopac has a large amount of flamentous algashwdecomposes readily since they can be
short-lived (Kiirikki and Lehvo, 1997) and decomims of plant biomass can deplete oxygen
levels in the water (Jewell, 1971) but Welch efa@lnd in their 1998 study that algae biomass
did not have a negative effect on dissolved oxygertent and macroinvertebrate diversity. This
appears to be the case with Lake Mahopac, whibtlowadih it has a large biomass of filamentous
algae it did not have an unusual decrease in disdaxygen levels (Table 1. lobiferus was

not found in large numbers in Long Pond and laeyelk of algal biomass are not typical on this
lake. The chironomid speciéblabesmyia mallochi was found regularly in both lakes; this

chironomid is found in waters of various conditig@smpson and Bode, 1980).
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Cladocerans were found in much larger numbers ke IMahopac, specifically sididae.
Daphnia were found in both lakes in almost equatimers, but 348 sididae were obtained
through invertebrate sampling methods and pool@aath contents compared to a mere nine
from Long Pond. Cladocerans are very sensitidhoges in water quality and are used to test
for toxicity (Hickey, 1989; Cowgill and Milazzo, 99; Bossuyt and Janssen, 2005; Meyer et al.,
2009). Most times a species of daphmagghnia magna) is used but a species of sididae
(Diaphanosoma brachyurum) was used in a 2011 study by Mano et al. becaugeattee
frequently the dominant species in freshwater p@miklakes. They found tht brachyurum
may be more sensitive to heavy metals thaphnia magna. If this is the case, then it is
possible that there may be contaminants in LonglRloat have not been discovered as of yet
since the population of sididae is so small. Thidefinitely a finding that needs further study.

Another crustacean that appears to be absent fag Pond is chirocephalidae, a family
of anostraca,; these organisms were found in langebers in the stomachs of the fish from Lake
Mahopac. Anostraca (fairy shrimp) have been usdddt for the toxicity of chemicals (Moss,
2011). Pesticides have been found to cause huglfslef mortality in some species of anostraca
(Brausch et al., 2006). Because of the fear dfadie caused by mosquitoes and ticks,
insecticides are most likely sprayed in areas whesaps of people frequent, specifically the
beach at Sycamore Park and the girls scout campofRionay cause these chemicals to enter the
water therefore disrupting the ecosystem.

Whether sididae populations were larger in the pagtanostraca were ever present in
Long Pond cannot be said for sure since no eatigty has been found on the flora and fauna of

this lake. What can be stated is that this stodyd no evidence of anostraca and only a very
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small sample of sididae were obtained from invegtbhsampling methods and pooled stomach

contents.
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Do the fish change their feeding habits duringgreebreeding, breeding, and post-breeding
seasons?

It was expected that there would be changes inrigdazehavior based upon whether fish
were in the pre-breeding, breeding, or post-braeedortions of the summer seasons. Other
animals change their habits and food intake in gmagpon for breeding. Young found in his
1989 study of female crows that in order to prephed bodies for egg laying and providing
warmth and food to their offspring after they hati@dmale crows increase their dietary intake.
Iguanas use changes in food quality and water teatype to signal optimal breeding time
(Rubenstein and Mikelski, 2003). Markovich etstidied zebrafish in 2007 to see how diet can
effect spawning success and found that the amdundlole offspring produced by the fish was
dependent on the type of diet they were fed.

The cumulative frequency curves were not perfexgtymetrical due to several factors.
When creating a cumulative frequency curve, foeth# that are found in the stomachs are
tallied in a cumulative manner. In a hypothetieghmple, the first fish to be eviscerated has its
stomach contents separated out into the lowestlpesaxa which are then counted giving a
total of four different prey items. The next figields five items, three of which were not found
in the previous stomach. These new organismsdatedato the first number of four making the
cumulative frequency of prey items seven. Thigiooies with the remainder of the fish in the
group and the data is then used to create the civhamy times there would be multiples of a
particular items (see Appendix B) but in some ins&s odd prey items (for example a terrestrial
beetle or spider) would be found in a fish’s stom#mat had to be added to the tally, which
would create a crooked curve. If these items lmdaen counted the curves would probably
have been much more uniform. Since it can be pmedithat the fish consumed these items

deliberately they could not be discounted. Anotitration that led to imperfect curves were
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instances where stomachs were found empty; for pkaat the eleven post-breeding redbreast
females were collected from Lake Mahopac, sevemaths were empty so only a total of four
types of prey items made up the curve (Figure EBmale fish need recuperation time after
spawning and it is not unusual to find empty stamsaturing this time period (Nolli, 2011;
Pitlow, 2012). Another factor that contributedie appearance of the curves was the difficulty
in collecting more specimens than were obtainediqodarly bluegill of both genders and male
redbreasts from Lake Mahopac. Despite many atteowysr the course of three years (Appendix
B), many times only redbreasts were captured agléntly they were female. As mentioned
previously, sunfish males from both species gulaed hests until the fry leave the nests
(Stegemann, 1990). This decreases the numberles et will be attracted to bait and
therefore in reach of capture. Other sites weunglsbbut much of the periphery around Canopus
Island (Figure 5) has either a sharp decline righthe shoreline or is very rocky, neither which
situation lends itself to successful nest creatibluch of the main shoreline is privately owned,
as is Fairy Island and Petra Island, so sites coolde obtained there. Although the curves are
not perfectly formed, it is believed that the speens that were captured yielded enough data to
compare the two species of fish during the diffetene periods that were being studied (pre-
breeding, breeding, and post-breeding).

Niche breadth (NB) and proportional similarity jR&ere calculated using the
normalized version of the Levins index for NB ahd Feinsinger proportional similarity in
feeding index for PS for both genders of the twecsgs of sunfish (redbreasts and bluegills from
Lake Mahopac and bluegills from Long Pond) fromhbakes for all three periods (Table 2).
The results showed that both species of sunfislogpertunists and remain so throughout the

summer months regardless of period except for pasteling redbreast sunfish females, who
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became specialists after spawning. This is contrawhat other studies have shown.
Paszkowski referred to bluegills as “dietary gehstsl in her 1986 paper on foraging site use
and competition between the bluegills and goldenesh. Rachlin et al. determined in 1989 that
bluegill sunfish are classic specialists. Themipencies that are seen here may be due to the

differences in habitat or population density (Olsbml., 2003).
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Is there overlap in the diets of redbreasts anddilis in Lake Mahopac

Overlap is common between different species ofisufWerner and Hall, 1979;
Osenberg et al., 1988; Huckins, 1997), and is ddtproduct of habitat structure (Werner and
Hall, 1977). Some species are more adaptabldfereht habitats than others and will abandon
preferred habitats if the change will be more patfie (Werner and Hall, 1979). Bluegill
sunfish normally forage in vegetated waters, buti®eet al. found in their 1981 study that
bluegills can adapt to different habitats basetkaming mechanisms and sampling. Lake
Mahopac was devegetated due to the introductignasfs carp(tenopharyngodon idella) in
1994. As a result bluegill populations have desdin A study done by the DEC in 2003 found
that catch rates went from 72 per hour in the 199949 per hour in 2003. Redbreasts have not
been affected by the lack of vegetation and acgtulatireased in the same time period.

Although the populations are inequal, there itelitiverlap seen in the diets of the two fish. The
Schoener % overlap index was calculated for coraparbetween pre-breeding, breeding, and
post-breeding redbreasts and bluegills. The tatioms were done seperately for each gender
during these time periods. Only pre-breeding avgt-preeding females had any overlap in their
diets, with the Schoener % overlap 0.670 and Oréd@ectively. Males of the two species had
no overlap in their diets at any time. Becauseyrsindies look at overlap in the general
populations and do not separate them into timeogdsyithe Schoener % index was also
calculated for the two sampled populations fromd.-8ahopac and still there was no overlap
with a result of 0.278.

Bluegill diets include insect larvae (such as aminmids and trichoptera), crustaceans
(such as amphipods and daphnia), as well as gasisd@®Ison et al., 2003). These organisms

were frequently found in the stomachs of the sathplaegills from Lake Mahopac.
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Chironomids were found in the female bluegill stohmat all three time periods. During the
pre-breeding period it is the major food item cansd with 60% of the overall diet being made
up of this larval diptera. Sididae, a type of de€ra, was also frequently consumed by bluegills.
It made up 83%t of the breeding bluegill femalest.diChironomids and sididae were found in
the stomachs of male bluegills from all three tipeeiods. Redbreast sunfish are primarily
insectivores, occasionally consuming crustaceadsyastropods, as well as other food items
(Cooner and Bayne, 1982). Pre-breeding redbreasish had the most varied diet consuming
20 different types of prey. Chironomids were thaestfrequently found item and it made up
67% of the pre-breeding redbreast female dietvak also found in the stomachs of breeding
redbreast females but not in the post-breeding detring the post-breeding time consumption
of food declined with total abundance of only 46ypitems, the majority of which came from
formicidae.

Despite the lack of aguatic vegetation there iplamrey available (Appendix A) to
sunfish and other species of fish that inhabitiéfike and only a small amount of overlap was

found in the diets of the two fish species studied.
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Is there a difference in the diversity of the digtsedbreast and blueqill sunfish from Lake
Mahopac?

There is a difference in the diversity of the dief redbreast and bluegill sunfish from
Lake Mahopac. The post-breeding males had nofiignt difference in the diversity of their
diets. There were fluctuations in total abundaspecies richness, and evenness of the
distribution of the prey items in the diets of bathles and females of both species. Neither
female nor male redbreast and bluegill shared pexfgrey items in their diets for any of the
time periods.

There is a difference in the dietary diversitiéthe two species of sunfish from this lake;
neither species has a more diverse diet than te since the Shannon-Wiener index and
evenness values had fluctuations. During the peeeing period, bluegill females had higher
values for both H" and J’ than redbreasts but dutite breeding period redbreasts had the higher
values. Both species had variations in the amotdietary diversity and evenness; only post-

breeding male redbreast and bluegill sunfish hads#me diversity of food items in their diets.
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Is there a difference between the feeding habisspecies diversity in the diets of male and
female fish (both redbreasts and blueqills)?

There was little change in the dietary habitshefitedbreasts and bluegills of Lake
Mahopac with only breeding redbreasts shifting fim®mng opportunists to specialists in the
post-breeding period. The majority of the dietidgithe time they feed as specialists came from
swarming ants trapped by the water. Spawningmg e@stly in terms of energy losses (Milton
et al., 1994, Berg et al., 1998); finding and consy large quantities of an easily captured
species during one’s feeding would be advantagandsnergy efficient.

Pre-breeding is an important time for femalesgdpng offspring is very costly in terms
of energy (Rubenstein and Mikelski, 2003) and diepaieferences can change for a variety of
species (Young 1989, Durstche 1991, Rubensteirvakelksi 2003, Velara et al. 2005,
Markovich et al. 2007). Dietary behavioral chandes to preparation for breeding occur with
other species. Does it change with redbreast aregjiti sunfish and is there a difference
between the dietary diversities of males and fesalehis time?

Pre-breeding redbreast females consumed a largerdraf prey prior to spawing; 519
food items were removed from the sampled fish stdra The majority of this food came from
chironomids and eggs from an undetermined spe@eth of these items are high energy foods
due to the amounts of protein and fat containdasbih. The rest of the diet was made up of a
variety of crustaceans, insects (both larval andtgdind algae (Table 8). There is quite a lot of
overlap in the two diets. Males also consumedreetyaof items, many of them also found in the
females diet. However, the diversity of the preyns in the male redbreast diet is lower than

diversity in the female redbreast diet.
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Bluegill males and females from Lake Mahopac haveverlap in their diets at any time
(pre-breeding, breeding, and post-breeding). Peeding bluegill females have lower values for
the Shannon-Wiener diversity index and evennesgaozd to males (Table 23), which
contrasts with pre-breeding redbreasts from theedake. Females consume a variety of
crustaceans and insects but like pre-breeding femealbreasts consume the largest part of their
diet from chironomids at 60% of the total amoumisiamed. Females may be increasing their
consumption of high energy foods in preparatiospgEwning. Northern pike females cosume
more energy than males throughout the year witihyogeowth occurring during the winter
months and testicular growth in late august; bethdles and males had decreased energy stores
after spawning (Diana, 1983). Pacific saury insegbtheir food intake during the summer
months in order to prepare for spawning in subit@pwvaters during the winter months where
there is less available food (Kurita, 2004). Pidun of eggs and somatic growth is directly
linked to the amount of food consumed by the tlagieed sticklebackGaster osteus aculeatus
L.) females (Wootton and Evans, 1976). Pre-breedingdil males did not consume any
organism is such large numbers, although chironsmwigre the most frequently ingested prey,
23%. Chironomids were the most common macroinieate sampled from Lake Mahopac
based on both the Hester-Dendy/plankton net sanaplépooled stomach contents (Table 4), it
is a relatively easy prey to locate and capturiecesit is a high quality food it would be sought
out by both males and females of the two specieddlits abundance, although females
consume chironimids in greater quantities.

During the breeding or spawning period the redfisehave no actual overlap in their
diets with the Schoener index value at 0.59. Tilerdity of prey items is not the same for

males and females. The females have a highersitiyef macroinvertebrates than do the males
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and the prey items are more evenly distributedhéirt(Table 13). Females consume more
crustaceans at this time compared to what theyurned pre-breeding; the males’ diet does not
change very much from the pre-breeding time tcatttaal breeding period with a combination
of crustaceans and insects the main sources of food

Breeding bluegills from Lake Mahopac have the sdimersity of prey items in their diet
and both had low Shannon-Wiener index and Pielevénness values (Table 26); diversity is
also the same during the post-breeding period banH J’ values both increase for both genders
(Table 29). The greatest intake of food for botdes and females is during the breeding period
when total abundance is 240 for females and 45médes. The number of prey items
consumed by males and females is a bit misleadnogt of that amount came from anostraca as
392 individuals were consumed by males and 20@a&vere consumed by females. Anostraca
can be found in large groups making it easy forfigsteto consume large amounts of them at one
time. Itis possible that the males would haveeasdo these crustaceans even if they were
guarding the nests. Anostraca frequent shallowdsaoaf water, including temporary pools
(Dierckens et al., 1997), and are filter feederadong upon algae that is found in sediments on
the bottom of lakes and ponds (Paggi, 1996).

Long Pond bluegill diets are opposite those frorked_&lahopac bluegills. There is an
overlap in the diets of the males and females timtieases as summer moves towards fall.
During the pre-breeding period it is lowest witBehoener index value of 0.673; the value
increases to 0.706 during spawning and it the lsighest-spawning with a Schoener index value
of 0.825 (Table 3). Since there is abundant pveylable in Long Pond (Table 5) it cannot be
said that the two species (redbreasts and bluggi#sactually competing for the prey available

in the resource base but if conditions deterioratsdl certain organisms that make up the
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bluegills’ diet became scarce the males and fermabasbe forced to compete for food. There is
no significant difference in the diversity of priggms for males and females and both have
similar H and J’ values (Table 38). During theforeeding period females consume mainly
daphniidae and chironomids consuming 27% and 22#esie two food items respectively.
Males also consume a fair amount of daphniidakiatime, although the majority of their diet
came from larval diptera, chironomids and ceratopodpe (Table 47).

During the breeding period the diversity of pregnits is no longer the same for female
and male bluegills from Long Pond. There is a dro’ and J’ values during this time for both
but there is an increase in species richness fioales. During the pre-breeding time they had
nine different prey items in their diet, but durisggawning it increases to 18. A large amount of
their diet comes from chironomids at 71%; the céshe prey consumed was made up of an
array crustaceans, mollusks, insects, and plamsiteMales also seem to favor chironomids with
68% of their diet based on this food type. As wietke Mahopac, chironomids are in large
supply as is evidenced by the resource base thataleulated from the combined Hester-
Dendy/plankton net/plant samples and pooled stomantents from Long Pond (Table 5).

The diversity of prey items at Long Pond is equalgost-breeding male and female
bluegills. Males consumed a greater variety oy piems with species richness increasing to 17
different types of prey; females consumed 12. @tomids are the most abundance prey found
in both diets and both feed on a variety of différgpes of crustaceans and insects.

Post-breeding redbreast and bluegill females frakelMahopac have a sharp decrease
in dietary species diversity with both feeding onrfdifferent prey types with small numbers of
total organisms consumed, 46 for redbreasts and Bldegills. Post-breeding females from

Long Pond had only a small decrease in the ovanadlunt of prey consumed from the breeding
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period to the post-breeding period. Fordham ampb€&t found in their 1999 study that Atlantic
cod Gadus morhua) have an increase in food intake post-spawningceRt research conducted
by Paulo-Matrtins, et al. in 2011 yielded eviderta scaldfishArnoglossus laterna) females
consume more prey during non-spawning times thamaes; males consume more during the
actual time of spawning. Bluegills and redbreastdles decrease their food intake post-
spawning. Since the time periods were based u@teriemperature and therefore are loosely
defined it is possible that Long Pond females vetitespawning at their time of capture, which
would explain why they were still consuming largemnounts of prey when compared to their
Lake Mahopac counterparts.

Post-breeding redbreast males have an incredkeinrdietary consumption in Lake
Mahopac but Mahopac bluegill males’ consumptiorpdrdown to a low total abundance of only
13 prey items. Even if the anostraca were notwoesl during the breeding period bluegill
males will still have consumed more food during titae period. Long Pond bluegill males
also increase their dietary intake after spawning.

The strange inconsistancies in dietary habitbefiost-breeding males is puzzling.
There is no overlap in the redbreast and bluegiliesi diets and yet bluegills still have a very
low dietary intake. It may be possible that thesgnce of largemouth bass influences the
behavior of bluegill during this time. Since blilegre a major food source for largemouth bass
(Olson, 1996), largemouth bass most likely move areas where easily caught fry would be
found. Since there is no weed cover for the blieghey would be forced to disperse into
deeper waters (Savino and Stein, 1989), which wexjdain the low number of bluegills
captured in Lake Mahopac post-breeding and theepoesof largemouth bass may be the cause

of the disruption in foraging in the males and f&esa
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Is there a difference between the blueqill popataifrom Lake Mahopac and Long P&nd

Because there is a difference in the ecosysterttedivo lakes it was important to
compare the populations of the bluegills from bo#abreast sunfish comparisons could not be
done because the population is obviously very smalbng Pond since only five fish were
collected over several years. It seems that ttelégolays a role in how the bluegill sunfish
forage. In a 2003 paper Olson et al., found thay gelection and diets may be related to
bluegill sunfish population density. The bluegilinfish populations in the more densely
populated Cozad Lake are more opportunistic tharptpulation found in the lower populated
Watts Lake. Both lakes are located in Nebraskace Lake Mahopac has been devegetated by
the grass carp introduced in 1994, bluegills aredd to forage in open waters for the duration of
their lives. Younger and smaller bluegills prdf@feed in vegetated areas to avoid predation by
largemouth bass (Werner and Hall, 1988).

Even though the ecosystems are different in tlel&tkes (Long Pond is relatively
undisturbed and has large aquatic weed beds whke Mahopac is more suburbanized and has
little to no aquatic vegetation) there is littléfedience in the morphology of the two populations.
The size and mass of the bluegills are almost dqudloth lakes. Both populations feed as
opportunists. The differences lie with dietaryfprence and overall consumption of the chosen
prey. Lake Mahopac females consume almost dobblarmount of prey during the pre-
breeding period compared to Long Pond femaless iBhunusual since more females were
sampled from Long Pond. This is not the case thighmales of the same period, in which it is
the bluegills from Long Pond who consume almostadithe amount of prey, but the number of
male bluegills sampled from each lake is equal, NEBe inconsistency may be due to the

habitat in which each population is found. Tharquite a bit of overlap between the diets of the
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redbreast males and females at this point and nthgate that the females are ingesting more
prey in order to prepare for spawning. Redbreasiaies (and males) are better able to capture
macroinvertebrates in open waters since they cdaural in a number of habitats that are not
highly vegetated (Freeman, 1995); bluegills musipado the lack of aquatic vegetation and gain
proficiency in foraging in a habitat that doesraivke the benefit of weed beds (Ehlinger, 1990).
Redbreast males had similar dietary richness aBltieg)ill males during the pre-breeding period
with 12 different prey items being chosen; bluegiiles chose 11 but total abundance was more
than half of what was consumed by the redbreastsndluegill males must forage amongst
both the redbreast females and males and bluegildles in Lake Mahopac, and thus they may
not be able to capture as much prey as the bluegiks from Long Pond, where the bluegill
population is dominant and possible competitionpi@y is reduced.

Long Pond females have a much more diverse drgtglthe breeding period compared
to Lake Mahopac females and consume chironomitiseasajority of their diet, whereas Lake
Mahopac females foraged mainly on sididae, whidpgarently not abundant in Long Pond.
Males from Lake Mahopac consumed large amountaadteaca, which was not found in Long
Pond; like the females, Long Pond males consumermbimids as the bulk of their diet. The
difference between the two populations is mostyikieie to the differences in habitat. If sididae
and anostraca were abundant prey in Long Pond niagybe highly sought out prey items.

Only a small number of bluegills were capturedrfrbake Mahopac during the post-
breeding period. The fish that were sampled haddeey density in their stomachs and the
variety of prey items also decreased. As wasdéier, largemouth bass forage on bluegqill;
in fact it is their favorite fish prey (Olson, 1996 Their presence in the shallows may increase

post-spawning as they search for bluegill fry amék adult bluegill. Because of the lack of
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weed beds, the fish would be forced to avoid thgelamouth bass by swimming to deeper waters.
Prey capture decreases as depth increases; basslgaffectively prey on bluegill along the
periphery of weed beds (Trebitz et al., 1997).thncase of Lake Mahopac there are no weed
beds but the bass would still hunt along the penplof the banks of the lake; foraging success
is partially dependent upon water clarity (McMalaomd Holanov, 1995), which decreases in
deeper water. Since bluegill (especially juvendad young adults) prefer to forage for prey in
the littoral zone (Mittelbach, 1988), it is possilthat being forced to forage in open waters may
be causing the decrease in prey capture and cotisunmpttempts to capture bluegill from
deeper waters yielded no success; this may beodihe fact that the population of bluegills is
small in Lake Mahopac.

Long Pond males and females consume ample amaoluntsyoduring the post-breeding
period. Avoidance of possible predation by theshasnore achievable by the dense vegetation
that is found in the littoral zone of Long Pond.

Studies have shown that bluegills have the capsziadapt to various environmental
conditions (Ehlinger and Wilson, 1988; Ehlinger9@®and much of this ability is based upon
morphological features (Ehlinger and Wilson, 1988)ch as the insertion of pectoral fins and
the length of anal and dorsal fins. Certain boghes are more suitable for openwater foraging
(a more fusiform structure that decreases drag)parabills that display this type of morphology
would be better able to cope with the lack of weeds. Certain mutations of morphological
characteristics can bestow some reproductive seteativantage if these mutations are found to
increase longevity (Hirsch, 1979). Bluegills thatve a more fusiform morphology would have

greater reproductive advantage in waters devowdegfd beds. If there are more streamlined
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bluegills present in Lake Mahopac and they do iddaeed more successfully, then perhaps the

population of bluegills will increase in number wviter or not the weed beds return.
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Is there a preference for certain prey items?

Despite the lack of change in feeding behavicrdtwere differences in the diets based
upon the time period. Redbreast and bluegill fesdtom Lake Mahopac consumed larger
amounts of chironomids during the pre-breedinggagrbut when the E* values were calculated
it was not a preferred item. Since this index asdal on the proportions of the food item in
guestion from both the environment and the stontacttents of the species in question, if there
is a very large amount of that particular organisrthe environment compared to what is found
in the diet, a negative value for E* may resulthir@Ghomids made up 67% of the overall pre-
breeding redbreast females’ diet and 60% of thebpeeding bluegill females. Pre-breeding
bluegill females from Long Pond did not consumenasy chirnomids as the Lake Mahopac fish
during the same period but it was one of the largads of their diet, 22%. Chironomids are an
important caloric food source for fish (Bernard at, 1997) containing large amounts of
polyethenoid fatty acids, which is associated i fat of fish (Grindley, 1951).

The consumption of chironomids declines for Lakahidpac redbreast and bluegill
females during the breeding and post-breeding geri®ost-breeding redbreast females
consumed no chironomids at all, though chironorardsstill widely-available in the
environment (Appendix A). Instead 91% of theirtdiame from ant swarms floating on the lake
surface. This prey item is found in many of thehfstomachs; it makes up 69% of the post-
breeding redbreast males’ diets. Ant swarms aite gammon in the later summer months
(Nagel and Rettenmeyer, 1973; Leprince and Franc@886; O’Neill, 1994) and often become
trapped by bodies of water. Based upon the idegiinal foraging theory (organisms forage or
hunt for prey that will not cause them to expenderenergy than they will gain when the prey

is consumed), it is an energy efficient food source
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Interestingly enough breeding bluegill femalesrfrbong Pond had an increase in the
consumption of chironomids with 71% of the ovedadit being made up of this prey at this time
period. Almost the same amount of bluegill femalese sampled from both lakes for this time
period, 12 for Lake Mahopac and 14 for Long Pombtere is no explanation as to why Lake
Mahopac females of both species practically igmtieonomids while Long Pond females
obviously seek them out.

As was pointed out earlier, Lake Mahopac maldsott species are opportunists; Long
Pond males are also opportunists. As we have ér@tuseen with the females, males feed
predominately on chironomids. This is not supgstonsidering their abundance in both lakes.
Chironomids were found to be a large portion ofdlets of bluegills in coastal Mississippi
(Peterson, et al. 2006). In a 2008 study, Nikolewal. found that the major food source for
pumpkinseed sunfist.épomis gibbosus) was the chironomid. Pumpkinseeds are closevetat
to both redbreasts and bluegills and have been kiiouwnterbreed with both species (Clark, et
al., 1984; Jordan, et al., 2009). Because ofdloise association, it can be presumed that
redbreasts and bluegills will feed on similar origars as the pumpkinseed sunfish.

Cladocerans were frequently consumed by both ezdits and bluegills. Lake Mahopac
pre-breeding and breeding females consumed da@said pre-breeding bluegill females from
the same lake. Daphnia were consumed by pre-lmgédliegill females and males and post-
breeding males from Long Pond. During the breegergpd, Lake Mahopac redbreast and
bluegill females had large amounts of sididae eirtstomachs but no cladocerans of any kind
were found in the breeding bluegill stomachs froomd. Pond. In fact, relatively few sididae
were found in Long Pond. No sididae were captusdg traditional sampling methods

(Appendix A). Cladocerans are very sensitive tanges in their habitat and are frequently used
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to test water quality (Hickey 1989, Cowgill and &liko 1990, Bossuyt and Janssen 2005, Meyer
et al. 2009). It is possible that there are comtants in Long Pond that have not been
discovered as of yet but the distinctive low levalgladocerans point to a possible problem.
Water tests in this study measured only dissolvgdien, pH, and phosphorus (Table 3) but did

not test for salinity or metals.
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Conclusion

This study led to some surprising findings. Beseaaf the lack of vegetation in Lake
Mahopac, the population of bluegills is very lowe tbluegill population in Long Pond is
flourishing, but there are so few redbreast sunfighis lake it was difficult to collect enough to
study. This fact has led to a belief that the pajans are usually not equal and is most likely
attributed to habitat. Redbreast sunfish prefevingpwater and there are currents in Lake
Mahopac due to underground streams and the intebattet. Long Pond is more stagnant but
provides the necessary weed beds that bluegilld imearder to thrive. Another factor is bluegill
are the primary fish prey for largemouth bass;eibake Mahopac has inadequate aquatic weed
beds the bluegills may have difficulty evading bass, especially after spawning when the
abundance of fry would be very enticing to the pted Adults may be forced into deeper
waters earlier than redbreasts, which may expldiyn so few are found in the littoral zone in late
summer.

There is not much change in the feeding habite@tunfish that were studied; all the
fish in Lake Mahopac are opportunists except ferghst-breeding redbreast females, which
became specialists. Long Pond bluegill sunfishdiesiand males are also opportunists
throughout all three periods. In Rachlin’s 1989graon niche breadth, it was found that bluegill
sunfish are true feeding specialists. Fish usedigstudy were from a tributary of the Croton
River drainage of northeastern Westchester Colngw York. This body of water has more
current than Long Pond, which is relatively stagndhmay be that location has a great deal of
bearing on the feeding habits of bluegills as mesistudies have indicated (Ehlinger, 1990;

Olson et al., 2003).
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Although the fish, for the most part, do not chatigeir behavior in the way they feed,
during the pre-breeding period redbreast sunfigiafes and males did choose more larval
insects, possibly because of their availabilityvadl as their energy content. There is a definite
decrease in the amount of food that is consumetidyedbreast sunfish females post-breeding
but the redbreast sunfish males’ increase thetadientake during this time.

Overlap in diet occurs in several cases. Pre-limgddmales of both species have
overlap in their diets. Ten out of twelve preymtefound in the pre-breeding bluegill sunfish
stomachs are also part of the female redbreasisbuiet during the same period, although
redbreast sunfish females have a much larger diy@nsheir diets consuming twenty different
items. The overlap between the females’ dietseds@as as the summer progresses. There is no
overlap in the two diets during spawning and a sarabunt of overlap found in the post-
breeding period. If competition were to occur bestw the females it would be strongest early on
in the season during the pre-breeding period. Wwolap was found between the redbreast
sunfish and bluegill sunfish in Lake Mahopac ancesity in the diets is significant.

There is overlap in the diets of the male and fematibreast sunfish in Lake Mahopac
during the pre-breeding period but not during tbial breeding season. The highest value for
the Schoener % overlap index was 0.835, which oedyrost-breeding. There is little to no
overlap in the diets of the bluegill sunfish in d@me lake. However, the male and female
bluegill sunfish found in Long Pond do have oveilagheir diets throughout the different
periods and like Lake Mahopac redbreast sunfistoteelap is strongest during post-breeding
and if there was a decrease in the favored foadsitthe fish would either compete for the prey
or have a dietary shift in feeding behavior. Crewdnd Cooper (1982) found in their study that

when macrophyte populations are low, bluegill ssimfiave narrower diets than when the
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macrophyte populations are moderate to high, tbezef stands to reason that the fish would
change their foraging strategy in Long Pond if gsregame scarce.

There is little difference in the amount of divéydietween the two lakes; both have
ample populations of invertebrates to support iie fopulations at this time. Species richness
is higher in Lake Mahopac than it is in Long Pomasusual because of the devegetation.
Evenness of the macroinvetebrates is similar th ites with values that indicate some species
populations are larger than others. There are smmnon species of crustaceans that are found
in Lake Mahopac that are either very scarce (sa)ida are completely lacking (anostraca) from
Long Pond. Both of these organisms are very seasi changes in the water quality and the
fact that they are so low in abundance or completessing indicates that further studies upon
the water quality of Long Pond is necessary. Shiusly focused only on basics, such as
dissolved oxygen, pH, water temperature, and pharsishevels.

The most surprising finding was the fact that LM@hopac bluegill sunfish populations
have decreased over the years due to the lackgetaton that was caused by the introduction
of grass carp in 1994. Bluegill sunfish preferaarevith adequate weeds beds in order to breed
and for the fry to forage in a protective ar@D{VC, 2010). Although the two habitats are quite
different, there has been little effect at thiseion the morphology of the fish. The two
populations have similar average length and masthbisheer number of bluegill sunfish in
Lake Mahopac has been diminished by half for smaidividuals of eight centimeters in length.

In a case like Lake Mahopac, bluegill sunfish areéd to feed out in open waters and
may suffer from more predation in the early stagfedevelopment than populations that live in
environments with ample weed beds but becauseed&tk of vegetation, young fish are able to

feed upon a more diverse food base. If the figh dne forced to grow up in unprotected waters
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survive to adulthood, over time the population ake Mahopac may adapt to the situation and a
new type of bluegill sunfish may arise, one tha&teols and forages in open waters, much like
redbreast sunfish. This is definitely a possipiéis other studies have focused on habitat change
and adaptive flexibility of bluegills (Ehlinger amililson, 1988; Ehlinger, 1990).

Biological control of an invasive species can bestiactive way of dealing with the
problem at hand, but often leads to distinct changéhe habitat as is evidenced by the decline
of the populations of fish in Lake Mahopac. Theaduction of the rosy wolf snail to many
Pacific islands as a biological control for theaswe giant African snail created an even bigger
threat to the native snail population since thegded upon these animals as well as the invasive
species (Hadfield et al., 1993). Grass c&@t@fopharyngodon idella) have been problematic in
other bodies of water that have been overpopulaydtie invasive aguatic weed Eurasian
watermilfoil (Myriophyllum spicatum). McKnight and Hepp conducted a study from 1992 t
1993 on the effects of grass carp on the waterihgfipulation in an Alabama reservoir
(McKnight and Hepp, 1995). They found that thesgrearp reduced native aquatic plant species
that provide food for waterfowl while ignoring tivatermilfoil in some areas of the reservoir.
Their conclusion was that grass carp need to kefudbrintroduced, especially in areas that have
more highly-palatable plant species that will oftendecimated before the watermilfoil is even
touched.

The grass carp population has essentially diethdfake Mahopac, but there is talk of
another introduction of the fish in smaller numbelfsan overestimation of the quantity of fish
to be introduced occurs again, the native weed bedsbe permanently lost and further decline

and possible eradication of the bluegill sunfisthia lake will occur.
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Redbreast sunfish seem to have benefitted frortatkeof vegetation and actually have
had an increase in population size. This givesesewnidence that the two species may have
interspecific competition for food. Bluegill susfi do compete with pumpkinseed sunfish
(Lepomis gibbosus) when the pumpkinseed sunfish are small, belowc@limeters. They both
feed on soft-bodied macroinvertebrates that aredon vegetated waters to avoid predation;
when they grow larger than 7.0 centimeters theyemoto open waters. Bluegill sunfish
continue to consume zooplankton and macroinvertebrahile pumpkinseed sunfish are now
able to break open the shells of gastropods (ArandtWilson, 1999). Since the weed beds
have been eradicated from Lake Mahopac bluegifistuare forced to feed out in the open even
during their early development leaving them opepreation.

Since the bluegill population has decreased, redbinfish have less competition for
the macroinvertebrates and zooplankton that théy dmnsume therefore increasing their
numbers as the bluegill sunfish population dimiastthis points to the possibility bluegill
sunfish might also compete for resources with red$irsunfish. It was shown in this study that
there is definite overlap between the females eftivo species during the pre-breeding period.
Since most studies do not group the species intigndsased upon gender and time period as
this study has done but calculate % overlap oneestimpled populations, it was important to
determine if there is overlap between redbreasidaregills from Lake Mahopac if they were
not separated into the groups (pre-breeding, bngeg@iost-breeding) that had been established
for the rest of the study. It seems that whenréladbreasts and bluegills are treated as two
sampled populations without further separation grmups there is no overlap between the two
species. Since this is the case, the declinesiblilnegill population in Lake Mahopac is most

likely due to lack of weed beds. Weed beds aramobbnly where many bluegills forage for
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food, but also serves as a hiding area from predadargemouth bass. Largemouth bass have
easier access to fry and small adults where tlsane vegetation and it is almost certain that they
played a large role in the decimation of the blliegif Lake Mahopac. It is hoped that as time
passes, the bluegills will become more adept atgiog (and escaping) in open waters so that
their populations can increase.

Summary of Conclusions:

1. For the most part, redbreasts do not change tbedlimg habits and are opportunists
regardless of time period; only post-breeding redbts switch from opportunists to
specialists.

2. Bluegill populations from both lakes are opporttsiishe lack of vegetation does not
seem to have changed the habits of the Lake Mahamgadation. Both Lake Mahopac
and Long Pond residents feed upon mainly crustacaad insect larvae. However, in
Lake Mahopac, sididae and anostraca were fourtteistbmach contents and in fact
sididae was a preferred item for females duringotteeding period and anostraca was
preferred during the same time for males.

3. Redbreast and bluegill sunfish frequently forelgechironomids, this prey item being
found in large quantities in many of the fish stehm Despite that, it was never
calculated to be preferred. Since it is so abuhitlatine environment it may be that the
niche breadth calculations fail to measure how irtgnd this prey item is to the two
populations. Insect larvae in general are highalpicc and nutrient rich. It seems that
even though the calculations indicate it is nofgared, the fish are actively seeking it

out.
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4. Females and males of both species have similas,diehsuming mainly crustaceans and
insect larvae. What is different for the femaledake Mahopac is that they consume
more calories during the pre-breeding period th&ntales; it is opposite for sampled
population from Long Pond where males consumedhttjignore than females. Post-
breeding females of both species in Lake Mahopae hasharp decline in species
richness and abundance, whereas redbreast maleasaan both but post-breeding
bluegill males do not. In fact bluegill males dethales from Lake Mahopac both have
very low species richness and abundance. Maldeandle bluegills from Long Pond
have high species richness and high total abundafmuey consumed.

5. There is very little overlap between the two spedaelLake Mahopac; pre-breeding and
post-breeding females have a small amount. Predbrg and post-breeding redbreast
males and females have quite a bit of overlapeir thets. Pre-breeding redbreast
females consume such a large array of prey iteatsstime overlap between their diet
and the male diet was almost inevitable; post-brgefmales and males both consumed
mainly formicidae, which is why there is overlapidg this period in time.

6. There has not been a decline in the species rislindsake Mahopac due to the lack of
vegetation; in fact there is as much if not moféedent macroorganisms then are found
in Long Pond. Certain crustaceans that are vemynoon in lakes and ponds (sididae and
anostraca) are found in Lake Mahopac in large nusnitat are either very scarce
(sididae) or absent (anostraca). These organisenssad to test water quality and it is
possible that there are some undetected contarsimatite waters of Long Pond that are

affecting the populations of these two crustaceans.
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7. Because of the lack of vegetation that is due éarttroduction of grass carp into Lake
Mahopac, the bluegill populations have decline@loyost half since 1994. This is
opposite of what is seen with the redbreast pojaatvhich has increased by almost
double since that same time period. Bluegillsweed beds for foraging areas, as well
as protection for fry and small, young adults toidwypredation from largemouth bass
populations. Although the largemouth bass poputathave also sharply decreased, the
lack of weed cover renders the bluegill populatiwore vulnerable to attack. Redbreasts
may be thriving because many of the macroinvertebrthat make up their diet are now
forced to use other substrates for breeding arabfiog rather than aquatic vegetation
making them more easily captured by the open wWataging redbreasts. If the present
conditions remain the same, adaptations may hagedar in the bluegill population in
order for them to survive the changes that haveroed in their environment or they

may eventually become extinct from the waters dfd_Blahopac.
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Figures
Figure 9: Cumulative frequency of prey items foe-preeding redbreast sunfidkepomis

auritus) females, Lake Mahopac
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Figure 10: Cumulative frequency of prey itemsbiogeding redbreast sunfishebHomis auritus)
females, Lake Mahopac
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Figure 11: Cumulative freqguency of prey itemsgost-breeding redbreast sunfishegomis
auritus) females, Lake Mahopac
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Figure 12: Cumulative frequency of prey items fog-breeding redbreast sunfidkepomis
auritus) males, Lake Mahopac
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Figure 13. Cumulative frequency of prey items for breedindoregst sunfishLiepomis auritus)
males, Lake Mahopac
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Figure 14: Cumulative freqguency of prey itemsgost-breeding redbreast sunfishegomis
auritus) males, Lake Mahopac
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Figure 15: Cumulative freqguency of prey itemsgog-breeding blueqill sunfisth.épomis
macrochirus) females, Lake Mahopac
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Figure 16: Cumulative frequency of prey itemsbogeding blueqill sunfish_épomis
macrochirus) females, Lake Mahopac
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Figure 17: Cumulative freqguency of prey itemsgost-breeding bluegill sunfish_¢pomis
macrochirus) females, Lake Mahopac
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Figure 18: Cumulative frequency of prey itemsgog-breeding blueqill sunfisth.épomis
macrochirus) males, Lake Mahopac
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Figure 19: Cumulative frequency of prey itemsbogeding blueqill sunfish_épomis
macrochirus) males, Lake Mahopac
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Figure 20: Cumulative frequency of prey itemsgost-breeding blueqill sunfish.€pomis
macrochirus) males, Lake Mahopac
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Figure 21: Cumulative freqguency of prey itemsgog-breeding blueqill sunfishLépomis
macrochirus) females, Long Pond
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Figure 22: Cumulative frequency of prey itemsbogeding blueqill sunfish_épomis
macrochirus) females, Long Pond
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Figure 23: Cumulative frequency of prey itemsgost-breeding blueqill sunfish.€pomis
macrochirus) females, Long Pond

Post-Breeding Bluegill (Lepomis macrochirus)
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Figure 24: Cumulative frequency of prey itemsgog-breeding blueqill sunfisth.épomis
macrochirus) males, Long Pond
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Figure 25: Cumulative frequency of prey itemsbogeding blueqill sunfish_épomis
macrochirus) males, Long Pond
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Figure 26: Cumulative freqguency of prey itemsgost-breeding bluegill sunfish_¢pomis
macrochirus) males, Long Pond
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Tables

Table 1: Measurements of water parameters for Mideopac and Long Pond

Date: 19 - April-2008 28-May-2008 6-June-2008 12-June-2008
Location: Lake Mahopac Lake Mahopac Lake Mahopac Lake Mahopac
Water Temperature: | 14.5°C 16.5°C 19.8°C 26.0°C
Dissolved Oxygen: 10.5ppm 11.5ppm 10.4ppm 9.0ppm

pH: 8.0 8.0 8.0 8.0
Phosphate: 0.5 0 0.5 0.5

Date: 27-June-2008 7-July-2008 28-July-2008 31-July-2008
Location: Lake Mahopac Lake Mahopac Lake Mahopac Lake Mahopac

Water Temperature:

24.0°C

26.5°C

27.0°C

28.0°C

Dissolved Oxygen: 9.4ppm 9.6ppm 7.7ppm 8.2ppm

pH: 8.0 7.0 8.0 8.0
Phosphate: 1.0 0.5 1.0 0.5

Location Lake Mahopac Lake Mahopac

Date: 21-Aug-2008 5-Sept-2008

Water Temperature: | 25.0°C 24.0°C

Dissolved Oxygen: 9.0ppm 8.0ppm

pH: 8.0 8.0

Phosphate: 0.5 0.5

Date: 30-June-2008 10-July-2008 28-July-2008 22-Aug-2008
Location: Long Pond Long Pond Long Pond Long Pond
Water Temperature: | 27.0°C 28.0°C 28.0°C 26.0°C
Dissolved Oxygen: 9.6ppm 8.2ppm 7.7ppm 8.2ppm

pH: 8.0 8.0 8.0 8.0
Phosphate: 0 0 0 0

Date: 1-Sept-2008

Location: Long Pond

Water Temperature: | 24.5°C

Dissolved Oxygen: 8.0ppm

pH: 8.0

Phosphate: 0

Date: 24-April-2009 13-May-2009 20-May-2009 8-June-2009
Location: Lake Mahopac Lake Mahopac Lake Mahopac Lake Mahopac

Water Temperature:

11.0°C

16.5°C

18.0°C

22.0°C

Dissolved Oxygen: 14.8ppm 12.0ppm 9.3ppm 8.0ppm
pH: 8.0 8.0 8.0 8.0
Phosphate: 0.5 0.5 0 0

Date: 10-July-2009 21-July-2009 19-Aug-2009

Location: Lake Mahopac Lake Mahopac Lake Mahopac

Water Temperature: | 24.0°C 28.0°C 26.5°C

Dissolved Oxygen: 8.2ppm 8.7ppm 8.0ppm

pH: 8.0 8.0 8.0

Phosphate: 0 0 0
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Table 1: Measurements of water parameters for Medeopac and Long Pond continued

Date: 14-May-2009 25-May-2009 23-Aug-2009 7-Sept-2009
Location: Long Pond Long Pond Long Pond Long Pond
Water Temperature: | 17.0°C 24.0°C 27.5°C 23.0°C
Dissolved Oxygen: 8.7ppm 8.2ppm 7.7ppm 7.2ppm

pH: 8.0 8.0 7.5 7.5
Phosphate: 0 0 0 0

Date: April 1, 2010 April 30, 2010 May 10, 2010

Location: Lake Mahopac Lake Mahopac Lake Mahopac

Water Temperature: | 10.0°C 13.4°C 21°C

Dissolved Oxygen: 13.0ppm 13.4ppm 9.0

Ph: 7.3 7.7 7.5

Phosphate: 0 0.5ppm 0

Date: May 15, 2010 May 20, 2010 May 23, 2010 May 25, 2010
Water Temperature: | 18°C 21°C 21°C 22°C
Dissolved Oxygen: 13.3ppm 10.1ppm 9.9ppm 9.0ppm
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Table 2: Calculated niche breadth (NB) and prapoal similarity in feeding (PS) for redbreast

sunfish Lepomis auritus) and blueqill sunfishlL{epomis macrochirus) from Lake Mahopac and

Long Pond
Lake Mahopac

Fish Category

Pre-Breeding Redbreast Sunfislgggomis auritus) Females
Pre-Breeding Redbreast Sunfisloomis auritus) Males
Breeding Redbreast Sunfishbepomis auritus) Females
Breeding Redbreast Sunfisdhepomis auritus) Males
Post-Breeding Redbreast Sunfiglegomis auritus) Females
Post-Breeding Redbreast Sunfisledomis auritus) Males
Pre-Breeding Bluegill Sunfish.épomis macrochirus) Females
Pre-Breeding Bluegill Sunfish.épomis macrochirus) Males
Breeding Bluegill SunfishL{epomis macrochirus) Females
Breeding Bluegill SunfishL{gpomis macrochirus) Males
Post-Breeding Bluegill Sunfist.épomis macrochirus) Females
Post-Breeding Bluegill Sunfist.épomis macrochirus) Males

Long Pond

Fish Category

Pre-Breeding Bluegill Sunfish.épomis macrochirus) Females
Pre-Breeding Bluegill Sunfish.épomis macrochirus) Males
Breeding Bluegill SunfishL{gpomis macrochirus) Females
Breeding Bluegill SunfishL{gpomis macrochirus) Males
Post-Breeding Bluegill Sunfist.épomis macrochirus) Females
Post-Breeding Bluegill Sunfist.épomis macrochirus) Males
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0.05
0.05
0.11
0.06
0.03
0.06
0.07
0.18
0.04
0.04
0.08
0.08

NB

0.24
0.22

0.08
0.15

0.08
0.11

0.82
0.87
0.98
0.84
0.57
0.82
0.85
0.91
0.85
0.89
0.73
0.77

0.92
0.94

0.92
0.91

0.95
0.98



Table 3: Calculated Schoener % overlap indexddbreast sunfish_épomis auritus) and

blueqill sunfish Lepomis macrochirus) from Lake Mahopac and Long Pond

Lake Mahopac

Pre-Breeding Females (Redbreasts and Bluegills)
Pre-Breeding Males (Redbreasts and Bluegills)
Breeding Females (Redbreasts and Bluegills)
Breeding Males (Redbreasts and Bluegills)
Post-Breeding Females (Redbreasts and Bluegills)
Post-Breeding Males (Redbreasts and Bluegills)
Pre-Breeding Redbreast Sunfish (Females and Males)
Pre-Breeding Bluegill Sunfish (Females and Males)
Breeding Redbreast Sunfish (Females and Males)
Breeding Bluegill Sunfish (Females and Males)
Post-Breeding Redbreast Sunfish (Females and Males)
Post-Breeding Bluegills (Females and Males)

Redbreasts and Bluegills (Total Sample Populations)

Long Pond

Pre-Breeding Bluegill Sunfish (Females and Males)
Breeding Bluegill Sunfish (Females and Males)

Post-Breeding Bluegill Sunfish (Females and Males)
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.6700

6®.3

0.303

0.112

0.643

499.

0.765

0.570

.5920

490.

0.835

0.111

0.278

0.673

06.7

0.825



Table 4: Resource base calculated from combineteHB®ndy/plankton net samples and
pooled stomach contents, Lake Mahopac

Food Item Number Proportion
Annelida
Oligochaeta 73 0.0302
Hirudinea
Glossiphoniidae 9 0.0037
Piscicolidae 1 0.0004
Crustacea
Hydracarina 29 0.0120
Cladocera
Sididae 348 0.1439
Daphniidae 21 0.0087
Anostraca
Chirocephelidae 393 0.1625
Decapoda
Cambaridae 1 0.0004
Ostracoda
Myodocopidae 50 0.0207
Amphipoda
Hyalellidae 60 0.0248
Isopoda
Asellidae 71 0.0294
Gastropoda
Planorbidae 8 0.0033
Valvatidae 7 0.0029
Undetermined 3 0.0012
Bivalvia
Unionidae 3 0.0012
Sphaeriidae 4 0.0017
Insecta
Coleoptera
Elmidae 3 0.0012
Hydrophilidae 1 0.0004
Haplidae 1 0.0004
Scarabidae 14 0.0058
Dytisicidae 1 0.0004
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Table 4: Resource base calculated from combineteHEB®ndy/plankton net samples and
pooled stomach contents, Lake Mahopac continued

Food Item Number Proportion
Ephemeroptera 6 0.0025
Ephemerellidae
Heptageniidae 2 0.0008
Undetermined 7 0.0029
Odonata
Coenagrionidae 1 0.0004
Calopterygidae 8 0.0033
Aeshnidae 6 0.0025
Hemiptera
Veliidae 1 0.0004
Megaloptera 1 0.0004
Sialidae 1 0.0004
Trichoptera
Hydropsychidae 12 0.0050
Lepidostomatidae a7 0.0195
Hymenoptera
Formicidae 205 0.0847
Lepidoptera 1 0.0004
Naviculales
Naviculaceae 48 0.0199
Hydroida
Hydridae 12 0.0050
Arachnida
Araneae 4 0.0017
Eggs
Undetermined 55 0.0228

104



Table 5: Resource base calculated from combineteHB®ndy/plankton net/plant samples and
pooled stomach contents, Long Pond

Food Item Number Proportion
Annelida
Oligochaeta 4 0.0054
Hirudinea
Glossiphoniidae 2 0.0027
Gastropoda
Planorbidae 10 0.0135
Valvatidae 5 0.0067
Physidae 2 0.0027
Bivalvia
Sphaeriidae 3 0.0040
Crustacea
Cladocera
Daphniidae 26 0.0351
Sididae 9 0.0121
Amphipoda
Hyalellidae 32 0.0432
Isopoda
Asellidae 3 0.0040
Ostracoda
Myodocopidae 45 0.0607
Insecta
Coleoptera
Hydrophilidae 5 0.0067
Coccinellidae 2 0.0027
Scarabidae 4 0.0054
Diptera
Chironomidae 408 0.5506
Ephydridae 1 0.0013
Ceratopogonidae 62 0.0837
Chaoboridae 1 0.0013
Unidentified 9 0.0121
Ephemeroptera
Heptageniidae 9 0.0121
Odonata
Coenagrionidae 3 0.0040
Aeshnidae 9 0.0121
Undetermined 5 0.0067
Hemiptera
Gerridae 2 0.0027
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Table 5: Resource base calculated from combineteHB®ndy/plankton net/plant samples and
pooled stomach contents, Long Pond continued

Food Item Number Proportion
Cicadellidae 2 0.0027
Trichoptera
Lepidostomatidae 7 0.0094
Hymenoptera
Formicidae 7 0.0094
Juncales
Juncaceae 42 0.0568
Naviculales
Naviculaceae 4 0.0054
Hydroida
Hydridae 5 0.0067
Statoblast
Undetermined 1 0.0013
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Table 6: Comparison of the diversities of macrei@brates of Lake Mahopac and Long Pond

Lake Mahopac

Shannon-Wiener Diversity Index
2.217

Species Richness (S)
44.0

Total Abundance
2418

Evenness
0.586

Long Pond

Shannon-Wiener Diversity Index
1.942

Species Richness (S)
32.0

Total Abundance
741

Evenness
0.560
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Table 7: Mean length and mass of redbrdasidmis auritus) and bluegill Lepomis

macrochirus) sunfish from Lake Mahopac and Long Pond

Fish Sex Number | Mean Standard | Range Mean Total Range
Species of Fish Length In Mass in

(Lake Centimeters Grams +

Mahopac) + SD SD

Redbreast| Female 52 98+15 7.2-135 32.38+1613.4-93.9
Redbreast| Male 22 11.1+2.1 82-170 47.5%+293.0-119.3
Blueqill Female | 24 99+21 6.8—-13.9 39.1 25 8.3-8.7
Bluegill Male 19 9.5+1.9 6.7—-13.2 30.3+20.57.6-69.7
Fish Sex Number | Mean Standard | Range Mean Total Range
Species of Fish Length Mass in

(Long In Centimeters Grams +

Pond) + SD SD

Blueqill Female | 35 9.6+1.8 6.7-14.1 31.5#81611.0-72.4
Bluegill Male 22 95+1.9 6.9-13.21 31.2+20.008-77.1
Redbreast| Female 5 11.4 2.5 9.2-141 70.2% 499.9 — 127.5
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Table 8: Stomach contents of pre-breeding redbeeadish [ epomis auritus) females, Lake
Mahopac

Food Item Number Proportion
Annelida
Oligochaeta 2 0.004
Crustacea
Hydracarina 8 0.016
Cladocera
Daphniidae 6 0.012
Amphipoda
Hyallelidae 15 0.029
Isopoda
Asellidae 5 0.010
Gastropoda
Planorbidae 4 0.008
Valvatidae 2 0.004
Unionoida
Unionidae 1 0.002
Insecta
Coleoptera
Scarabidae 2 0.004
Dytisicidae 1 0.002
Diptera
Chironomidae 347 0.669
Ceratopogonidae 19 0.037
Empididae 1 0.002
Trichoptera
Hydropsychidae 11 0.022
Lepidostomatidae 27 0.053
Ephemeroptera
Ephemerellidae 2 0.004
Hymenoptera
Formicidae 7 0.014
Naviculales
Naviculaceae 5 0.010
Arachnida
Araneae 1 0.002
Eggs, Undetermined 53 0.104
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Table 9: Diet preference of pre-breeding redbrsasfish Lepomis auritus) females based
upon data collected from pooled stomach conterst datl Hester-Dendy/plankton net samples,

Lake Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* pA
Annelida
Oligochaeta -0.887 N
Crustacea
Hydracarina - 0.252 N
Cladocera
Daphniidae - 0.236 N
Amphipoda
Hyallelidae - 0.312 N
Isopoda
Asellidae - 0.887 N
Gastropoda
Planorbidae +0.042 Y
Valvatidae - 0.236 N
Unionoida
Unionidae -0.144 N
Insecta
Coleoptera
Scarabidae - 0.527 N
Dytisicidae +0.383 Y
Diptera
Chironomidae - 0.092 N
Ceratopogonidae +0.248 Y
Empididae +0.383 Y
Trichoptera
Hydropsychidae +0.326 Y
Lepitodostomatidae +0.098 Y
Ephemeroptera
Ephemerellidae +0.383 Y
Hymenoptera
Formicidae - 0.862 N
Naviculales
Naviculaceae -0.631 N
Arachnida
Araneae - 0.309 N
Eggs, Undetermined +0.343 Y
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Table 10: Comparison of pre-breeding redbreadisuflepomis auritus) females to pre-
breeding redbreast sunfisdhehomis auritus) males, Lake Mahopac

Pre-breeding redbreast sunfishegomis Pre-breeding redbreast sunfislegomis
auritus) females, Lake Mahopac auritus) males, Lake Mahopac
Shannon-Wiener Diversity Index Shannon-Wiener Diversity Index
1.396 1.208

Species Richness Richness

20.0 12.0

Total Abundance Total Abundance

519 72

Evenness Evenness

0.466 0.486
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Table 11: Stomach contents of breeding redbresdish epomis auritus) females, Lake
Mahopac

Food Item Number Proportion
Annelida
Oligochaeta 1 0.005
Crustacaea
Cladocera
Sididae 61 0.274
Daphniidae 6 0.027
Isopoda
Asellidae 27 0.121
Bivalvia
Sphaeriidae 2 0.009
Insecta
Coleoptera
Scarabidae 4 0.018
Diptera
Chironomidae 31 0.139
Psychodidae 1 0.005
Ceratopogonidae 2 0.009
Hemiptera
Veliidae 1 0.005
Ephemeroptera
Heptageniidae 1 0.005
Trichoptera
Lepidostomatidae 8 0.036
Hymenoptera
Formicidae 77 0.345
Arachnidae
Araneae 1 0.005
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Table 12:Diet preference of breeding redbreast sunfigipdmis auritus) sunfish females based
upon data collected from pooled stomach conterst datl Hester-Dendy/plankton net samples,

Lake Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* P~
Annelida
Oligochaeta -0.919 N
Crustacaea
Cladocera
Sididae -0.343 N
Daphniidae -0.114 N
Isopoda
Asellidae +0.027 Y
Bivalvia
Sphaeriidae +0.152 Y
Insecta
Coleoptera
Scarabidae -0.113 N
Diptera
Chironomidae -0.819 N
Psychodidae +0.525 Y
Ceratopogonidae - 0.626 N
Hemiptera
Veliidae +0.525 Y
Ephemeroptera
Heptageniidae - 0.386 N
Trichoptera
Lepidostomatidae - 0.357 N
Hymenoptera
Formicidae +0.023 Y
Arachnidae
Araneae -0.140 N
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Table 13: Comparison of breeding redbreast sunfisépémis auritus) females to breeding

redbreast sunfishLépomis auritus) males, Lake Mahopac

Breeding redbreast sunfishepomis auritus)

Breeding redbreast sunfishebomis auritus)

females, Lake Mahopac

Shannon-Wiener Diversity Index
1.746

Species Richness (S)
14.0

Total Abundance
223

Evenness
0.662

males, Lake Mahopac

Shannon-Wiener Diversity Index
1.384

Species Richness (S)
11.0

Total Abundance
44

Evenness
0.577
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Table 14: Comparison of post-breeding redbreast sunfighdmis auritus) females to post-

breeding redbreast sunfishehomis auritus) males, Lake Mahopac

Post-breeding redbreast sunfislegomis
auritus) females, Lake Mahopac

Shannon-Wiener Diversity Index
0.386

Species Richness (S)
4.0

Total Abundance
46

Evenness
0.278

Post-breeding redbreast sunfiledomis
auritus) males, Lake Mahopac

Shannon-Wiener Diversity Index
1.055

Species Richness (S)
10.0

Total Abundance
89

Evenness
0.453
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Table 15: Stomach contents of post-breeding regbeemfish .epomis auritus) females, Lake Mahopac

Food Item Number Proportion
Insecta

Coleoptera

Elmidae 1 0.022
Odonata

Coenagrionidae 2 0.004
Hymenoptera

Formicidae 42 0.913
Ephemeroptera

Heptageniidae 1 0.022
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Table 16: Diet preference of post-breeding redhraasfish Lepomis auritus) females based

upon data collected from pooled stomach conterst datl Hester-Dendy/plankton net samples,

Lake Mahopac

Food Item

Insecta
Coleoptera
Elmidae
Odonata
Coenagrionidae
Hymenoptera
Formicidae
Ephemeroptera
Heptageniidae

Pooled Stomach Contents/Hester-Dendy/Plankton

Net Samples
E* p?
- 0.522 N
-0.628 N
+0.340 Y
+0.176 Y
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Table 17: Stomach contents of pre-breeding redbseadish [epomis auritus) males, Lake
Mahopac

Food Item Number Proportion
Crustacea
Hydracarina 2 0.028
Cladocera
Sididae 1 0.014
Amphipoda
Hyallelidae 1 0.014
Decapoda
Cambaridae 1 0.014
Isopoda
Asellidae 1 0.014
Insecta
Coleoptera
Scarabidae 1 0.014
Diptera
Chironomidae 52 0.732
Dixidae 3 0.042
Trichoptera
Lepidostomatidae 1 0.014
Ephemeroptera
Heptageniidae 2 0.028
Hymenoptera
Formicidae 5 0.070
Naviculales
Naviculaceae 2 0.028
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Table 18Diet preference of pre-breeding redbreast sunfishdmis auritus) males based upon
data collected from and pooled stomach contents dad Hester-Dendy/plankton net samples,
Lake Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* pPA

Crustacea

Hydracarina - 0.437 N
Cladocera

Sididae - 0.967 N
Amphipoda

Hyallelidae - 0.868 N
Decapoda

Cambaridae +0.709 Y
Isopoda

Asellidae -0.851 N
Insecta

Coleoptera

Scarabidae -0.424 N
Diptera

Chironomidae -0.492 N

Dixidae +0.457 Y
Trichoptera

Lepidostomatidae -0.786 N
Ephemeroptera

Heptageniidae +0.237 Y
Hymenoptera

Formicidae -0.754 N
Naviculales

Naviculaceae -0.618 N
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Table 19: Stomach contents of breeding redbreasistulepomis auritus) males, Lake
Mahopac

Food Item Number Proportion
Crustacaea
Cladocera
Sididae 1 0.023
Ostracoda
Myodocopidae 1 0.023
Isopoda
Asellidae 1 0.023
Insecta
Coleoptera
Hydrophilidae 1 0.023
Scarabidae 3 0.070
Diptera
Chironomidae 29 0.674
Ephemeroptera
Heptageniidae 1 0.023
Lepidoptera
Undetermined 1 0.023
Hymenoptera
Formicidae 1 0.023
Naviculales
Naviculaceae 2 0.047
Eggs
Undetermined 2 0.047
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Table 20:Diet preference of breeding redbreast sunfisgipdmis auritus) males based upon data

collected from pooled stomach contents data andeid&endy/plankton net samples, Lake

Mahopac

Food Item

Crustacaea
Cladocera
Sididae
Ostracoda
Myodocopidae
Isopoda
Asellidae
Insecta
Coleoptera
Hydrophilidae
Scarabidae
Diptera
Chironomidae
Ephemeroptera
Heptageniidae
Lepidoptera
Undetermined
Hymenoptera
Formicidae
Naviculales
Naviculaceae
Eggs
Undetermined

Pooled Stomach Contents/Hester-Dendy/Plankton

Net Samples

E* pr
-0.976 N
-0.842 N
- 0.896 N
+0.639 Y
- 0.460 N
- 0.753 N
-0.244 N
+0.630 Y
- 0.959 N
- 0.699 N
-0.733 N
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Table 21: Stomach contents of post-breeding redbsemfish .epomis auritus) males, Lake
Mahopac

Food Item Number Proportion
Crustacea
Cladocera
Sididae 18 0.202
Ostracoda
Myodocopidae 2 0.023
Gastropoda
Undetermined 1 0.011
Insecta
Diptera
Chironomidae 1 0.011
Coleoptera
Scarabidae 1 0.011
Hymenoptera
Formicidae 61 0.685
Ephemeroptera
Undetermined 1 0.011
Hemiptera
Undetermined 1 0.011
Arachnida
Araneae 1 0.011
Naviculales
Naviculaceae 2 0.023
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Table 22: Diet preference of post-breeding redhreasfish [epomis auritus) males based upon
data collected from pooled stomach contents dadeHmster-Dendy/ plankton net samples, Lake

Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* pPA
Crustacea
Cladocera
Sididae - 0.360 N
Ostracoda
Myodocopidae - 0.457 N
Gastropoda
Undetermined +0.509 Y
Insecta
Diptera
Chironomidae - 0.980 N
Coleoptera
Scarabidae -0.223 N
Hymenoptera
Formicidae +0.461 Y
Ephemeroptera
Undetermined -0.845 N
Hemiptera
Undetermined -0.845 N
Arachnida
Araneae +0.369 Y
Naviculales
Naviculaceae -0.441 N
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Table 23: Comparison of pre-breeding blueqill gmfl. epomis macrochirus) females to pre-

breeding bluegqill sunfish_épomis macrochirus) males, Lake Mahopac

Pre-breeding blueqill sunfish épomis
macrochirus) females, Lake Mahopac

Shannon-Wiener Diversity Index
1.569

Species Richness (S)
12.0

Total abundance
85

Evenness
0.631

Pre-breeding blueaqill sunfisthépomis
macrochirus) males, Lake Mahopac

Shannon-Wiener Diversity Index
2.128

Species Richness (S)
11.0

Total Abundance
31

Evenness
0.888
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Table 24: Stomach contents of pre-breeding blusailfish Lepomis macrochirus) females,
Lake Mahopac

Number Proportion
Food Item
Crustacea
Hydracarina 6 0.071
Cladocera
Sididae 2 0.024
Daphniidae 5 0.059
Amphipoda
Hyalellidae 1 0.012
Isopoda
Asellidae 3 0.035
Bivalvia
Sphaeriidae 2 0.024
Insecta
Coleoptera
Scarabidae 2 0.024
Diptera
Chironomidae 51 0.600
Ceratopogonidae 2 0.024
Hymenoptera
Formicidae 5 0.059
Arachnidae
Araneae 1 0.012
Naviculales
Naviculaceae 5 0.059
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Table 25: Diet preference of pre-breeding bluegill sunfisbgomis macrochirus) females based
upon data collected from pooled stomach contertts @lad Hester-Dendy/ plankton net samples,

Lake Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* pPA

Crustacea

Hydracarina +0.198 Y
Cladocera

Sididae -0.675 N

Daphniidae +0.262 Y
Amphipoda

Hyalellidae -0.782 N
Isopoda

Asellidae -0.538 N
Bivalvia

Sphaeriidae +0.562 Y
Insecta

Coleoptera

Scarabidae +0.022 Y

Diptera

Chironomidae -0.408 N

Ceratopogonidae - 0.246 N

Hymenoptera

Formicidae -0.702 N
Arachnidae

Araneae +0.281 Y
Naviculales

Naviculaceae -0.144 N

126



Table 26: Comparison of breeding bluegill sunfisepomis macrochirus) females to breeding

blueqill sunfish [Lepomis macrochirus) males, Lake Mahopac

Breeding bluegill sunfish_epomis
macrochirus) females, Lake Mahopac

Shannon-Wiener Diversity Index
0.746

Species Richness (S)
11.0

Total Abundance
240

Evenness
0.311

Breeding blueqill sunfish_epomis
macrochirus) males, Lake Mahopac

Shannon-Wiener Diversity Index
0.606

Species Richness (S)
9.0

Total Abundance
454

Evenness
0.276
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Table 27: Stomach contents of breeding blueaiifish (Lepomis macrochirus) females, Lake
Mahopac

Food Item Number Proportion
Crustacea
Hydracarina 1 0.004
Cladocera
Sididae 200 0.833
Ostracoda
Myodocopidae 2 0.008
Amphipoda
Hyalellidae 16 0.067
Isopoda
Asellidae 3 0.013
Gastropoda
Undetermined 2 0.008
Insecta
Diptera
Chironomidae 3 0.013
Undetermined 1 0.004
Odonata
Calopterygidae 1 0.004
Hymenoptera
Formicidae 1 0.004
Naviculales
Naviculaceae 10 0.042
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Table 28: Diet preference of breeding blueqill sunfigteiomis macrochirus) females based
upon data collected from pooled stomach contertts @lad Hester-Dendy/plankton net samples,

Lake Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* pPA

Crustacea

Hydracarina -0.704 N
Cladocera

Sididae +0.525 Y
Ostracoda

Myodocopidae - 0.662 N
Amphipoda

Hyalellidae +0.145 Y
Isopoda

Asellidae -0.651 N
Gastropoda

Undetermined +0.549 Y
Insecta

Diptera

Chironomidae - 0.965 N

Undetermined -0.846 N

Odonata

Calopterygidae - 0.846 N

Hymenoptera

Formicidae -0.953 N
Naviculales

Naviculaceae +0.021 Y

129



Table 29: Comparison of post-breeding bluegillf@m(Lepomis macrochirus) females to post-

breeding blueqill sunfisH.épomis macrochirus) males, Lake Mahopac

Post-breeding blueqill sunfishépomis
macrochirus) females, Lake Mahopac

Shannon-Wiener Diversity Index
1.215

Species Richness (S)
4.0

Total Abundance
9

Evenness
0.876

Post-breeding blueqill sunfishdépomis

macrochirus) males, Lake Mahopac

Shannon-Wiener Diversity Index
1411

Species Richness (S)
6.0

Total Abundance
13

Evenness
0.787
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Table 30: Stomach contents of post-breeding blluagifish Lepomis macrochirus) females,
Lake Mahopac

Food Item Number Proportion
Crustacea

Hydracarina 4 0.444
Insecta

Diptera

Chironomidae 1 0.111

Ceratopogonidae 1 0.111

Hymenoptera

Formicidae 3 0.333
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Table 31:Diet preference of post-breeding blueqill sunfisbpbmis macrochirus) females
based upon data collected from pooled stomach etntiata Hester-Dendy/plankton net
samples, Lake Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* pPA
Crustacea +0.478 Y
Hydracarina
Insecta
Diptera
Chironomidae -0.954 N
Ceratopogonidae - 0.082 N
Hymenoptera
Formicidae -0.538 N
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Table 32: Stomach contents of pre-breeding blusailfish {Lepomis macrochirus) males, Lake
Mahopac

Food Item Number Proportion
Crustacea
Hydracarina 1 0.032
Cladocera
Sididae 2 0.065
Anostraca
Chirocephelidae 1 0.032
Bivalvia
Unionidae 2 0.065
Insecta
Coleoptera
Scarabidae 2 0.065
Elmidae 1 0.032
Diptera
Chironomidae 7 0.226
Phoridae 2 0.065
Odonata
Calopterygidae 2 0.065
Hymenoptera
Formicidae 3 0.097
Trichoptera
Lepidostomatidae 8 0.258
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Table 33: Diet preference of pre-breeding bluegill sunfisbgomis macrochirus) males based
upon data collected from pooled stomach conterst datl Hester-Dendy/plankton net samples,

Lake Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* pr
Crustacea
Hydracarina -0.842 N
Cladocera
Sididae - 0.955 N
Anostraca
Chirocephalidae - 0.982 N
Bivalvia
Unionidae +0.470 Y
Insecta
Coleoptera
Scarabidae -0.271 N
Elmidae -0.154 N
Diptera
Chironomidae -0.938 N
Phoridae +0.612 Y
Odonata
Calopterygidae +0.142 Y
Hymenoptera
Formicidae -0.989 N
Trichoptera
Lepidostomatidae -0.193 N
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Table 34: Diet preference of breeding blueqill sunfislefomis macrochirus) males based upon
data collected from pooled stomach contents dadeHmster-Dendy/plankton net samples, Lake

Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* pA
Crustacea
Hydracarina -0.768 N
Cladocera
Sididae -0.979 N
Anostraca
Chirocephalidae +0.617 Y
Ostracoda
Myodocopidae +0.083 %
Isopoda
Asellidae - 0.898 N
Gastropoda
Valvatidae +0.042 Y
Insecta
Diptera
Chironomidae -0.839 N
Trichoptera
Lepidostomatidae -0.558 N
Naviculales
Naviculaceae +0.321 Y
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Table 35: Stomach contents of breeding blueaiifish (Lepomis macrochirus) males, Lake
Mahopac

Food Item Number Proportion
Crustacea
Hydracarina 1 0.002
Cladocera
Sididae 1 0.002
Anostraca
Chirocephelidae 392 0.863
Ostracoda
Myodocopidae 14 0.031
Isopoda
Asellidae 1 0.002
Gastropoda
Valvatidae 2 0.004
Insecta
Diptera
Chironomidae 18 0.040
Trichoptera
Lepidostomatidae 3 0.007
Naviculales
Naviculaceae 22 0.049
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Table 36: Stomach contents of post-breeding flummfish (Lepomis macrochirus) males,
Lake Mahopac

Food Item Number Proportion
Annelida
Oligochaeta 1 0.077
Crustacea
Cladocera
Sididae 1 0.077
Insecta
Diptera
Chironomidae 7 0.539
Dixidae 1 0.077
Undetermined 2 0.154
Odonata
Calopterygidae 1 0.077
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Table 37:Diet preference of post-breeding bluegqill sunfisbppomis macrochirus) males based
upon data collected from pooled stomach contertts @lad Hester-Dendy/plankton net samples,

Lake Mahopac

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net Samples
E* pPA

Annelida

Oligochaeta - 0.905 N
Crustacea

Cladocera

Sididae +0.979 Y
Insecta

Diptera

Chironomidae -0.940 N

Dixidae +0.559 Y

Undetermined -0.975 N

Odonata

Calopterygidae -0.220 N
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Table 38: Comparison of pre-breeding blueqill ssimfl.epomis macrochirus) females to pre-

breeding blueqill sunfish_épomis macrochirus) males, Long Pond

Pre-breeding blueqill sunfish.€pomis
macrochirus) females, Long Pond

Shannon-Wiener Diversity Index
1.943

Species Richness (S)
9.0

Total Abundance
45

Evenness
0.884

Pre-breeding blueaqill sunfisthépomis
macrochirus) males, Long Pond

Shannon-Wiener Diversity Index o
1.969

Species Richness (S)
11.0

Total Abundance
58

Evenness
0.821
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Table 39: Diet preference of pre-breeding blueqill sunfisbgomis macrochirus) females based
upon data collected from pooled stomach contertts ldaster-Dendy samples/plankton net/plant
samples, Long Pond

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net/Plant Samples

E* pr
Crustacea
Hydracarina +0.339 Y
Cladocera
Daphniidae +0.221 Y
Ostracoda
Myodocopidae -0.736 N
Insecta
Diptera
Chironomidae -0.844 N
Ceratopogonidae -0.712 N
Undetermined +0.032 Y
Odonata
Aeshnidae +0.076 Y
Hemiptera
Cicadellidae +0.263 Y
Juncales
Juncaceae -0.720 N
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Table 40: Stomach contents of pre-breeding blusailfish Lepomis macrochirus) females,
Long Pond

Food Item Number Proportion
Crustacea
Hydracarina 7 0.156
Cladocera
Daphniidae 12 0.267
Ostracoda
Myodocopidae 2 0.044
Insecta
Diptera
Chironomidae 10 0.222
Ceratopogonidae 3 0.067
Undetermined 5 0.111
Odonata
Aeshnidae 3 0.067
Hemiptera
Cicadellidae 1 0.022
Juncales
Juncaceae 2 0.044
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Table 41:Comparison of breeding bluegill sunfidbepomis macrochirus) females to breeding
blueqill sunfish Lepomis macrochirus) males, Long Pond

Breeding bluedgill sunfish_epomis Breeding blueqill sunfishLepomis
macrochirus) females, Long Pond macrochirus) males, Long Pond
Shannon-Wiener Diversity Index Shannon-Wiener Diversity Index
1.279 1.564

Species Richness (S) Species Richness (S)

18.0 8.0

Total Abundance Total Abundance

219 47

Evenness Evenness

0.442 0.752
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Table 42: Stomach contents of breeding bluegrifish (Lepomis macrochirus) females, Long
Pond

Food Item Number Proportion
Gastropoda
Planorbidae 1 0.005
Bivalvia
Sphaeriidae 1 0.005
Crustacea
Hydracarina 1 0.005
Amphipoda
Hyalellidae 7 0.032
Isopoda
Asellidae 2 0.019
Ostracoda
Myodocopidae 3 0.014
Insecta
Coleoptera
Scarabidae 2 0.019
Diptera
Chironomidae 155 0.708
Ceratopogonidae 19 0.087
Undetermined 2 0.019
Odonata
Aeshnidae 1 0.005
Coenagrionidae 1 0.005
Undetermined 4 0.018
Ephemeroptera
Heptageniidae 2 0.019
Hemiptera
Cicadellidae 2 0.009
Trichoptera
Lepidostomatidae 1 0.005
Naviculales
Naviculaceae 3 0.014
Juncales
Juncaceae 12 0.055
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Table 43: Diet preference of breeding blueqill sunfigteiomis macrochirus) females based
upon data collected from pooled stomach contertts dad Hester-Dendy/plankton net/plant
samples, Long Pond

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net/Plant Samples

E* |y

Gastropoda

Planorbidae - 0.609 N
Bivalvia

Sphaeriidae -0.100 N
Crustacea

Hydracarina - 0.665 N
Amphipoda

Hyalellidae -0.348 N

Isopoda

Asellidae +0.513 Y

Ostracoda

Myodocopidae +0.738 Y
Insecta

Coleoptera

Scarabidae +0.394 Y

Diptera

Chironomidae - 0.087 N

Ceratopogonidae -0.191 N

Undetermined +0.012 Y

Odonata

Aeshnidae -0.575 N

Coenagrionidae -0.100 N

Undetermined +0.274 Y

Ephemeroptera

Heptageniidae +0.012 Y

Hemiptera

Cicadellidae +0371 Y

Trichoptera

Lepidostomatidae -0.485 N
Naviculales

Naviculaceae +0.258 Y
Juncales

Juncaceae -0.891 N
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Table 44:Comparison of post-breeding bluegill sunfitleomis macrochirus) females to post-

breeding blueqill sunfish_Lépomis macrochirus) males, Long Pond

Post-breeding blueqill sunfishépomis
macrochirus) females, Long Pond

Shannon-Wiener Diversity Index
1.267

Species Richness (S)
12.0

Total Abundance
185

Evenness
0.510

Post-breeding blueqill sunfishdépomis
macrochirus) males, Long Pond

Shannon-Wiener Diversity Index
1.678

Species Richness (S)
17.0

Total Abundance
133

Evenness
0.592
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Table 45: Stomach contents of post-breeding blluagifish Lepomis macrochirus) females,
Long Pond

Food Item Number Proportion
Crustacea
Hydracarina 3 0.016
Cladocera
Sididae 7 0.038
Amphipoda
Hyalellidae 2 0.011
Ostracoda
Myodocopidae 15 0.081
Insecta
Diptera
Chironomidae 126 0.681
Ceratopogonidae 3 0.016
Undetermined 3 0.016
Ephemeroptera
Heptageniidae 1 0.005
Odonata
Undetermined 2 0.011
Trichoptera
Lepidostomatidae 6 0.032
Naviculales
Naviculaceae 1 0.005
Juncales
Juncaceae 16 0.087
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Table 46: Diet preference of post-breeding blueqill sunfisbBpbmis macrochirus) females
based upon data collected from pooled stomach etntiata and Hester-Dendy/ plankton
net/plant samples and, Long Pond

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net/Plant Samples

E* pr

Crustacea

Hydracarina -0.174 N

Cladocera

Sididae +0.395 Y

Amphipoda

Hyalellidae - 0.699 N

Ostracoda

Myodocopidae - 0.030 N
Insecta

Diptera

Chironomidae - 0.069 N

Ceratopogonidae +0.761 Y

Undetermined -0.033 N

Ephemeroptera

Heptageniidae -0.189 N
Odonata

Undetermined +0.079 Y

Trichoptera

Lepidostomatidae +0.416 Y
Naviculales

Naviculaceae -0.174 N
Juncales

Juncaceae +0.035 Y
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Table 47: Stomach Contents of pre-breeding bluéaghbomis machrochirus) males, Long Pond

Food Item Number Proportion
Gastropoda
Valvatidae 3 0.052
Crustacea
Cladocera
Sididae 1 0.017
Daphniidae 7 0.121
Amphipoda
Hyalellidae 5 0.086
Ostracoda
Myodocopidae 7 0.121
Insecta
Diptera
Chironomidae 16 0.276
Ceratopogonidae 14 0.241
Undetermined 1 0.017
Odonata
Aeshnidae 2 0.035
Coenagrionidae 1 0.017
Juncales
Juncaceae 1 0.017
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Table 48: Diet preference of pre-breeding bluegill sunfisbpomis macrochirus) males based
upon data collected from pooled stomach contertts alad Hester-Dendy/plankton net/plant
samples, Long Pond

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net/Plant Samples

E* pPr

Gastropoda

Valvatidae +0.495 Y
Crustacea

Cladocera

Sididae -0.302 N

Daphniidae +0.136 Y
Amphipoda

Hyalellidae -0.136 N
Ostracoda

Myodocopidae -0.134 N
Insecta

Diptera

Chironomidae -0.676 N

Ceratopogonidae +0.047 Y

Undetermined -0.302 N

Odonata

Aeshnidae +0.049 Y

Coenagrionidae +0.237 Y
Juncales

Juncaceae -0.795 N
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Table 49: Stomach Contents of breeding bluegitfish (Lepomis macrochirus) males, Long
Pond

Food Item Number Proportion
Gastropoda
Planorbidae 1 0.021
Crustacea
Amphipoda
Hyalellidae 17 0.362
Ostracoda
Myodocopidae 6 0.128
Insecta
Coleoptera
Scarabidae 2 0.043
Diptera
Chironomidae 16 0.340
Ceratopogonidae 2 0.044
Ephemeroptera
Heptageniidae 1 0.021
Juncales
Juncaceae 2 0.043

150



Table 50:Diet preference of breeding blueqill sunfigtefomis macrochirus) males based upon
data collected from pooled stomach contents dateHmster-Dendy/plankton net/plant samples,

Long Pond

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net/Plant Samples

E* [y
Gastropoda
Planorbidae -0.310 N
Crustacea
Amphipoda
Hyalellidae +0.294 Y
Ostracoda
Myodocopidae - 0.167 N
Insecta
Coleoptera
Scarabidae +0.459 Y
Diptera
Chironomidae - 0.655 N
Ceratopogonidae +0.698 Y
Ephemeroptera
Heptageniidae - 0.260 N
Juncales
Juncaceae - 0.592 N
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Table 51: Stomach contents of post-breeding bluagifish Cepomis macrochirus) males,
Long Pond

Food Item Number Proportion
Gastropoda
Planorbidae 2 0.015
Bivalvia
Sphaeriidae 1 0.008
Crustacea
Hydracarina 1 0.008
Cladocera
Daphniidae 1 0.008
Sididae 12 0.090
Amphipoda
Hyalellidae 1 0.008
Ostracoda
Myodocopidae 3 0.023
Insecta
Coleoptera
Coccinellidae 2 0.015
Scarabidae 1 0.008
Diptera
Chironomidae 73 0.549
Ceratopogonidae 20 0.150
Chaoboridae 1 0.008
Undetermined 1 0.008
Ephemeroptera
Heptageniidae 2 0.015
Odonata
Aeshnidae 5 0.038
Hymenoptera
Formicidae 4 0.030
Juncales
Juncaceae 3 0.023
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Table 52: Diet preference of post-breeding blueqill sunfisbpbmis macrochirus) males based
upon data collected from pooled stomach contertts alad Hester-Dendy/ plankton net/plant
samples, Long Pond

Food Item Pooled Stomach Contents/Hester-Dendy/Plankton
Net/Plant Samples

E* pPA

Gastropoda

Planorbidae - 0.369 N
Bivalvia

Sphaeriidae -0.124 N
Crustacea

Hydracarina -0.678 N

Cladocera

Daphniidae -0.838 N

Sididae +0.512 Y

Amphipoda

Hyalellidae - 0.867 N

Ostracoda

Myodocopidae -0.732 N
Insecta

Coleoptera

Coccinellidae +0.395 Y

Scarabidae -0.269 N

Diptera

Chironomidae -0.415 N

Ceratopogonidae -0.145 N

Chaoboridae +0.411 Y

Undetermined +0.440 Y

Ephemeroptera

Heptageniidae -0.320 N

Odonata

Aeshnidae +0.133 Y

Hymenoptera

Formicidae +0.142 Y
Juncales

Juncaceae -0.963 N
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Appendixes

Appendix A: Hester-Dendy Plate/Plankton Net/Plant SampleDat

Lake Mahopac

June 21, 2006 (2 weeks) Hester-Dendy Plates
Pelagic Zone

Chironomidae

G. lobiferous 48

Pentanuera 1
Cladocera

Sda crystallina 6
Coleoptera

Elmidae

Microcylloepsus

Amphipoda
Hyallela 12
Annelida
Oligochaeta 45
Ostracoda
Myodocopidae 10
Cladocera
Daphniidae
Daphnia 2
Hydra 3
Ephemeroptera
Ephemerellidae
Dannella 1

June 29, 2006 (3 weeks) Hester-Dendy Plates
Pelagic Zone

Chironomidae 2
Amphipoda

Hyallela 2
Ostracoda

Myodocopidae 7
Cladocera

Sda crystallina 1
Hydracarina 1
Annelida
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Oligochaeta 1
Copapoda
Sididae
Harpacticoida 1

July 8, 2006 (4 weeks) Hester-Dendy Plates
Pelagic

Chironomidae

G. lobiferous 68

Unidentified 20

A. mallochi 1

Pupae 5
Amphipoda

Hyallela 4
Trichoptera 6
Cladocera

Sididae

Sda crystallina a7

Hydra 2
Annelida

Oligochaeta 6
Ephemeroptera

Leucrocuta 2
Ostracoda

Myodocopidae
Hydracarina

N O

July 23, 2006
Plates missing from site

September 4, 2006 (8 weeks) Hester Dendy Plates
Pelagic Zone

Mollusca
Gastropoda
G. parvus 3
V. piscinalis 3
Sphaeriidae 1
Isopoda
Caecidotea 29
Amphipoda
Hyallela 2
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Hirudinea

Glossiphiid
Helobdella stagnalis 6
H. fusca 1
Annelida
Lumbriculidae 4

October 27, 2007 (8 weeks) Hester-Dendy Plates
Benthic Sample

Amphipoda
Hyallela 1
Chironomidae
Chironomini
G. lobiferous 47
Tanypodinae
A. mallochi 14
Hirudinea
Helobdella stagnalis 1
Ostracoda
Myodocopidae 1
Annelida
Oligochaete 1
Hydracarina
Odonata
Coenagrionidae
E. geminatum 5
Hydra 3
Copepoda 1

October 27, 200718 weeks) Hester-Dendy Plates
Pelagic Zone

Insecta
Diptera
Chironomidae
A. mallochi 14
G. lobiferous 85
Coleoptera
Elmidae
Trichoptera
Odonata
Anisoptera
E. geminatum 1

= =

Hemiptera
Mesoveliidae 1
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Crustacea

Amphipoda
Hyallela 4
Ostracoda 17
Cladocera
Sididae
S crystallina 91
Copepoda 1
Daphniidae
Daphnia
Hydracarina
Statoblast 1
Mollusca
Gastropoda 1
Hydra 5
Annelida
Oligochaeta 9
Hirudinea
H. stagnalis 1

July 2, 2008 (2 weeks) Hester-Dendy Plates
Pelagic

Diptera
Chironomidae
Chironomini 2
Unidentified 20
Polypidelum 1
Diamesinae
P. longimanus 1
Crustacea
Amphipoda
Hyallela 2
Annelida
Oligochaeta
Lumbriculidae 2
Hydra 1

July 4, 2008 Plankton Net
Empty

July 18, 2008(4 weeks) Hester Dendy Plates
Plates missing from site
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August 1, 2008 (8 weeks) Hester—Dendy Plates

Pelagic Zone

Crustacea
Amphipoda
Hyallela
Isopoda Caecidotea

Hydracarina
Annelida
Oligochaeta

Insecta
Chironomidae
Chironomini
Polypidelum
G. lobiferous
Dicrotendipes
Ephemeroptera
Heptagenidae
Leucrocuta
Coleoptera
Haplidae
Haliplus
Trichoptera
Hydropsychidae
Megaloptera
Sialidae
Salis
Hirudinea
Piscicolidae
M. lugubrus

September 1, 2008 Plankton Net

Crustacea
Cladocera
Daphniidae
Daphnia
Sididae
S crystallina
Insecta
Odonata

Ll \V

B
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Zygoptera
Calopteryx 1
Hemiptera
Veliidae 1
Statoblast 1

September 27, 2008 (4 weeks) Hester-Dendy Plates
Benthic Sample

Isopoda
Asellota
Caecidotea 5

Odonata
Zygopera 1
Anisoptera
Basiaeshna 1
Annelida
Oligochaeta
Lumbriculidae 1
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Long Pond

July 15, 2008 (2 weeks) (Hester-Dendy)
Benthic

Empty plates

July 28 2008 (4 weeks) (Hester-Dendy)

Coleoptera
Hydrophilidae 4
Hirudinea
Helabdella fusca 2
Mollusca
Gastropoda
Gyrayulus parvus 4
Valvatidae piscinalis 2
Physella integra 1
Chironomidae
Chironomini
Polypedilum fallax 2
Statoblast 1

September 1, 2008 (Plankton Net)

Inflorescences 6
Crustacea
Cladocera
Daphniidae
Daphnia 5
Copepoda
Ostracoda

@ o

Hydra
Annelida
Oligochaeta 2
Insecta
Chironomidae
Adult Chironomids
Ephemeroptera
Hemiptera
Gerridae
Limnogonus 2

N

Odonata
Zygoptera
Nehalennia 1
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Sept 12, 2008 (6 weeks) Hester-Dendy Plates

Isopoda
Caecidotea 1
Molluska
Sphaeriidae 1
Gastropoda
Physella integra 1
Gyraulus parvus 1
Ostracoda
Myodocopidae 1

July 12, 2009(2 weeks) Hester-Dendy Plates

Empty Plates

July 21, 2009 (4 weeks) (Hester-Dendy Plates)
Plates missing from site

August 23, 2009 (Plant Sample)
Jar contaminated by fungus, no specimens obtained

September 1, 2009Plant Sample)

Mollusca
Gastropoda
Labrundinia pilosella 1
Diptera
Ephydridae 1
Ostracoda
Myodocopidae 2
Copepoda
Daphniidae
Daphnia 1
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September 27, 2009Plankton Net)

Hemiptera
Gerridae
Limnogonus 2
Ephemeroptera 1
Hydra 2
Annelida
Oligochaeta 2
Odonata
Zygoptera
Nehalennia 1
Chironomidae
Chironimini 1
Ostracoda
Myodocopidae 1
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Appendix B: List of prey items for individual fish specimefiem Lake Mahopac and Long
Pond

Pre-Breeding Redbreast Femalef_ake Mahopac)

Date Fish Number Prey Items Number of Items
May 23, 2007 2 Hymenoptera
Formicidae 1
Diptera
Empididae 1
May 18, 2008 1 Diptera, Terrestrial 8
Hymenoptera
Formicidae 1
Algae
Navicula 2
Diptera
Chironomididae, Larval 7
June 8, 2008 2 Mollusks
Gastropoda
Planorbidae 4
Valvatidae
V. sincera 2
Bivalvia
Anodonta imbecilus 1
Hymenoptera
Formicidae 2
Diptera
Chironomid
Tanypodinae
A. mallochi 1
Chironomini 42
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Date Fish Number Prey Items Number of Items

June 8, 2008 4 Amphipoda
Talitridae
Hyal€ella 2
Cladocera
Daphniidae
Daphnia 4

Diptera
Ceratopogonidae
Bezzia 1

Algae
Navicula
Crustacea
Hydracarina 5

May 20, 2009 1 Diptera,
Chironomid
Pupae s.p. 12

2 Chironomid
Pupae 12
Coleoptera, Mast. 1
Diptera, Mast. 1

3 Chironomid, Pupae 11
Isopoda
Asellota
Caecidotea 4
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Date

June 8, 2009

May 24, 2010

Fish Number

6

4

Prey ltems

Chironomidae
Chironomini
C. decorus

D. neomodestus

Chironomidae

Chironomini
D. neomodestus
Coleoptera
Diptera

Chironomidae, Terr.

Coleoptera, Pupae
Hymenoptera

Ephemeroptera

Ephemeroptera
Coleoptera
Dytiscidae
Amphipoda
Hyallela

Coleoptera, Adult
Chironomida
Pupae
Larvae
Trichoptera

Hymenoptera
Formicidae
Algae
Navicula

Cladocera
Daphniidae
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Number of Items

33
111

32



Date Fish Number Prey Items Number of Items

Diptera
Chironomidae
Chironomini
Chironomus decorus 12

6 Trichoptera
Lepidostomatidae 8
Annelida
Oligochaeta 1

7 Trichoptera
Lepidostomatidae 8

Arachnida
Spider 1

8 Trichoptera
Lepidostomatidae 19

Hymenoptera 2
Chironomidae
Larvae
Pupae 3
Annelida
Oligochaeta 1

[ —
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Date Fish Number Prey Items Number of Items

May 24, 2010 9 Hydracarina
Oxus 1
S.p. 2
Amphipoda
Talitridae
Hyallela 1
Chirnomididae
Chironomini
Chironomus decorus 2
S.p. 5
Orthocladiinae
Cricotopus sylvestris 1
Orthocladius, s.p. 4
Diamesinae
Potthastia longimanus 1
Tanytarsini
Zavrélia, s.p. 1
10 Chironomidae
Tanypodinae
Ablabesmyia mallochai 4
Chironomini
Chironomous decorus 1

Glyptotendipes lobiferous 1
Orthocladiinae
Orthocladius, s.p. 1
Cladocera
Daphniidae
Daphnia 1
Eggs, type unknown 53
Isopoda
Asellota
Caecidotea 1

167



Date Fish Number

May 24, 2010 11

Prey Iltems Number of Items
Amphipoda
Talitridae
Hyallela 10
Trichoptera
Hydropsycidae 1

Chironomidae
Tanypodinae

Djelmabatista 3

A. mallochai 5
Chironomini

C.decorus 19
Orthocladiinae

Orthocladius s.p, 1

Pre-Breeding Redbreast MalegLake Mahopac)

Date Fish Number
May 29, 2007 3

4

5

6

7

Prey Iltems

Trichoptera 1
Hydracarina 1

Diptera
Dixidae 1

Hymenoptera
Diptera, unidentified
Coleoptera

PR ow

Hymenoptera 2
Diptera
Dixidae 1
Isopoda
Asellota
Caecidotea 1
Ephemeroptera 1

Diptera
Chironomidae 25
Cladocera
Sididae
Sda crystallina 1
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Date Fish Number
June 8, 2008 3
June 8, 2009 10
May 24, 2010 3

Prey Iltems Number of Items
Amphipoda
Talitridae
Hyallela 1
Algae
Navicula 2
Chironomidae 1

Chironomidae
Tanypodinae
Djelmabatista 3
A. mallochai 5
Chironomini
C. decorous 19

Decapoda
Cambaridae 1
Ephemeroptera 1

Breeding Redbreast Femalefl. ake Mahopac)

Date Fish Number
June 9, 2007 9

10

11
June 25, 2007 12
June 27, 2007 17

Prey Iltems Number of Items
Empty
Empty
Empty
Ephemeroptera 1
Isopoda
Asellota
Caecidotea 26
Diptera
Chironomidae 11
Cladocera
Sididae
Sda crystallina 61
Daphniidae
Daphnia 6
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Date Fish Number Prey Items Number of Items

June 27, 2007 18 Coleoptera 1
19 Empty
20 Diptera
Ceratopogonidae 2
July 23, 2007 22 Mollusca
Sphaeriidae
Sohaerium 1
Diptera

Chironomidae
Tanypodinae

A. mallochi 3
Trichoptera 8
July 31, 2007 26 Chironomidae 1
Aug 9, 2007 27 Empty
June 12, 2008 6 Chironomidae
Chironomini
Criparius 1
Pupae 2
Coleoptera 1
Arachnidae
Araneae 1
Hemiptera 1
7 Diptera
Chironomidae
Chironomini
C. riparius 1
Isopoda
Asellota
Caecidotea 1
8 Chironomidae 1
Coleoptera 1

170



Date Fish Number
June 27, 2008 11
June 27, 2008 12
July 7, 2008 15
16
17
July 28, 2008 21
July 31, 2008 30
31

Prey Items
Coleoptera

Chironomidae
Chironomini
C. riparius

Chironomidae
Orthocladiniinae
Crycotopus
Diptera
Psychodidae

Annelida
Oligochaeta

Hymenoptera
Formicidae

Mollusca
Bivalvia

Hymenoptera
Formicidae

Chironomidae

Chirnomini
C. riparius
C. fulvus
Empty
Empty
Empty
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Number of Items

1

76
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Breeding Redbreast MalegLake Mahopac)

Date Fish Number

June 7, 2007

June 25, 20007

June 26, 2007

June 12, 2008

June 27, 2008

June 28, 2008

July 31, 2008

7

13

16

10

22

24

29

Prey ltems

Diptera
Chironomidae
Cladoceran
Sididae
Diptera
Chironomidae
Coleoptera, Terr.

Hymenoptera
Formicidae
Lepidoptera
Ephemeroptera

Diptera
Chironomidae

Chironomini

Number of Items

24

C. raparius 1

Isopoda
Hyallela

Diptera
Chironomidae
Coleoptera

Diptera
Chironomidae
Coleoptera
Parachymus
Ostracoda

Unidentified egg

Hymenoptera
Formicidae
Algae
Navicula
Coleoptera
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Post-Breeding Redbreast Femalél_ake Mahopac)

Date Fish Number
August 9, 2007 27

30

35

36

37
August 21, 2007 32

September. 5, 2008 34

36

37

38

39

Prey Iltems
Empty

Hymenoptera
Formicidae

Empty
Empty
Empty

Ephemeroptera
Odonata
Zygoptera
Enallagma
Empty
Empty
Odonata
Zygoptera
Enallagma
Coleoptera
Elmidae

Dubirapha
Empty
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Number of ltems
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Post-Breeding Redbreast Malé€lL.ake Mahopac)

Date Fish Number

August 24, 2007

September 5, 2008

31

32

35

40

41

42

Prey Iltems

Mollusca
Gastropoda
Hymenoptera
Formicidae

Coleoptera, Terr.
Hemiptera, Terr.
Hymenoptera
Formicidae
Navicula

Empty
Coleoptera
Arachnidae

Araneae

Diptera

Chironomidae

Ostracoda

Cladocera
Sididae

Sda crystallina

Empty
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Number of ltems

55

N o

-

18



Pre-Breeding Bluegill Female(Lake Mahopac)

Date Fish Number Prey Iltems Number of Items

June 8, 2008 4 Diptera
Chironomidae

Tanypodinae
A. mallochi 2

Chironomi
P.illincense 3

Orthocladinae
C. sylvestrus 31
Crichotopus 1

Eukiefferiella 1
Cladocera
Daphniidae
Daphnia 4
Diptera
Ceratopogonidae
Bezzia 1
Algae
Navicula 1
Hydracarina 5
Diptera Larvae 1
June 20, 2009 5 Hymenoptera 1
Diptera
Chironomidae
Chironomini
C.decorus 12
Pupa 1
Algae
Navicula 4
Amphipoda
Hyallela 1
Cladocera
Daphniidae
Daphnia 1
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Date Fish Number Prey Iltems Number of Items

May 24, 2010 1 Isopoda
Asellota
Caecidotea 3
Mollusca
Bivalvia
Sohaerium 2
Hydracarina 1
4 Coleoptera
Scarabidae 1
Hymenoptera 2
Cladocera
Sididae
Sda crystallina 2
Arachnidae
Araneae 1
5 Hymenoptera 2
Coleoptera 1
Scarabidae
Pre-Breeding Bluegill Male (Lake Mahopac)
Date Fish Number Prey Iltems Number of Items
May 23, 2007 1 Hydracarina 1
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Date Fish Number
June 8, 2008 5
June 8, 2009 11
May 24, 2010 2

13

14

Prey ltems

Odonata
Anisoptera
Eubranchiopoda
Eubranchipus
Coleoptera
Scarabidae
Elmidae
Dubiraphia
Hymenoptera
Formicidae
Diptera
Chironomidae
Cladoceran

Empty

Mollusca
Bivalvia
Anodonta imbecilis
Diptera
Phoridae
Chironomidae, larval
Hymenoptera
Odonata
Anisoptera
Trichoptera

Chironomidae

Coleoptera
Chironomidae
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Breeding Blueqill Female(Lake Mahopac)

Date Fish Number Prey Items
June 25, 2007 14 Empty
July 17, 2007 21 Chironomidae, Adult
Chironomidae larva

July 31, 2007 25 Algae

Navicula
August 9, 2007 28 Odonata

Anisoptera
29 Algae

Navicula

June 27, 2008 14 Ostracoda

Chironomidae
Tanypodinae
A. mallochi
Chironomini
Polypodium
Cladocera
Sididae
Sda crystallina

July 10, 2008 18 Amphipoda
Hyallela
Isopoda
Asellota
Caecidotea
Mollusca
Gastropoda
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Number of Items
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Date Fish Number
July 28, 2008 23
July 31, 2008 25
27
28
July 20, 2009 5

Prey ltems
Empty

Hymenoptera
Formicidae

Empty
Hydracarina

Algae
Navicula

Breeding Blueqill Male, (Lake Mahopac)

Date Fish Number
June 25, 2007 15
July 30, 2007 23
July 31, 2007 24

Prey ltems
Empty

Chironomidae
Chironomini

G. lobiferus

Cladocera
Sididae

Sda crystallina

Ostracoda

Chironomidae
Algae
Navicula
Hydracarina
Ostracoda
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Number of Items

Number of Items

12
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Date Fish Number

June 27, 2008 13
Date Fish Number
July 10, 2008 19
July 28, 2008 20
July 31, 2008 26

Prey Iltems Number of Items
Ostracoda 2
Chironomidae
Tanypodinae

A. mallochi 1
Chironomini
Polypedilum 1

Prey Iltems Number of Items

Eubranchiopoda

Eubranchipus 392
Algae
Navicula 16
Isopoda
Asellota
Caecidotea 1
Trichoptera
Hydropsychidae 3
Mollusca
Gastropoda
Valvatidae 1
Mollusca
Gastropoda
Valvatidae 1

Post —Breeding Blueqill FemaléLake Mahopac)

Date Fish Number
July 31, 2008 25
27
28

August 21, 2008 33

Prey Items Number of Items
Hymenoptera
Formicidae 1
Empty
Hydracarina 1

Larval Insect
Undetermined 1
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Date Fish Number
2009

August 23, 2009 6

Prey ltems

Chironomidae
Undetermined

Hydracarina
Undetermined

Hymenoptera
Formicidae

Post-Breeding Blueqill Males(Lake Mahopac)

Date Fish Number
August 24, 2007 33

38

Date Fish Number

August 24, 2007 39

Prey Items
Empty

Chironomidae
Tanypodinae
A. mallochi
Undetermined
Diptera
Terrestrial adult

Prey Items

Annelida
Oligochaeta
Chirnomidae
Tanypodinae
A. mallochi
Chironomini
G. lobiferous
Undetermined
Diptera
Dixidae
Cladocera
Sididae
S crystallina
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Date Fish Number Prey Iltems
August 23, 2009 12 Diptera
Undetermined terr.
Odonata
Anisoptera
13 Empty
14 Empty

Pre-Breeding Blueqill FemalegLong Pond)

Date Fish Number Prey Items
May 25, 2010 1 Empty
2 Empty
3 Empty
4 Diptera larva
Bezzia
Hemiptera
5 Empty
Date Fish Number Prey Items
May 25, 2010 6 Diptera
Brachycera
Diptera
Ceratopogonidae

Bezzia
Chironomidae

Undetermined

Pupa
Juncales
Juncaceae
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Date Fish Number

May 25, 2010 7

10
Date Fish Number
May 25, 2010 11
Date Fish Number
May 23, 2010 12

14

17

Prey Iltems Number of Items

Diptera
Undetermined larva 1

Juncales
Juncaceae 1

Chironomidae pupae 1
Adult 1
Diptera
Undetermined terr.
Ostracoda

=N

Prey Items Number of Items

Cladocera
Daphniidae
Daphnia 12
Chironomidae
Undetermined 2
Hydracarina
Undetermined 1

Prey Items Number of Items

Ostracoda 1
Chironomidae
Undetermined 1

Odonata
Anisoptera 3
Chironomidae
Chironomini
G. lobiferous 1
Diptera
Ceratopogonidae
Bezzia 1

Chironomidae
Undetermined 2
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Date Fish Number Prey Items Number of Items
May 23, 2010 19 Empty
20 Hydracarina

Pre-Breeding Bluegill Males(Long Pond)

Date Fish Number
May 25, 2010 8

9
May 23, 2010 13
May 23, 2010 15

= O

Ostracoda

Prey Items Number of Items

Chironomidae

Chironomini
G. lobiferous 1
Diptera
Ceratopogonidae
Bezzia 2
Ostracoda 1
Odonata
Anisoptera 1
Diptera
Brachycera 1
Odonata
Zygoptera 1
Ostracoda 2
Empty
Diptera
Chironomidae, Adult 1
Ostracoda 1
Cladocera
Sididae
Sda crystallina 1
Juncales
Juncaceae 1
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Date

May 23, 2010

Fish Number

16

18

Prey ltems

Amphipoda
Hyallela
Gastropoda
Valvatidae
V. piscinalis
Odonata
Anisoptera
Cladocera
Daphniidae
Daphnia
Chironomidae
Unidentified

Ostracoda
Cladocera
Daphniidae
Daphnia
Chironomidae
Chironomini

G. lobiferous

Diptera
Ceratopogonidae
Bezzia

Breeding Bluegill FemalegLong Pond)

Date

Fish Number

August 1, 2007 1

Prey Items

Chironomidae
Unidentified

Ephemeroptera
Unidentified
Hemiptera
Unidentified
Algae
Navicula
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Number of Items

13

12

Number of ltems



Date Fish Number Prey Items Number of Items

August 1, 2007 2 Hydracarina
Unidentified 1
Chironomidae
Chironomini
D. nervosus 11
Tanypodinae
A. mallochi 1
Tanytarsini
Unidentified 1
Unidentified 102
Diptera
Ceratopogonidae
Bezzia 9
5 Chironomidae
Unidentified 1

Date Fish Number Prey Items Number of Items
June 30, 2008 2 Empty
3 Empty

4 Odonata
Anisoptera 1

Chironomidae

Undetermined 8
Ceratopogonidae
Bezzia 2
Juncales
Juncaceae 11
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Date

July 10, 2008

Date

July 10, 2010

Fish Number

5

Fish Number

7

Prey ltems

Diptera
Unidentified terr.
Isopoda
Asellota
Caecidotea
Diptera Pupae
Amphipoda
Hyallela
Chironomidae
Unidentified
Trichopera

Empty

Prey Items

Ephemeroptera
Unidentified
Chironomidae
Tanypodinae
A. mallochi
Tanytarsini

Number of Items

=

Number of ltems

11

Micropsectra polita 1

Chironomini
P. albimanus
Diptera
Ceratopogonidae
Bezzia
Odonata
Unidentified
Ostracoda
Amphipoda
Hyallela
Mollusca
Gastropoda

Unidentified
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Date Fish Number
July 10, 2010 8
July 28, 2008 9

August 22, 2008 12

Date Fish Number

August 22, 2008 13

Prey Iltems Number of Items

Diptera
Ceratopogonidae
Bezzia 2
Amphipoda
Hyallela 2
Coleoptera
Unidentified Terr. 1

Odonata
Unidentified Larva 1
Diptera
Unidentified Larva 1

Chironomidae

Unidentified Larva 1
Odonata

Unidentified Larva 1
Prey Items Number of Items

Amphipoda

Hyallela 1
Ostracoda 1
Odonata

Unidentified Larva 1
Tricoptera

Unidentified Larva 1

Chironomidae
Tanypodinae

A. mallochi 1
Tanytarsini 1
Chironomini
D. neomodestus 1
Juncales
Juncaceae 1
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Date Fish Number

August 22, 2008 14

August 7, 2009 1

Breeding Blueqill Male (Long Pond)

Date Fish Number

August 1, 2007 3

Prey ltems

Chironomidae
Tanypodinae
A. mallochi
Chirnomini
G. lobiferous

Amphipoda
Hyallela

Mollusca
Bivalvia
Spaeriidae
Chironomidae
Chironomini

Number of Items

Chironomusriparius 1

Amphipoda

Hyallela

Prey Iltems

Amphipoda
Hyallela
Ostracoda
Unidentified
Juncale
Juncaceae

Ostracoda
Diptera

Ceratopogonidae

Bezzia

Chironomidae

Unidentified
Juncales

Juncaceae
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Date Fish Number
August 1, 2007 6

1
July 28, 2008 10
Date Fish Number
July 28, 2008 11
August 7, 2009 2

3

Prey ltems

Chironomidae
Tanypodinae

A. mallochi
Ostracoda
Juncales
Juncaceae

Coleoptera, Terrestrial
Unidentified

Prey Iltems

Amphipoda
Hyallela
Ostracoda
Ephemeroptera
Unidentified
Ceratopogonidae
Bezzia
Chironomidae
Tanypodinae
A. mallochi
Orthocladiinae
Crycotopus
Chironomini

Dicrotendipes

Ostracoda

Gastropoda
Unidentified
Chironomidae
Chironomini

Number

16

Chironomus 4
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Post-Breeding Blueqill FemalglLong Pond)

Date Fish Number

August 11, 2007 7

Date Fish Number

August 11, 2007 8

August 11, 2007 9

Prey Items Number of Items
Unidentified insect 1
Juncales

Juncaceae 1

Prey Items Number of Items

Chironomidae
Unidentified 3
Diptera
Ceratopogonidae
Bezzia 2
Ephemeroptera
Unidentified 1
Trichoptera
Lepidostomatidae 5
Ostracoda
Unidentified 2
Juncales
Juncaceae 5

Cladocera
Sididae
Sda crystallina 6

Hydracarina

Unidentified 2
Diptera, Terrestrial

Unidentified 2
Chironomidae

Unidentified Pupae 1
Chironomidae

Tanypodinae

A. mallochi 1
Amphipoda
Hyallela 1
Ostracoda
Unidentified 10
Diptera
Ceratopogonidae
Bezzia 1
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Date Fish Number

August 26, 2007 11

15

Date Fish Number

August 22, 2008 12

13

Prey Iltems

Algae
Navicula

Chironomidae
Chironomini
Polypedilum
Unidentified
Hydracarina
Unidentified
Ostracoda
Unidentified
Cladocera
Sididae
Juncales
Juncaceae

Prey ltems

Chironomidae
Unidentified
Odonata
Unidentified
Ostracoda
Unidentified
Amphipoda
Hyallela
Ostracoda
Unidentified
Chironomida
Tanypodinae
A. mallochi
Chironomini
D. neomodestus
Tanytarsini
Odonata
Undetermined
Trichoptera
Undetermined

192
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10
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Date Fish Number Prey Items Number of Items
August 23, 2009 6 Chironomidae

Chironomini
D. modestus 111

Post- Breeding Blueqill Male(Long Pond)

Date Fish Number Prey Items Number of Items
August 11, 2007 10 Chironomidae
Tanypodinae
A. mallochi 2
Chironomini
Polypidelum 1
Diptera
Ceratopogonidae
Bezzia 5
Ostracoda
Unidentified 1
Cladocera
Sididae
Sda crystallina 12
Daphniidae
Daphnia 1
Ephemeroptera
Unidentified 2
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Date Fish Number

August 26, 2007

12

13

Prey Items

Coleoptera
Coccinellidae
Diptera
Ceratopogonidae
Bezzia
Chaoboridae
Chaoborus
Hymenoptera
Formicidae
Odonata
Anisoptera
Chironomidae
Unidentified
Juncales
Juncaceae

Mollusca
Gastropoda
Unidentified
Hymenoptera
Formicidae
Odonata
Anisoptera

Hydracarina
Unidentified
Chironomidae
Chironomini
Chironomus
Orthocladiiinae
P. psilopterus
Unidentified
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Date Fish Number

August 22, 2008

August 23, 2009

14

15

Prey Items Number of Items

Chironomidae
Tanypodinae

A. mallochi 1
Chironomini
G. lobiferus 4
Mollusca
Bivalvia
Undetermined 1
Amphipoda
Hyallela 1

Chironomidae
Tanypodinae

A. mallochi 2
Chironomini
D. nervosus 2
Polypedilum 2
C. riparus 1
Phaenopsectra
flavipes 1
Unidentified 4
Odonata
Anisoptera 1
Diptera
Unidentified 1
Ostracoda
Unidentified 1
Ceratopogonidae
Bezzia 4
Chironomidae
Undetermined 1
Hymenoptera
Formicidae 3
Hydracarina
Undetermined 1
Ostracodae
Myodocopidae 1
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Date Fish Number Prey Items Number of Items

August 23, 2009 7 Chironomidae
Chironomini

D. neomodestus 32
Odonata
Anisoptera 1
Coleoptera, Terrestrial
Unidentified 1
Diptera
Chironomidae adults 7
Hymenoptera
Unidentified 1
Coleoptera pupae
Unidentified 7
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