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MANAGEMENT PERSPECTIVE

The bioaccumﬁlation of contaminants by fish frequently occurs via
the food chain. In order to determine the importance of this route,
and to identify the components responsible, the food habits of the
fish must be known in some detail. This report describes the food
habits of 13 species of fish from the impacted zone of Canagagigue
Creek, an industrially polluted creek in southern Ontario. The
information will be used, in conjunction with data on cont aminant
concentrations in fish and their prey, to determine whether diet
composition has.any bearing on the body burdens of contaminant§ in
Cananagagigue Creek fish. On a broader scope, we havé demonstrated
that the diets of fish vary considerably with season, geographic
location and quality of the environment. As a result, we strongly
recommend that food habits analysis should be an integral part of any

food chain contamination study.




‘EN BREF

La bioaccumulation des contaminants par les poissons se fait
souvent via la chaine alimentaire. Afin de déterminer 1'importance
de cette voie, ainsi que d'identifier les composants responsables,
il faut cénnaitre avec une certaine pré&cision les habitudes
alimentaires. Le présent rapport décrit les habitudes alimentaires
de 13 espices de poissons de la zone touchée du ruisseau
Canagagigue, un ruissean pollué par 1'industrie dans le sud de 1'Ontario.
Cette information sera =tudise, conjointement 3 des donnSes sur les
concentrations de contaminants dans les poissons et leurs proies,
pour déterminer si la composition du régime alimentaire a un
‘“‘Pact 8ur les charges corporelles de contaminants dans les poissons
du ruisseau Canagagigue. A une échelle plus importante, nous avons
démontré gque les régimes alimentaires des poissons varient considérablement
selon la saison, l'emplacement géographique et la qualité de
l'environnement. Par conséquent, nous recommandons avec instance
que l'analyse des habitudes alimentaires devienne une partie intégrante

de toute &tude de contamination de la chaine alimentaire.




EXECUTIVE SUMMARY

In 1983, a study was undertaken to assess the importance of the
food pathway as a route of uptake for contaminants by Canagagigue
Creek fish. As part of the study, the food habits of 13 species of
fish from the impacted zone of this industrially polluted creek were
described by means of gut contents analysis. A total of 143 specimens
were examined, 61 of which were collected in the spring and 82 in the
fall. The species involved were: White Sucker, Shorthead Redhorse,
Carp, Longnose Dace, Blacknose Dace, Creek Chub, Fathead Minnow,
Bluntnose Minnow, Common Shiner, Johnny Darter, Rock Bass, Smallmouth
Bass and Brook Stickleback.

Most fish species were non-selective in their food habits, and
adapted readily to seasonal changes in the availability of prey. Fish
collected in the spring preyed heavily on blackfly larvae, chironomid
larvae and leeches. 1In contrast, fish collected in the fall relied
less on these three items but utilized damselfly nymphs, water boatmen
and plants much more significantly. These changes in diet composition
reflected changes in the benthic community structure over the same
- time period. A wider range of prey was available in the fall, and
this enabled fish to feed more selectively during this season. As a
result, there was less diet similarity between species in the fall

than in the spring.




In addition to prey availability, morphological and behavioural
factors influenced the diets of fish, Some specles were less
restricted by these factors than others, and were therefore more
opportunistic in their food habits. Creek chub and common shiners
were the most versatile feeders, consuming up to 12 different food
items each. In contrast, dace, minnows and darters, which are
morphologically adapted for bottom feeding, were restricted to 1-3
items each. Rock bass, which require the cover of heavy vegetation,
were restricted to vegetation-dwelling organisms, while smallmouth
bass, which prefer rocky substrates, consumed mainly riffle-dwelling
organisms. |

Fish from Cangagigue Creek generally had less varied diets than
the same species elsewhere. This is attributed to the polluted nature
of the study site, which suppressed the diversity of the prey
community, Caddisfly larvae, mayfly nymphs, snails, amphipods,

‘crayfish and minnows, which are the preferred prey of our species in
other areas, were rare. Under these conditions, fish were forced to
choose alternate food sources. This resulted in unusual diets for
several species, especially the bass.

These findings will be used, in conjunction with information on
contaminant concentrations in fish and their prey, to determine the
importance of the food pathway as a route of uptake for contaminants
by Canagagigue Creek fish. As the diets of fish vary considerably
with season, geographic location and quality of the environment, it is
strongly reCOmmendéd that food habits analysis should be an integral

part of any food chain contamination study.




RESUME

En 1983, une &tude a &t5 entreprise pour &valuer 1'importance de
la voie alimentaire pour 1'absorption de contaminants par les poissons
du ruisseau Canagagigue. Dans le cadre de la présente €tude, les
habitudes alimentaires de 13 esp2ces de poissons de la zone
de pe ruisseau touché{ par la pollution industrielle ont &té& dScrites
par la technigue de 1'analyse d@u contenu des entrailles. Au total,
143 sp&cimens ont &t& examinés, dont 61 ont &tS recueillis au
printemps et 82 A l‘'automne. Les espices &taient les suivantes :

e meunier noir, le suceur rouge, la car e, le naseux des rapides,
le naseux noir, le mulet 3 corne, le téte~-de-boule, le ventre-pourri,
le m&né A nageoires rouges, le dard noir, . le crapet de

roche, 1l'achigan B petite bouche et 1'épinoche 3 cing &pines.

Les habitudes alimentaires de la pluparf des esp®ces de poissons
€taient non s8lectives; ces espdces s'adaptaient rapidement aux
variations saisonnilres de disponibilité des proies. Le régime
alimentaire des poissons recueillis au printemps &tait constitué
pPour une bonne part de larveslde mouches noires (50 & en poids),
de larves de chironomidés (25 &) et de sangsues (9 8). Ces trois
€léments &taient cependant beaucoup moins importants dans le
r8gime alimentaire des poissons recueillis S 1'automne (25 %),

19 % et 1 8, respectivement, mais ceux-ci consommaient une proportion
beaucoup plus importante de nymphes de demo;sélle‘(Z? % au lieu de 1 &),
de corises (7 % au lieu de 1 %) et de Plantes (14 & au lieu de 1 &),
Cbéchangements de la composition du régime alimentaire reflétent

des changements de la structu}e de la communaut& benthique pendant
cette méme pSriode. Une grande variéts de proires &tait disponible 3
l'automne, et ceci permettait aux poissons de se nourrir de fagon

plus silective pendant cette saison. 11 en résulte une moins grande
diff&rence entre les régimes alimentaires d'une espdce 3 1'autre 3
1'automne (indice moyen de chevauchement al;menta;re, Cl 0 36) par

rapport au pr:mtemps( C)' 0 65)(.



En plus de la disponibilité des proies, des facteurs morphologiques
et de comportement influengaient les ré&gimes alimentaires des poissons.
Certaines esp2ces &taient moins restreintes par ces facteurs que
d'autres, et E&taient donc beaucoup plus opportunistes du point de
vue alimentaire. Le mulet 3 corne et le winf 3 nageoirs rouges
€taient les plus souples du point de vue alimentaire, consommant
chatun jusgu'd 12 types d'aliments différents. Par contre, les naseux,
les mén&s et les dards noirs, QY1 sont morphologiquement adaptés & la
recherche de la nourriture au fond, ne c¢onsommaient que de 1 & 3 types
d'aliments. Le crapet de roche, qui a besoin d'une forte végStation,
se limitait & des organismesvhabitant la vEgstation, alors gue
l'achigan 3 petite bouche, qui préfdre les substrats rocheux,

consommait principalement des organismes habitant les roches.

Les ré&gimes alimentaires des poissons du ruisseau Cangagigue
Staient gSnSralement moins variés que ceux‘des mémes espdces dans
d'autres habitats. On expligue ceci par la pollution du site 3 1'&tude,
qui guisait & la diversité des communautés de proies. Les larves de
puryanes, les nymphes, d'&phémére:s, les escargos, les amphipodes,
les Ecrevisses et les ménés, qui sont les proies pr&férées de ces
espdces dans d'autres ﬁabitats, sont rares. Dans ces conditions,
les poissons Etaient forcss de choisir d'autres sources de nourriture.
Ceci entrafnait les ré&gimes alimentaires inhabituels pour plusieurs
espdces, plus particulidrement pour la carpe. Ces constatations ont
€t€ utilisées, ainsi que les informations recueillies sur les
conceﬁtrations de contaminants dans les poissons et leurs proies, pour
d&éterminer 1'importance dé la voie alimentaire pour 1'absorption des
contaminants par les poissons du ruisseau Canagagigue. Comme le
régime alimentaire des poissons varie d'une fagon importante selon la
saison, 1'emplacement géologigue et la gualité de l'environnement,

11 est fortement recommendé que 1'analyse des habitudes alimentaire
constitue une partie int&grante de 1'Stude de la contamination de

toute chaline alimentaire.



ABSTRACT

In 1983, a study was undertaken to assess the importance of the
food pathway as a route of uptake for contaminants by Canagagigue
Creek fish. As part of the study, the food habits of 13 species of
fish from the impacted zone of this industrially polluted creek were
described by means of gut contents analysis. A total of 143 specimens
were examined, 61 of which were collected in the spring and 82 in the
fall, The species involved were: White Sucker, Shorthead Redhorse,
Carp, Longnose Dace, Blacknose Dace, Creek Chub, Fathead Minnow,
Bluntnose Minnow, Common Shiner, Johnny Darter, Rock Bass, Smallmouth
Bass and Brook Stickleback.

Most fish species were non-selective in their food habits, and
adapted readily to seasonal changes in the availability of prey. Fish
collected in the spring preyed heavily on blackfly larvae (54% by
weight), chironomid larvae (25%) and leeches (9%). In contrast, fish
collected in the fall relied less on these three items (25%, 19% and
1%, respectively), but utilized damselfly nymphs (27% vs. 1%), water
boatmen (7% vs. 1%) and plants (14% vs. 1%) much more significantly.
These changes in diet composition reflected changes in the benthic
community structure over the same time period. A wider range of prey
was available in the £fall, and this enabled fish to feed more
selectively during this season. As a result, there was less diet

overlap between species in the fall (median diet overlap index,

CA=.36) than in the spring (median ax=.65).



SOMMAIRE

En 1983, une &tude a &t& entreprise pour &valuer l'importance de
la voie alimentaire pour l'absorption des contaminants par les poissons
du ruisseau Canagagigue. Dans le cadre de cette &tude, les habitudes
alimentaires de 13 esp2ces de poissons de la zone touch&e par ce
ruisseau pollué€ par l'industrie ont &t& décrites par analyse du
contenu des entrailles. Au total, 143 spécimens ont &t& examiné&s,
dont 61 ont &t€ prélevés au printemps et 82 A 1 automne. Les espdces
€taient les suivantes : meunier noir, suceur rouge, carpe, naseux
des rapides, naseux noir, mulet & corne, té&te-de-boule, ventre-pourri,
méné 8 nageoires rouges, dard noir, crapet de roche

achigan 8 petite bouche et &pinoche & cing épines.

Les habitudes alimentaires de la plupart des espices &taient non
s8lectives, et celles-ci s'adaptaient rapidement aux variations
saisonnilres de disponibilit& des proies. Les poissons recueillis
au printemps se nourrissaient surtout de larves de mouches noires,
de larves de chironomid&s et de sangsues. Par contré, les poissons
recueillis 8 l'automne consommaient beaucoup moins de ces trois
€l&ments mais utilisaient de fagon beaucoup plus importante
les nymphes de demoiselles, les corises et les plantes
dans leur régime Alinenfaire Ces changements de composition du r&gime
alimentaire refl3tent les changements de la structure de la communauté
benthique pendant la méme période. Une plus grande varisté de proies
€tait disponible en automne, et ceci permettait aux poissons de se
nourrir de fagon plus s&lective pendant cette saison. Par consé&guent,
il y avait moins de ressemblance di&t&tique en automne qu'au printemps

d'une espi2ce & 1'autre.



In addition to prey availability, morphological and behavioural
factors influenced the diets of fish. Some species were less
restricted by these factors than others, and were therefore more
opportunisti¢ in their food habits. Creek chub and common shiners
were the-nmst versatile feeders, consuming up to 12 different food
items each. In contrast, dace, minnows and darters, which are
morphologically ad;pted for bottom feeding, were restricted to 1-3
items each. Rock bass, which require the cover of heavy vegetation,
were restricted to vegetation-dwelling organisms, while smallmouth
bass, which prefer rocky substrates, consumed mainly riffle-dwelling
organisms.

Fish from Cangagigue Creek generally had narrower diet breadths
than the same species elsewhere. This is attributed to the impacted
nature of the study site, which suppressed the diversity of the prey
community. Caddisfly 1larvae, mayfly nymphs, molluscs, amphipods,
crayfish and minnows, which are the preferred prey of our species in
other areas, were rare. Under these conditions, fish were forced to
choose alternate food sources. This resulted in unusual diets for
several species, especially the bass.

These findings will be used, in conjunction with information on
contaminant concentrations in fish and their prey, to determine the
importance of the food pathway as a route of uptake for contaminants
by Canagagigue Creek fish. As the diets of fish vary considerably
with season, geographic location and quality of the environment, it is
strongly recommeqded that food habits analysis should be an integral

part of any food chain contamination study.



INTRODUCTION

A study on the fate and effects of synthetic organic contaminants
in Canagagigue Creek was initiated in 1980. This creek receives
domestic and industrial sewage effluent from the town of Elmira,
Ontario, as well as leachates from a disused chemical waste dump. The
reader is referred to Carey et al. (1983) for a detailed description
of stream ecology and the identification of major contaminants.

A total of 25 species of fish were found to inhabit Canagagigue
Creek at various times of the year. In 1980, specimens of five
species were analyzed for tissue residues of chlorophenols, which are
one of the prominent groups of contaminants in the creek. The
analyses revealed interspecific differeﬁ;es in the bioaccumulation of
chlorophenols by fish! . Wé also found that concentrations of
chlorophenols in invertebrate prey species may vary by up to two
orders of magnitude (Metcalfe et al., 1984). Therefore, differences
in bioaccumulation among various species of fish could be due, at
least in part, to their food habits.

In 1983, a study was ﬁndertaken to determine the importance of
the food pathway as a route of uptake for contaminants by Canagagigue
Creek fish. This study required an analysis of the food habits of the
various resident fish species as well as the determination of

contaminant concentrations in both fish and their prey. The

contaminant aspects will be dealt with in a later report. The present




report describes the food habits of 13 species of fish from the
impacted» zone of Canagagigue Creek, as determined by gut contents
analysis. Interspecific and seasonal differences in food habits are
discussed, and the diets of these fish are compared with the diets of

the same species elsewhere.

MATERIALS ARD METHODS

Fish Collections

Fish were collected by means of electroshocking at site CN-3 on
Canagagigue Creek. This site was located 1.7 km downstream of the
Elmira Water Pollution Control Plant, which was the source of sewage
and synthetic organic chemicals to the creek. Fish at this site were
known, from previous work (Carey et al., 1983), to be highly
contaminated. Collections were obtained in the spring (May 31, 1983)
and fall (September 29, 1983), with sampling completed before noon on
each date. Water temperature and pH at the time of collection were
11.5-12.0°C and 8;3, respectively, in the spring and 18.0-18.5°C and
7.8 in the fall. Attempts were made to collect a wide range of fish
of several species on both occasions. The fish were wrapped in

pre-fired (450°C) .aluminum foil and frozen.



Food Habits Analysis

In £he laboratory, the fish were thawed out, weighed, measured
and sexed. Their internal organs (liver, gall bladder, spleen,
gonads, kidneys) were removed and refrozen for separate contaminant
analysis. Stomachs and intestines were weighed, then preserved in 10%
buffered formalin for gut contents analysis. The "rest" fish were
then refrozen.

The preserved stomachs and intestines were transferred from
formalin to 70% alcohol several days prior to beginning the analysis.
All gut contents were removed, sorted into taxonomic groups, then
weighed wet after blotting on glass fibre filter paper to remove
excess liquid. Organisms were not counted because only the
contribution of each food‘}tem in terms of its biomass was important.
for the purpose of relating concentrations of contaminants in fish to
concentrations in their food items. In any event, MacDonald and Green
(1983) found that various types of measurement used to describe animal
diets, including weight, number, and percent frequency of prey
species, are all highly correlated, and that any one. of them will

adequately describe prey species importance.

Diet Overlap Calculations

Diet overlap calculations were used to compare the diets of

various fish species and to describe seasonal changes in diet within a




given species. The formula, taken from Pappantoniou and Dale (1982),

is as follows:

where x; and y; are the proportions that food item i represents in
the diets of species x and y, respectively, and s is the total number
of food cétegories. Where seasonal changes within.a species are being
compared, x and y will refer to the spring and fall diets of that
species, resPectively. The overlap index, 6}, can range from 0 (no
overlap) to 1.0 (identical diets).

.

Benthic Community Structure

The structure of the benthic community at the study site was not
formally described, as it was not required to satisfy the main goals
of the food pathway study. However, information on the availability
of prey is important for understanding the food habits of fish,.
Samples of potential prey items were collected for contaminant
analyses along wigh the fish and, although not quantitative, this data
provides us with an indication of the types of prey available at each

time of the year.




Specimens were mainly hand-picked from rock surfaces or
vegetation. The exceptions were: aquatic worms, which were obtained
by sie#ing bottom sediment through a 700 ym mesh screen, and water
boatmen, which were caught with a dip net. An approximately equal
sampling effort was employed during both seasons. Table 1 shows that
the benthic community was more diverse in the fall, consisting of 13
different taxa versus eight in the spring. Oligochaetes, leeches and
blackfly larvae were important components during both seasons. With
the exception of snails, all other organisms were more abundant in the
fall. Of‘ particular significance were damselfly nymphs and water
boatmen. This assessment of the benthic composition is supported by
the results of an earlier survey conducted in 1980 (Table 2). Again,
the community was more diverse in the fall. A total of 23 taxa were
present, as compared witﬁ‘ only 13 in the spring. The dominant
organisms were oligochaetes, blackfly larvae and chironémid larvae.
The appearance of planarians, amphipods, mayfly nymphs, beetle larvae
and three additional species of caddisfly larvae accounted for the
increase in diversity with advancing season. The data from 1980 and
1983 are not directly comparable, as different sampling techniques
were employed. The kick net used in 1980 collected a more complete
sample, while hand-picking tended to be selective of the more common
prey types. Also, the kick net was more efficient for obtaining
chironomids, but, because sampling was done in riffles, vegetation-

dwelling organisms were infrequently encountered.




Table 1. Samples of potential food items collected in the spring and

£all, 1983
‘ Numéficﬁl Abun&;nge
Organism Common Name

Spring Fall
Oligoch;eta aquatic worms 203*% . 126%
Bg}obdgl}g»s;aggg{?; leech 162* 330*
Glossiphonia complanata leech 13 55
Erpobdella punctata leech : 3 3
Dina d_ub_1_a_ leech 13 9
Physa ;p. snail 114 6
Zygoptera damse1f1y>nymphs 4 200*
Simuliidae blackfly larvae 3155% 1356%
Anisoptera dragonfly nymphs 0 2
Amphipoda scuds 0 20
Corixidae water boatmen 0 38
Hydropsychidae caddisfly larvae 0 18
Dytiscidae predaceous diving beetles 0 19
# taxa B T :H 8 | Vi3

*estimate from subsample




Table 2. 1980 Benthic community structure (from Carey et al., 1983)

AZ ﬁﬁﬁétical Abundance

Organism SENEIE
Spring (May) Fall (November)

Planariidae - <.1
Oligochaeta 15.6 15.7
G. complanata - .2
H. stagnalis <.1 1.5
E. punctata <1 .6
Hyalella azteca - .2
Promenetus sp. - .2
Goniobasis sp. .1 -

Sphaeriidae .1 .2
Caenis sp. - .2
Baetis sp. - <.1
Rydropsyche sp. .1 -

Ceratopsyche sp. - .2
Cheumatopsyche sp. <.1 .2
Agraylea sp. - <.1
Ochrotrichia sp. - <.1
Oecetis sp. - .3
Haliplus sp. - . .2
Peltodytes sp. ‘ - .2
Stenelmis sp. - -1
Culicidae .1 -

Simuliidae 27.5 63.0
Chironomidae 55.3 15.5
Tabanus sp. L - <.1
Atherix sp. <.1 =

Limnophora sp. <.1 -

Hemerodromia sp. - 1.2
Nematoda : 1.0 <.1

# taxa 13 23




| .

Due to the influence of the sewage‘outfall 1.7 km upstream, the
study area is impacted. According to the 1980 survey, the benthic
community here is characterized by suppressed diversity and dominance
by a few tolerant-taxa (Carey et al., 1983). To illustrate the extent
of impact, site CN-3 may be compared in terms of species diversity
with the recovery site CN-5, which is 5.7 km further downstream. The
total number of taxa ocCurfing at CN-3 in 1980 was only 37 as compared
with 72 for CN-5. The annual Shannon-Wiener species diversity indices
were 1.77 for CN-3 and 3.32 for CN-5, indicating modefate pollution
and clean water, respectively, according to the classifications of
Wilhm and Dorris (1968).

Background information on the benthic community at the study site
has been presented here in some detail because of its considerable
influence on the food habiss of fish in the creek. The most signifi-
cant points to note are that 1) due.to the influence of the sewage
ouﬁfall, the selection of prey available to fish at site CN-3 is more
restricted than in cleaner areas of the creek, and 2) as the bénthic
community establishes itself during the growing season, its diversity

increases.
RESULTS

Table 3 presents the scientific and common names, and familial
relationships of the 13 species of fish collected during this study.

All species will be referred to by their common names in the text.




Table 3. Scientific and common names, and familial relationships of
. the fish species collected from Canagagigue Creek.

Family Catostomatidae (suckers)
Catostomus commersoni (white sucker)
Moxostoma macrolepidotum (shorthead redhorse)

Family Cyprinidae (minnows)
Cyprinus carpio (carp)
Rhinichthys cataractae (longnose dace)
Rhinichthys atratulus (blacknose dace)
Semotilus atromaculatus (creek chub)
Pimephales promelas (fathead minnow)
Pimephales notatus (bluntnose minnow)
Notropis cornutus (common shiner)

Family Percidae (perches)

Family Centrarchidae (sunfishes)
Ambloplites rupestris (rock bass)
Micropterus dolomieui (smallmouth bass)

Family Gasterosteidae (sticklebacks)

’ Culaea inconstans (brook stickleback)




Im..

Diets of Ten Species of Fish Collected in the Spring

Sevénty-three fish, representing ten species, were collected in
the spring. Sixty-one were examined for gut contents. . Of the
remaining 12 fish, four white suckers and one longnose dace had empty
stomachs, two white suckers and two common shiners had been left
intact for whole fish contaminants analysis, and two white suckers and
one common shiner had been spoiled.

The food items consumed by each fish are tabulated in Appendix
A, Data are presented as percent by weight of the total contents.
The results are summarized in Table 4. In order to quantify the
significance of each food item for each species, the proportions for
individual fish were summed, then averaged. This provides a better
estimate than summing the actual weights of each food item for each
fish,.because a large fish with a full gut containing primarily one
food item could mask the preference of the species as a whole. The

food habits of each species are described in detail below:

Rock Bass - This species had a varied diet consisting mainly of

leeches (Hirudinea) - over 9072 in three fish. Flying insects,

dragonfly nymphs (Anisoptera) and water boatmen (Corixidae) were also

important food items.
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Common Shiner - Blackfly larvae (Simuliidae) were the dominant food

item, bejng present in all 16 samples and accounting for over 90 of
the coﬁtents in nine fish. Midge larvae (Chironomidae) were present
in six samples, but in minute amounts, The seven fish weighing less
than 20 g ate only these two items. Leeches were a significant
component in three of the nine larger fish. Larvae of other insects
such as caddisflies (Trichoptera), damselflies (Zygoptera) and

dragonflies were also represented.

Creek Chub - Diets varied considerably among individuals. Three had

ingested significant portions of leeches and three others contained
100% blackfly larvae. Predaceous diving beetles (Dytiscidae), flying
insects and snails (Gastropoda) were dominant items in other

individuals.

15N

Fathead Minnow - The three specimens examined had ingested only

blackfly larvae.

31uptnoserMinnoV ~ This specimen had eaten 92% blackfly larvae and

8%Z midge larvae.

Blacknose Dace - Both specimens had consumed over 90 blackfly

larvae, the remainder beinz midge larvae.



Longnose Dace - Blackfly and midge larvae were the only items

present. In five fish, blackfly larvae accounted for over 80Z of the

contents, while midge larvae were significant in two fish.

White Sucker - White suckers fed almost exclusively on blackfly and

midge larvae, In contrast with most other fish species, midges
frequently made up the larger portion (six stomachs). One sucker had

eaten a small amount of leeches.

Shorthead Redhorse - This large specimen_had fed mainly on midge

larvae (60%), with blackfly larvae, leeches and damselfly nymphs also

present.

Johnny Darter - All four darters had consumed only blackfly larvae.

Diets of Eight Species of Fish Collected in the Fall

One hundred and eight fish, representing eight species, were
collected in the fall. Eighty-two were examined for gut contents
analysis. Of the remaining 26 fish, ten had empty stomachs, three had
unidentifiable contents due to some spoilage, eight were left intact
for whole fish contaminant analysis, and five had their digestive

tracts frozen for separate contaminant analysis.
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The food items consumed by each fish are tabulated in
Appendix B. The results are summarized in Table 5. Data were treated
in the same manner as for the spring sampling. The food habits of

each species are described in detail below:

Rock Bass = This specimen had eaten 88% damselfly nymphs and 12%

water boatmen.

Smallmouth Bass -~ Blackfly larvae were the dominant food item, being

present in 14 of the 15 stomachs and accounting for at least 75% of
the contents in nine fish, Damselfly nymphs were present in 13
stomachs and were the dominant item (over 85% of contents) in four
stomachs. Mayfly nymphs (Ephemeroptera) were occasionally taken.
Leeches, water boatmen, midge larvae and other fish were also

represented.

Common Shiner - Several items dominated the diet of shiners. Plants

were present in six of the eight stomachs, accounting for over 70% of
the contents in four of them. Damselfly and blackfly larvae were each
found in five stomachs, but both items usually accounted for less than
50% of the total contents. One individual had consumed mostly water
boatmen. Midges, deerfly (Tabanidae) and caddisfly larvae were

represented.
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Creek Chub - The diet of creek chub consisted of three méjorj items:
damselfly nymphs (8 stomachs), water boatmen (5) and blackfly larvae
(6). Water boatmen comprised the largest percentage by weight (50% or
greater) when present. Snails and plants were found in several
stomachs and predaceous diving beetles and crawling water beetles

(Haliplidae) were also represented.

Longnose Dace - Dace had the most restricted diet of any species.

Blackfly larvae and midge larvae were consumed in approximately equal
proportions, although one or the other was usually dominant in any

individual. One fish had eaten a small amount of damselfly nymphs.

Carp - Carp were mainly herbivorous, with three fish consuming over
80% plant tissues. Blackfly larvae and damselfly nymphs were also
present in three stomachs each, but were only significant in one

stomach each. Caddisfly and midge larvae were also represented.

White Sucker - The diet of white suckers was extremely varied, with

a total of 15 different items represented. Midge larvae were the
dominant food item, being present in 21 of the 22 stomachs and
accounting for over 50% of the contents in 11 fish. Fish in the
16.5-20.0 cm size range tended to eat almost entirely midge larvae,
vhile fish over 26.0 cm consumed insignificant amounts. Blackfly

larvae were present in 18 stomachs, but accounted for less than 10% of
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the contents in 13 and are therefore not considered an important food
item.

Thé two smallest suckers (6.7 and 8.4 cm) ate over 90% zooplank-
ton. This iteﬁ was not utilized by larger suckers. Sixteen fish had
consumed damselfly nymphs. They were most frequently taken by mid-
sized fish (21.0-26.0 cm), being present in all seven fish in this
size range and accounting for over 50% of the contents in five of
them.  Eight suckers, all larger than 18.5 cm, had eaten moderate

amounts of the leech Helobdella stggnalis. Also taken occasionally by

suckers were: plant tissues, nematodes, oligochaetes, snails,
amphipods, mayfly larvae, Megaloptera, caddisfly larvae, crawling

water beetles, and deerfly larvae.

Brook Stickleback - Sticklebacks fed mainly on midge larvae; 11 of

the 14 stomachs contained them, and in seven stomachs 65-100% of the
contents were midge larvae. Blackfly larvae accounted for at least
90% of the contents in three of the four stomachs which contained
them. Damselfly nymphs were found in five stomachs, and in signifi-
cant amounts in three. Mayflies were present in three stomachs in
amoﬁnts ranging from 25-100%. One fish had eaten a small amount of

snails.

Interspecific Comparisons among Species Conliected in the Spring

The interspecific diet overlap indices for fish collected in the

spring are presented in Table 6. Fathead and bluntnose minnows and
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blacknose dace had almost identical diets (6A=.99-1.00), consisting
almost entirely of blackfly larvae. The diets of common shiners and
longnose dace were very similar to each other and also to the above
three species (6A=.92-.95), as their dominant food item was also
blackfly larvae. The slight increase in overlap is due to the wide
diet breadth of common shiners and the higher proportion of midge
larvae consumed by longnose dace.

Common shiners and creek chub also had a high dggree of diet
overlap (Cx=.82) due to the wide diet breadths (9-11 items) of both
species, The dominant food item for white suckers and shorthead
redhorse was midge larvae, hence the high degree of overlap (61=.84)
between these two species of suckers. Shorthead redhorse consumed the
greater proportion of midge larvaevwhich leads to the highest degree
of overlap of any species with Johnny darter (éx=.85), which fed
exclusively on midge larvae.

A moderate degree of overlap between creek chub and the four
speciés of minnows and dace (6A=.67-.71) was evident. The overlap is
less than for common shiners with the same four species. Creek chub
were less selective than common shiners, utilizing a number of
different food sources in similar proportions. White suckers consumed
blackfly larvae and midge larvae in almost equal proportions.

Therefore, they moderately overlapped (C3=.65-.76) with the four

species that fed predominantly on blackfly larvae (common shiners,

fathead and bluntnose minnows, blacknose dace) as well as Johnny

darters which fed entirely on midge larvae.
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Rock bass had the most unique diet. They utilized two items,
leeches and flying insects, which most other species did not exploit.
They all but ignored blackfly and midge larvae. The only significant

overlap was with creek chub (6x#.49) which also consumed some leeches

and flying insects.

Interspecific Comparisons among Species Collected in the Fall

The interspecific diet overlap indices for fish collected in the
fall are presented in Table 7. Diet overlaps were greatest for common
shiners and carp (&A—.94) and white suckers and stickleback ECA=.93).
The first pair consumed almost identical proportions of plants,
blackfly larvae and damselfly nymphs, in that order of importance.
The second pair ate almost identical proportions of midge larvae,
damselfly nymphs and blackfly larvae, again in order of importance.
The overlap between the two pairs was, of course, low (61=.20*.29).
Midge larvae were the favoured food item of longnose dace, which
explains the high degree of overlap between this species and white
suckers (5A=.78) as well as brook stickleback (éx=.84).

- Common shiners and creek chub had a moderate degree of overlap
(6x=.63). They fed primarily on the same four items (plants,
damselfly nymphs, -water boatmen, blackfly larvae), but in different
proportions. For example, shiners consumed more plénts, while chub
took more water boatmen. Smallmouth bass diets overlapped with those

of all other species to a moderate extent. Overlap with common
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shiners, creek chub, longnose dace, carp and brook stickleback ranged
from .44 to .57 due to the importance of blackfly nymphs and damselfly

nymphs in the diets of all six species. Overlap with rock bass and

white suckers was somewhat less (CA=.38 and .32, respectively).

Unlike smallmouth bass, rock bass utilized water boatmen while
avoiding blackfly larvae, White suckers fed primarily on midge
larvae, which were a very minor component in the diet of smallmouth
bass.

The overlap between rock bass and all other species was low &ue
to the complete absence of blackfly larvae in their diet. Similarly,
creek chub had little in common with the bottom-feeding longnose dace,
white suckers and brook stickleback (6A=.25-.33) because chub did not
eat midge larvae.

Seasonal Comparisons

The diets of the ten species of fish collected in the spring
overlapped more than the diets of the eight species collected in the
fall. 1In the spring, 50% of the ca values wére over .65 while the
fall median was only .36. Diet overlaps were greater in the spring
because most species preyed heavily on blackfly and/or midge larvae.
These two items accounted for 79% of the total gut contents of all
species combined. In the fall, however, no two prey items accounted
for more than half of the total gut contents. Rather, four or five

items were of similar importance overall, with the proportions of

these items varying from species to species.
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The above evidence suggests that there was a #easonal shift in
the diets of Canagagigue Creek fish, However, five species were
collected only in the spring and another three only in the fall, and
part of this "shift" may in fact be due to species-specific
differences in prey selection. To determine whether there was a truly
seasonal effect, overlap between spring and fall diets was calculated
for the five species collected during both seasons (Table 8). The
food habits of rock bass changed significantly with season, however,
it should be noted that only one individual was taken in the fall.
Common shiners and creek chub selected a high proportion of blackfly
larvae during both seasons, but all other prey items were different.
As a result there was only a moderate seasonal overlap in both cases.
In contrast, the diets of white suckers and longnose dace changed
little with season. The ipnfluence of season may be further demon-
strated by examining the interspecific diet overlaps among these same
five species in the spring and fall (Table 9). In eight out of ten
comparisons, the degree of overlap for a given species pair was lower

in the fall.

Diets of Fish from the Impacted Zone of Canagagigue Creek as Comwpared

with Previously Reported Diets for These Species

A summary of the literature on food habits of the 13 fick species
of interest is presented in Table 10. This information will be used
to determine whether the diets of fish from site CN-3 on Canagagigue

Creek are typical or unusual for each species.




Table 8. Intraspecific seasonal diet overlap

Species | Overiap Ind;k (615 séLQéén Spring and Fall Diets
Rock Bass .03
Common Shiner 42
Creek Chub .39
Longnose Dace .84
White Sucker " .72

-

Table 9. Seasonal changes in interspecific diet overlap indices (C))
for five species of fish collected in both spring and fall

Species Pair | Spring Index Value Fall Index Value
Rock Bass & Common Shiner .18 .26
Rock Bass & Creek Chub .49 .46
Rock Bass & White Sucker .05 .30
Rock Bass & Longnose Dace .05 .01
Common Shiner & Creek‘Chub .82 .63
Common Shiner & White Sucker .76 . 24
Common Shiner & Longnose Dace .95 | .28
Creek Chub & White Sucker .57 .25
Creek Chub & Longnose Dace .71 .27

White Sucker & Longnose Dace .91 .28




‘(11e3) %91
-9epruae) {y9(-dBPIX1I0) 9Aw:muanv
7861 ‘a3r2maaluy @duepunqe [edlaauny 201-8ep1iaeg “yZg-dEprIINULG uaa13 JoN 8I0UTT]] “3231) uepaor
*(11e3)

211-e331doda1q pue eaaidozaswaydsy,
‘Z11-ys1d SxgL~-ys1jfean ¢ (Burads)

Y861 JU33u0d B1101BD 103 20Z-#8133dodayy pue vid3doawaydy 1INOBBIY ‘BidATYy
;.MM.MM 18qoag peisnipe 3y8tem Lap 2 ‘201-ys14 $%0i-ys13ydieay AU wWd 0°¢Z - 001 8j104 8}OBf pue Juaainy)
‘¥ ~-epod1yduy t¥tz~-eaaidoydyay, ) BUIESSEY B
fx8z-epodudeq txge-ye14 I wd 96T - 221 ‘Y Aduaame] 35 aaddg

21-ysiy
£861 ‘uosuyor fyg-epodeaag fyg-eaazdoyoyay Juadury adejy 3Je
pue aajBuly y8rem Lip g ‘29-epodoaisen ¢ygg-epodiyduy IL WD £°1Z - 9°¢] ‘d aduaame *3g aaddp

ZY1-dvpWOUOITYY f79-ysT4
‘Zyz-epodeoay fygy-epodoijses
txyy-eavadoydray (3¢ -epodyyduy T W3 0'0Z - 0°6T

19-9'pruwouoay)y fyg-ysty
f{¥6-epodedaq f261-epodoajsen
1861 .;Mﬂ.mw Poai3  3dul11ndd0 jo Adusnbaay g {X0¢-vavadoyoray ‘yig - epodiyduy TL WO 0¢G> 013BJuQ ey ulajsey

4z°0-93ueld yy-91-s1d28u1
‘ZTT6T-4SYF 'Y9°w9-ysy3LBI) g wd 6°0f - Q°g] Buyssidiy ayeq

%6°0~83jueld {y7°pj-s3dasuy
€61 ‘1938a] aunjoa £q % £26°8Z-Y81F ‘¥n 09-ysijdeany IS W2 041 - 0°01 4deg ue13a00y

sydwdu easjdosiue
pue ysyjfead £ysi1yjus 3Isomyy 1 W 0°0Z - 0°¢t

2S1-ystyfkeap

auntoa £q ¥ t20€-4a3 ysvg fygg-eaazdoyoyal
9961 ‘qqam. 9 3IsEI)Y 8B UOTINGTIJUOD WNWTXER {zsc-vavdosswaydy fyg/-vIvuOpQ AL W 021 -~ €Y o1aejug ‘uodiurdg -ayeq ‘sseg ooy
adulaazay Pas(. poylay uoyjrsoduoy 3a1q Ysr4 jo azig uoY 38201 8212%adg

eaydade ys13 g1 Y3 Jo 831qEYy pooy wo 21n383931] jo Lavemng Q] I1qeL




6961 ‘@93

861 ‘Ia1amaaduy

7tol
‘*18 32 sudwalp

661
‘Aatpey % 881039

%861 ‘°1¢ 33 318qoag

*¢9-81298UT [BA1E]

BYIO PZT1-8IDIBUV] IINPY 9410 xg

-gaa3doajo) IInpy {y9-e321diq 23Yy3lQ
fZ]1-9EpIwouoa1y) {yy-wiajdoyodyay

Z01-28pIXT10) !g|z~vialdoiauwaydy

{gg~v191d0d3yg {yg-wpIIAULY

Lgg-rozohag tyzy-eajlydoadey

'30/~2e81y 13430 !gz0]-e1L3Foa3dg

a3Juaa1anddo g ‘¥81~e10ydopu1y fy¢Z-swojeig
(1183) gZzZi-e®iaidoaswaydy
'%$9~aep1x110) {(duiade)
adugpunqe [EOrIauWNy Z€1-28pIXTI0) {Yc9-dupPILNUIS
( 8pIwouoIIYy). *3IBPIXTI0)H
‘eaajdoaawaydy ‘uoiyuedooz. sapnpaut
dduBpunqE [E>13auny 7 13430) 201/5-32430 ©%$6/06-48¥d
IY31am (8303

puE a3duepunge ‘adusianddo
jo 4Aduanbaij y uo

paseq 3durliodul IATIR]IY

2001-y4e1d

i 2(Z-vpod1yduy
‘gZ1-s31ntpe A13s1pped iyxgn-ysiy

(1183) 2g-(®1d1dodayy

pue eidjdoiauwaydy) sIda8uUr [y

-UYBT4 ‘zI5~-yst3dean - (Buirads) yoz-

(vi123jdodard § waajdoaswaydy 4yisow)

paisnipe yByram Lap g 83008u] (y8€-YBId fyTy-usi3ldwip

sydwuiu wiaijdozawaydy aaayy

Z0Z-4sI3 308-(eI[npe
s1pped § Idpw a—UQOEv 8323su]

28urx apipm

uaAlE JON

LW 97 - 0°¢

IL WY 976

1L w2 ¢°g

“71S WD 0°6Z ~ 0°01

uaaId Jop

1L W #°¢l ~ 6°6

8M0] Yy 83UTOJ
83Q pue a1y menbg

810Ul ‘%231 uepaor

o1aejuQ ‘uoBidiyN ajeq

1aa1y eaedeiN Jaddp

TANOB8IN ‘S813ATY S8RI0g
8)J¥[ PpuUEB JUIIINY)

otawiug ‘‘y puwviy

oraejug ‘°y ‘an8uoixg

AJUTYS uosALo)

%£8-81298U1 {y0Z-vI300pU]D seug
€61 ‘2aisal sunjoa 4£q 3Juadiag $Z8I-UST1IARID fypc-ysiyg 1L W 9°Z1 - 0°8 oragjug ‘ayeq yoiaq yanou] [eug
aduaiajay pasp: poyiay uotriisoduo) 3Ia3Iq yely jo azxg uo13807 831>adg

saydads ysIj ¢ 2yl jO 9IIqEY POOJ DO 2INILIIII] JO

*p, Ju0D

Lavmmng Q1 W1qE}



2861

‘uosuyor § uosuyor

8L61
‘299 pur awosmay

y861 *suouugy
pur Jaseag

7861 ‘PIeIa8z314
9 usudey

{T61 ‘pavuoal

LT61 “pavuoa

20u31aNad0 jo Asuanbaiy g

aduaiandd0 jo Ldusnbaaj g

‘LY °6/0~-23d8Q d8OUNIHTY

£3€ " LT/1 " 9-8yduiu viajdoaswaydy
f%€°91/6°(-2vAaw] Baaidoydora]
$39°21/2 0l-B123d1( ‘%€ €1

/S "TI-8ydudy ®aajdosiuy ! (jeuinisou

Iydram Lap g /lewantp) yz-°g1/19-81¥11188233]

L W 67T - €£°Y
(831928U] [8¥12362233] puw
83y2aa7] ‘sdenjlol ‘sealu] 3dasuy
o13emby » 22430) g6 /¥-32yl0
f228/€1-4813491) 159/0-us14 18 Wd 6°Z1¢
JUBUTWOP Wwaly uaald
Yi1a 8YOoBWOIE JO ¥

167 /8- 13430

STE/91-us134RID Y9C/ET-USTA 18 W2 6721 - 076

aay3draosag 4 81]1npy

adeq asoundwly
*(11B}) z¢z-eIa3dosruy iyg]
-wvaajdosswaydy fy¢-s3npy Bi1a3doajon
fg¢z-snapumey ‘yzz-e1aidig iayig
{Z6-98AI0] pluwouoiry) °(Butade)
4Z-®133dosluy (gpj-viajdorawaydy
£¥91-811npy BII3doajo)
ty11-snapumey $y0¢-v191d1Q
13Y3Q 4Z[-IVAIB] PIUOUOITY)

dduBpunqe [EdTIBWNyN “Id WO QLT - 0°§
*yh-eaaydoprdaq {y9-eviajdousmiy
fg9-va93d1q ‘z9-wiaadiwey {y9-
811B1S iYg-eplUYdRIY {YE[-ysyjheI)
il 1-831d3doaswaydy fyei-eIajdoydray
1$Z-8jue]d fgIn-8IBUOPQ

18 Wwd {1 - 8°9

‘ZEE-dup1o0syg
f2€€~-appiydy {ygg-eviairdoasmaydy
£206~2pIUYOBIY Y/9-BPIWOUOITYDH

tyl9-83ur(g ‘ggg-E1ad0PVIH uaa1d Jjoy

AN -u—OOh&
‘SIW qowpuoITpY

BQOITUBK Y NUIW

“A°N ‘°0) ALueqly
‘8WBaII8 123IBAPBI}

8aye] 2J2qand uiayinog

s8aye] daqand qnyy Rasi)

Jaqand ‘paempy ajeq Iaulyg uoumwoy

aouaiajay

Pos poylay uot13y¥soduo) 331Q ys1j jo azig

uoyjed0T 8a1oadg

eaydads ysy1j €1 Y3 jo sIyqey

“Pyu0)

POO] UO 2anIWIIIN] Jo Livammng Q] ITqEL



6961 ‘3r1qoN

7861 ‘uosuyor
pue uosuyor

7861 ‘°leq
pue notuojueddeg

0861 ‘uajurels
pue ualeajioy

Z861 ‘uosuyor

*9961
‘qqam puv 38E0Y

7861 ‘aorawaaBuy

85ua11n220 jo Kduanbaay g 18S - 9BAIBT pPlWOUOITY)

ri0/¢°¢

~-818113188233] !%/'6/€ " 11~8123d1g

13y30 $39°01 /8" y]-3LPIUOUOITYY
£39°(1/9°0z~vaa3doysvay { (1evanidou

yres £1p 3 /reUINIP) Y€°09/8°Sh-vIdidosamaydy

%68~
©222Y203170 !z9°9z-vIa3dodalg %8 01
~-818111882113], Yy *-wvi23d1g a3y)Q

Y26 "6-depruouUCITY) {3/ Q-2BPIIINUIS;

t29°7-e121doaauaydy fy, *g-avale

aduwpunqe led1Jdwny  SIppE) IAYIQ YG-ZE-2epIYdLedoapAy

' *ZT1-8181I13182119],

ty6-83jueld fy/-2aealvq e123d1Q

13Y10 {g6-9vaire] wviaydoajo)

2ouepunqe [EBdTIAWAN Y/ ]-2Eplwouciiy) ¢ygz-®IaeYd03110
(2aquaidag 03 3unp

103 28uey) Y6Z/0-81€11389113L 6T /1
~BX23d1q 33Y3Q #3796 /Hl-aLpTWoUOITYY
t¥L/1-v193dowron fy¢/0-eia3dojelay
fyzi/g-vaaidoydray x6/v

y8tes Lap y  -mieadoiswaydy {y01/0-wideys081]0
*¥SL/01-832D20pR) Z0€ /S-EAIR]
swnjoa £q g pruwouoatyy ¢x06/07-2200 woljog
*gzr-wIaadig Yygg-swei) Laenusp
-13qo3130 ‘yzz-8311npy waajdoaawaydy
{gyh-818133831313] :12q033Q-3Isndny
txtz-s1teUg !3/9-81PY1I80119)
:3en8ny-Anr {yg[-vaaidig aaylo
{¥gy-2epruouoatyy :jrady-yodaey

exey 4aad
8NOI2WNU 80U OM] 3Yy3
jo uo13¥sodwod jedyiawny

uaa18 jJoN

wo g - 6°2

uaa18 JoyN

w09 -0°1

uaa1d joN

uaa1d joy

T W ¢°Z] - 0y

gm0 ‘e3adaan
aeuad pue uloynly

AN ‘)jooag eyonay

“A'N ‘¥ onqeodepy

*A'N ‘yooag pullg

*A°N "3ooag [1amip

oriejug ‘uodiurdg ajeq

8IOUI| 1T *)We2a) uepior

abeq @souydely

souuIy
asoujunyg

qnyy yeaan

aJua1ajay

pesQ poylan uor3jrsodwoy 3aiq

usig jo °z1g

uo13ed07

gatoadg

sa12ade ysij ¢l 2yl Jo sIiqey

POOJ WO 3aNIPIIJI] Jo Livemmg

*p, Ju03
*01 21481




0861 ‘uolaeg

LL61 *2339dUB(ET]

LL6]
‘uogjae)y puw aapy

£861 ‘16 39 salmog

9961 ‘pleiay

6561 ‘paay

7861 ‘a1Ba pue

awnjoa £q ¥ 0°1Z-SPIWOUOITIY). {Y/ °EL-BIBDOPR])

*¥8°¢-(v123diq
Alurvw) 831d9suUl  °yG'z-v1aj13i0y
£39°0z-epodado)y fy/°z({-vad00pE]Y

“28°0-621828

2970-2ed1y 1yc-0-8887 Iyy-|

~-8ngri3aq dyuedip !yn'gl-t1iidney

aduvpunqe TedTIaWNN ‘26 ‘zg-epodadoy t48°Gy~BaadopR])
"X6°16/S " Lz-8smtaiaq

Pue paAjossiq 12z 8¢/l 1Z-83ueld
. Y30 T1/1° 1~-83318aqa1a2aU] 39430
4%8°9/¢ T-81R 13382133 490

aunjoa Lq g /y°y-9edng pue avaie] prwouocaiyy
"XL-813q3q fyz-suelgd iyl
-82183Q2a313AU] 13y3lQ Y [-vOBN]|OR
‘¥gz-v123d1q {yp-waerdoydyag
awnjoa £q g $y0z-epodadoy $y9z-wiadsope])
g¢-raa3dodayy

‘Zl1-raaadoydray ggy-smprwoucaTY)
aunjon £q ¥ fyy-2epr11nug ¢y99-eaajdoiauaydy
*y¢-2edie pue ®laBY20811Q
‘ejdasu] 1aylQ ygz-easadoaawaydy
@5u21and30 jo Ld>uanbaay x $YT9-2BPTWOUOITY) puUR BEPILINWIS
*2€°7-epodhdatag {yn g-siuelg
{26°6-e323dodalg %0 ‘y~2uprUWOUOITY)
‘%€ °T-98p1I IS Y%6°GZ-BAR3dO

@3uel 2pTH

uw-0°€z -~ ¢°8

wo 06>

a8upa apipy

wd 9°¢Z - ¢°¢l

wd> 0°01 - 0°¢

L W g 11 - 8°'y

Blaaqly ‘oxe auleq

J2qany ‘aje utjewey AB3YING ATy

§12AYJ OpRIO]0)

o1IvIUQ ‘'Y upIpU] daey

BUB JUOY
‘*y duoismoyiex

erusajfeunay
‘3931 Apusg 313311

noyuojueddeq ajugpunqe g -zawaydy {g{ - zg-aepiryoslsdoaphy uaa13 0N *A'N ‘°¥ ongedOEpM 9oeq 2souBuo]
8duaxajay pasn poylay uoyrsodwo)y 321Q ysig jo ez1g uoY3IB207 sa10adg
“p, 3U0D
89123de 4813 €] 24yl JO SIIQEY POOJ VO 2anIWiaJY| Jo Livmmng gy I[qEL



6L61
‘2099 pue 3jaeug

1261 ‘aauang

- 7261
‘°18 12 suawai)

7861 ‘uosuyor
pue ia18uiy

—_—— wTel
‘e1e 32 suawai)

LL61
‘uosyie) pue 223p3

aunjoa Aq ¥y

souBpUNQE (EDILIaWNYN

aouepunge (eo1a3wWNYy

1y8ram Lap g

souppunge 1EBITI2WNYN

sunjoa £q g

*¢5-uonjuedooy

tz¢-epodyyduy fgz-apate ewpiwyy
fgy-e1aidoyd11y fyg[-eiaidoaawaydy
£20L~3eA1E7] prWOUOIYY

‘xz/o-
apaleq wia3doydoriy Ly0/[-epOdR1IISQ

‘20/9-8sydwiu wiaidorswaydy typ/c-
epodadoy 1Yz /z1-v1adope]) ! (sayey
/8wvails) Y98/7(-deAJe] pruouoily)

: ‘-8
$26-22338K [HUTUY BNOALETAI8TN
$291-2kAl8] prwouoaTy)
$y9.-eyduiu aupyrawaydy

. *%1° 11-epodddayayg
fyy‘yz-epodoxjeey !y[°-aepiwouoary)y
£g9°-aepiriadoidat {yg’g9-epodiyduy

“juejizodutl osje ae8|y
tgg 1-epodiyduy fgg-via3doyoyay,

$30Z-898n] 1o {g0Z~eaa3doaauwaydy

tyC7-2eaae] pruouoaTy)

‘vt

/L T1-pues fX0°0L/9°1€~6N3I1I32q 10
PaA10861U Y¥8°€/6°T-8IuUP|d O13enby
Y28y /L 1-8pRRg {29 /¢ -aup1]]oTeRAY
4%6°1/7 " -28pryoksdoapiy

fxy" /1 -depri[nulg {yg--swdng
ue123dyg {%0°¢/Z°-s[vTaIeaiaay
1¥9°Z1/€°9-8pUOLOITY)

+

wd 0°¢-0°y

wo g L9-T°6¢

T W [°LS-9°LE

I8 WO 0°Sy -0°¢

wdy 0:0¢ - 0°0Z

vqolTuERl ‘°y yInowajyym

BWEBJ1 16 puB BORB] O1YQ 193aweq Luuyop
asaoypay
oraeug ‘uodidiy ayeq puayjaoyg

‘Y @duaame] *3g

oriejug ‘uoBidiy ajyeq

813A11 0OpR1O]O). aajong aITym

B3N2I Y

Ppasq poy3ay

uoty3rsodwo)y 3a1q

ysyd jo @z1g

uo138307] satoadg

‘P, U0H

#2102ds 4e1) g1 Y3 JO SIIqEY POOJ WO JINIVIIIIY Jo Kivwmmg Q] 21qEL



261
‘*“le 32 suauwaj)

€861
‘299 pur suyyduo]

7861 ‘°T1® 19 auteg

9861 ‘ullaEeR

aduvpunge 1edYIaWny

aduepunge [RI1aawny

aunjoa Lq g

82ua12and50 jo fouanbaiy g

‘Tle-
SNOBUV[ ]8I (yzZ-uoIyuwjdooyz
{%6-8193doyd11] fy9Z-epruoucaiyy

"29-39u30 ty¢z-
3BAIET] PIWOUOITY) !%69-U0INuE[doOZ

‘(1183 ©3 Buyads 303 a8uea) 20%/0-
uoyuedooz {30z /¢-evaaidosawaydy
{406 /S~ 2€p1WOUOIT Y)Y

*¥5~-8833 ysig {ygor-®ia3doysral
tyg-waaidoanay fy¢-v3ieuOpQ
fxc-evpodos] fyg-8podeIIsy 130Z
-eaaidig 19430 {yog-eviaidoaawaydy
£16g-28AIR] PTWOUOTIY)

18 W [y - g

L1 pue g

uaald oy

uaaid joy

o1aejuQ ‘*‘uoBidiN axerq

BQOJTURN ‘Y pwayuayoag
pue 21uuay ‘Sog

OYiBlUQ “}321) AutAi]

BURTPUL
‘paysaaiem ‘y 23TyM

PELZEIE TR
jooag

a23aeq Luuyor

aouaiajay

o8N poyaay

uoyitsodwon 321¢g

yst4 jo 921§

uo1 38207

8a109dg

"Pp, 3u0)

sa1dads ys1jy g1 24l JO €31qUY pooj Uo IINILI23IY] JO Liemmmg Q] I1qEL



-17 -

Rock Bass - Rock bass from site CN-3 preyed mainly on large bottom-
and vegetation-dwelling invertebrates, especially Odonata, Corixidae
and Hirudinea. Flying insects were also important in the spring. The
preference of this species for large prey has been well-documented,
and Odonata and Corixidae have been reported previously (Keast and
Webb, 1966; Angermeier, 1982). However, leeches and terrestrials have
not. Furthermore, crayfish, fish, amphipods and Trichoptera,vwhich
are important food items of rock bass in most areas, were absent from
the gut contents of our specimens. Therefore, rock bass from site

CN-3 have a somewhat unique diet.

SmaLéggg;p, Bass - Smallmouth bass from site CN-3 fed mainly on

blackfly larvae. Damselfly nymphs were also important and mayfly
nymphs were occasiqnally taken. Blackfly 1larvae were also the
dominant food item of smallmouth bass in Jordan Creek, Illinois
(Angermeier, 1982), and mayfly nymphs have been frequently reported.
In general, however, fish appear to be the most important prey of
smallmouths in other waters. According to George and Hadley (1979),
fish enter the diet when bass are only 1.3 cm TL and become increas-
ingly important as they grow. In our study, only one individual had

preyed on fish. Crayfish may occasionally be important (Probst et

al., 1984) but they are taken much more freqUently by ro¢k bass. 1In

the present study, neither species of bass fed on crayfish,




- 18 -

Common Shiner - Common shiners from site CN-3 were omnivorous,

consuming a wide.range of both plant and animal haterial. They were
non-seleétive and adapted readily to seasonal changes in the
availability of prey. When plant material was abundant in the fall,
it was as important a food source as invertebrates. Fee (1965) also
reported equal representation of plant and animal matter in the diets
of shiners in Iowa, but Leonard (1927) concluded that insects were the
most important food item. No other studies on common shiners were
found, although Scott and Crossman (1973) described the species as

omnivorous.

Creek Chub - The diets of creek chub at site CN-3 appeared to be
typical for the species, The important food items, which included
several orders of aquatic insects as well as terrestrials and leeches;
have all been reported previously, The dramatic seasonal shift in
food habits, which was also observed by Angermeier (1982) and Magnan
and Fitzgerald (1982), demonstrates that creek chub are
opportunistic. In Canagagigue Creek, chub had similar diets to common
‘shiners, except that they consumed less plant material. Other studies
confirm that plants are less important than insects in the diets of
chub, and Schlosser (1983) describes the species as a '"generalized
insectivore".

Magnan and Fitzgerald (1982) found that the diet composition of

chub in Quebec lakes was closely related to the composition of the

benthic community except that chironomids were selectively avoided.
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Similarly, our specimens did not feed on chironomids. Molluscs have
been occasionally reported as food items for creek chub (Newsome and
Gee, 1978; Angermeier, 1982). In Canagagigue Creek, chub were the
only species to exploit the abundant snail population.

Creek chub were the most opportunistic of the 13 fish species
investigated. No one food item accounted for more than one-third of
their diet. In contrast, a dominant or preferted prey item could be

easily identified for ‘all other species.

Fathead and Bluntnose Minnows - Fathead and bluntnose minnows

collected from site CN-3 in the spring had consumed almost entirely
blackfly larvae. The latter had also eaten a small proportion of
chironomid larvae. Neither of these bottom-feeding species has
received much attention in the literature. Coyle (1930) described the
food of fatheads in Ohio as being predominantly algae, although she
acknowledged that earlier studies found animal matter, especially
chironomids and entomostrachans, to be more important. Bluntnose
minnows consume essentially the same prey items (Keast and Webb,
1966). Although blackfly larvae have not been specifically reported,
their utilization by fathead and bluntnose minnows in Canagagigue

Creek is consistent with the bottom-feeding habits of these fish.

Blacknose and Longnose Dace - Blacknose and longnose dace from site

CN~-3 fed entirely on blackfly and midge larvae. Blackfly
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larvae were the dominant food item in the spring, particularly for
blacknose dace. As the season advanced longnose dace consumed
proportionately more midge larvae. Both species have been shown, by a
number of studies, to be almost entirely insectivorous. Pappantoniou
and Dale (1982) found the diets of coexisting blacknose and longnose
dace to be similar, and more a function of availability of prey than
any differences in prey selection. Johnson (1982) states that
chironomids, caddisfly larvae, and mayfly nymphs are the preferred
prey of blacknose dace in environments where they are available.
Several studies indicate that this is also generally true for longnose
dace. However, blackfly larvae were the preferred prey of longnose
dace in a Pennsylvania creek (Reed, 1959), and Gerald (1966) reported
that large dace, 7.0-10.0 cm TL, were most likely to utilize this food
source. Our specimens were_also in this size range (6.1-9.6 cm TL).
The food habits of dace in Canagagigue Crgek are consistent with

previous information on these benthic-foraging insectivores.

Carp - Small carp collected from site CN-3 in the fall had fed
almost equally on plant material and insect larvae. The insect
portion consisted of similar amounts of blackfly larvae énd damselfly
nymphs. Scott and Crossman (1973) describe carp as omnivorous,
feeding on many kinds of aquatic insects, crustaceans, annelids and
molluscs, as well as a variety of aquatic plants and algae. Powles

(1983) found plant material to be unimportant in the diets of carp
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from Indian River, Ontario. HoweQer, he noted that rélative amounts
of plant vs. animal material in carp from various waters is extremely
variable, Eder and Carlson (1977) found, as we did, that plant
material was quite significant. Dipteran larvae were an important
food item in all studies, and may be the preferred insect prey. Carp
from site CN-3 had a narrow diet breadth consisting of only three
types of prey. Eder and Carlson (1977) discovered that young carp, in
the same size range aé our specimens (< 20.0 em TL) u;ilized fewer

alternate invertebrate food items than adult carp.

White Suckers - Chironomid larvae were important prey for white

suckers at site CN-3 during both seasons. Blackfly larvae were the
only other important items in the spring, while in the f;ll blackfly
larvae and damselfly nymphs and leeches were all significant. The two
smallest suckers (6.7 and 8.4 cm TL) from the fall collection had fed
on zooplankton. However, two specimens of about the same size (7.3
and 7.9 cm TL) caught in the spring had consumed blackfly and midge
larvae. As the latter prey were apparently abundant all year round,
zooplankton may be the preferred food of small suckers when
available. Lalancette (1977) found that young-of-the-year white
suckers (<5.0 cm) in a Quebec lake fed almost entirely on zooplankton.

Most studies identified chironomids as the dominant food item for
white suckers.  Other important items included molluscs, caddisfly

larvae and amphipods. Eder and Carlson (1977) also found blackfly
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larvae to be important in the diets of suckers from the St. Vrain
River in Colorado. Damselfly nymphs and leeches have not been
reported- previously, and their wutilization by Canagagigue Creek
suckers results in a diet composition which could be considered
unusual for the species; Amphipods and trichopterans were insignifi-
cant food items, and snails were not exploited despite their
abundance.

Clemens (1924) noted that small suckers (<5.0 cm SL) in Lake
Nipigon fed mainly on plankton, adding more of the larger bottom
organisms to their diet as they grew. This trend was also true of our
specimens in the fall. Suckers 17.5 e¢m TL consumed 1-3 items, while
those 17.5-21.0 cm selected 4-5, and large specimens over 23.0 cm
utilized an average of more than seven different prey. In contrast,
suckers of all sizes consumed the same two items in the spring. A
seasonal shift in the type of invertebrate food consumed by suckers
was also reported by Scott and Crossman (1973).

Two studies described the utilization of zooplankton by adult
suckers. However, zooplankton are probably only important in 1lake
environments, particularly those with low productivity of benthic
invertebrates (Lalancette, 1977). White suckers are opportunistic and
capable of exploiting a wide variety of prey. As a result; diet
composition varies considerably from one river or lake to another and

it is difficult to define a typical diet for the species.
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Shorthead Redhorse - Little information is available concerning the

food habits of this species. Clemens et al. (1924) reported th;t
redhorse-ranging in size from 39.2-47.3 c¢m SL from Lake Nipigon ate
mainly Ephemeroptera, with chironomid larvae next in importance. Our
one specimen, which measured 33.0 cm TL, fed mainly on chironomid
larvae, but also took blackfly and damselfly larvae and leeches.
White suckers caught at the same time had been feeding exclusively on
blackfly and chironomid larvae. The difference in diet composition
between these two closely related species may simply be due to the
larger size of the redhorse, however, competition with the much more

numerous white suckers may be a factor.

Johnny Darter -~ Johnny darters collected from site CN-3 in the

spring had fed exclusively on chironomid larvae. Four other studies
also identified chironomid larvae as the dominant food item of this
species. Two of these studies (Smart and Gee, 1979; Paine et al.,
1982) found that diets in the spring consisted almost entirely of this
prey. Although they will occasionally take other prey, especially
mayfly nymphs and zooplanktdn, Johnny darters appear to be specialized

feeders.

Brook Stickleback = Brook stickleback from site CN-3 fed mainly on

chironomid larvae, but also consumed significant amounts of damselfly
and mayfly nymphs and blackfly larvae. Chironomid larvae were also

found to be important food items by Clemens et al. (1924) and Tompkins
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and Tompkins and Gee (1979). In both studies, zooplankton was
important as well, and this was contrary to our findings. Blackfly
larvae wére not taken by sticklebacks from three Manitoba rivers, but
they were also rare in the environment (Tompkins and Gee, 1979).
According to Scott and Crossman (1973), brook stickleback may
feed on a wide variety of aquatic insects and crustaceans, fisﬁ eggs
and larvae, snails, oligochaetes and algae. DUeb to this lack of
sélectivity, it would be difficult to define a typical diet. It
aﬁpears that stickleback at site CN-3 on Canagagigue Creek were highly

opportunistic, as they utilized the most readjly-available prey.
DISCUSSION

Generally speaking, fish are opportunistic in their food habits.
Despite inherent species-specific differences in prey preference, fish
will respond to prey availability by concentrating thgir efforts on
the most common prey types. Angermeier (1982) found that nine
different species of fish in Jordan Creek, Illinois, all exploited
essentially the same food resources. .  This non-selectivity is of
particular adaptive significance for stream-dwelling fishes, as food
availability in stream environments is constantly changing
(Pappantoniou and Dale, 1982).

Most fish species from the impacted zone of Canagagigue Creek
were non-selective and adapted readily to seasonal changes in

availability of prey. Fish collected in the spring had preyed heavily
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on blackfly and midge larvae and also leeches. In comparison, fish
collected_in the fall relied less on blackfly larvae and leeches, but
utilized damselfly nyﬁphs, water boatmen and plants much more
significantly., These changes in diet composition reflect changes in
prey availability over the same time period. As shown in Tables 1 and
2, a wider range of prey was available in the fall. This essentially
enabled fish to feed more selectively, thus leading to more
distinctive diets for each species. We have demonstrated this by our
observation that the degree of diet overlap between two given species
was usually lower in the fall.

There are other factors which affect the food habits of fish,
most notably differences in morphology and behaviour among the various
species, Some species are less restricted than others and are
therefore capable of being more oppor;unisticd Creek chub and common
shiners are examples of versatile feeders. They are capable of both
diurnal and nocturnal feeding, as well as surface and benthic

foraging. In Canagagigue Creek, there was a higher degree of overlap

between these two species in the spring (6A=.82) and fall (6A=.63)
than between seaéons for either species (6A=.42 for common shiners and
.39 for creek chub). This indicates that the diets of non-selective
species such as these depend mainly on the availability of prey.
According to .George and Hadley (1979), rock bass feed on the
largest prey they are able to swallow. This suggests that they may
select prey on the basis of size rather than type. Due to body shape

restrictions, rock bass are less adept at catching minnows than
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smallmouth bass, which are fast and powerful swimmers (Keast and Webb,
1966). A difference in habitat preference is also partly responsible
for the difference in diet between rock and smallmouth bass. George
and Hadley (1979) found that rock bass prefer the cover of heavy
vegetation, and therefore feed on prey associated with vegetation.
Damselfly and dragonfly nymphs, favoured prey of rock bass in the
present study, are vegetation-dwellers. Smallmouths, on the other
hand, prefer a rocky habitat. Their dominant prey iq Canagagigue
Creek were blackfly 1larvae. These organisms would be frequently
encountered in riffles,

Bottom feeders such as dace, minnows and darters are much more
restricted in terms of the range of prey they are able to catch.

Bluntnose minnows, for example, are simply unable to get their mouths

into the necessary position_to pick up items from the surface (Reast

and Webb, 1966). Johnny darters do not possess a swim bladder and are
restricted to a microhabitat not more than 1.5 cm from the substrate
(Smart and Gee, 1979). Furthermore, all darters are visual feeders
(Wynes and Wissing, 1982) as are brook stickleback (Tompkins and Gee,
1982). These species are therefore unable to take advantage of the
nocturnal drift. Suckers are also mainly bottom feeders. However,
judging by their wide diet breadths at site CN-3 in the fall, they are
more flexible than dace, minnows or darters.

The diets of most species in Canagagigue Creek were comparable to
other areas. The most notable exceptions were the bass. Both species

normally prey heavily on fish and crayfish. However, due to the
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impacted nature of the study site, potential fish prey (minnows) were
only one-tenth as numerous as in cleaner areas upstream and crayfish
were virtually absent (Carey et al., 1983). Under these conditions,
bass were forced to choose alternate food sources, particularly
leeches and damselfly nymphs.

Leeches were very abundant at site CN-3 due to nutrient
enrichment. Literally hundreds have been collected by the author in
only a few hours of hand-picking. Leeches have seldom been reported
as a food item for fish, but in Canagagigue Creek they were utilized
significantly by bass, shiners, chub and suckers. Oligochaetes were
also very abundant due to the polluted conditions. However, only two
out of 143 fish had consumed them. This places the concept of prey
availability in a new light. Our perception of availability may
differ considerably from that of a fish. Due to their burrowing
habit, oligochaetes may be "invisible", or their capture may simply
require too much energy output.

Fish from the impacted zone of Canagagigue Creek generally had
narrower diet breadths than the same species elsewhere. An extensive
survey of the literature revealed that caddisfly larvae and mayfly
nymphs normally feature largely in the diets of a wide range of fish
species. By contrast, these two insect orders accounted for less than
2.5% by weight of the total food items taken by our specimens. This
can be attributed to the rarity of these invertebrates in the
environment. Only three species of mayflies and eight of caddisflies

were present at CN-3 while eight and 25 species, respectively, were
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present at the CN-5 recovery site (Carey et al., 1983). 1In terms of
abundance, the differences were even more dramatic with seven versus
373 individual mayflies and 81 versus 2202 caddisflies collected per
unit sampling effort. These are the two most prominent examples, but
amphipods and molluscs showed a similar trend.

The structure of the fish community itself is indicative of the

extent of pollution at the study site. A fish census conducted in

1980 showed that 14 species were represented at site CN-3 as compared
with 18 at CN-5. Of the 13 species of interest in the present study,
all but creek chub, suckers and carp were either drastically reduced
in numbers or absent entirely (minnows and dace). Suckers and chub
were actually more numerous at CN-3 than in cleaner areas up- or
downstream, suggesting that they are more tolerant of polluted
conditions. “

The findings presented 1in this report have both a direct
application to the Canagagigue Creek situation, and implications for
food pathway studies in general. In the former context, the data will
be used, in combination with the yet to be completed contaminant
analyses, to determine whether diet composition has any bearing on the
body burdens of contaminants in fish. Diet overlap indices will be
used to "cluster" fish with the most similar diets. If the primary
route of contaminant uptake is via the ingestion of contaminated food,
then fish with the most similar diets should also have the most
similar.levels of toxicants in their tissues. Seasonal changes in
body burdens of contaminants, if they occur, may be related to

corresponding seasonal changes in prey utilization.
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On a broader scope, this report points out the importance of
determining the diet compositions of fish prior or concurrent to any
food chain contamination study. We have demonstrated, as have many
others, that diets of fish may vary considerably from one location to

another. Interspecific differences in prey preference are often

“overshadowed by the realities of prey availability (Pappantoniou and

Dale, 1982). Therefore, the published literature on fish food habits
must serve only as an indiction of the types of prey "usually"

consumed by the species of interest.
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