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ABSTRACT

Peterson, R. H., and D. J. Hartin-Robichaud. 1982. Food habits of fishes in ten New Brunswick lakes. Can.
Tech. Rep. Fish. Aqua t , Sci. 1094: iii + 43 p.

The analyses of the stomach contents of 23 species of fish from 10 N.B. lakes are presented, using
percent occurrence and relatIve volumetric importance as parameters. Fish food habits were arrayed in a
vector diagram such that food habits are related to trophic level. White suckers, banded killifIsh, n l ne s pJ ne
sticklebacks, and juveniles of whIte perch and pumpkinseeds, ate mai n I y dipteran larvae and zooplankton.
Brown bullheads, pumpk i.n se e d , white perch, golden shiners, common sh i ne r s , and juvenile yellow perch ate
dipteran larvae and larger aquatic invertebrates. Fallfish, creek chub, and lake chub relied primarily on
larger aquatic Insects. Brook trout, yellow perch, and smallmouth bass ate larger aquatic Insects Rnd fish.
Chain pickerel fed on fish. Fish commun t t t e s in the lakes are discussed with reference to wa t e r chemistry and
susceptibilty to potential lake acidification.

Key words: food items, zooplankton, aquatic Insects, fish, brook trout, At Lan t i c salmon, rainbow smelts,
chain pickerel, redbelly dace, fine scale dace, golden shiner, common shiner, lake chub, c r cc k
chub, blacknose shiner, f a l l f t sh , pearl dace, white sucker, brown bullhead, Ameri.can eel, halld"d
killifish, threes pine stickleback, ninespine stickleback, white perch, pumpkinseed, smn l l mout h
bass, yellow perch.

Peterson, R. H., and D. J. ~1artin-Robichaud. 1982. food habits of fishes in ten New Brunswick lakes. Can.
Tech. Rep. Fish. Aqua t , Sci. 1094: i.ii + 43 p.

On trouvera dans Ie rapport qui suit les resultats d'analyses des contenus stomacaux de 23 especes de
poissons provenant de 10 lacs du Nouveau-Brunswick. Les pourcentages d'occurrence et l'importance relative
des volumes ont ete ut Ll i s e s comme parametres. Les habitudes alimentaires ont ete d i s po s ee s en un diagramme
vertical reliant ces habitudes au n I veau t r o ph Lque , Les meuniers no Lr s , fondules ba r r es , epinoches 11 no uf
epines et les jeunes gattes et crapets-soleils se nourrIssent principalement de larves de dIpteres et de
z oo p lanc t o n , Les barbottes b r une s , crapets-soleils, g at t e s , chattes de l'est, menes a na geot r e s rouges ('t

jeunes per c ha ud e s mangent surtout des larves de d i p t e r e s et des grands Lnv er t eb re s aqua t i que s , Les
o ultourhe s , mul e t s a co r ne s e t menes de lac dependent en grande partie de grands insectes aqua t.Lque s , Le s
omb l os de fontaine, pe r c ha ud e s et achigans a petite bo uc he se nourrissent de grands Insectes aqua t i que s e t de
po i s s o n s , Le brochet maI l l e avale des po i s son s , Nous examinons les communaut e s Lcht yo l.og Lque s en relation
avec l e s pr op r Le t e s chimiques de I' ea u et la sus ce pt i b Ll.Lt e des lacs a une ac t d i f I c a t Lon eventllelle.



INTIW/)IICTION

Acidic p rcc i p l t a t i o n ts 110vl considered a
s e r i o us fr es hwat.e r f Ls hc r ios p r o b l em over much of
e a s tern North America (lI;lrvey 19RO; Last e t a L,
19HO). '1'1", mc.rn annual I'll of precipitation in
s o ut hwos t orn New Brunswick is now approximately 4.5
(Glass alld Brydges 19RI). In view of this latter
fact, it was decided to survey 10 lakes in southern
New Brunswick in the summer of 1978 to establish
some basel ine data on water chemistry and fish popu
lations to assess possible future changes resulting
from acidification. It is intended to repeat the
water chemistry aspects of the survey every 5 yr and
the fish sampling aspects every 10 yr. The water
chemistry portion of the 1978 survey is now in print
(Peterson 1980).

The information obtained on the fish popu
lations In these 10 lakes will be presented in two
reports. This report will present a su~nary of the
species and numbers of fish sampled from each lake,
and an analysis of the stomach contents of repre
sentative samples of these fish. A subsequent
report will deal with the age-size information
obtained from these fish samples.

HATERIALS AND rlETHODS

GILLNETTlNG

The gillnets used were experimental nets of
knotless nylon with one 6 x 30 ft (1.8 x 9.1 m)
panel each of 1/2 in. (1.3 cm) square (I in. (2.5
em) stretched); 3/4 in. (1.9 em) (l 1/2 in. (3.8
em»; 1 in. (2.5 em) (2 in. (5.1 em»; and I 1/4 in.
(3.1 crn) (2 1/2 in. (6.3 crn) mesh monofilament
nylon. The largest fi sh present in some lakes may
not have beo n fished due to the lack of La r g e r mesh
sizes. It is recommended that a panel of 2 in. (5.1
c m) s qun r c- mesh be included should the sampling be
repeated in the future. All nets were disinfected
with formal in after each month's fl shing was per
formed. All sets were for 24 + 5 h , and nets were
set at 1000-1500 h.

Nine of the 10 lakes "Jere fished three times
(mid-June, early to mid-August, and late September
(Table I». Chisholm Lake was owne d by a private
fishing club and was not fished with gillnets. The
caretaker recorded lengths and weights, and pre
served heads for use in ageing some of the brook
trout angled during the summer from Chisholm Lake.
This species is thought to be the only fish of
sufficient size for gillnetting to be found in this
lake.

Til(' approximate locations of the g tl l no t sets
have been included in Peterson (1980). In cases
where t h« nets were set out near the shoreline, the
smaller meslles were Ilearest the shore.

BEACH SEINING

Beach seining (see Table 2 for dates) was per
formed with 4 x 30 ft (1.2 x 9 m) knotless nylon
seines of 1/8 in. (0.3 cm ) square mesh. The seines
were equipped with float lines, lead lines rein
forced with a length of 1/4 in. (0.6 em) iron chain,
and contained a 4 x 4 ft (1.2 x 1.2 m) x 2 ft (0.6
m) high bag in the cen t e r , An area of sui table
s ho r e l i ru- of each lake was usually swept three times
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- on l y tw l rr- j f largc' lllllllhC'fS of fI s h we're L;lk('Jl per
sweep - ilild lip to I l v r- t i mos If few fish were'
o h ra l n o d , Sliccessiv(' S\.<J('l~PS wo r o us un l Ly OV('f

n d j ac e n t segmellts of the shoreline.

Typically, the so i uo wa~; carr it'd out tn ;1 dt' pI h
of 4 ft (1.2 1l1), stretched fully ill a pn r n l l c l
orientation to the shoreline, and swept to tht.'
margin, d r aw i n g the seine up onto the eme r g en t p.i r t.

of the beach.

All fish caught by both methods were preserved
in 10% formalin, with fish over 10 cm iu length
being slit ventrally.

ANALYSES OF STOHACH CONTENTS

All fish collected were identified to species,
weighed, measured for standard length, and numbered
in increasing order of size for each species in each
collection. If the number of fish collected for a
given species of a collection totalled 10 or fewer,
the stomachs of all fish Here analyzed. For
collections up to 100 fish, one additional fish ""'S
chosen for stomach analysis for each additional In
fish. If the collection exceeded 100 fish, rnle
additional fish was chosen for each additional Ino
fish in the collection. Fish used for stomach
analyses were se l ec ted at regular intervals over the
entire size range in the collection. Excisc d
stomachs, including proximal portions of the
esophagus and the pyloric sphincter, were prr',;ervl'd
in 90% alcohol.

Stomachs, before and after rernov aI of con rr-u rs ,
were blotted and weighed. Recognizable organ isms
were identified to the lowest taxonomic level
possible - usually order or family, occasionally to
genus. Selected zooplankton specimens were I.denti
fied to specie s , Numbers of each taxon were counted
in each stomach an aly z e d ~ In (;1 few instances, the
relative importance of various taxa w;JS assessed
volumetrically accord ing to the method of Hy ne s
( 1950).

Data analysis

Most of the conclusions drawn on food ha h i ts of
the various species are based upon the percent
occurrence of the various taxa In the diet (I.e.
percent of stomachs analyzed containing a pn r t Lcu lar
taxon) (Holmes and Pitelka (968).

The percent overlap (Horisita 1959; Horn 19(6)
was calculated among various species in a given lake
and for the same species among lakes:

2 ~Xl Yj

where Xi and Yi are the proportions of the
ith food category in the diet of species X and Y. A
minimum sample size of 10 stomachs was utI l izC'c! foe
percent overlap analyses (Obrebski and Sibert 1976).
A minimum value of 0.7 was arbitrarily chosen to
indicate significant overlap in the diets - a more
conservative value than 0.6 as chosen hy Zaret and
Rand (1 97 I ) •

In addition to the overlap analysis, a
vectorial representation of the food habits of till'
various species was examined. This method pro j er ted
the components of a species' diet onto a grid, tho
axes of which represent various ca t e g o r Le s of food
organisms .. As an example (Fig .. 1) we have



arbitrarily chosen four categories: zooplankton
(cladocera, copepods), smaller insect larvae and
other invertebrates of similar size (e.g. chironomid
and beleid larvae, amphipods), larger aquatic
insects (mayflies, caddisflies, dragonflies, etc.),
and vertebrates (other fish, salamanders, mammals).
The length of each axis corresponds to 1.0 or 100%
of the diet. If a certain species eats only other
fish, then it would occupy a position at the end of
that axis. If, as is usually the case, a fish is
more cosmopolitan in its food habits (e.g. 20% fish,
&0% larger aquatic insects, 20% smaller aquatic
insects), then its position on the grid may be
determined by vectors. Vectors are laid out whose
lengths are proportional to the percentage of that
particular category in the diet and whose directions
are parallel to the axis of that category. Thus, in
the example above, a vector of length 0.2 is
measured from the origin (0) along the "fish" axis;
from the end of this vector one projects a vector,
0.6 in l c-nn t h , parallel to the "large, insect" axis.
The ti n.i I vector, of 0.2 Length, Is projected from
the head of the last vuct o r in a d t r ec t t o n parallel
to the "smaLl. insect" axis. The final position of
this specie'S diet is 0.6 along the "large insect"
axis (at n r r ow ) , For comparison, we have included
the vectorial representation of another species
whose diet was composed of JO% large insects, 70%
small insects, and 20% zooplankton. The sequence
followed in laying out the vectors does not affect
the fin<ll position. It is also true that the final
position is ambiguous in that It can be reached by
several vector combinations. For example, the
position" 1--" (Fig. 1) could also be attained with
a diet composition 80% large insects and 20%
zooplankton. The quadrant in which the vector
resultant .ippca r s , however, is usually a good
indication of the spcc tes ' dominant roodltt'lJls. The
more spec i a l ized a species Is toward a particular
category (I.e. the greater the dominance), the
further out along the corresponding axis and the
closer to it the resultant will lie. Conversely, a
perfect "generalist" woul.d be positioned on the
origin, so proximity to the origin indicates the
degree to which food habits are generalized.

l~e assignment of food categories to the
various axes is, of course, arbitrary as is the
number of axes used. Hore narrowly defined food
habits <lmong species could be analyzed, such as
preference for various genera of mayflies. Care
must be taken, however, to arrange it so that food
items most nearly alike in terms of preference are
placed on adjacent axes. If items nearly alike in
terms of preference are placed on opposite axes,
then the vectors may cancel each other out.

Indices of fullness (C r ; wt of food in
stomach/wt of fish x 100) (Gascon and Leggett 1977)
were also calculated when sufficient data were
present.

RESULTS

SPECIES AND NU/1BER OF FISH SAHPLED

A total of 23 species was captured in the 10
lakes in 1978 (Table 3), with an average of 7.4
species per lake. Hill Lake yielded the greatest
n umhe r of species wit h 1') and Chisholm Lake the
.lcn s t wit.h two. In general, the larger lakes tended
to yield more species, although the scatter is
considerable (Fig. 2). No douht some species were
missed in many of the lakes as all ha b It a t types
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were not fished. Rainbow trout were stocked in
Creasey Lake from 1959-62 (Smith 1968), but none
was collected in this survey.

BEACH SEINING

The banded killIfish was the most ubiquitous
species, being present in 8 of the 10 lakes (Tahle
3). Ninespine sticklebacks and white suckers wor c
collected from 7 of the 10 lakes. American cc ls
were captured only from Kerr and Hheaton Ln ko s , hilt
the presence of eels was evident (from damnge ttl

gillnetted fish) in Creasey, Stein, HlJ.l, Roh ln
Hood, and Bolton Lakes.

The most abundant species taken in the be a c h
seining was the banded kill ifish, acc o un t i ng for
about 80% of the total number of fish caught (Table
4). About two-thirds of the killifish seined were
from Creasey Lake, with \Iheaton and Robin Hood takes
also yielding large numbor s . All three la ke s """",,
seined ill sandy areas wi t h gradllal slopes, a f fo r d ing
all extensive littoral zone. Emergent vegetation was
present, hut not dense.

The ninespine stIckleback, the second most
abundant spec Le s captured, was taken in largest
numbers in flosquito, Robin Hood, and Chisholm l.a ko s ,
The population in Chisholm Lake, whi c h has a den,;e
growth of submergent vegetation, was pa r t Lcul n r l v
dense. Usually, ninespine sticklebacks were not
abundant where killifish were taken in large numho rs
(Creasey, Hheaton, Bolton, Stein) and vice versa
(Kerr, Hosqu ito , Hill, Chi aho Lm ) , In general,
killifish were more prevalent in open shallow wa t er
wi th extensive ar ea s of sandy bottom. Sticklebacks
pr ova Llod wllPH' the sed Inu-n t was more flocculent,
with dense suhlllergent vPgc'lflt-fon. The soLn i rn; s i t e s

at Hosqui to and fii II Lakes were sandy, but: had
n nmhe r s of boulders, as was the case at Kerr Lake.

Nill Lake was unique' in that the most abundant
stickleback was the th r e e s pLne ,

Seining in Robin Hood Lake yielded large
numbers of both killifish and st t c k l.ebnc ks , Th is
sampling area had an extensive sandy beach covered
wi t h flocculent material, and patches of subme r g cn t

vegetation, which the sticklebacks may have
occupied.

The seining sites at Kerr, Robin Hood, and
Bolton Lakes were near outlets (Kerr) or inlets
(Robin Hood, Bol ton), which may explain the hi ghl' r
diversity of species collected at these sites.
Primarily riverine species, such as redbelly dace,
f i.ne s ca Le dace, common shiner, creek chub, and
fallfish, may have been collected at the se sites due
to their proximity to streams. Redbel.ly dace were
much more abundant in the outlet stream of Creasey
La ke than in the Lake pro per.

The juvenIles of species such as whit e perch,
chain pickerel, and white sucker were taken by beach
seining in June and August, but not September. ilv
this time, they may have moved to deeper wa t e r ,
Juvenile ye l l ow perch and smallmouth bass, on t.lu
other hand, were abundant in the Septemher beach
seining.

Brook trout were in the littoral ZOIll' of
Creasey Ln kc in late Sept e mbc r and \"'('1'(' ap pn ron t Iv
foraging on the schools of kill ifish.



A shoreline segment of Mud Lake was rotenoned
in the August fishing, the poison yielding only
juvenile smallmouth bass.

GILLNI':TT LNG

Gillnetting appears to select for active,
schooling species, such as white perch and golden
shiners. Brook trout, white suckers, yellow perch,
fallfish, and brown bullheads are also readily
caught hy this method (Tahle 5). More sedentary or
territorial species, such as smallmouth bass and
chain pickerel, tend not to he taken in numbers so
that gilLnet captures may not provide a very good
indication of population densities. Stein and
\~heaton Lakes are known to have large populations of
smallmouth bass, which Is not reflected in the
number netted *

FOOD IIAB lTS

The r o su I t s of analyses of the stomach contents
f r om r o pr cs en t a t i v e s of each of the fish species
s amp lr-d ;lfp presented be l ow ,

Brook t.rnu t (Salvelinus fontinalis (Hf.t c hi Ll ) )

'I'lu- stomachs of 17 trout (9.]-30.6 cm long)
from Creasey Lake were exrnnined (5 from June
sampling, 12 from September). The results were
p oo I ed For all 17 fish as there was no obv Lous
d Hference in food habits (from the limited sample)
with either season or fish size. The two most
important items in the diet of these trout were
fish, and terrestrial insects falling into the lake
(FIg.1A). Of the fish consumed, 13 were ninespine
sticklehacks, 19 were banded killifish, and 1 were
u ni d on t i fi c.d , Sixteen of the killifish had been
c o n sum.«! by LIlt' four trout seined from the littoral
zo no in September (9.1-17.0 cm in length), where
obviously they had moved into the shallows to
e x p l o i t this abundant food source. The stomach of
the 17-cm trout contained nine killifish, while the
others .-on ta ine d two or three each.

Tc r res t r t a l insects lo r mud another major com
ponent of the diet of Cr o.i sc y La ke trout. Many of
these wert' flying ants which han apparent ly swarmed
over the lake. Three stomachs from the September
s arnp l ing c o n t a ined over a hundred of them each.
Large aquatic insect larvae (Odonata, Tr Lc ho pt e r a ,
Coleoptera) were also frequent items in the diet.
Several of the adult Diptera were Lden t t f Le d to be
in the family Empididae.

The Creasey Lake trout stomachs were nearly
full at all times of the year (Table 6).

'I11e Mosquito Lake brook trout were feeding pri
marily on terrestrial insects; again, most of them
were flying ants (Fig. 3B). Of the 8 fish eaten, 5
were ninespine sticklebacks and 3 were unidentIfied
- probably cyprinids.

The ~li 11 Lake trout were sampled in September
and, 1 ike the Creasey Lake trout, had been feeding
heavily (Tahle 6). Terrestrial insects,
Ep hcmo r o p t e r a and Coleoptera, and f i sh were the most
i mpo r t.m t items in the diet (FIg. 3C). One of the
fish W;IS identified as .:1 ye ll ow perch.

The S trout taken from Stein Lake were notable
in that they were feeding on small food items, such
as Cha ob o r u s larvae, chironomid pupae, or hydro
carina (Fig-:- 3D). The lack of fish in the diet of
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these large trout (also true of the smallmouth bass
from Stein Lake) may reflect the low production of
forage fishes due to the lack of littoral hab ita t

The indices of fullness wer e also lowest for t he
Stein Lake brook trout (Ta b l e 6).

Only 2 trout sampled from Kerr Lake had intac t
viscera. One contained two unidentified fish, and
the other three pelecypoda.

The one trout stomach sorted from Chisholm l~ke

(June) contained 37 pupae of Chaoborus flavicans, 15
oligochaetes, 7 Ephemeroptera-~le-~o-rte,:-;~Y;;;-phs,

2 Odonata nymphs, and I coleopteran.

In general, brook trout down to the 8-10 cm
size wer e feeding primarily on t e r r e s r rial i n so « t s ,
small fish, and large aquatic insect 1.arvae.

Atlantic salmon (landlocked form) (l'--,,--lrl'." saLlr
Linnaeus)

The single spe c Lnu-u of sa l mon (22. I .-m) JrPlll

Robin Hood Lal(c upon w!llell st()lnactl nllul.ysis ~l~

performed had ingested 1 fish, 2 of which IV,"-c'
ninespine sticklebacks.

Two smelt stomachs from Mill Lake wor c
examined. The first (l.7 cm long), from the .Iu no IJ
beach seining had nothing in its stomach. The
second (4.4 em), from the September 25 heach
seining, contained 12 chironomid adults.

Chain p.ic ke r e I (Esox niger Lesueur)

Three chain pickerel we r o ra kon from Bot {nil
Lake. The stomachs of all 'J contained lisll. Till'

largest pickerel (54 em) had eaten a whi t:l' pc'rl'll ,Illd
an unidentIfied fish. The 34.5-cm pickerel
contained 2 yellow perch, whi l e the small ptc koro l
(13.5 em) contained a fish Lden t i fied as pro bah l y a
k ilLi f Lsh ,

Renbelly dace were sampled from Fob In lIood,
Creasey t and Ho squ I t o Lakes. Those from Rob in Hood
(3) and Creasey (8) were Immature specimens and
contained nothing identifiable in t he i r stomachs.
The single mature specImen from Mosquito Lake
contained three chironomid larvae.

Ff.n e s c a Le dace (Chrosomus neogaeus (Co pe )

One f t ne s c a Le dace (5.3 crn ) stomach was
examined from the August beach se i ning in Kerr Lake'.
It contained fragments of insects of Lnd e t e r rnin a t o
identity (possibly Cul i c i d ) ,

Golden shIner (Notemigonus crysoleucas (MitchIII»

The golden sh i.n e r was collected in two Nl"-J
Hr un sw ic k lakes, Hud and HIll, In su f f Lc ie n t num bo r s
for an analysis of stomach co n t s n t s (the one' speci
men beach se t ne d in Bolton L. was not cx am Lno d ) ,
The main food items in the diet of ~lud Lake go] eIc'll
shiners switched from T'r i c ho pt e r a in .Iuno to
Cl ad oc e r a in August and September (Fig. IIA-C),
probably as " result of changes in re l at tvo avait,,
b i l t t y of these organisms. The T'r l c ho pt e r a co n s umod
in June were pha r a t e Phr yg an e i d s , Cl adoc e r »
ingested later in the summer were the most i mpo r Lin t
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Item In the d i e t on a voLume t r i c as well as percent
occurrence basIs (FIg. SA, B).

The golden shIner dIet IndIcates a diversIty of
feeding ha b i t s , The terrestrIal org ani sms are
probably Ingested at the surface, whIle the frequent
occurrence of snails and clams IndIcates bottom
foraging. Probably most of the feedIng is done at
midwater to surface as the most important food Items
were Cladocera and pharate caddisflies. Zooplankton
appear to be the maIn dIetary Item when available.
The relative scarcity of amph i.pod s In the d Ie t also
indicates that bottom feedIng Is not common - In
contrast to the diet of brown bullheads in Hud Lake
(dIscussed later).

The mean indices of fullness (Table 7) are
about 0.1, for the two lakes.

Fa I l f i sh (Semotllus corporal1s (NitchiH»

The best se r i e s of fall f i sh were obtained from
the g1l1nets set in Robin Hood Lake. A total of 36
stomachs were examIned from these f i sh . Since t he re
we r e no discernible trends in diet wIth si zc> or
season, the data were pooled (FIg. 7A). Fall fish of
thIs size range (11-25 cm) clearly fed on larger
aqua t Lc Insects (T'r i c ho pt e r a , Odonata, Col eo pt o r a ,
e t c , ) and fish. Three of the 5 f I sh Ln g e s t od were
IdentIfIed as ninespine stIcklebacks.

A volumetrIc analysis was performed on l O of
the stomach contents (FIg. 7B) which Lnd i.c a t e d that
'I'r i.c ho pt e r a were the most important group vo l u-
me t r LcaI l y , None of the stomachs conta ining fish
were included in this analysis.

Common sh i ne r (Nos_ropis cornutus (Hi t c hi Ll )

As with most cyprinids, the food Items in the
common shiner stomachs were macerated.

~lost common shiners were taken from Bolton Lake
in the June and August beach se i n t ng s , Only 2 of 10
stomachs analyzed in June contaIned food items. SIx
Items were adult terrestrIal insects, 18 were adult
Chironomldae, 1 was an adult neuropteran (Cllmacla),
and 1 \"f1S a c h i r o norn Ld larva. These items indicate
prlmarilv surface feeding In June. In contrast, the
15 stomachs (i: (mean length) = 10.1 em) analyzed in
August all contaIned filamentous algae, with no
animal remains identifiable.

The ind Ices of fullness ranged from 0.180-0.740
Cfable 8). The Ro b i n Hood Lake data suggest that
feeding may declIne somewhat in late September.

Six fa l l f t sh stomachs (L 10.3-23.0 em) "ere
analyzed from the Bolton Lake g i l l.ne t s , One stomach
contained a trichopteran, 1 a dipterous larva, and I
an Odonata nymph. Of 3 fall f i. sh stomachs from ~I I 11
Lake (11,.8-]6.6 crn) , 1 contained an Eph e mero pt o r a
nymph, and another 1 adult Ephemeroptera and I
Odonata nymph. Of 2 fallfish from Hud Lake
(22.3-24.1 cm) , 1 contained 1 Co r i.x Ldae , the other
co r i x i d s •

One juvenile fallfIsh (].7 cm) was beach seined
from Bolton Lake in August: it contained 1 chi ro no-:
mid larva.

Creek c hu b (Semotllus atromaculatus UlitchIll»

Only 1 creek chub stomach was analyzed. The
f t sh (12.5 em) was beach seined from Ro b Ln Hood Lake
in August. Its stomach co n t a i ne d unIdentifiable
a dul t i ns.o c t pieces.

Hhite sucker (Ca t o s t omus commersoni. (Lac e pcd o )

The stomach contents of 11 pearl dace (7.0-8.0
cm ) seined from 1'1111 Lake in August were analyzed.
Terrestrial Insects were the pr i mar y food item wit h
5 of the 10 stomachs contaIning 1 each. Another
stomach contained a trichopteran larva while another
contained an un i d en t i fied fish ovum. Four stomac hs
were empty.

Pearl dace (SemotlIus margarIta (Cope»

The two most Important Hems in the whi te
sucker d i e t were Cladocera and larval ChIro nom t d.tc ,
There is a co n s Ls t cn t trend for the white suckers
netted from }jud, !1osquito, MIll, Bolton, and Ro b Ln
Hood Lakes In that larval chlronomids were most
Important as food Items in June, and Cladocera
increased In importance later In the summer (Fig.
8-12 incl.), probably reflectIng seasonal zoo
plankton increases In the lakes. Cladocera we r e
also the most numerous Items In the stomachs of the
suckers netted from Kerr Lake In September (FIg.
13C). The occurrence of larval Heleidae in the diet
Is notable as these were not found In the stomachs
of other species.

Amphi pod a were a consistent item of the diet of
suckers in Mud and Hosquito Lakes, but d I d not oc c ur
In sucker stomachs from the other lakes. Amph t pods
were particularly common in the diets of ot IH'r fi "h
spec Le s In 1111d La ke whe r o the y mils t he t'S 1)('(' 1.1 I I v
abundant.

plumbeus (AgassIz»Lake chub

Of the stomach contents of the 3 common shiners
([ G.O em) seIned In Kerr Lake In June, 1
conta ined an adu I t terrest r i a I I n se c t , and another
contained 9 adult chironomIds, IndIcating
e s s en t i a Ll y the same diet as the Bolton Lake shiners
1n June.

The .idu l. t lake chub of Ho squ f t o and llill Lakes
were almost exclusIvely insectIvorous, wIth nymphal
Ephemeroptera, Odonata, and aquatIc Coleoptera
f o r mi ng the bulk of the d Le t (Fig. 6A, B). The lake
chub were also takIng advantage of terrestrIal
Insects flying onto the lake, as one stomach from
the Ho s qu i t o Lake po pu La t i o n (August) contained 100
f Ly i n g ants. Two adults were gIllnetted In Bolton
Lake: the June sp ec imen 02.3 cm) contained an
ephemeropteran nymph, whIle the August spec i men
( 11. 7 crn) conta Lrie d a cadd is case plus some algae
and other vegetation.

One juvenile lake chub was beach seIned from
Bolton Lake (3.8 cm) and was planktIvorous,
containing 4 cyclopoid copepods, 1 harpactIcoId
copepod, 3 ostracods, and 1 chironomid larva.

BlaelulOSC' shiner (Notro~ heterolepis Eigenmann and
Elgenmann)

The stomach contents of 10 b l ac kno se shiners
([ 1,.0 cm ) beach seined from Kerr Lake were
examined; however, only I stomach contained
Identifiable food Items - 2 copepod naup l ii.

Juvenile sucker SHere sc i ned from ~1i 11 and
Bolton Lakes in June and August (Fig. ]0, j]).

Their diets were similar to those of larger suckers,
except that co po pod s Wt~r(' ea t e n in larger numbers,
and con s t d or a b l e num be r s of rot i f e r s w('re' e"tl'l1 hv
the MIll La kc- [uv on I l c- ':lIcker,; In i\lIglist.
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Banded kill iLi sh (Fundulus diaphanus (Lesueur»

American eel (AnguIlla rostrata (Lesueur»

Br own bullheads were netted from Mud and HIll
Lakes. No juveniles were captured, so only the
diets of adult indIvIduals were Investigated.

Three co pe pod species wer e Lden t i f ied from the
stomachs analyzed: Bryocamptus zschokkei (Bolton
Lake, Allgust), Ha rpac r i co i.d nordenskioldiJ. ou n
Lake, August), and EU-'::J_c:J.()J2.o;. agills (Bolton Lake,
August).

ClculeatusTh r oe s p i ne st i c k lebac k
L i n n ao us )

\Ihite perch wer e sampled from Bo l ton and
Hheaton Lakes ~ and wer e su bd ivided i.nto four s i Y.f'

classes (<;;5 cm, >,)~IO em, >lO,;.15 cm, >1 ') cm). The
smallest white perch (from Bolton Lake only) wor o
primarily planktivores wi t h a few larval ch iro nom i d s
in the diet (Fig. 30A). Among the co pe pod s Ingested
by these juvenile white perch Here Cyclops verf!.'",-li~,

f. v enus t us , ]'lacrocyclops albidus, and EucyclcClJ1:2.
agili.s. The next larger size-class (from llheaton
Lake only) again was mainly planktivorous, with some
amphlpods and larval chironomids (Fig. 30B). The
diet of white perch larger than 10 em switches f r om
zooplankton to aquatic insects (Fig. 31, 32). Large
whi t s perch in \lheaton Lake continued to eat plank
ton much more heavily than did those in Bol ton La l«
(Fig. 33). The Ephemer o pt e r a eaten by the large
white perch of HoI ton Lake wer e mainly burrowing
mayf Lte s of the genus Hexagenia, wi t h some !:J'J-,-~111.~:."

The 3 fish ingested by hlheaton Lake white perch wer c
ninesplne st Lc k.l.eb ac ks , and most of the chi ronom ids
eaten by these perch wer e Dicrotendi[les s p ,

Ninespine stl.ckleback (Pungitlus ~ti.us
(Linn ae us ) )

Cladocera and co pe pod s are the most important
dietary Hems for the n i n e s p Lno stickl.eback (Fig.
21-29). As with banded lei II i f i s h and t.hree s p Lne
sticklebacks, there Is a suggestion for some lakes
(Chisholm (Fig. 24), ilosquito (Fig. 25), Creasey
(Fig. 27) that the larger fish sampled in .Iu no wer o
cating a greater proportion of larger food i t c rns ,

such as larval chironomids, other aqtlatic insects,
and amph Lpod s . The fish eggs and larvae (,aten by
the Ch t sho l.m Lake sticklebacks in June wer e pr ob n b l y
sticklehacks as no other small fish species wa s
present. Indices of fullness for ninespine stickle
back stomachs are usually hIgh (Tahle II). As with
the killifish, some of the food items whI.cl: wer o
keyed further are lIsted in Tahle 12.

\Vhite perch (Horone americana (Gmelin»

As "lith some of the kilLif ts h collections, the
t h r ee s pLne sticklebacks collected in June wer e all
large, ad u I t spec imens whic h a t e primar i1y
Ephemeroptera and larval chironomids (Fig. 22A).
The smaller specimens collected in August vlere
eating primarily Cladocera (Fig. 228).

The number of burrowing mayflies In the Bolt.o n
Lake white perch stomachs was constant throughout:
the summer at: ahout 4 per st.omac h , ilegalopteril wer e
ea r e n in greatest nurnbor s in .Iune and became less
I mpo r r a n t t o wa r d the end or the slimmer. DUl' to thl'

larger size of the bu r r o wi ug mayflies, they wer e
more important on a volumetric hasis even tn June
when the greatest number of Hegaloptera were con
sumed (Fig. 3ID). The indices of fullness for wh i t e
perch stomachs varIed widely (Table 13) with a
tendency toward lower values in August. Till s coulrl
be due to higher rates of digest ion and gast: ric
evacuation at higher temperatures.

Pumpk Lnse e d (Lepomi.s glhhosus (L'inn ae us )

Pumpkinseeds were taken from Hill, Kerr, ~lud.

and Robin Hood Lakes, wi t h numbe r s sufficIent to
make any comments on food hab it s taken only f rorn the
latter two lakes. The Robin Hood se t n c samples wer c
young-of-the-year, except for one ILI-cm fish. TIle'
stomach of the latter contained chironomid larvae,

nebulosus (Lesueur»BrovlTl bullhead

The sampling methods used in the survey were
totally inadequate for eels. Two eels Here taken
from Kerr Lake - I by gillnet, the other in a minnow
trap (where it evidently had been eating the other
trapped fish). A third, small s pec Lrnen was taken
while seining \Vheaton Lake. This latter s pe c Irnen
contained l cladoceran, l copepod, I amphipod, and
Trichoptera larva. The 2 eels from Kerr Lake both
contained fish remaIns. In addItion, the eel taken
in the ,;i llnet had 17 Chaoborus larvae in tt s
stomach.

Mud Lake bullheads took advantage of the
abundant ~lella po pu l a tI o n , with an average of
over ')0 of these organisms per stomach (Fig. ]6B).
Leeches, chironomid, trichopteran, and Heleid larvae
were also frequent items in the diet. On a volu
metric basis, leeches were a very important item in
the diet due to their large size (Fig. 16C).

While the kIllifish appears structurally
adapted to surface feeding, there were su r pr i s Lng Ly
few adult insects in the stomachs. The most
Important dietary Items are larval chironomidae,
cladocerans, amph i pod s , and co pe pod s (Fig. 17-21).
Larval chironomids tended to be more important
dietary items early in the summer (e v g , Holton,
Robin Hood, Creasey Lakes), with microcrustacea
becoming more important later. thIs trend may be
the result of seasonal differences in fish size,
since the June samples usually represented larger
fish on the average. Seasonal fluctuations in
cladoceran abundance may also be a factor, as noted
for white suckers. Several of the ingested copepods
were identified to species as given in Table 10.

l~e importance of Cladocera In the sucker diet
Is somewhat su r pr i s Lng , and may reflect the diurnal
movement I,f Cladocera, which may settle to the
bottom during the day. Alternatively, the clado
ceran species ingested may be those found on or near
the bo t t om in weedy littoral areas.

On ;J vo l umorr i c basis, Cl<ldoc(~ra an d
Ch l r onoml d.u- were us ually the most important items
in the diet ,"s wcl l (FIg. ]3-]5). Occ a s Lo na I Ly ,
larger organisms such as Ep herne r o pt e r a nymphs (HIll
Lake, .June; Kerr Lake, June) or Trlchoptera larvae
(Nud Lake', August) were the most Important Hems
volumet r tcaLl v ,

The i·li II Lake population fed pr Lmar i l y upon
mayfly nymphs, mostly of the burrowIng type
(Ephemeridae) (Fig. 16A). Chlronomid larvae were
the second most numerous item in the d i e t , The
index of fullness was greater for the September
bullheads; however, the num be r s of fish obtained
we r e s.n.r l ! so the va l.ue s may have little signifi
cance (Tahle 9).



while the smaller specimens (E ~ 1.7 cm) contained
copepods agilis) almost exclusively (Fig.
34A) •

The larger fish taken from t1ud Lake were
feeding primarily on Hyalella azteca, Trichoptera
(Leptoceridae), and larval chironmids with a few
Odonata and Corixidae (Fig. 348). Thus, the
pumpkinseed is another species exploiting the
apparen t l y large Hyalella and Leptoceridae
populations of Mud Lake.

Smallmout h bass (Micropterus dolomieui Lac e ped e)

The sma l l rnout h bass has been found to be a
sensitive species to acidification in Ontario
studies (Harvey (980), with populations being
stressed at pH's <:;5.5. The species was found in 5
(Stein, Wheaton, Bolton, Mud, and Mill) of the 10
study lakes. All these populations have probably
resulted from stocking procedures. The history of
the Whea ton Lake in troduc tions has been documented
(Smith 191+2). It has been reported by local resi
dents that the smallmouth in Stein Lake have been
introduced within the last 20-30 yr.

In t,jud La ke, the amphi pod, Hyalel~, forms an
important part of the diet of juvenile bass (Fig.
35A), but apparently did not contribute to their
diet in HIll Lake (Fig. 36A). Generalizing for all
three lakes in which juvenile bass wer e taken (Fig.
368), mayflies, particularly the burrowing type
(Hex--'llLen~~ sp., Ametropu~ s p , ) we r e the most impor-
t a n t food organisms ~ w i t h chi r o nom i d larvae and
pllJ)aC nlld terrestrial insects ranking next. Only 1
fish (njil,'spine stickleback) was found in the
j uv vu i I.l' h,,,;s stomachs (fa II Lake) (Fig. 'l6B) - from
th" largest juveni l.e in late September at 7.3 em.

No smallmouths were sampled in the size range
8-13 cm, but this size range probably represents a
transition stage from utilization of large insects
to utilization of fish as the main food source. Of
the 5 stomachs analyzed from fish of 13-20 cm in
size, fish were the most numerous food item, forming
almost all the die t on a volume basis. One of the 2
fish in these stomachs was a juvenile yellow perch.
The Stein Lake bass in this size range had consumed
a small mammal (Fig. 36C). The insects consumed by
bass 0 f th i s si ze wer e all large organisms - 2
Coleoptera, 1 Odonata nymph, and 1 Ephemero pt e r a ,

Twenty stomachs were analyzed from bass greater
than 20 em in length, with fish being by far the
most important food item (in 8 of 20 stomachs) (Fig.
37A). Among the species identified as forage fish,
2 were ninespine sticklebacks. The 4 unidentified
fish in the Hheaton Lake bass stomach of 21/06/78
were probably banded killifish as they wer e not
spiny rayed fish, and cyprinids are not abundant in
this lake (FIS. 36D). The occasional large insect
was eaten (3 caddisflies and 2 Odonata). Arnphipods
and co r ix i d s were still ingested fairly often by the
larger Mud Lake bass (Fig. 35B, C).

Indices of fullness for bass stomachs were low
in June (Table ]4) and higher in the summer. This
probably i related to low levels of feeding in the
cooler .Iu ne waters.

Y"l1O\v perch were sampled from Bolton and Hill
Lakes. The largest yellow perch (>15 cm) from Mill
Lake relied upon smaller fish to meet their food
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requirements to a large degree (Fig • .38), wi t l:
fish found in the 22 stomachs. Three of these fi s h
",ere smaller yellow perch, 2 ",ere ninespine
sticklebacks, and the other 3 were not identified.
Mayfly nymphs (mostly Hexageneidae) were the other
important food itemso

Hayf 1 ie s (most l y Hexageneidae nymphs) we r e the
most encountered food item in the stomachs of 10-15
ern yellow perch (Fig. 39). Only I fish (a ve Ll ow
perch) was encountered with chironomid larvae or
pupae present in 2 stomachs.

Yellow perch of 5-10 cm rely heavily on mayfly
nymphs as wel.I (Fig. 40A), with chironomids he irn;
the only other item present.

Yellow perch were taken from BoI ton Lake onI v
by seining and, consequently, only one size-class
(:>5~IO em) was analyzed. The single ye l l ow perc h
taken in June (9.3 cm) had 2 chironomids, .38 Heleid
larvae, 2 Odonata (Ischnura) nymphs, 2 Hexagenla
nymphs, and] Dixid larva in its stomach. The
series of perch taken in August were eating
Ephe mer o pt e r a nymphs predominantly (Fig. LIOB), \.]i th
smaller numbers of other insects and a few amphi
pods. Interestingly, the pe r c h taken in September
(smaller mean size of 5.9 cm, 7.5 in August),
possibly a younger age class (probably 0+), were
still mainly planktivorous (Fig. 40C). lberefore,
conver sion from plankt I v o r e to in sec t i vo r e oec ur s
probabl y in the 5-7 ern si ze range. The co pe pod s
eaten by this last group of fi.sh were primarily
Macrocyclops albidu~.

OV],RLAP INI)i.(~ES

Robin Hood Lake

Of the 4 species collected in sufficient
numbers for calculation of overlap indices (Table
15), the banded killifish, ninespine stickleback,
and white sucker all had nearly identical d Ie t s ,
with Cladocera, copepods, larval chironomidae, and
amphipods forming the major components of the diet.
The fall fish diet did not overlap with any of the
other 3 fish species, with fish and large aquatic
insects forming the major part of its diet.

Bol ton Lake

As in Robin Hood Lake, the diets of band ed
kill ifish and white sucker overlapped almost t.o t.n l lv
(Table (6). The juvenile ye l Low perch in Bol ton
Lake, as discussed under the section for this
species, showed heterogeneity in diet. The largl·r
0: ~ 7.5 crn) fish collec ted in August wer e main] y
insectivores; the smaller 0:: ~5.9 cm ) collected in
September were planktlvores, hence the appa r en t;

overlap with both suckers and wht t e perch. 111l'
overlap between white perch and larger suckers Is
s omewha t surprising considering the relatively
greater utilization of larger aquatic insects hy the
large white perch.

Creasey Lake

The brook trout diets are obviously toted Iy
different from those of banded kill iEish and
ninespine stickleback (Ta b l.c 17). Unl ike the
analysis for Robin Hood Lake, the overlap be t.wec n
the killifish and ninespine stickleback d i e t s vJ;lS

not signi ficant. This is due primarily to the hu.i v v
utilization of larval chi ronomids by Creasey Lake
killifish. The stickleback relied more heavily on



C'lad oc e r a , Cladocera were more important in the
diet of Robin Hood Lake killifish.

Hurl Lake

Juvenile smallmouth bass diets overlapped
significantly with the smaller golden shiners, botb
being insecti vo r o us (Table 18). Large sma Llmout h
bass showed little overlap with any other group as
they are predominantly pi.s c i voro us , The strong
over between brown bullheads and pumpkinseeds
reflects importance of amphipods in their diets,
wid 1(' suckers an d golden shiners overlap due to the
importance of chironomids and Cl adoc e r a , The high
degree of overlap be t wee n bullheads and suckers is
s u r p r Ls Lng and may reflect the he t e r-og erie Lt y in
diets as well as the importance of c b tro noml d s ,

~1()sqtli.to Lake

There was little overlap In diet among any of
the species analyzed in Hosquito Lake (Table 19).

Kerr Lake

The three species analyzed for Kerr Lake
(banded lei 11ifish, ninespine stickleback, white
sucker) a Il had very similar diets (Table 20).

Mill Lake

The strongest dietary af fi n i.t i.e s emerging from
the Hill Lake analysis were among nines pine
stickleback, threespine stickleback, and white
sucker (Table 21). All 3 species fed primarily on
Cladocera. The larger yellow perch and lake chub
had similar insectivorous diets. Smaller yellow
perch and Larger white suckers also overlapped con
siderably due primarily to their common utilization
of larval chironomids. Insufficient data were
available for lJheaton, Stein, and Chisholm Lakes to
rlln overlap comparisons.

Overlap indices were also calculated to compare
die ts of the same species among various lakes.

Brook trout

Brook trout diets could be compared for Creasey
and Ho sq u i t o Lakes (Table 22). The overlap is not
quite significant due to the greater incidence of
f ish in the Creasey Lake trout stomachs.

Banded killifish

The overlap analysis indicates great homo
geneity in diet of this species among the various
lakes; only 2 of 15 comparisons were less than 0.7
(Table 23).

Ye l.Low perch

The juvenile yellow perch of Hill and Bolton
Lakes had very similar diets (Table 24).

l'h1.te perch

The diets of large white perch in the two lakes
showed considerable heterogeneity (Table 25). In
Bolton Lake they ate mainly larger aquatic insects,
while in IJheaton Lake they consumed large quantities
of plankton.
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Ninespine stickleback

Stickleback diets were very homogeneous, with
only 3 of 15 comparisons being below 0.7 (Table
26).

Smallmouth bass

Juvenile smallmouth bass of both ,'HII and :1ud
Lakes ate similar things, mainly aquat i c tn so c t s
(Chironomidae, Ephe mer o pt e r a ) (Table 27).

Lake chub

The relatively low index for Mill versus
Hosquito Lake reflects some heterogeneity in lake
chub diets in the two lakes (Table 2R).

White sucker

White sucker diets were very homogeneous among
lakes, with all comparisons being above 0.7 (Table
29).

VECTORIAL ANALYSIS OF FOOD flABITS

The data obtained from the stomachs of the
various spec Les for the 10 lakes will be summarized
with the use of vectorial presentation as described
in the Hethods section.

The chain pickerel's diet is almost totally
fish and lies on the "fish" axis (Ill, Fig. 44).

The adu I t brown bull head is primarily a con
sumer of invertebrates, with the diet about evenly
divided between small (Chironomidae, Amphipoda,
e t c , ) and large (Epherner o pt e r a , 'I'r t c ho pt e r a , e t c , )
aquatic invertebrates (112, Fig. 41).

The diet of adult white suckers lies in the
zooplankton-small invertebrate quadrant, shifted
somewhat toward the small i.n ve r t e b r a t e ax i.s ,
emphasizing the importance of larval ch I r onom I d s ,
The "center of gravity" for the various white sucker
vectors (113, Fig. 41) is 99,168° (99 representing
the length of the vector in arbitrary units, 168°
the angle relative to the "fish" axis going in a
clockwise direc t t.o n) , The points for the various
lakes subtended a fairly acute angle of 34°
(150-184°).

Only two points are available for juvenile
white suckers (114, Fig. 41). The Hill Lake point
suggests greater utilization of zooplankton by
juveniles compared to adult suckers. The BoI ton
Lake juveniles' diet was similar to that of adult
suckers generally. However, relatively more
zooplankton was ingested when compared with the diet
of adult suckers from the same lake.

Both fallfish and lake chub fed primarily on
larger aquatic insects as indicated by their
proximity to the end of that axis (#6, 7, Fig. 41).

The generalized nature of the common shiner
diet (lt8, Fig. 41) is reflected in its proximity to
the origin. The species utilizes a wide rang" of
organisms from zooplankton to larger aquatic
invertebrates. If the vacant quadrant were used to



indicate utilization of algae, then the Bolton Lake
shiners might approach the origin even more closely
as the algae ut II I zed would draw the point in that
d irec lion.

Golden shiners are somewhat general feeders as
well (#9, Fig. 42), with somewhat lesser emphasis on
zooplankton than was the case for the common shiner.

The juvenile smallmouth bass diet is inverte
brates with equal amouots of small and large
invertebrates contributing (#11, Fig. 42).

[landed kiLlifish rely heavily on small aquatic
invertebrates (mainly chironomid larvae) with zoo
plankton important as well (1/12, Fig. 42). The
extensive overlap in diet wi t h that of mature white
suckers Is evident.

The d i.c t of the n tne s p i no stIckleback is evenly
balanced between zooplankton and smaller aquatic
invertebrates (UI3, Fig. 42).

The one point for the diet of the threespine
stickleback (U14, Fig. 42) indicates a diet similar
to that of the ninespine, perhaps with slightly more
emp~lsis on small invertebrates.

Adult white perch are very versatile in their
feeding habits (#15, Fig. 42). Wheaton Lake white
perch lie within the zooplankton-small invertebrate
quadrant, Bolton Lake white perch near the large
Invel"tebrate axis, while Beaverskin Lake white perch
(unpub. data included here for compa r a t i ve purposes)
eat large numbers of fish. The total angle sub
tended by these vectors is 160°. Juvenile white
perch «10 em) feed primarIly on zooplankton (#16,
Fig. 42).

Adult pumpkinseeds feed on large and small
invertebrates in about equal amounts (#17, FIg. 43),
whi Ie juvenIle pumpkinseeds (1.7 em) are almost
totally pLank t Lvorous (1/18, Fig. 43).

The adult brook trout diet lies in the large
invertebrate-fish quadrant (1/19, Fig. 43), simIlar
in position to that of the smallmouth bass. Adult
yellow perch have diets (//20, Fig. 43) simIlar to
adult brook trout wi t h a bit more emphasis on larger
invertebrates as opposed to fish.

Yellow perch 10-15 em in length (#21, Fig. 43)
eat primarily larger invertebrates, while for those
5-10 cm in length (#22, FIg. 43) smaller inverte
brates are of greater importance.

The diets of all the species (and various sizes
of some species) can be arrayed as in Fig. 44. The
array Is related to a trophic arrangement with those
specIes and size-classes utilizing zooplankton near
the end of the zooplankton axis, and the other
specIes generally falli.ng near an arc passing clock
wise to the fish axis. For several species the dIet
111 "V(''; along the arc to larger food items as the fish
grm" III s l z c (e.g. yellow perch - 1/22-21-20; small
mou t h hass - /111-10; pumpk t n se e d l/lil-17; white
s uck or 1/1,-3). It is prohably true that proxImity of
diets on t h Is array Is IndIcative of the degree of
interspecific competition in feeding, although other
considerations such as manner of foraging and
habitat preference are very important.

Further subdivision of the diets might show
further differences among species wIth similar
diets. For example, the large Invertebrate category
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might be used as the basis for a s i rnI l ar vec tor
analysis. However, an analysis In greater detail
would require more Intensive sampling.

SPECIES ASSOCIATIONS AND SUSCEPTIBILITY
TO ACIDIFICATION

It was demonstrated (Peterson 1980) that, among
the 10 lakes studied, Mosquito, Robin Hood, and
Chisholm were the least 'buffered (0-20 peq/L
bicarbonate). Mosquito may be more sensitIve than
the other two because it has a smaller drainage
area, hence the direc traIn impac t should make a
more important contributIon to lake chemistry.
Mosquito Lake also has lItt l e humic content to
protect the fish from so l ub l Li za t Lo n of heavy
metals. Creasey and Kerr Lakes are also of low
alkalinity (ca. 50 peq/L) while i1ill, Bolton, Stein,
\Jheaton (ca. 150-200 peq/L), and particularly Mud
Lake (ca. 550 peq/L), are somewhat better buffered
against pH change.

Mosquito and ChIsholm, of the most sensitive
lakes, and both Creasey and Kerr Lakes In the next
category of sensitIvIty, all have good brook trout
populatIons. The ninespine stickleback is
associated wIth the brook trout in all four of these
lakes, and northern redbelly dace in three of the
four (Creasey, Mosquito, Robin Hood). Lake chub are
also present in Kerr and Mosquito (possibly Creasey
as well), while white suckers are present in all
these lakes, except possibly Chisholm. The brook
trout is one of the more resistant salmonids to low
pH with critical pH levels probably somewhere
between 4.5-5.0 (Daye and Garside 1976; Trojner
1977). The land-locked salmon population in Robin
Hood Lake may be vulnerable, depend ing upon the pH
of tributaries utilized for spawni.ng. White suckers
probably have a comparable sensitivity to low pH as
brook trout (Harvey 1980).

The pH sensitivity of several fish species in
these poorly buffered lakes (lake chub, blacknose
shiner, redbelly dace, ninespine stickleback, banded
killifIsh) is not known at present.

Yellow perch and eel s are considered to he
among the more resistant species to low pH, with
critical levels less than 4.5.

Other species which have been found sensitive
to acIdification (smallmouth bass, brown bullhead)
are not present in any of the poorly buffered lakes
studied and cannot be considered as endangered by
potential acIdIfication.

In summary, it is po'st ulated tha t the land
locked salmon, brook trout, and white sucker
populations of the poorly buffered lakes (Hosquito,
Chisholm, Robin Hood) would be most vulnerable to
acidification. A decrease of 0.5-1.0 pH unit from
mean summer levels of 1978 (pH 5.5-6.5) would
probably be damaging. The pH se n s i t i v tt y "I. o t lu- r
species in these lakes is not known at pre's"lIl.



ACKNOHLEIlGMENTS

He wish to acknowledge the assistance of J. D.
Martin, J. L. Metcalfe, n, A. Hennessey, R. G.
SiI,""iers, J. Dick, J. J. Melanson, P. G. Da ye , and
D• .1. Ihldish in collecting fish samples from the
vilrious lilkes. P. Connell and B. King kindly
granted us access to Chisholm and Robin Hood Lakes,
respectively. M. Redmond and his staff of the N.B.
Department of Natural Resources lent us a boat Hnd
motor for several sampling trips. N. McInerny
dissected the stomachs. S. Eddy, E. Harris, and N.
Mc[nerny performed most of the stomach analyses.
M. J. nadswell, D. Knox, and L. Linkletter identi
fied the Cladocera and copepods. M. J. Dadswell,
J. D. rta r t Ln , and G. Melvin reviewed the manuscript.
B • .I. Fawkes and J. Hurley typed the manuscript and
R. r:i1rlll'tt e d i t e d it. Last, but far from least, F.
Cunu i n g hzun prepared the figures.

REFERENC,:S

D"ye, P. G., and E. T. Garside. 1976. Ht s t o-'
pathologic changes In surficial tissues of
brook trout, Salvelinus fontinalis (Mitchill),
exposed to acute and chronic levels of pH.
Can. J. Zool. 55: 1504-1508.

Gascon, D., and H. C. Leggett. 1977. Distribution,
abundance, and resource utilization of littoral
zone fishes in response to a nutrient/
production gradient in Lake Memphrpmagog. J.
Fi sh. Res. Board Can. 34: 1105-1117.

Glass, G. E., and T. Brydges. 1981. Problem
complexity in predicting impacts from altered
precipitation c~emistry. Presented at Int.
ConL on Acid Prec LpLt a t Lo n Impacts, Cornell
Un Lv . , Ithaca, N.Y., August 1981.

Ha r vo y , H. H. 1980. \Iidespread and diverse changes
in the biota of North American lakes and rivers
coincided wi t h ac idification, p. 93-99. In
Ecological impact of acid precipitation. Proc.
Int. Conf , , Sandefjord, Norway , 1980.

Holmes, R. T., and F. A. Pitelka. 1968. Food
overlap among coexisting sandpipers on northern
Alaska tundra. Sys t , Zool. 17: 305-318.

Horn, H. S. 1966. Heasurement of "overlap" in
comparative ecological studies. Amer , Nat.
100: 419-424.

Hyno s , fl. B. N. 1950. The food of freshwater
sticklebacks (Gasterosteus oculeatus and
i~2'B.9steus pungitius), with a r ev t ew of methods
used in studies of food of fishes. .Y. An i m,
/Ccol. 19: 36-58.

Last, F. T., G. E. Likens, B. Ulrich, and L. Hallpe.
1980. Acid precipitation - progress and
problems, conference summary, p. 10-13. In
Ecological impact of acid precipitation. Proc.
Int. ConL, Sandefjord, Norway , 1980.

Morisita, M. 1959. neasuring of interspecific
association and sImilarity bo t wee n communiti.es.
Memoirs of the Faculty of Science, Kyushu
lIniv., Series E (BioI.) 3: 65-80.

-9-
Obrebski, S., and J .: Sibert. 1976. Diet ov or l n ps

in compet ing fish populations in the Nan" i Ill"
River estuary, p , 139-146. In C. A. Slmol1stad
and S. J. Lipojsky (Ed s , ) Fi;h Food Ha bi t s
Studies. Hashington Sea Grant, University of
Washington, Seattle, Hash.

Peterson, R. H. 1980. \vater chemistry of ten lakes
in southern New Br un swi c k , Can. Tech. Rep.
Fish. Aquat. Sci. 962: 25 P >

Smith, M. IV. 1942. The smallmouth bass in tl1e
Maritime provinces. Fish. Res. Board Can.
Prog. Rep. Atl. Coa s t Stations No. 32, 2 p ,

1968. Fertilization and predator control
to increase growth rate and yield of trout in a
natural lake. J. Fish. Res. Board Can. 2 '):
2011-2036.

Tr o j na r , J. R. 1977. Egg hatchability and
tolerance of brook trout (Salvelinus
fontinalis) fry at low pH. J. Fish. Res. Hoard
Can. 34: 574 -5 79.

Zaret, T. M., and A. S. Rand. 1971. Competition in
typical stream fishes: support for the
competitive exclusion principle. Ecology 52:
336-342.



Ta hle I. Dates of 197R g Lllno t operations in the
various lakes. Ch Isho l m, a prIv a t e lake) WHS not
fished with g Ll l ne t s • The ne t s were set for about
24 h , overnight, the date 1isted r e f e r r Ing to the
date when the nets Here lifted.

La k e June August September

--- ._---'._--_..-.

Hud 13 10 29
Bolton 13 10 29
Chisholm
Robin Hood 15 15 26
Ho squ i t o 16 15 27
Creasey 20 12 23
Kerr 20 12 23
Stein 14 9 28
Mi 11 14 16 26
\<Iheaton 21 9 27

------_._-- -------

-]0-

Table 2. Records of beach se in t ng in the various
lakes.

Lake June August Se ptember

------------------,--_._--._-----

Mud lOa

Bol ton i2 9 :1.7
Chisholm is 11 2fJ
Robin Hood 15 14 25
Mosquito 15 14 26
Creasy 12 9 22
Kerr 12 9 22
Stein 12 25
Mill 13 10 2.5
Wheaton 12 9 22

--------------
aMud Lake could no t be se ined due to drowned

timber in the shoreline. A length of sho r e l ine was
ro tenoned in Augus t •

'1',\hi t' 3. Occurrence of varto us spec ie s in the 10 surveyed lakes.

-_._._-_._---~--_.._-----------_.__._---

Spee ie s Creasey Kerr Stein i-Jheaton Mosqu I to Mill Robin Hood Chlsholm Bol ton Mud Total

Atlantic sa Imon X I
Brook trout X X X X X X 6
Ra in b ow smelt X X 2
Chain pickerel X 1
N. red belly dace X X X X 4
Finescale dace X 1
Colden shiner X X X X I.
Common sh t nc r X X 2
Lake chtlb X X X X 4
Creek chtlh X X X 3
Blacknose shiner X I
Fallfish X X X X 4
Pearl dace X I
\,h i t o sucker X X X X X X X 7
BrO\111 hull head X X 2
\':" I ;l X a X a n a
1l'"1 <I ,'<I kIllifish X X X X X X X X R
T'hr ec sp , stickleback X I
N i ue s p , s t. ickleback X X X X X X X xb

8
\,hi t e perch X X 2
Pumpkinseed X X X X 4
Smallmouth bass X X X X X s
Ye 11 ow perch X X 2

-------------,----------------

Species to tal 5 10 3 6 7 15 10 2 10 74

3Prescnce in fe r r e d from damage to fish in gil1nets.
bpresC'nt in smallmouth hass stomach.
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Table 4. Numbers of fish sampled in beach se i n i ng from the various lakes (number of species) •

Species Creasey Kerr Stein liheaton Mo squi to Mill Robin Hood Chisholm Rol ton Mud Total

-~._-~--~----~_.-
_._.__.--~--~

June

Brook t.rollt o 0 () 0 1 0 0 I 0
Hi! i n how smelt () () 0 0 0 I 0 0 0 I

N. r o cib c l.Ly dace o 0 0 2 1 o 0 0 0 3
FinC'scRle dace 0 0 0 0 0 0 0 0 0 0
Colden shiner 0 0 0 0 0 0 0 0 0 ()

Common shiner 0 3 0 0 0 0 0 0 22 25
Lake chub 0 I 0 0 0 0 0 0 0 1
Creek chub 0 0 0 0 0 0 0 0 0 ()

Blacknose shiner 0 7 0 0 0 0 0 0 0 7
Fall fish 0 0 0 0 0 0 II 0 3 14
Pearl dace 0 0 0 0 0 0 () 0 0 ()

I'hi t e sucker 0 0 0 0 0 4 0 () 34 38
Eel 0 la 0 0 0 0 0 0 0 I
Banded killifish Ii17 0 1 123 0 4 2() 0 7 772
Threesp. stickleback 0 o 0 0 0 Iii 0 0 0 Iii
NinesI" stickleback 8 o 0 1 11 5 20 115 () 160
\Jld. t o perch 0 () 0 32 o 0 0 () 23 )'>
Pumpkins('C'd 0 () 0 0 0 0 0 () 0 0
SIll;l i l mout It hilss () () 0 0 0 I 0 () 0 I

Ye II "" P(~ r c il 0 () 0 () 0 7 0 0 1 8

To tell Ii25 12 158 13 38 51 ll6 90 () !10li( 15)

August

Brook trout 0 () 0 0 0 0 0 0 0 0 ()

Rainbow smelt 0 0 0 0 0 0 1 0 0 0 I
N. redbelly dace 1 0 0 0 0 0 3 0 0 o 4
I'inescale dace 0 2 0 0 0 0 0 0 0 0 2
Golden shiner 0 0 0 0 0 0 0 0 1 o 1
Connnon shiner 0 0 0 0 0 0 0 0 114 o 114
Lake chub 0 o 0 0 0 0 0 0 I 0 I
Creek chub 0 0 0 0 0 I I 0 0 () 2

B1 ac k no se shiner 0 I 0 0 0 0 0 0 0 f) I
1'i1llfish 0 0 0 0 0 0 0 f) I 0 I
Pearl d ac e 0 0 0 0 0 18 0 0 0 0 18
llh i tt> Slicker 0 0 0 0 0 47 3 0 88 f) 119
Eel 0 0 0 1 0 0 0 0 f) 0 1
[landed k i llifish 3750 1 0 618 0 0 567 0 119 0 50 s')
Th r e o s p st i ckl.eb ac k 0 0 0 0 0 78 0 0 0 f) 78
Ni 1"-'Sp. stickleback 3 7 0 0 ll6 19 183 294 0 f) fin
\Jlli t e perch 0 0 0 1 0 0 0 0 22 o 23
Pumpkinseed 0 0 0 0 0 0 31 o () () 31
Smallmouth bass 0 0 0 0 0 9 o 0 1 152 b IIi2
Yellow perch 0 f) f) 0 a 16 a 0 35 () 51
Chain pickerel a 0 0 0 f) 0 0 a 1 0

To tal spec ies 3754 12 () szo n s 188 789 294 383 152 6308(20)
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Table 4. (cont'd.)

Spec Le s Creasey Kerr Stein IITheaton Hosquito Hill Robin Hood Chisholm BoI ton Hud Total

~-~---
-----~-

September

Brook trout 4 0 0 0 0 0 0 0 0 0 4
Rainbow smel t 0 0 0 0 0 1 0 0 0 0 1
N. red belly dace 8 0 0 0 0 0 0 0 0 0 8
Fi.nescale dace 0 0 0 0 0 0 0 0 0 0 0
Colden shiner 0 0 0 0 0 0 0 0 0 0 0
Common shiner 0 0 0 0 0 0 0 0 0 0 0
Lake chub 0 0 0 0 0 0 0 0 0 0 0
Creek chub 0 0 0 0 0 0 0 0 0 0 0
Blacknose shiner () 2 0 0 0 0 0 0 0 0 2
Fallfish () 0 () 0 0 0 0 () 0 0 ()

Pearl dace () 0 0 0 0 () 0 0 0 () ()

lihi t e sucker 0 () () () 0 0 () 0 0 0 ()

Eel () () () () 0 () () () () 0 0
Banded kill Hish 139 9 153 411 3 1 114 0 59 0 889
ThreesI" stickleback () () 0 () () 0 0 0 0 0 0
Ni ne s p , s t ick.Leb ac k 34 61 0 4 22 0 29 178 0 0 318
l,Jhi t e perch 0 0 0 0 0 0 0 0 0 0 0
Pumpkin seed 0 1 0 0 0 0 0 0 0 0 1
Smallmouth bass 0 0 0 0 0 18 () () 0 () 18
Yellow perch () () 0 0 0 78 0 0 58 () 116
Chain pickerel 0 () 0 0 0 0 0 0 () 0 0

To tal 175 7:J 153 415 25 98 144 17R 117 0 1377(9)

------~~-

Total

Brook trout 4 0 0 0 1 () 0 1 0 0 6(3 )
Ra i n b ow smelt 0 0 0 0 0 2 1 0 0 0 3(2 )
N. redbelly dace 9 0 0 2 1 0 3 0 0 0 15(4)
Finescale dace 0 2 0 0 0 0 () 0 0 () 2o )
Colden shiner 0 0 0 0 0 0 0 0 1 0 1(1)
Common shiner 0 3 () () () 0 () () 136 0 139(2)
Lake chub 0 1 0 0 0 0 0 0 1 0 2(2)
Creek chub 0 0 () () 0 1 1 () () () 2(2)
Bl ac k no se shiner 0 10 0 () () C 0 0 0 0 IO(l )
Fallfish 0 0 0 0 0 0 II 0 4 0 15 (2)
Pearl d.ic e 0 () () 0 0 18 0 0 0 0 IR( J )

Ilh it" suc k or 0 I 0 0 0 51 1 0 122 0 177(1.)
1,:,,1 t1 I 0 1 0 0 0 0 () II :' (;»
ILl1ld,'d I, I Iii r i "II it r)()h 10 I SIt II'i:' -j 5 7()1 0 IW, II 1>11 (,(H)

Tlll"l'I'-;;P_ 5t I ck I "hack () () () () 0 94 () 0 0 n ')I, ( I )
N i IH'-;-'p. stickleback 3', 6R 0 5 149 24 232 5R7 0 0 II OO( 7)
Ilhl t (' perch 0 0 0 33 0 0 0 0 45 0 78 (2 )
Pumpki n se c d 0 1 0 0 0 0 31 0 0 () 32(2 )
Smallmouth bass () 0 0 0 0 28 0 0 1 152 181 (3)
Yellow perch 0 0 0 0 () 101 0 0 94 0 195 (2 )
Chain pickerel 0 0 0 0 0 0 0 0 1 0 1(l )

~~~-

To ta 1 31.91(4) 97 (9) 154 (1) 1193(5) 154 (4 ) 324 (9) 983(8) 588(2) 590(10) 152(1) 8799(21)

aTaken in a minnow trap
bRotenoned.
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Table 5. Numbers of fish sampled by gillnetting in the various lakes ( number of species).

Spec ies Creasey Kerr Stein Wheaton Mosquito Mill Robin Hood Chisholm Bol ton Mud Total

June

Brook trout 5 0 2 0 0 1 0 12 a 0 0 20
Rainbow smelt 0 0 0 0 0 0 0 0 0 0 0
N. red belly dace 0 0 0 0 0 0 0 0 0 0 0
Golden shiner 0 0 0 0 0 0 0 0 0 457 457
Lake chub 0 0 0 0 6 1 0 0 1 0 8
Creek chub 0 0 0 0 0 0 0 0 0 0 0
1'allfish 0 0 0 0 0 0 7 0 1 1 9
\.]hi te sucker 0 1 0 0 5 20 5 0 9 6 46
Hhite perch 0 0 0 149 0 0 0 0 115 0 264
Pumpkinseed 0 0 0 0 0 1 0 0 0 10 11
Smallmouth bass 0 0 2 2 0 0 0 0 0 6 10
Yellow perch 0 0 0 0 0 41 0 0 0 0 41
Brown bullhead 0 0 0 0 0 1 0 0 0 16 17
Atlantic sa lmon 0 0 0 0 0 0 0 0 0 0 0
Chain pickerel 0 0 0 0 () 0 0 0 1 0 1

To tal 4 151 11 65 12 12 127 496 884 (11 )

August

Brook trout 0 5 3 0 26 0 0 3
a

0 0 37
Rainbow smelt 0 0 0 0 0 0 0 0 0 0 0
N. red belly dace 0 0 0 0 0 0 0 0 0 0 0
Golden shiner 0 0 0 0 () 2 2 0 () 128 132
Lake chub 0 0 0 0 3 2 0 0 1 0 6
Creek chub 0 0 0 0 1 0 0 0 0 0 1
Fallfish 0 0 0 0 0 0 19 0 2 0 21
Hhite sucker 0 0 0 0 38 36 18 0 3 11 106
Hhite perch 0 0 0 142 0 0 0 0 24 0 l66
Pumpkinseed 0 0 0 0 0 0 0 0 0 3 3
Smallmouth bass 0 0 2 1 0 0 0 0 5 7 15
Yellow perch 0 0 0 0 0 18 0 0 0 0 III
Brown bullhead 0 0 0 0 0 4 0 0 0 46 50
Atlantic salmon 0 0 0 0 0 0 2 0 0 0 2
Chain pickerel 0 0 0 0 0 0 0 0 1 0

Total Ob 5 5 143 68 62 41 3 36 195 558(13)

---~--
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Table r) • (cont'd.)

Species Creasey Kerr Stein Wheaton Mosquito Mill Robin Hood Chisholm Bol ton Hud Total

~~~~~"~~--'-~"-'-

September

Brook trout 13 0 0 0 2 11 0 0 0 0 26
Golden shiner 0 0 0 0 0 4 0 0 0 91 95
Lake chub 0 0 0 0 4 8 0 0 0 0 12
Creek chub 0 0 0 0 0 0 0 0 0 0 0
Fallfish 0 0 0 0 0 3 14 0 4 2 23
lihite sucker 1 11 0 0 10 65 14 0 5 44 150
Hhite perch 0 0 0 124 0 0 0 0 27 0 151
Pumpkinseed 0 0 0 0 0 0 0 0 0 0 0
Smallmouth bass 0 0 0 1 0 0 0 0 1 0 2
Yellow perch 0 0 0 0 0 63 0 0 0 0 63
Brown bullhead 0 0 0 0 0 4 0 0 0 0 4
Atlantic salmon 0 0 0 0 0 0 0 0 0 0 0
Chain pickerel 0 0 0 0 0 0 0 0 0 0 0

Total 14 11 0 125 16 158 28 0 37 137 526 (9)

Total.

Brook trout 18 5 5 0 28 12 0 15a 0 0 83(6)
Golden shiner 0 0 0 0 0 6 2 0 0 676 684 (3)
Lake chub 0 0 0 0 13 11 0 0 2 0 26(3 )
Creek chub 0 0 0 0 1 0 0 0 0 0 1(1)
Fnl l f I s h 0 0 0 0 0 3 40 0 7 3 53 (4)
\"hi te Bucker I 12 0 0 53 121 37 0 17 61 302 (7)
Hhi tt' perch () () 0 415 0 0 0 0 11)(, () Sf;1(2)

I'UIll pit j n seed () () 0 0 0 1 0 0 0 13 l!j (2)
Sma l l mout. It bass 0 0 4 4 0 0 0 0 6 13 27(4)
Yellow perch [) [) 0 0 0 122 0 0 () 0 122(1 )
Brown bullbead [) [) 0 0 0 9 0 0 0 62 71 (2)
Atlantic salmon 0 0 0 0 0 0 2 0 0 0 2 (1 )
Chain pickerel 0 0 0 0 0 0 0 0 2 0 2(1 )

Total 19(2 ) 17 (2) 9(2 ) 419(2 ) 95 (4) 285 (8) 79 (4) 15 (1) 200(4) 82 9( 6) 201)1(13)

aAngled.
bSevera] trout eaten by eels.
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Table 6. Indices of fullness of brook trout
stomachs for various lakes and months of the year
(1978). Sample size and mean lengths (cm) are given
In parentheses.

Table 10. Further identification of items Ln
killifish stomachs.

---------- ------------------

Table 7. Summary of indices of fullness (golden
shiner). Sample sizes and mean lengths (cm) are in
pa r eu t he se s ,

Creasey 0.805(5,16.2)
Hosquito
Kerr
SteIn 0.545(2,3.10)
nt i t

Spec Les

Eucyclops ~lis

Cyclops vernalIs
Eucyclops agilis

Latona setifera
Macrocyclops albidus

Cyclops vernalis
Cyclops ~~i;
Cyclops vernalIs
Eucyclops agilis
Macrocyclops albidus

Macrocyclops albidus
Macrocyclo~ albidus

Lake Date

Robin Hood 14-08-78

Stein 22-09-78

Creasey 12-06-78

Mill 13-06-78

l-lheaton 12-06-78
09-08-78
22-09-78

Creasey 11-09-78
09-08-78

September

1. 399(9 ,24.1)

1. 025(4,11. 9)
0.456(2,IR.2)

SeptemberAugust

August

2.174 (8,25.3)
0.772(10,24.7)
0.508 (2,20.9)
0.193 0,36.9)

June

June

Lake

Lake

HUI

Hud

0.75 (2,10.2)

0.44(35,12.1) 0.59(20,13.0)

0.240,10.4)

0.39(10,13.5)

Table 11. Indices of fullness for ninespine
sticklebacks. Sample sizes and mean lengths (cm) are
in parentheses.

Table 8. Fullness indices for fallfish. Sample sizes
and lengths (cm) are in parentheses. Lake June August September

Lake June August September Mill 0.707(5,4.1) 1.491(10,3.8)

Robin Hood 1.219(8,4.1) 1.059(16,4.1) 0.758( 7,2.7)
Bolton 0.356(6,19.5)

0.71.6(1,3.7)

Kerr 1.929( 7,3.5) 1.169(10,4.2)

0.519(6,17.2) 0.507(10,20.0) 0.336(10,18.3)

1.930(9,5.2) 0.815(26,4.8) 0.478(18,5.0)

1.071( 4,2.9)

Robin
Hood

NIl!

~1ud

0.726(10,12.4) 0.644 (8, IS. 5)

0.180 (2,23.2)

Mosquito

Creasey

Chisholm

Wheaton

1.667(8,4.4)

1.313(11,3.8) 0.968( 9, - )

0.363( 6,4.1)

Table 9. Index of fullness for Brown bullhead
stomachs. Sample sizes and mean lengths (cm) are in
parentheses.

Lake June August September

Hill

Mud

0.27(1,18.9) 0.70 (4,19.5) 1.06(4,18.4)

1.33(9,16.4) 1.12(20,17.9)
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Table 13.
stomal' hs ,

Indices of fullness for whI t e perch
Sample sizes are in parentheses.

Ta h l o 12. Fu r t hc r t dr-n r l.f t ca rIon o f items in nine
spine stickleback stomachs.

Lake

Bolton

Size> class
(rm)

>15
>10 .,: 15

~5

AlIglist

O.HR5(12) 0.245 (R)
0.170 (2)
1. 660 (5)

Sppt<.'mher

0.630(7)
I.OR2(2)

Lake

HOSq\lito

Creasey

Kerr

Robin Hood

HUl

Date

15-06-7R
14-08-7R
26-09-78

12-06-78

09-08-7R

15-06-78
- -06-78
14-08-78
26-09-78

10-07-78

Species

Cyclops s p ,
Hacrocyclops albidus
Acantholebris curvirostris
Cyclops vernalis

Diaptomus sp.

Nacrocyclops atet:.
Cyclops vernal is

Eucyclops agili~

Hexagenia
Eucyclops agilis
Eucyclops agilis

Eucyclops agUis

Wheaton >15
,.10.:; 15

~5

0.496(16) 0.546(14)
0.365 (')
1.270 (4)

1.112(7)
0.669(5)

\~he(1 ton

Chisholm

22-09-78

-08-78

26-09-78

Lantanopsis occidental is
( nauplii)
Eucyclops agUis
Macrocyclops albidus

Ishnura
Aeshna
GYClOPoida
Caenis

Table 14. Indices of fullness of smal Lrn out h bas s
stomachs. Sample sizes and mean lengths (cm) are in
parentheses.

Lake June August September

Mill 1. 335(8, 4.7) 0.650(5, 6.5)

Bol ton 1.139(1, 3.7) O. 840 (l , 14. 2)
0.277(2,21.9)

~1ud 0.195(6,34.5) 0.4(,h(9, 5.4)
0.911(7,27.8)

Ste in 0.114(2,26.2) 0.915(1,18.3)

Wheaton 0.290(1,38.0) 0.039(1,41.0) 0.601(1,23.4)
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Table' 1) .. ntot ov e r la p Lnd l r e s : comparison of fish species wl t h i n
Ro h i n lIood l.n k e , flatil from all fishings .rr e poo l cd •

L Ninespine \lhite
Spec ies n (em) stickleback sucker Fall fish

Banded killifish 7I 6.2 0.944 1. 00 0.46
Ninespine stickleback 38 3.9 0.81 0.36
\lhite sucker 28 21.0 0.45
Fall fish 35 [ 7. 1

Ta b l.c- 16. fliet ov o r la p indices: comparison of ft sh species within
Bo l t o n Lake. Da t a from a I I fishings are pooled.

Species n
L

(em)
Yellow
perch

\mite
perch

HhHe
sucker

(> 15 crn)

\Jhite
sucker

(~15 em)

-------------------------------

Banded killifish
Yellow perch
\-Jhi.te perch ( 10 em)
\-Jhite sucker ( 15 em)
White sucker ( 15 em)

29
21
42
15
20

5.1
6.8

19.3
26.1

9. ]

0.61 0.50
0.81

0.92
0.72
0.80

0.97
0.64
0.43
0.76

Table 17. Diet overlap indices: comparison of fish species
within Creasey Lake.

Species n

Brook trout 21
Banded killifish 174
Ninespine stickleback 18

L
(em)

30.6
6. ]
4.2

Banded
killifish

0.22

Ninespine
stickleback

0.09
0.50

Tn hl e Ill. fliet overlap Indices: comparison of fish s pcc i e s within Hud Lake.

Spt'C il~S

11

L
(cm)

Smallmout h
bass

(>20 em)
Brown

bullhead

Golden
shiner
(~1 0 em)

Gold ell
shiner
(> I 0 em)

\-1hl t o
Slicker Pumpk I n St'{,d

-- ------ - - - - -- ---------- ---------------- ----- ----------------------------

Smn l I mouth hass «10 em) 15 5.3 0.32 0.52 0.77 0.57 0.67 0.69
Sma l [mouth bass (>20 cm) 13 30.9 0.25 0.18 0.15 0.13 0.43
Brown bullhead 23 ]7.9 0.60 0.55 0.86 0.85
Golden shiner ('::10 em) 10 9.6 0.47 0.55 0.58
Golden shiner (>10 em) 55 13.2 0.82 0.50
\-IhI te sucker 28 20.6 0.67
Pumpkinseed 12 9.1
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Tabl e 19. Diet overlap indices: comparison of fish species
within No squ Lto Lake.

Species

Brook trout
Ninespine stickleback
Lake chub
Hhi te sucker

n

12
32
12
27

L
(em)

23.6
4.5

10.5
21. 0

Ninespine
stickleback

0.00

Lake
chub

0.29
0.19

Hhite
sucker

0.00
0.40
0.39

Table 20. Diet overlap indices: comparison of fish
species within Kerr Lake.

Spec i.cs

Ninespine stickleback
Banded killifish
Hhite sucker

n

17
10
12

L
(cm)

4.0
3.8

14.2

Banded
kill ifish

0.93

Hhite
sucker

0.85
0.95

Table 21. Diet overlap indices: comparison of fish species within Hill Lake.

Yellow White IVhite
L perch Threespine Ninespine Smallmouth Lake sucker sucker

Spec ie s n (cm) o 10 cm) stickleback stickleback bass chub c- 15 cm) « 10 cm)

-------_ ..~ ---

YeIl ow perch «10 cm) 20 6.6 0.61 0.69 0.65 0.74 0.61 0.76 0.59
Yellow perch e- I 0 cm) 37 17.8 0.50 0.29 0.67 0.79 0.48 0.22
Threespine st ickleback 17 0.71 0.58 0.45 0.83 O. 78
NinespinQ stickleback 15 3.9 0.59 0.25 0.86 0.90
Smallmout h bass 20 5.5 0.65 0.57 0.47
Lake chub 10 10.3 0.52 O. 17
IJhi t e sl1cker (>15 cm) 29 24.3 o, (,fl

IJhi t e Slicker ('<:'10 em) 14 6.0
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Table 22. Diet overlap indices:
comparison of brook trout between lakes.

L Hosquito
Lake n (cm) Lake

Creasey 21 20.6 0.63
Mosquito 12 23.6

Table 23. Diet overlap indices: compari.son of banded killifish among
lakes.

L
Lake n (cm) Kerr Stein hThea ton Robin Hood Bolton

Creasey 174 6.1 0.84 0.70 0.93 0.90 0.85
Kerr 10 3.8 0.8/+ 0.84 0.91 0.65
Stein 16 3.5 0.74 0.89 0.53
Hheaton 110 5.5 0.97 0.77
Robin Hood 71 6.2 0.94
Bolton 29 5.1

Table 24. Diet overlap indices:
comparison of juvenile yellow perch
be tween lakes.

Lake

Hill
Bolton

n

20
21

r
(cm)

6.6
6.8

Bolton
Lake

0.81

Table 25. Diet overlap indices:
comparison of white perch between lakes.

Lake

Hheaton
Bolton

n

52
42

L
(cm)

16.3
19.3

Bolton
Lake

0.64
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TabI c 26. Diet overlap indices: comparison of ninespine sticklehacks
among lakes.

Lake n
L

(cm ) Kerr Hosquito
Lake
Hill Rohin Hood Chisholm

Creasey 18 il.2 0.88 0.69 0.89 0.87 0.82
Kerr 17 4.0 0.82 0.95 0.96 0.81
Mosqui to 32 4.5 0.68 0.74 0.67
~1 i u 15 J.9 1. 00 l.OO
Ro h i n lIood J8 J.9 0.8il

Chisholm C
l 1t , 9

Tahle 27. Diet overlap indices:
comparison of juvenile smallmouth hass
between lakes.

-_._._-----_.------

L tlud
La kc n (cm) Lake

Hi 11 20 5.5 0.80
t·lud 15 5.3

Table 28. Diet overlap indices:
comparison of lake chub between lakes.

L l10squi to
Lake n (cm) Lake

---_.

Hil1 10 10.3 0.67
Hosquito 12 10.5

Table 29. Diet overlap indices: comparison of whitc suckers among
lakes.

La ke n
L

(em) No squ i t o ~li 11 Robin Hood BoI ton ~lud

--------------_.------

Kerr
Hosqui to
~1 iLL
Robin Hood
flo 1 ton
Hud

12 14.2
27 21.0
29 24.J
2R 21. 0
15 26.1
2R 20.6

0.87
0.86

I. 00
0.92
0.92

]. 00
0.92
0.91
1. 00

0.90
0.97
0.81
0.88
O.W;
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The following abb r av i a t Lo n s are used in the various figures depicting thc"
food habits of the various species:

Ac.
A. r ,
Am.
Ann.
Ar.
Chao
Ch.
ci.
Col.
Co r .
Cop.
Di p.
Di p v A,
Di p.L.
Di 1"1'.
Dix.
Ova
Eph.
F.
F. L.
F. Sc .
Ga.
HeLL.
Hem.

Acar ina
adul t insec t s
Amphi pod a
Annel ida
arachnids
Chao bo r us
'Chi ronomidae
C1 ad oc e r a
CoLeo pt e r a
Cod xidae
Copepoda
Di ptera
Diptera adults
Diptera larvae
Dipt e r a pupae
Irix idae
eggs
Ephemeroptera
fish
fi sh larvae
fish seales
Gast r o pod a
Heletdae larvae
Hemi ptera

Hir.
Hyd.
In.
Is.
Neg.
9-sp.
Od.
OL
as.
PeL
PIa.
Plec •.

Rot.
Seeds
SaL
Sph ,
Si
Te. I.
Tr.
Tu r b ,

Tip.
Unk.
Y.P.

Hirudinea
Hydracarina
Insec ta
Isopoda
negaloptera
ninespine stickleback
Odonata
01 igoc hac t a
Ostracoda
Pelecypoda
plant material
Pl.ec o pt e r a
Roti fera
seeds
salamander
Sphaeridae
Sisyridae
Terrestrial insects
Tr i.c ho pt e r a
Turbellaria
Ti pu I tdae
unknown
yellow. perch
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Large Aquatic Insects

1
20% Small Aquatic lnaect e

Fish...
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o
e
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~
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o
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Large
Insects

20% Fish

Aquatic

70% Small Aquatic Insecls

20% F~ooPlanklon -----------t---..,t---------------lO-Small
Aquatic Insects

Zooplankton

Fig. 1. Demonstration of the vectorial representation of food habits used
in this report. Four categories of food (fish, large aquatic insects,
small aquatic insects, zooplankton) are represented along the four axes.
The vector representing the food habits of a particular fish species is
the vector sum of the above four component vectors. Two examples are
shown in Fig. 1: a species consuming 80% large aquatic insects and 20%
small aquatic insects, and a species consuming 70% small aquatic insects
and 20% zooplankton. See text for detailed explanation •
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Fig. 2. Numbers of species of fish sampled in the
catch of the ten lakes surveyed, as a function of
lake surface area.
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Fig. 3. Percentage of stomachs containing various
food items in brook trout from four lakes. Creasey
Lake: no. of stomachs analyzed (n) ; 21, mean fish
length (L) ; 24.0 cm; Mosquito Lake: n ; 13, t ;
22.6; Mill Lake: n ; 9, L ; 24.1; Stein Lake: n ; 5,
1 ; 34.5.

Fig. 4. Percentage of stomachs containing various
food items in golden shiners. June: n ; 45, L
12.2; August: n ; 10, L; 13.5; September: n ; 10,
L ; 13.5 cm ,
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Fig. 5. Relative volumetric importance of various
food items in the diet of golden shiners. August:
Mud Lake, n = 13; Mill Lake, n = 2; September, n ; 6.

Fig. 6. Percentage of stomachs containing various
food items in lake chub. Mosquito Lake: n = 12, L ;
10.5; Mill Lake: n ; 8, L ; 10.4.
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Fig. 7. A. Percentage occurrence of fallfish
stomachs containing various food items in ten
fallfish stomachs (three lakes combined).

B. Relative volumetric importance of
various food items in ten fallfish stomachs (three
lakes combined).
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Fig. 8. Percentage of white sucker stomachs con
taining various food items. June: n = 6, L = 16.0;
August: n = 6, L = 32.8; Sept.: n = 10, r = 20.2.
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Fig. 9. Percentage of white sucker stomachs con
taining various food items. June: n = 5, I = 22.4;
Aug.: n = la, L = 20.1; Sept.: n = la, L = 22.5.

Fig. 10. Percentage of white sucker stomachs
containing various food items. A: n = la, L = 22.9;
B: n = la, L = 26.3; C: n = la, L = 21.4; D: n = 4,
L = 7.8; D: n = la, L = 5.2.
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Fig. 11. Percentage of white sucker stomachs con
taining various food items. A: n = 8, L 25.4; B:
n = 5, t = 27.3; C: n = 10, t = 8.7; D: n = 10, L =

9.6.

Fig. 12. Percentage of white sucker stomachs
containing various food items. A: n = 5, I = 24.0;
B: n = 10, L= 19.6; C: n = 10, L= 21.8.
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Fig. 17. Percentage of banded killifish stomachs
containing various food items. A: n = 7, 1 = 7.8;
B: n = 12, L= 3.3; C: n = 10, L= 5.9.
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Fig. 16. A, B: Percentage of brown bullhead
stomachs containing various food items.
A: n = 9, t = 19.0; B: n = 29, L = 17.4.
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Fig. 18. Percentage of banded killifish stomachs
containing various food items. A: n = 10, L = 7.4;
B: n = 47, L = 6.0; C: n = 11, r = 6.5.
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Fig. 19. Percentage of banded killifish stomachs
containing various food items. A: n ~ 12, L ~ 8.5;
B: n ~ 52, r ~ 3.9; c: n ~ 4.0, r ~ 4.6.
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Fig. 22. Percentage of threespine stickleback
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Fig. 23. Percentage of ninespine stickleback
stomachs cont~ining 'various food items, for all
months combined. A: n = 15, t = 3.9; B: n = 17, L
3.9; C: n = 38, [ 4.0; D: n = 18, L = 4.0; E: n =

32, r = 4.5; F: n = 59, L = 4.8.
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Fig. 28. Percentage of ninespine stickleback
stomachs containing various food items. A: n 5,
1 ~ 4.1; B: n ~ la, r ~ 3.8; c: n ~ 5, 1 ~ 3.0.

Fig. 29. Percentage of ninespined stickleback
stomachs containing various food items. A: n ~ 7,
L ~ 3.5; B: n § la, r = 4.2.
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Fig. 30. Percentage of white perch stomachs
containing various food items. A: perch >10 em
<15 em (n = 4, L = 14.4); B: perch < 5 em (n = 9,
L=2.0).

Fig. 31. A-C: Percentage of white perch stomachs
containing various food items.

D: Relative volumetric importance of
various food items in white perch diets.
A: n 22, L = 20.1; B: n = 8,·L = 19.8,
C: n = 8, L = 19.2; D: n = 12.
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Fig. 33. Percentage of white perch stomachs
containing various food items. A: n = 16, L = 18.9;
B: n = 14, L = 21.1; C: n = 7, 1= 19.4.
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Fig. 35. Percentage of smallmouth bass stomachs
containing various food ·items. A: n = 15, L 5.3;
B: n = 6, L= 34.5; C: n = 7, L = 29.2; D: n = 6,
L = 18.7.
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Fig. 37. Percentage of smallmouth bass stomachs
containing various food items. A: n = 20 (1 > 20);
B: n = 36 (L <.'. 10).
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coordinates as determined by the vectorial analysis
described in the text. 9: adult golden shiner; 10:
adult smallmouth bass; II: juvenile smallmouth bass;
12: banded killifish; 13: ninespine stickleback; 14:
threespine stickleback; 15: adult white perch; 16:
juvenile white perch.
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coordinates as determined by the vectorial analysis
described in the text. 17: mature pumpkinseed; 18:
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Fig. 44. Summary of the vectorial analysis of food habits for
all fish species studied. The heavily lined vector summarizes
the trends in the manner in which food habits change with
increased fish size. Species lowest in the trophic order occupy
positions furthest counter-clockwise, near the zooplankton axis;
those at the highest trophic levels furthest clockwise, near the
fish axis. 1: chain pickerel; 2: brown bullhead; 3, 4: white
sucker; 5: pearl dace; 6: fallfish; 7: lake chub; 8: common
shiner; 9: golden shiner; 10, 11: smallmouth bass; 12: banded
killifish; 13: ninespine stickleback; 14: threespine stickleback;
15, 16: white perch; 17, 18: pumpkinseed; 19: brook trout; 20-22:
yellow perch; 23. blacknose shiner.




