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- | ABSTRAct.
‘From June 2 to September 26 1974, ah.average
year11ng yellow perch. in, the Ottawa R1ver 1ncreased in

Fer

tota] ca10r1c content by 18 0 kcal and. accumulated 1. 638 X
10 6g of organlc mercury.» Est1mated rat1ons over this
per1od were 53.5 kcal at the 1eve1 of metab011sm pred1cted'
by w1nberg 1 (N1nberg, ]956) and 84.5 kcal at the 1eve1 of‘
metabolism predrcted by Winberg 2.-»Both food and water,
could.serve as significant sources.of po]1utant‘for'the
observed accumu1atfon of organ1c mercury e
Growth in. 1ength of year11ng perch was Tinear”

with day of year and g1ven by the.equat1on

| . -FL=1.712 + 0.036 day i

.Where, FL is fork ]ength (ct) of the perch and- "day", 'day

) of year from day 153 to 270, 1974 (June 2 - September 26).

T The ca]or1c content of the perch‘bver ﬁha T
' ,per1od was constant (4, 754 xh]/g dry wt ),—as waa the .
concentrat1on of organ1c mercury (432 17 x 10 9g dry wt ).

Feed1ng act1v1t1es of the year11ng yel]ow perch .

were d1urna1 Benth1c 1nvertebrates were the maJOF food

resource of the’ perch throughout the summer but’ 200p1ankt0n

were 1mportant d1et 1tems in.June (38 49 volume) while fish

' were s1gn1f1cant diet Jtems in August - (61 7% vo]ume) and

September (12 1% volum@)

S1gn1f1cant seasonal var1at1on was observed in

the canr1c content of severa] benth1c 1nvertebrates

Y
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A partir du len au 26 septembre 1974, une
perche jaune (perchaude) moyenne d'un an (d'un an parmls
la moygnne) de %a"rlv1ére“0ttawa augmgnta en teneur .

‘ca}orique totale de 18.0'kcéL ;t accumula 1.638 x.lO_Gg
de‘mercurg organique. Les rgtions pour cette période
&taient &valu&es a 53.5 kgal au niveau de m&tabolisme
prédit par ﬁinberg 1 (Winberg 1956} et 3’84.5 kcal au

niveau de métabollsme prédit par Wlnberg 2. Et lteau et

'la nourriture peuvent servir, comme sourees- 51gn1f1cat1ves

_de’ polluant pour 1! accumulation de mercure organlque notée.

(_i} ‘La croissance en longueur d'une perche d'un an.
_etalt 11néa1re avec la journée de 1' année et est l
regrésenteé-pqr 1'équation: ‘
- FL = 1.712 .+ 0.036 jour
FL signifie la‘longgepr {cm}.de la perche jusqu'a la .
fourche et "jour" signifie la journée de l'année'a partir.
du jour 153 a 270, 1974 (le 2 juin au 26 septembre).
La teneur caiorique de la perche durant cette.
période &tait constante (4,754 /cal/g poids sec) ainsi que

N -
la concentration du mercure organigque (432.17 x 10 9g

poids sec}. _' ) e

L

La perche 5aune d'un an se nourrit le jour,
Durant 1'&té, le bentﬁos in;ertébré constitue la source
principale de nourriture de-la_perche. Au mois de juin,
le zooplancton représenthit’ une source importante de

Y
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nourriture (38.4% du volume). mois d'aofit, les menus

' pgissons repré&sentaient 61.7% du volume de la diéte de la
‘perche alors qu'en septembre, ils ne constituaient que

12.1%.

[*]

' On.a noté une variation saisonnidre’ significative

dans la teneur calorigue de trois & quatre types de benthos

+

invert&brés. .
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CHAPTER 1 INTRODUCTION

Following seminal paperé of Lindeman (1942) and
Ivlev (1945), the use of a bioenergetic approach in the.
descr1pt1on of aquatic ecosystems has become 1ncreas1ng1y

prevalent. Over the past twenty years, a bioenergetic

.
. \M approach has been used in the analysis of growth and

 metabolism of a number of fish séec1es both in 1aboratory
experiments (Solomon and Braefield 19723 Nimii and Beamish
1974) and field investigations (Gerking 1962, 1971; Mann
1965; .Healy 1972; Hoss 1974; Wissing 1974; Small 1975).

In a bioenergetic approach, the dynamics of
interaction between and within components of.an aquatic
écosystem (or some part Ehereof)hare described in'terms‘of
transfer of energy. In an investigation of the bioenergetics
of a fish population, the different functions of that
popuiation, (metabolism, growth, reprodqqtign and feeding),wr
are expfessed in terms of a common unit Sf,energy.(caTories).
From these functions, a cgmu]ative energy budget may,be
calculated for the population. The cumulative eﬁergy ' (
budget may then be employed to determine the efficiéncy
of energy utilization Withfn the population and the
efficiency of ehergy transferito and from other members
of the food web (Klekowski et al. 1970). Information
_derfved from bioenergetic investigqtibns is of usé both
as a tool in understanding relations within natural

environments and as it may be applied to practical
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considerations such as aquacgltufe. A bioenergetic

\

pproach has also fo¥ped the bas1s for recent :models of

th\\accumu1at1on 0

C

po]lutants such as methy1 mercury by

f1sﬁ\{\agerstron et al. 1974; Norstrom et al. 1976).

a

discussed-

~equation:

\\\;;e energetics of natural populations has been

Winberg (1956) and may be expressed by the
~N
P R= 1 (M+ G)

e

N :
where R/{:_the en;pgy content of the food consumed (ration),

M is the energy réquired for metabolism, G is the energy

equivalent of growth and e(f) is the efficiency of

aAssimilation of food.

Norstrom et al. (1976) have estimated ration By

the equation:

where o
wher Tr

.81 8G + G)

’

R = 1 (a1r W
el(rt),

is a temperpture ‘dependent teym which gives Tow

routine metadfhiic le éi of a perch at any temperature“

N\
(0 - 25°C), W is the wet weight of the fish (g), B 2

constant relating growth to the energy associated with

growth and other terms as given above. Uptake of a

pollutant such as ﬁethy1 mercury and‘uptake from both food

;hd watér sources may be relatedjto metabolic rate and a

bi'energetic approach employed to describe pollutant

bioa

et al.

s

umulation by fish (Fageistrom et 'al. 1974, Norstrom

19

).
Although the bioenergetic approach to the study
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of prdduetion in snepies and populations of fish may be
simply expreeseq in the form of the above equations, the
acquisitjon of meaningfu1 and quantitative values for

the components of this formulation is a-difficult task.

It wis felt that existing data with regard to metabolic

rate and assimi]ation efficiencies of perch were sufficient
for the degree of prec1s1on required and accordingly this
study has concentrated on the measurement of field parameters
of the energetics and pollutant accumu]at1on of year11ng
ye]lew perch, Perca fluvescens (Mitchill), during a ‘period

of rapid summer growth.

[T TN
.

The objectives of the present study were there- \

tore: : & ' fig
1)  to determing the caloric’ content of organisms 13
common 1in the diet.of year11ng perch 1in the Ottawa River; .%%
S2)  to determ1ne the quantity and kind of food %i

consumed by the year1?ng perch; : B
3)" to define growth and changes in body compos1t1on

and po11utant concentrat1on of the yearling perch;

4) to use the above data and existing 1nformat1on

on metabolic rate of ye1low.perch to construct an energy . . '
budget for‘the yearlirig perch; -

5) and finally, to employ the above energy budget
and observed pollutant accynﬁlation to examine the process
of pollutant accumulation in wild fish and in particular
to define Qhe potentia1 contriPutien of food and water as

sources of uptake of organic mercury.



The study was begun during the’fa11uof 1973 "
and conc]uded in the summer of 1975. The bulk of field
work was conducted from Uune through September, 1974.
| The results of eachqaspect of this study are i
presented and d1scussed in Chapters 2 th Gﬁ‘h 4, In
Chapter 5 the res%%ts of the preF1ous chapteyrs-are emp]oyeg

in the construction of an energy budget for the

yellow perch and this energy budget is then employed in
an examination of poliutant accumulation by the fish.
Selection of Yearling Yellow Perch as the-Experimental
‘Species. ’ .

A previods study of StoBo (1971) had already
def1ned many aspech of the 1ife history of ye11ow perch
in the Ottawa R1ver Thus it was known that year11ng
yellow perch were}abundant in the study area throughout e
the ‘summer and that they grew rapidly over th1s period,
Add1t1ona]1y, the food hab1ts of yearling perch in the
study area had already been described and it was known
that the perch did not spawn as year1ings, thus complications
of gonadal production were avoided. The abdndance and .. *

rapid growth rate of yearling perch and the availabiTity

of comparative data made yearling yellow perch the fogical

4

' cﬁoice of experimental species for the present study.

The Ottawa River Study Area.

A three.mile section of the Ottawa River below

the cities of Ottawa and Hull had been selected as the site.

. .
cu .
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of iﬁvestigation for The Ottawa River Projec®?, a joint
Natxonal Research Counc11 - Un1vers1ty of Ottawa proaect
with the objectives of def1n1ng the transfer of po11utant
chemicals, espeiga11y methy1 mercury, through all compart-
ments’ both biotic.and,abiotic of‘thia section of the

L3 : .
Ottawa River,

° The Ottawa River in the study area (F1gure i- 1)
is a large, rapidly flowing temperate river with a reason-
ab]y high organic 1oad (Stobo, 1970) Temperature of the

river rises during the spring following break-up from

4

2-4°C to summer md}ima in the order of'23-26°C (D. Mortimer,

pers. comm.) then declines to 2-4%C with freeze-up, in

winter. At no time is the main river stratified. Addi-

t%ona] data goncerning the physical-chemical composition

of the Ottawa River/%n the study area are contained in the
Ottawa River Progra% Interim Reports, 1972, 1973 and 1975.

| Due to the steep{sjope,ofbanﬁs and the strong current

only limited areag of the.study area could be effectively

samplied by seine./, These areas, pr1nc1pa11y the large

shallow sand bars, at the upstream ends of Kettle Is]and

. and Upggr Duck {s]and, were the primary sites pf collection

~ - . \-—-‘-’\
of both fish and food 1tem5'thnoughout the present study.
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CHAPTER 2/ COLLECTION AND ANALYSIS OF FOOD ITEMS ¢
Introduction .

The analysis of energy flow through an aquatic
ecosystem requires a knowledge of the caloric value of
the §ystem's biological compohents.- To tﬁis end, numerous
researchers have investigaped the caloric vd]ues of a wide
range of freéhwater organisms (S1obodkin and Richman, 1961;
Comita and Schindler, 1963; Wissing and Hassler, 1968;
McCau]ey and Tsumura, 1974) with much of the ex1st1ng data
compiled in reviews by Prus (1970) and Cumm1ns and Wuycheck
(1971) Injaddition, the caloric content of a single

species may vary cons1derab1y with season (Slobodkin, 19623

1971; MWissing, 1969; Otto, 1974; Nilson,

such as a\yellow perch must therefore in¢1ude determinations
of the calpric Qalue of indiyidual food items throughout
the periﬁd investigated. |

In this study, ash.and caloric values of major
items in the diet of yearling yellow perch (as indicated
from the work of Stobo (1971))were determined at regular

intervals throughout the period investigated, June through.

September,‘1974. These values and coincident determinations:

of daily ration will be empioyed to give the caloric value

of ingested ration.

-
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.‘:Maferig1§71nd Methods
| Monthly cﬂ1f§c€f0ﬁs‘of invertebrates-amphipods,

1sopods,_ch1ronom1d 1armae and damself]y nymphs were made
with hand held dip nets from 11ttora1 vegetation and >
‘substrate within the Ottawa River Study area throughout
the summer, 1974. Minnows were coliected by beach seine
from the littoral arda at the upstream end of Uppef Duck
Is]énd in ‘August, 1975: The material was hand sorted to
taxonomic group, washed and frozen (-2000) for further
analysis.

For analysis, the organisms were thawed and
dried at 60°C for 24 hou?s (Crisp, 1971), ground to a
homogenous powder with a mortar and pestle and étored in
a dessicator. Minnows were freeze dried in a VerTis
lyopholyzer, then treated.as abovej*‘Pellets of sample
material were pressed, weighted (10 to 20 mg) and caloric
co@tent determ1ned using a- Ph111pson non-adiabatic

microbomb ca]orImeter (Ph111pson, 1964 - supp11ed by

Gentry Wigget Instruments Ltd.). The calorimeter was

ca1ibrated with benzoic acid (6318 cal/g). Correction was.

made for heat 1nput to the fuse wire but not for byproducts
of combustion, sulphuric and nitric ac1ds, as the error

_ introduced is minimal (Paine, 1971). Three to six
determinations of ca]éﬁ{c content were made for each
sampie. Ash ffaction.was determined by combustion of

sample material (10 - 20 mg) in a muffle furnace at 600°C

to constant weight (Crisp, 1971).

Paded i e mE
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Ana]ys1s of Data. » o
Data were compiled in a standard format on
computer cards. Mean, standard deviation and a one way <?
analys1s of variance of the caloric content of each, gfp
taxonom1c group for a11 dates sampled was computed using "
the SPSS gubprogram.BREAKDOWN (Nie et al., 1975) on the
University of Ottawa's IﬁM 370 computer. Similarly |
~individual date means were compared by t-test using the
SPSS T-TEST subprqgram (ﬁie et at., 1975).

Results and Discussion

..
~n

Amphipods, Gammarus fasciatus and Hyalella azteca,
were collected in quantities large enough to permit analysis

throughout the summer. Quantitiés of isopods sufficient

IO PRI By

for analysis were taken in July, August and September;
adequate samples of chifonomids were co]Iec£ed in July
and August, while sufficient damselfly nymphs, Enallagma
signatum, were collected in June -and September. Minnows,
Hybognathus nﬁchalis, an ‘important 1ate-sumﬁer diet item,
were collected in August, 1875. Although Fertain groups

of organisms - Ephemeroptera, Plecoptera and Trichoptera

were common in the diet of yearlirg perch, they were never.

collected in quantities SUfficient’for caforic ana]ysi; . T
The results of caloric and ash analysis of the

food organisms are presented in Table 2-1. In the amph1pod

Gammarus faseiatus, caloric value (cal/g dry wt.) was

similar in June and July but significantly lower (p < 0.05)

,:%H August. This may be related to the fact that G. fasciatus

reproduces in June - July and animals with eggs and broods



Table 2-1 . ' .

Ash and Caloric Valus of Food Itsss
(segn, standard error of the mean and pusber (nfpl“ givon)
Al

) \
Gamarus fasciatas f¢)) Pl .

) June 24 July 15 August 14 Septesber 13 Total .
Ash (8 dry we.}  22.99 & .65 19.30 & .73 22,33 ¢ S6*  19.811.25%"  21.09 2 T

’ (s) ) g (s) s )
cat/g (dry wt.)  AWS 257 42818 " 3934 #1220 4125 £ 53 4129 5 43
- Ty w - B ) 5) Q9 .
cal/g (ash froe 5455 2 74 5278 » 22° s077+ 144 SMA 266 . 2T 283 =
. ‘7 2 .
dry wt.) ) 162 . 5) ‘ ) (19)
+
Byaleila qateoa
. . June 24 ~ July 15 August 14 Sgptenber 24 Total
. Mish (8 dry we.), 25622 1,25 3891 2 .54 17.10 + 027 22.76 » .23%%  20.78.% .70%
' ¢ (s) - (5} 0 : )
calfg (dry we.) 5611 253 3669 + 67 4301 ¢ d5es 4315 2 61 3959 + 79°°
' (s) Y e 28 (5) - @)
cal/g (ash free 4704 » 68 T 4510 79" , 5171258 5580 + BO*e 4968 ¢ 100°°
dry wt. R
dry we.) ) (s} ® () (. _
Agellae opp. - . 1 o ' b - !
July 10 + August 14 ‘September 23 Total 1
’ : B * ° .
Ash (v doy wr.) . . s271 s 1.0 19,61 p 74T 2TAS L 250 27.22 % 144
- ‘ R _Te ) San
cal/g, (dry.wt.) ' 3252 » 150 L3981 » 122%% 37195229 . 3741 & 97
L &) ) 5] as
cal/g (ash froe 4750 + 320 sz 152 5208 240 5004 + 97
; . .

dry ve) (&) L falS) sy ()]

) P .
1o AN, e - -
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. July 15 + | Agust 14 . Total
Ash (b dry wrl) 2144 & 450 15.97 + 219 16.11 ¢ L.39
, @~ s m
cat/g Cary wr) 4176 + 30 a3 e e ST 2207
' ' o) o) o)
Ccal/g (ush free 5315 + 40 5507 + 55% sass w50
aywy @ ) ™
Enallagma signatum : : .
i i : Ju.lly - Septenber 23 Total .
Ash (¥ dry we.) 408 + .50 7 25.52 + .87"* 13,59 + 3.8
L) “*) .M
cal/g (dry wt.) 5102 » 107 5275 + 41 s1s7+ 61
) B a0y’
cal/g (ash fres . 5317 » 112 | 7093 + S4° 6205 :_.soz
dry wt.) &) o) a0 -
Eybogm;thu nuchalis ' ‘
© Ash (A dry we.) cal/g (dry we.} ecal/g (uh-free

. August 22, 1975

Table 2-1 (Coot'd.) *

12.79 & .57
5)

5858 * 19
sy -

dry wt.)

6717 + 22

. (3

(_1) Collections made In 1974 |:m1ess othervise noted.

‘. p < 0,05 using t-Test between spacies,
farciatus, ash A, July 15 with G. fascialus,
cme way _anlly:!.s ‘af variance.

category date ne:’ugs-i- &,
ash %, June 24, er
(3 or more groups).

**p < 0.01 Using t-Test or cne way saslysis of varidnce.
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were common in the- sample, while the an1mals were not in
reproduct1ve condition in August Otto (1974) noted a

similar late summer drop in. cé]or1c content of GamMarus

pulex in the Stampen strea

in Sweden. Overall seasona1

variation in caloric content (cal/g\dry wt.) of ¢. fasetiatus

‘

was significant (p < 0.05) and amounted g 8.0% bf the
minimum caloric value observed. Overall variation in ash

fraction was highLy'signifiCant“(p < 0.01) but the caloric

' Ciﬁlﬂe of the organic fraction (cal/g ash free dry wt.)

~remained constant. Variation in ‘the caloric cohtent-of

G. fasciatus was thus effectgd'through‘changes'in'the
relative size of the é§% fraction while the caloric éontent
of the organic fraction remained stable. Cummins and

Wuycheck (1974) reported caloric values of 4:050 cal/g dry

“wt. aq§ﬁ5,362,ta1/g ash freeg dry_wt. for Gammaridae, -and

the values-determined'in the present study lie within the

range given.

In the amphipod, HyaZeZZa aztecay ca10r1c content

(ca]/g dry wt.) was s1m11ar in June and July (3,600 cal/g

dry-wt.) thenmrose to highly s1gn1f1cant1y different

(p-< 0.01) Aubust - September values (4,300 cal/g dry wt.).
Overall varia%ion in ca1or%c content (cal/g-dry wt.) was
highly significant (p 1.0.01)Mand amounted to 19.5% of

the minimum caloric value observed. Total variance in

both ash percentage and the caloric value of the.organic
fraction {(cal/g ash free dry wt.) was highly significant

{p < 0.01). Thus changgs in caloric content of H. azteca

“
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were‘effected through changes in relative size of the ash _ .
fraction and changes in the caloric value of the organic

fract%on The vaTues determined in the presént.sthdy

lie within the range of values presented by Cumm1ns and
wuycheck (1971) for H. azteca with mean values of 4,033
*t§~/g dry wt. and 5,307 cal/g ash free. dry wt

,k\} N1th the 1sopods, Asellus spp., caloric va]ue

d1ffered highly s1gn1f1cant1y (p < 0.01) between July

(3,252 cal/g dry wt.) and August (3,981 cal/g dry wt.)
samples whiTe August and September values were similar.
Overall variation in both ash fract1on and ca10r1c content °
- {cal/g dry wt.) was h1gh1y s1gn1f1cant (p < 0 01) while

the canr1c content of the organ1c fract1on rema1ned

constant Seasona] variation amounted to 22 4% of the

- * _—
Y MLTIPIYA BT

ENREA

minimum observed ca1or1c va]ue (cal/g dry wt Y. As in

G.” fasczatus, changes in the relative size of the ash-

.
@ d LA e -

fraction effected changes in calori¢ content while Tittle

change was observed in the caloric content of the organic

- fraction. Cummjns and Wuychech (1971) reported a caloric . _

;value of 4,325 cal/g ash free dr‘y wt. for Asellidae, 3hair ’ ‘
- f¥gure is however basgd on on1y two “samples. ' 'j

H1gh1y s1gn1f1cant differences were found in .
both ash fraction-and ca1orig content of chironimid iafvae,
(p'< 0.01) between July (4,1j6wc51/g'§ry wt.) and August
(4 737 cal/g dry wt.) samﬁles, th1e a signifiéant -
(p < 0. 05) change occurred in the caloric- va]ue of the

| organic fraction (ca]{g ash free dry wt.). The ™ obsgrved’

° L ]
' »
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-
values Jie within the range of values reported by McCauley
~and Tsumura (1974) for chironomid larvae. .
| In the damselfly nymph, Enallaéma signatum,
highly significant differences were observed 1n both percent
ash fraction and in the caloric value of the organ1c
fraction (cal/g ash free dry wt.) { p < 0.01) between June
and Septemben samples, caToric conteﬁt\(caﬂlg dry wt;)
did not’ change significantly between samples. A detrease
in caloric content due to.increased ash content is opposed

'by an increase in the caloric value of the organic fraction

cenan Y

(caT(g dry wt.) presumably due to an increase in 1lipid

-~

-

At EH MAINYA SFT

content of the organic fraction. Tne mean caloric content
(5,188 cal/g dry wt.) is similar to that reported by
Cummins and Wuycheck (1974) of 5,350 cal/g dry wt; and
very close to that reponted by Lawton (1921) for Pyrrhosoma
nymphula of 5,&24 cal/g dry wt. | \\

The caloric content of the si]ﬁery minnow,

RIRPE Y I T O -

Hybognathus nuchalis, in August was 5,858 cal/g dry wt. ¢
Cummins and Wuycheck (1971) reported a caloric value for

cyphrinids of 5,761 cal/g dry wt.

In summary, sﬁgnificant changes were obsérved in .i
“the caloric content of items in the diet of yearling |
perch with changes in time. In G. .fasciatus these
d1fferences were 8.0% of the minimum observed ca1or1c

content, in H. azteca, 19.5% of the minimum observed

=N caloric content, in Asellus .epp., 22.4% of the minimum

observed caloric content and in chirofiomid larvae 12.1%



be empioyed w1th coincident determination of the quantity
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of the minimum observed caloric value. These changes are
of considerable jmportance in determining the caloric value -

of ration ingested by the year]ing perch. These values will

" and kind of food consumed by the perch (Chapter 3) to

determ1ne the energy equ1valent of the ration (Chapter 5)

in account1ng~the energy budget of the fish.

Changes -in caloric content (cal/g dry wt.) were

effected through two mechanisms. 1In the first of -these,

that exhibifed by G. faseiatus and Asellus spp., changes

~in caloric content were-Effecteéf;E?EUyﬁ”éhanges in the

relative size of the ash fraction alone with thé caloric -

value of the organic fraction remaining constant. The

second mechanism, as seen in H. azteea and chironomid

&

1arvée, effected changes in'ca]or{c content through
change’s in both relative size of tng ash fréc;ion_'

and the ca]oric‘valqe of the orgaﬁi;.fracfionl Th
éhanges in the‘ca1oric value of the organic fnact:zkﬁﬁre
1ikely indicative of changes 1in the amount .of storage
Tipid (Gerking, fQSS).. The observed di%ferenqgssbetwegn
the species of amphipod may be reiated-to h&bitat

differences, with H.‘azteca?a;sociated with Elodea

canadensis and Myriophylum spp. and quiet waters while
G. faseiatus was associated with Patamageton spp. and
open flowing water (Mackie, 1971)

' S

-

hoAns

P

.~

Anvygil MTIRYA T

9
K
-




~concerning the food hab1ts "of fishes. The food habits of y

-

 .changes and benthic invertebrates,(chironomid larvde and

of the yellow perch chenge in a defined manner with

_],7"..

~ CHAPTER 3 FOOD HABITS AND ESTIMATION OF RATION .

‘ N
Introduction
A knowledge of the kind and quantity of food
consumed by a wild fish is essent1a1 to an analysis of
energy transformat1on by the popu1at1on “Conversion of
these est1mates or 1ngested ratwon to their ca10r1c'

equ1va]ents (Chapter 2) aITows the1r inclusion’ 1n an

energy budget (Chapter 5).

"Food Hab1ts

There ex1sts a tremendous volume of 11terature

- the yellow perch, both in Europe, Perca fluvtattlzs, and-

in North America, Perca- flavescens have been the subject
of 1nvest1gat1ons by numerous researchers (Allen, 1935;
Smyly, 1952; Alm, 1954; McCormack, 1970 Stobo, 1971;
Noble, 1972b Cahnoh, 1973; Clady, 1974; Tarby, 1974).

o kb =

These studies -have established that the food preferences

growth. In genere1 this ont genetio process may be

divided'infokthree major stagés characterized by- the kind
of food consuﬁed- a p1ank£iverous stanza, a benthophagus‘ g
stanza and a p1sc1verous stanza (I1' 1na,,1970)

Young perch normally consume large quant1t1es
of zooplankton, ]arge]y entomostraca (Smy]y, 1952; Noble,

1972b). As the perch grows-older and larger the diet-



!

As the fish grows it is energetically advhntageous to

“select larger food items. Yellow perch are, however,
'growth rates in réspog;e to local environmental factors

noted the occurrence of all three feeding stanzas within

.are diurnal -(active and feeding during the day; quiessent

v

\r 4

pupae, amphipods, isopods, ephemeroptera nymphs, tr1ch4§tera
1 g.,~—etc.) become the major diet component, while th
1::;??:‘:::\alq§st fish feed mainly on fish although some
bénthip inverteb}ates @ay be.consumed {Allen, 1935; Alm,
19545 McCormack,M970; Stobo, 19715 Clady, ¥74; Tardy,
1974). . _
This process in which larger food items are

‘consumed as the perch grows larger is in accord with

theorgtiga] models relating energy expended in predation,

--eﬁergy derived from prey and the body size of the predator

(Kerr 1971a - c; Schoner, 19715 Werner-and Hall, 1974).

1( MANYA T

extremely plastic with respect to both food habits and

L s =
Ariwal

(A1m, 1954; Le Cren, 1958; Jerierska, 1974). Il1'ina (1973)

-

a population of underyearling yellow perch derived from
: z

a single spawning pair. In general, the transition from

ﬁianktiverous to benthophageous feeding occurs in Tate

underyear11ng to early yearling fish while the trans1t10n
to'a diet con51st1ng targely of fish occurs from late
yearling onward depending on food ava11ab111ty (Stobo,
1971; Jezierska, 19741. . _
In studies of movements and feedinq periodicity

of yellow perch, several authors have reported that perch‘

at.night) in their-activities (Carlander and Cleary, 1949;

!
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Parsons, 1950; Scott, 1955; Hergenrader and Hassler, 1966).

Tibbles (1956) howeyér, found fhat‘a.population of yellow
perch in lLake Mendota was active tﬁroughout the whole day,
similarly TarPy (1974) found no marked periodicity in the
feeding of adult perch in Oneida Lake, New'Yo}k. Keast

and Welsh (1968f found feeding of year]jng_yel1ow perch to
be &iurna] with distinct morning and evening peaks af
feeding acEjvi%y. Noble (1972b)rrepﬁ}ted that dimersal
underyearling perch fed diurnally with stomach contents
reaching a peak in the early morning and remaining constant
‘t111‘evening. It can thus be surmised tﬂat,feediﬁg-in

yellow perch is largely diurnal but may be altered likely
in response to food avai]abj]ity. 4);/

Enumeration of Stomach Contents, .

A number of methods of-enumeration of fish.
stomach contents have‘beeq employed by different authors.
These methods as reviewed by Hynes (1950) and Windell
{(1968) may be summarized as follows:

(1) %requency of occurrence method;-étomach contents
are examined with individual--Organisms sorted and
identified. The number of stomachs jn which each organism
occurs is recorded and expressed as a percentage of the
total number of stomachs exémined. ‘This ﬁéthod while
demonstrating which:-organisms are consumed gives no
indicatfon of the quantities or numberé‘of these‘organisms

in the overall diet of the fish.

AawUaT HTINYA BT
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(2) Numerical method; stomach contents are examined
and sorted to taxonomic grouping. The numbers of
individuals of éich group are summed to gPve total numbers
of each food item in the whole sample. These aré usually
expressed as a percentage of the total number of 6rg§nifn5
found in ali fiéh examined. Criticisms of this method'
are that it is often extfemel& difficult to count total

nquers of small organisms which may be consumed in very

-

large numbers by fish, or to obtain counts of fragmented
\

Jorganisms and that in the case of fish consuming plant

material such counts are meaningless. -

(3) Volume or weight method; stomachs of fish are
examined and sorted to faxonmﬁc grouping. The volume or
weight of each food type in the stomach is determined,
totaled for all stomachs and equégzzd as a percentagé
of the total volume of food in all stomachs examiped.
Difficulties with tﬁjS'method are encountered in the

determination pf accurate weights or volumes of very small

food items.

(4) Dominance method;(&ﬁe numﬁeg f fish in which

each item occurs as the chief ftem, botk numerically and

volumetrically is recorded, totaled for aJl stomachs

examined and expressed as a percentage of the total number

r

of stomachs examined.

(5) Relative fullness of stomach-points method;
each stomach is examined and assigned points on the basis

of fullness (0 pts = empty; 5 pts = 1/4 full stomach;

<
f

et MRYA
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. S f
10 ptslé 1/2 full stomach; 20 pts = full stomach; 30-40 pts
= distended stomach). §tomach contents are examined and
sorfed'to taxonom}c grouping. Each grouping is assigned
a portion of the total points assigned to stomach on the
basis of size and abundance. Points gained b& each
grbuping are\summgd and expressed as a percentage of the
totél.ngmber of points assigned all stomachs. The |
" limitation of this proqedure‘is the subjectivity to the
investigator. .

In the present study, stomach contents were
defined-by weight, frequency of occurrence and reaatiig

fullness of stomach. ) \
? 1

Food Consumpt1on |
! Estimates of food consumption of fish in nature
have been made through the use of four general methods
(Davis and Warren, 1968);

(1) Mitrogen BqTance method; fish are removed from
‘the wiﬁd population and held in cbnfinement for a short
period of tjmé. Tﬁe rates of nitrogen loss from gills,
kidneys an&_feces are determined. The sum of these losses
are added t3 the hjtrogen equivalent of observed growth
and the total is taken as the equivalent of the nitrogen .
content of the food. This techﬁique has been employed.by
Brikett (1969) and Fisher (1972).

(2) . Comparison with growth at known rations; fish

are taken from the w11d and, growth at specified 1evels of

ration is determined. Food consumption is estimated from

3

A
)
|
4
b
.
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a comparison of food consymption level and growfh rate

under experimenta1 conditions with the obeerved rates of
growth in natural situations. This method has been used
by Alien (1951), Gerking (1962) and Windell (1966). |

(3) Estimation of ration from metabolism and growth;

this method as proposed by Winberg (1956) assumes that

_assimilated food energy (80% of food consumed) may be

“their estimation of production of fdish spec1es in.the

used in this work in comparison with the estimated ration

estimated as the sum of the caloric equivaients of observed
growth in nature and twice the level of routine metabolism
as determined by laboratory resp1rometry This technique

has been emp1oyed by Mann (1965) and B]ack1e1 (1971) in

P

Thames and Vistula Rivers, resgectively. This method 1is

based on examination of stomach contents (see Chapter 5).

1
verarl MIINYA SF

(4) Estimation of ration from stomach contents of

l
i
{
¥

wild fish; a large group of fish from tﬁe wild are caught
and held in captivity. At.the time of cdpture and regular
intervals thereafter samples of fish are kilTed and the
quantity of food in ehe stomach of each fish determined

From the rate of disappearance of food from the stomachs

and from the quant1ty of food or1g1na11y present an
estimate is made of daily ration. This method as proposed
by Bajkov (1935) has been used by Darnell and Meierofto
(1962) and Wissing (1969). I

Keast and Welsh (1968) present a modificatiogn ~

of this method. Groups of wild fish are captured at
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~ regular intervals (3 hour) throughout a 24 hoyr period. -

The fish are killed and preserved on capfuré and the
wejght'of stomach contents per gram of fish determfned.'
From the mean weight of Stomaéh.conten't;s' per gram of, fish
weighf at each interval throughout the 24 hour period
minimum daily ration 1is estfmabed:

Noble (1972a) and Swenson and Smith (1973) in
another modification bf_this technique first obtain
estimates of dﬁgestion.fates of natural food items Sy.
fish of the species anhsize range being investigated under
laboratory coﬁditions.. This ﬁate is then used‘in conjunction

with observed levels of fullness of stomachs of fish from

the field to estimate ration. ' ;

In the present study daily ration was estimated,
fol1qwing the procedure of Tarverdiyeva (1972) in which
both consumption .and digestion are estimated from Tevels
of food in the'stomachs of wild fish at thé time of

capture. This method is shown diagrammatically in Figure

'3-1. Mean levels of stomach contents as a percentagé of

body weight are shown for intervals sampled (01J Ops +o- O

for intervals t], tos «ne tn respectively).

From those intervals in which a cansistent decline

in stomach contents is seen (t,, tg, tg) it is assumed that

only digestion is occurring. Interval digestion is

estimated ak the difference between initial and final

observed levels of stomach contents.

b2 (interval digestion) = 0, - 03

e =t}

i MOHPIWA T
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Figure 3-1

‘.;1

L]

Diagramatic represenfation of stomach content
level with time of day plot as used in

determining daily ration. Detailed explanation
given in text. A : -

o
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Field digestion rate {(FDR) is_estimated as the sum of ‘all
finterval'digestibns-(b%) divided by the ‘total time over
“which tPé§e interval aré'app]i;ab]el(ti).
Lo .Fiéld'd_igésfion rate (FDR) =",:.(b2 + by % °bg)
NG s NOERD

... For thosg'interva1§ in which original stomach

. contents are minimd] (< 0.2% body weight) ahd stomach
contents increase, interval ration is-estimated as the

.difference between ériginal and final ]eVels of stomach:

fullness. ' , ' |
L 3, (interval rvation) = 0, - 04
If stomacb contgnts are appreciable at the start.of the
interval (>f0}2%‘body weight), but a change in stomach
content 1egéﬁs other than the consistent decline of those
intervals for which iﬁterva] digestion was estimafed %s. .
observed, it is assﬁmed that ‘digestion.of the eontents
atithe.start of the interval occurs at the field digestion -
'raté and'an.expected,1eve1 of stomach contents is deter-
mined.- This expected level is calculated as the Tlevel
of stomach‘cqntents;at the beginning of the interval
minus the p}oduct of field digesti&é rate and the length

. N

of the interval.

ey (expected level) = o,- (fDR X tg)

4

interval ration-is then estimated as the difference of

the observed stomach level at the end of the intervé]|and

S

the expected level.

K
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a3,(1nterva1 ration) - 04 = €3
. Estimated daily ration'is the sum of interval

rations over the 24 hour periaqd.

r

Estimated Daily Ration (EDR} = ay + a; +oa,

This method assumes that a representat1ve port1on

a res1dent population is sampled throughout the day;
tn t th opulation feeds synchronously; that all food
itenk are digested ;t the same rate .and that the rate of
digestﬁon may be adequately descntbed by a Tinear function.
| Mark - recapture methods may give an indication<¢
of the validity of first assumptions.. .Windell (]1966) found
that there nas no marked dif?%rence in the rate of pessage
of food items of several types through the stomachs of
'bluegt1]'sunfish in both single and mixed mea],feed}ng
3 experiments. Similarly, it has been shown in a number of
studiés thet the size of meal hasrrelative1y-1itt1e effect
~upon rate of digestion (Hunt, 1560; wtndeli, 1966;'Kitchei1
and windefl, 1968; Magnoson. 1969).
_ Rates of-dioestion have been found to be linear
-in the b1ueg1]1 sunfish (Windell, 1966), bass, warmouth
and gar (Hunt 1960) andjghth sauger and wal]eye (Swenson
and Smith, 1973). Magnuéon (1969) determ1ned that a
po1ynom1a] regress1on w1th a re]at1ve1y small second order

component accounted for d1gest1on by the sk1p3ack tuna.

Bret 970), ockeye salmon, Tyler (1970) W1th cod

and E17i0t (1972) with brown trout; all found that digestion

.

was best described by an exponentie1 function. However,

<
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even if the rea]‘ .nature of gastrxc digestion is
exponent1a1, approx1mat1on of this rate by a 11near
function may not 1n;roduce ‘a 1arge error. In the present
case, field digestine rate isiestimated from data in
which stomach contents are ngays relatively h1gh (> 0.2%
body we1ght) In this pprt1on of d1gest1on function, the
exponeritial funct1on describing d1gest1on is steep (Brett
1970) and error 1ntroduced by a 11near approxrmat1on of
this portion of the exponent1a1 funct1on shou]d be minimal.
Accord1ng1y, in the present study,‘the f1e1d d1gest1ve rate

was cons1dered linear and daily’ rat1on w111 be est1mated

P,

by the’ procedure of Tarverd1yeva (1972) as glven above.

g
Mater1a1s and Methods.

.Collection and Handling of Fish;

AnvUSIT BHNEA P

| On each sample date (June 11, July 23, August 20
and Septemberﬂ18, 1974) fish were collected at 3-4 hour-
intervals from 3:00 hours to just after 24:00 hours.,
Co11ecticns were made on theblittora1 areas- at the upstream
ends of either Kettle (August) or Uppeg Duck (June,_July,

September) Islands. Yellow perch of the. appropriate size

range were co]]ected with. a nylon bag se1ne (100 ft x 6 {t.,
3/16 -in stretched mesh) with 1- 5 beach hauls made per

interval. If p0551b1e 10 or more fish were co11ected in
each samp]e interval but in some intervals fewer than 10
fish weré-collected. Fish were killed 1mmed1ate1y by a

blow to the hand and preserved in forma1%n (4%) solution.

TR ALY T . el
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Analysis of Stomach Contents;.

Preserved fish were damped dry on a paper towel,
weighed and fork and total lengths (Hubbs and Lag]er, 1964)
-measured. The intact stomach was removed from, the fish and
assigned points on the basis of 11ness. The ﬁtomach was
then damped dry and weighed. The omach.was tﬁén opened;
the contents requed and the empty stomach damped dry and
weighed.  The weight of stomach conténts'was the difference
between these weighings and was.expressed‘as a percént of
the fish weight.

The contents of each stomach were examined under
a binocular disecting microscope and the organisms sgrted:
to taxonomic groupings. Each grouping was then assigned
a proportibn of .the total points assigned'fo the stomach

on the basis of the size and abundance of each group.

bata Analysis; ‘ .
- Data for each individual fish (date of capture,
fish weight, fish length, weight of stomach contents,
~assigned points for the stomach and assigned points for
each taxonomjc grohpipg) was Eompi]ed on computer'cards.
and aﬁa1yzéd using SPSS subp}ograms (Nie_et al., 1975).
'weight of stomach, contents ﬁas correlated to ésgigned
stomach poin%s‘using the Pearson correlation coefficient,
$PSS subprogram PEARSON COR. Mean weight of stomach

contents for each time interval for each sample date was

calculated using the SPSS subprogram BREAKDOWN while the

-
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CROSSTABS subprogram was used in calcu1at1ng frequenC1es

of taxonom1c groupings of food items for each sample date

Results and Discussion.

:Res1dency of the Popu]at1on,

' In August and September a considerable number
of yearling perch had been tagged. Tagged f1sh caught
in early hauts and re]eased again were recaptured lTater
on the same day in the August sample (some 1nd1v1dua1 1.Y
fish were recaptured tw1qe), while in the September sampte
fewer fish were captured_dnd no taggedjfish reTeased tn .
the first §amp1es were‘recaptured jn 1ater'hau1s;' This -
inditates.that in the August sample, et 1east,‘the | B
population was resident in the sampie area throubhput tpe
day . : |
Relationship of Weight of Stomach Contents to Assigned
Stomach Points; _

Pearson correlation coefficients of .92 to .95

(p < 0.001) were obtained in re]ating aseigned stomach ' IR
points to the weight of stomeeh contents for each sample
date. The overall correlation fbu all months between
assigned stomach points and,stomaeh content weight was
.89 {p < 0.001). This indicates that stomach fullness
may be adequately estimated by the points method and
that further partitioning of these points is valid.

Noble (1972a) obtained similarly high correlations betweén

estimated fullness of stomachs (points) and weight of

A
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staomach contents. . L ewTm

Food Habﬂts
| ‘Percent vo]ume and percent’ frequency of' - o R pii,:

1nd1v1dua1 food item group1ngs ‘in the d1et~of year11ng

perch for a11 samp]e dates are. presented in Table 3 1.

Relat1ve vq]ume compos1t1on of food 1tems (over 2% vo]ume)

v in the diet of the perch on each: samp]e date is- I]Iustrated
1n FIgure 3 2 .The diet of yearllng perch changes cons1d-'
erab1y oVer the study period and from these changes the
ﬁo]low1ng trends in d1et are revealed

(1) Zoop1ankton (cladocera and copepods) were a

.-.mejorsfood resource‘for yearling perch in June (38% volume e e,

: ‘Pf{diet) but in sUbsequent months were either not consumed _E

Lor were'cdnsumed in minimal quantititeé on1y | |

(2) Benth1c,ﬁnvertebrates as a group were the maJor
food resource for the yearling- ye]]ow perch populat1on
throughout the study period. Amph1pods (Gammarus ]
fasciatus and Hyalella azteca) were found in high frequen-
cies in the diet for each sample intervail and compr1sed.

.a relatively constant proportion of the diet in all

months (9 to 14% volume of diet in any one intervaT; fd:s%
volume of the overal]“diet'for-:1t samples). ThertrequEncy - .
of occurrence of chironomid larvae in the diet of yellow

perch was .high in all months; in two months,'Ju1y'and ) ._
September . chironomid larvae comprised the major. constituent.
of the diet (44-46% volume) wh11e in July -and September :

were present in the diet in 51gn1f1cant proport1ons (10- T]%

+
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_Figure 3-2

-Relative Volume Compos1t1on of Diet of Year11ng
Perch on Dates Shown, 1974%*

1. Amphipoda 0.
2. Chironomidae Larvae 11.
3. Chironomidae Pupae . 12.
4. Ephemeroptera Nymphs 13.
5. Trichoptera Larvae 14.
6. Plecoptera Nymphs ) 15,
7. Cladocera 16.
8. Copepoda ‘ 17.

9. Fish

 Adu1t Diptera

Odonata Nymphs
Hemiptera
Isopoda

Hydracarina

Nematoda and Oligochetae_.

Molluseca

Miscellaneous

*Only items > 2% volume of diet shown, all others are

grouped in Miscellaneous.

E)

\
i
'z
.z

=
]
.

Q)
3
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volume). {Ephemeroptera nymphs were 1mportant diet items
in June (11% volume) and July (26% volume), and were
significant in August and ;eptember (6.5% volume).
Trichoptera 1aﬁy?e were_re]atively'important in the diet’
of yearling peréh in JUne (5.5% vo]ume)‘and Sehtember
(9.5% volume) whi]e:?lecoptera nymphs were significént'
diet items in June (8.1% volume).

(3) Fish, largely silvery minnows, Hybpgnathus
nuchalis, comprised the major diet item ﬁn August (62%
volume) and were éignificant in the September diet (iZ%
volume) of the yearling yellow perch.

These results clearly show the opportdnistic\
nature of feedinglby yellow perch yearlings and indicates
that the population may be considered as facultative

benthophages in the classification of I1'ina (1970).

Benthic invertebrates remained the primary food resource

of the yearling yellow perch throughout the summer but

other organisms, zooplankton and fish were consumed when

the opportﬁn ty availed itself..
The virtual hisabpearance of zooplankton from
the diet of yearling perch after June may in part be
attributed to}a cﬁange in food preference by the fish
| ood items bging preferentially consumed.
However, the observed decline in the .consumption gf
zooplankton by the perch must also be related to dramatic
decreases in the standing crop of zoop]ankton.obsérved

in open river sections of the Ottawa River Study Area

3T
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between June and July (Croskeryf-1972§ Trudel, 1973).
Galbraith (1970), McCormack (1970), Stobo (1971) all have
noted that zooplankton were significant in the diet of
yellow perch larger and older than those of the present

study. Thus; the obse}ved decline in the abundance of

zooplankton from the diet of the yearling perch after June ¢

is 1ikely related to changes ‘in the abundance of zoop]ankfon

mére than changing food.preferences.‘

‘Similarly the high inc{dence anﬁ proportion of
fish in the diet of the yearling perch in August reflects
the opportunistic nature of their feeding. All of the
identifiable remains of fish in the $iet of the August
sample were si]vergiminnows, Hybognathus nuchalis. These
minnows were pyesent in véry large numbers in thé sampling
area during the August col]ectiohs.‘ Several hundred
silvery minnows were often collected in seine hauls which
collected fewer than‘IO'yeafling perch. Qadri and Code
(1973) noted Simi]ar aggregations of silvery minnows at
" the upstream en?s of Kettle and Upper Duck Islands in
August, 1973. McCormack {1970) noted a similar August
increase in the proportion” of fish in ‘the diet of perch
of all ages in Lake Windermere and Tarby (1974) found
_ that predation of older pérch on underyearling perch was
most intense in August. The increased consumption of fish
in August is thus effected by an increase in the avail-

ability of fish as food to the yearling berch combined

with the increased capacity of the rapidly growing perch

auwnail MHNYA
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'to consume much larger food items in August than was
possible for these same_fish to qonsumé'in‘dune.

The food hgpits of the yearling perch over the
study period-were sﬁch that the peﬁch best fit the category
of fa;ultatiyé benthdﬁhages in the classification scheme
of Il'ina (1970). Benthic invertebrates were the main food
resource of thé perch over thé whole summé;. ZGoplankton |
and fiﬁh, 1argeiy mid-water organisms, weré'con;umed when
they were abundant and the opportunity dvailed itself. In
the absence of significant amounts of mid-water Qrganigms,
predation pressure upon the benthos increased,'anﬁ
chironimid larvae in particular became theﬂmqur diaf
item. - : : N

Feeding upon benthos was also opportunikyic to
a large degree._ The peak levels of individuai insect
taxons in différent monthslwere undoubtedly related to
changes in abundance and avéi]abi]ity of these organisms,
to the perch population which is in turn related to the
life history of individual insect species. The constant
proportion of amphipods in the diet of the yearling perch
indicates that the abundance and availability of these

LAY

organisms to the perch.remained constant throughout the

summer. The small but constant proportion-of adult diptera
in the diet indicates that s ome surfacé feeding occurred
and that the entire water ¢dlumn of the littoral zone was
employed in the feeding of the\year1ing perch.

Comparison of the diet of yearling perch in the

A
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Ottawa RiQer Study Area, 1974, with that noted by Stobo
(1971) for yearling perch frém Kettle Island, 1967-1968,
reveals several differences. Principal among these is

the ‘large contribution of debris (32;5% volume of dfet)
and gastropods (9.5% volume of diet) to the ration of
yearling perch in Stobo's study as compared to the present
study (mjs&e]Ianeous 4.4% volume of diet; molluscs .2%
volume of diet). Stobo (19]1) no£ed that much-of this
debris consisted of wood chips, other plant material,

pieces of moliusc shells and remains of unidentifiable

organisms, in that order of importance. 1In théFE“:sent
study, the misce]1anéous category consisfed of unidenti-
fiqblé remains of organisms,_identified organisms which
occurﬁed in only one or two samples (Colleoptera, Formicidae,
other'Hymenoptera, Hiuridinea, etc.) and plant materia]

in that order of importance, wood fibre was not noted:

The contributions of chiéonomid'1arvae,.ephemeroptera

nymphs and amphipods to the diet of yearling perch was far- ‘
greater in the present study, while the contributions of . |
isopods, odonata nymphs and trichoptera larvae were less

in the present study than in that of Stobo. Fish were

not noted in the diet of yearling yellow perch at the °
Kettle Island station in 1967-68 (Stobo, 1971) while in

the present study fish comprised a major ﬂiet,item in

August and were significant in the September digt. Stobo
(1971) gives neither the time of day or thé time of year

his fish were collected and his samb1e is based on only
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conditions allow the ‘perch to be more selective in their
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14 fish, but a comperison'of the diets. of yearling perch

“in 1967-68 with that of 1974 would indicate that feeding

conditions have imprpved-for the perch. Improved feeding.

- b

feeding and the proportion of detritus in the diet would

be expected to decrease as was seén in the present study.

L

Feeding Periodicity and Daily Ratipn."

The frequency of occurrence of diet items over

5% volume of month1y dief® and of empty stomachs (assigned

0 pojnts) for the time of day on each sample date is given

in Tables 3-2 to 3-5.

a4,

The diurnal nature of feeding by yearling perch

‘is clearly evident from the Tables 3-2 to 3-5.  Highest

_frequencies of empty stomachs were found in the pre-dawn

period.in'a]T months although there was no interval in

.which all stomachs were empty. The frequency of-empt%;
_stomachs decréases after dawn, Uften decreas1ng to zero,
‘and the frequency of empty stomachs remains 10w throughout

the day.. After dusk, the frequency of empty stomachs

increased,'and'high.frequencies were again found in the
fina]_?ampIing interval. No distinct pattern is apparent
in tHe‘relationship of the.frequenEy of any individual
food item to time of day. o

" The mean weight of seomach contents'(z body
weight). by time of day for each of the dates'samﬁ1ed is

given'in Figures 3-3 to 3-6. . The diurnal nature of feeding



Frequency of Occurrence of Food Items by .
Hour of Day - June 11, -

(only items > 5% volume of diet included)
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Table 3

_2 2

1974

AN

Time 04:30|07:30|11:00|15:30 [20:30 [24:30 {Total
Amphipoda 20 0| 37.5) 100 | 25 | 100 | 33.3
Chironomidae 0 20 | 37.5] 100 25 | 100 | 33.3
Larvae ,

Ephemeroptera| 40 40 | 25 o [ (.0 25 | 27.3-
Nymphs .

Trichoptera | 20 0} 12.5 0 0| 25 9.1
Larvae

Plecoptera 0 0o 37.5| 50 | 25 o | 15.2
Nymphs . R ‘

Ciladoeera. -0 70 59 0 B0 0-{ 3¢9.4
Copepods 20 100 | 12.5] 50 75 75 | 47.6
Miscellaneous| 40" | 80 | 75 50 | 75 | .25 [ 63.6
Empty Stomachs| 40 |, 0 | O 0 0 0| 6.1

&

.
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.\ Table 3-3
Frequency of Occurrence of Food 1tems by
Hour of Day - July 23 1974 '
'(only items > 5% volume o?’&1et 1nc1uded)

Time: 03:30|07:30}10:30|13:15|16:30120:30124:15 |Total

Amphipsda 10 50 [ 40. |20 |30 |30 |25 |29.4 ’

Chironomidae | 0 | 100 | 20 |90 {70 |90 |25 |67.4
Larvae :

y
L . 3

Ephe:eroptera 0 50 | 30 90 70 70 12.5| 47.1 L
Nymphs = : 5
. 'IS ! ) r:
Miscellaneous | 10 30 |50 |70 |40 |20 |25 35.3 i

. 1
Empty - 90 0 | 40 _4m0 10 10 | 62.5] 30.9
Stomachs =

rd
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Table 3-4 .
'3 . o .
‘ Frequency of Occurrence of Food Items by
_Hour of Day - August 20, 197Q
(only items > 5% volume of diet included)
Time =~ . | 03:00}06:301}09:3012:30116:00|19:00]21:451{24:45|Total

"Amphipoda -1710 30 " 50 .60 40 40 30 10 .[35.0
Chironomidae 10 60, - 50 1 70 | 90 60 20 30 (48.7
Larvae ) .

. Ephemeroptera) 0 |40 | 20 40 70 50 | 30 0 {31.2
Nymphs. \ ' : : P ’
Fish |20 |20 | 30 40 | 10 | 50 a0 | 30 {30
Empty 70 20 20 0 0 0 30 40 22.5
Stomachs

'\.
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Table 3-5

Frequency of Occurrence of Food Items by
Hour of Day - September 18, 1975

R

(only items > 5% volume of diet included)

Y

-

Time - ‘ 03:45|06:40)09:45 J3:00 15:4518:30121:45 24&45 Total
Amphipoda  |33.3 | 10 | 50 50 | 60 70 | 50+ | 50 |46.9
Chironomidae (33.3 | 10 |90 |100°[90 | 100 |25 |50 (68.7
Larvae : o ) . -t ] )
Ephemeroptera| 0 0o |30 30 | 10 a0 | 50 |25 |21.9
Nymphs : o O
Tpichoptera | 0 o | 20 70 |50 | 60 |25 |25 |34.4
Larvae

: A
Fish 0 0 0 0 {0 10 | 25 o | 3.1
Empty 66.7 (90 |10 | .o [10 | o |25 |50 [28.1
Stomachs ) - -

S
=1
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by the yeérTihg pgrch is ‘again evidgnng in all months mean
Stnmanh content weights in the sample subsequent to Sunrisé
and mean weights of stomach cnnﬁent; in tne sample prior to
sunset were greater than those of the interval after sunset.
“Thus year]ing.perch in fhe Ottawa River Stuny Area were
d1st1nct1y diurnal 1n their feeding habits A similar
diurnal nature in the act1v1t1es and feeding of yellow
perch has been reportqd by a number of authors (Carlander
and C]eany,‘1949i-Pansbn;; 19503 Scott 1955' Hergenrader
and ‘Hassler, 1966; Keast and Welsh, 1968; Nob]e, 1972b)

It would thus‘éppear this is a general pattern for yellow
perch a]thoﬁgh different feeding pétterné‘nave beén noted
for perch in some -instances (Tibbles, 19563 Tarby, 1974).
| Feeding periodicity from'sunrise to sunset
variéd considerab]y anong samp]e dates. In June {Figure
<3 3), feeding periodicity was d15t1nct1y bimodal with a

-
first peak in.stomach ful]ness observed in the ear]y

‘morning (07: BO‘EE\ . fo]]owed-%y ~-a- dec1¥ne in stomach
contents towards noon; a second peak in-stomach contents
\mas observed in the afternoon (15:30 nr.) with a subsequent
dectine in stomach fullness. Keast and Welsh (1968)
described a similar bimodal feeding periodicity with
distinct morning ann evening peaks in stomach fullness

for yearling yellow perch in June in Lake Opinicon,
Ontario. .

In July (Figure 3-4), three peaks in stomach

fullness were observed, the first in the early morning -
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Figure 3-3. Mean stomachfcontent_]eve]s of Yearling Perch
by time of day for June 11, 1974, Mean '
stomach contents (as percent body weight),
standard error of the mean and sample size’
(n) shown. (*Mean, range and(n) shown.)

, + Sunrise, + Sunset

.
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Figure 3-4,
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Mean stomach content levels of Yearling Perch
by time of day for July 23, 1974. Mean
stomach contents (as percent body weight),

standard error of the mean and sample size
(n) shown. '

+ Sunrise, 1+ Sunset

a

-
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(07:30 ﬁr.), a second in the early afternoon (13:]5‘ﬁr.)
and the third neaQ/sunsgt (20:30 hr.). In Augﬁst (Fiﬁuwe
3-5), a peak in stomach fullness was observed E§r1y in
the morning (06:30 h}.) fo]]dwed by a §1ight.decrease to |
a mid-morning level (09:30 hr.) which remaiﬁed constant
untqil ear]} afternoon (16:00 hr.) when stomach cohtenfs
decreased with a subsequent lesser peak in stqmach fullness
observed ih;the evening (19:00 hr.). In September (Figure
3-6),‘stomach fullness increased throughout the morning,
reached a relatively constant level from early afternoon
to evening after which the 1evei of stomach contents
subsequently declined. Noble (1972b} obs;rved plateaus
in stomach fullness similar to those observed in August
and September in the present study for demersal under-
yearling perch feeding upon zooplankton, in Oneida Lake,‘
New York. The observed changes\in feedinglperiodicity
result from changes in the avai]abf]ity of food items
.over the day and changés in digestion rate with different
températures and fish body sizes for.each sample date
(E11i0tt,1975). It is also apparent that a sampling
program begfhning at dawn and ending at dﬁsk would be
sufficient to account for the daily ration of year]ﬁng'
perch in‘thé_Ottawa River Study Area.

Estimated daily ration forryearling perch on
June 11 was 2.03% body weight with a field digestive rate

of .088% body weight per hour, while estimated rations

and digestion rates for the others dates were: Ju1y'23,

~



| _50-

Figufe 3-5. Mean stomach content levels of Yearling Perch
by time of day for August 20, 1974. Mean

stomach contents (as percent body weight),

. standard error of the mean and sample size
{n) shown. ,

+ Sunrise, ¢+ . Sunset
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Figure 3-6. Mean stomach content levels.of Year]iﬁg Perch

by time pf day for September 18, 1974. Mean
stomach contents (as:percént body weight),
standard error of the mean and sample size
(n) shown. ‘ -

+ Sunrise, + Sunset. -
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esfimated ration 1.48% body. weight, field digestion rate
.089% Body weightvpér hour; August 20, estimated ration - - .
4.é1$,body weight, digéétion rate .223% body weight-per
houf;'SepFember 18, estimated ration-.93%'50dy Qeighg,
djgésfioﬁ.rate.;044% body weight per hour. i
_ Tarverdiyeva (1972) reported that the field
. digestive.ﬁzz; of georgiah cod was 0.64% body weight per
T _ﬁour thle that of the'patagoaiaﬁ toothfishjwas 0.16% body .
. weight pér’hopr. thkdﬁ§1(1970)-estimated the rate of

field digestion of a 4 year old perch to be 0.12% body

weight per hour. Bofh phanges';n temperature. and changes

inlgﬁie of fish infiuen&e digestion rate (Brett, 1970; )

Noble, 1973) and it is possible tha£ a combinatign of both _ AN
' 'factons-was‘1argg1y fesbénsib]e for the observed- variation

in field digestioh rate. The extremely 1qw'estiﬁates of

Aol L

~ field digestive rate fof June .11, July 23, and Septeriber
18, could also be artifacts of'unrepresen%itive sampling

of the feeding fish. If field digestive rate was under-

estimated, ration would also bé:undereétimated. This o .

““}p?Ob]gm will be'commented on further in Chapter 5.

-4
t

The observed daily rations are within the range
Al

“of ‘values pepoxted. for the rations of wild fish by a  *

;<;\Jﬂﬂbber of authors (1-4% body weight per day). Keast and

Welsh'(1968) estimated the daily ration of yearling perch
. - N _ . k
in Lake Opinicon in-June to be 2.0% body weight per day, a

value similar to the estimated rafion in June for yearling

perch in the present study, while rations of other fishes

L

P o———— s L i
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in June were”&% body weight pe? daypfor rock bass, 2.6% .
body weight per day for pumpkinseed and 2.5% body yeight. 'Q@
per dday fo b]ueg?]]. Seabiurg and Moyle (1964) estimated
) ' : ~ . '
the rations of bluegill, pumpkinseed and crappie as 1-2% -

body weight per day averagéd oyer the entire gummer.

Chikova (1970) noted high 1eée]s of food consumption by "
fourth year perch and-estiﬁated the daily ration for August,
as 3,1% body weight per day. Jerierska (1974) found that
. 'year]%ng pgrch.wou1dvcbnsum%;from 4-to 8% body wgight per'
| Hay and that both ration. and growth were greater with fish
fed fish rather than invertebrates. - L ‘
' . The estimated ra£ions of tH}s Chapter when . | <

converted to %%bir caloric equivalents are utilized in

an overall energj_hggggg‘%ﬁ/Ciiﬁger.5. ' ) !

~
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.CHAPTER 4  GROWTH AND BODY "COMPOSITION OF THE YEARLING
: : . PERCH . - ¢

'h;Intnoduction
« Growth may‘be neasured in terms of'change in'

1ength we1ght, n1trogen content or energy level depending - X
~‘upon the obJect1ves of .the study in. quest1on RLcker (1975)
i demonstrated that the instantaneous rate of ange in '
'1ength ‘may be equated to the 1nstantaneous rate Vof change
~in we1ght through the use of a- constant 'b' der1ved trom

the length - we1zht re]at1onsh1ps ‘of the fish. Analysis K
of gnonth by cha ges in length or weight alone, although } :
're1at1ve1y s1mp1e, is 11m1ted in that it gives no 1ns1ght |
into changes in the comp051t1on of the fish. |

Gerking (1962, 1971) and others (Pandian 1967a,
1967b; Birkett, 1969) have considered that deposition of

]

a3

I. l
|

nitrogen in tissue, which is equated to increase in body

'pTOtEIH is the best index of growth Protein level

'within a species of f1sh, expressed as % wet weight,

remains re1at1ve1y constant a]though variations: of 15-18%
t

" -may occur between species {Hamoir, 1955). . Lipids on the

‘other hand may be considered ae.on1y~temporary energx_

reserves and are subject to large seasonal variation
“(Gerking, 1955)

In the bioenergetic scheme of. Dav15 and Warren
.(1968), growth represents the deposition by the fish of
that energy wh1ch is in.excess of energy requ1red -for

'metabo]1sm and energy which is unava11ab1e®to the f1sh

(fecal loss and nitrogenous excretion). Energy or ca1ortc

El
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content has been employed by Mann (1965) and Warren and
Davis (1968) to assess growth and metab011sm. N1m11 and
Beamish (1974) in an examination of growth of the large-
meuth bass found that the bioenerge}ic or énergy baséd
approach was most useful.ip describing'growth.

Throughout this study, lengths of yearling perch
were measured. In addition, monthly samples of fish were
taken for determination of body composition and po11utant‘
concentration. _Theee results provide the basis faor an
analysis of the growth ef yearling yellow perch over the - -

study period ahd‘its relation to pollutant accumulation.

Materials and Methods.

CU11ect10n of Fish; . .hﬁ

From June through September, fish were co1]ected

:
}
)
_‘1
1
A
.

by beach seine from the beaches at the upstream ends of
Kettle and Upper Duck Islands for both tagging and analysis.
An additional sample of yeariing perch were collected by
gill net from Kettle Island Bay in May, 1975. Fork and
total length of the-fish (Hubbs and Lagler, 1964) were

~ measured ane the fish tagged with a Floy fingeeling tag.

Scale samples were taken from the perch during the tagging

program, pressed between acetate slides and aged (Jobes,
1952). _ * |

A sample of 10 fish was taken from June through
' September, 1974, for body composition analysis. ' The

perch‘weee,he1d'for 24 hours in food free tanks {(supplied
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.with Ottawa River water) beforé being killed by a blow tp
-the head. The fish were blotted dry, total and fork
1engths/measured,,féa1es removed fdr aging, gnd weighed.
_'fThe,fish were then individually tagged and frozen (-20%C)

for subsequent analysis. ,

T r—

Body Analysis;
.IFpozen fish were placed in prewéighed pIastic;
trays and freeze-dried for 48 hours in a VérTis 1yopﬁo1yzer.
Fish were fhen weighed and dr we%ght and moisture content
determined. The fish were £ en ground to a homogenous
powder in a micro-miil {Tekmar Comﬁany, Model A-10), the
powder was then.fréeze dried for aﬁ additional 24 hours,
placed in air tight vials and frozen (-20°C).
IFrosén samples were allowed to equ%librate to |
‘room temperatdre in‘% dessicator. Three detérmina;ions
were made of ash and caloric content of eacﬁ fish tissue
using the methods g;ven in dhapter 2.

Lipid was estimated gravimetrically after
extraction of fish i%s;ue samples with chloroform-methanol-
water following the procedures of Bligh and Dye} (1959).
The_chlorbform (1ipid) extract was dried under nitrggen,
allowed to equi]ibrate to laboratory conditions and
weighed.” The Iiﬁid §ample was ‘redissolved in hexane: for
pesticide analysis (Norstrom and Peter, 1972).

Reﬁaining tissue was anq]yied for total and

inorganic mercury, (if sufficient tissue was present) by

a modified Magos method (Norstrom and Peter, 1972).




Condition factor was ca]cu]ated'by the formula

(Weatherly, 1972); ‘

K = 100 x-wet weight (g) / totaﬁ length (cm)3'

’Total calories per fish were determined by the fprmuia;

) TCAL

dry weight (g) x cal/g (dry wt.) (of the -

individual fish)

Statistical Analysis; '

A1l data were compiled on ;}mputer cards and
analyzed using the.SPSS subpr&grams BREAKDOWN, T-TESTﬁ
ONEWAY (oneway analysis of ¥ariance) and REGRESSION (béth
simple and multiple regressfons) {(Nye et al., 1975).
Analysis o}'covariance of 1ength-wéightfre]ationsﬁips of
the yearling perch was performed hsihg the program FP88A

at the National Research Council.
e

Results and Discussion.

The lengths of a total of 494 yearling perch -
were recorded from June through September, 1974. Thirty-
eight of these were in the mdnth]y samp]esﬁfor body
composi{;on analysis. (%WE of the ten fish taken in the
September bod} comppsition_séhple proyed tq be 2+ fish,-
rather than yearlings. Thex’weré excluded from an&lysis.)
In the tagging program, a total of 408 fish were captured;
tagged and measured; 48 fish were recaptured at least
once: (As above fish found to be older than yearlings

were not included in analysis.), No significant difference

was found in the mean lengths of yearling perch caught

1
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on the same day at the upstream ends of.kett1e-and Upper
Duck Islands (p < 0.01; Student's t) end the.samp]esnwere‘
combined in eubsequent ana]yeie .~ Table 4-1 gives the mean
1ength5 of all yearllng perch caught from June 1974 to

May 1975 (tag recaptures exc]uded) . fL'“- R

No- 1nterchange was observed between yearling

perch on the upstream end of Kettie Isiand and those on'
the upstream end of Upper Duck Is1and One hundred and ™
'forty -5ix perch were tagged at Kett1e Island and all f1sh
lrecaptured at this site (15) were tagged at the same's1te,
'51m11ar1y 262 fish mere ‘tagged at the head of Upper Duck

Is]and and a]l fish recaptured (33) at this 51te had been o
\(tagged there. K . ‘ , ' ' . .

Length - Weight Relationshipss -~ ° . ., . T

Fork ]ength of yearling perch was related to . K

¢ota1 length of the perch by the ol]owing'expression:
TL (em) = 0.381 + 1. 104 FL {(cm

Standard Error (b) = 0.003; .998;" n.= 454 (4-1)

d

where TL is total Tength of fish, FL is fork length of fish.

In all expressions relating length and other variables, g ky//'

b -
fork length shall be used as -it had a consistently better

.correlation to other variables than did total length.

The re]atton‘of"Qength of fish to fish weight,
both dry and wet weights respectively, of- year11nq perch
used in body analysis was:

log WW (g) = -2.018 + 3.084 log FL (cm)
standard error (b) = 0.062; r = 0.99?; n o= 38 L (4-2)
where WH is wet weight of fish, FL as above.

L)
-
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Table 4-1

Mean Fork Length

1

Day of S.-E.
Date 1974 N (cm) of Mean
June 3, 1974 154 | 13 7.469 191
June 4, 1974 155 4 7.375 .240
June 14, 1975 165 15 7.660 117
June 28, 1975 179 | 10 8.180 223
June 29, 1975 210 10 9.280 .200
August T, 1975 212 | 28 9.332 .154
August 2, 1975 213 14 9.121 .222
August 13, 1975 224 |2 9.975 194
_August 19, 1975 231 ‘58" 10.115 .090
August 22, 1975 234 | 10 10.030 169
August 28, 1975 240 | 54 10.596 .087
september 5, 1975 | 247 |140 10.655 L0671
September 12, 1975| 254 52 10.844 .090
September 13, 1975 255 16° 11.025 .209
_September 26, 1975] -270 | 8 11.487 .21
May 15, 1975 501 | 16 10.569" .89

%,
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Tog DW (g) = -2.958 + 3.438 log FE (em)

standard error (b) = 0.084; r = 0.387; n = 38 -(4;3)
where DW is dry weight of fish, FL as: above.
Comparison of 1engthéwe{ght regreégions based on individual
monthly samples with the overall length-weight regression
based on the combined data for ;11 months by an analysis
_of covariance (Snedecor, 1956), revealed no significant
difference between regressions (p < 0.01). Thus thé overall
regression equations, 4-2 and 4-3, are used subsequently
in describing all yearling perch from June through September.

The coefficient 'b' of equation, 4-2, is nearly

3.0. This indicates that th?oughout the observed growth

stanza the yearling perch were growing isometrically

. (Tesch, 1968). . . !

Changes in Body Compositions

Table 4-2 presents the results of ash, moisture,
‘Iipid,'caloric and mercury analysis of yearling yellow .
peréﬁ from June through September, 1974. While signfficant‘
differencés were found'between.samp1es iﬁ those criter{a
_which reflect growth of the fish over the season, length,
weight and total calories per fish, the body composition ‘
and mercury contamination of the yearling perch remained - )
+ relatively constant. .

Significant differenﬂes in moisture content were
bbsérved_between the June 28'§amb1e (76.75% moisture) and

the July 29 sample (74.86% moisture) {p 2 0.01) and the

8
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July sample and the August 22 sample (73.69% moisture)

(p < 0.05)., Although overall variation in moisture content
for 'all dates was statistically significant (p < 0.05),
actual changes in moistu¥q\égifent were small (73.69 -
76.75% wet weight) andlthe biological significance.of
these-differences may be minima}.

The ash fraction of the year]ing perch was
constant throughout the study period (18.5@% Hry,weight)
with no significant variation observed between samples,

No significant difference was observed betweén
sample dates with reéﬁ?ct to either 1ipid content or
condition factor. Tﬁé overall Vari&tién in both 1ipid
content and condition factor was sign{ficant (p < 0.05);
with 1owest-mean 1ipid content (10:73% dry wt.) seen in
June apdrhighe:t mean 1ipiﬁ content (14.12% dry wt.) seen
in Ahgust.

Caiorfﬁ content of the yearling perch remained

‘constant. Although a significant difference was observed

in caloric content between July and August Samp1es;

dverall variation was not significant. The mean caloric
content of the yearling perch was 4,754 cal/g (dry wt.{
and 5,823 cal/g (ash ?rqe dry wt.) respectively.

While there was no significant variation in the
,concentration of fota1 mercury in the yearling perch over
all sample dates, a significant decrease (p < 0.05) in
the concentration o% total mercury was observed between

August (650.29 ppb) and September (502.86 ppb). This.

it = T
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decrease was largely effected by a highly significant
~decrease in the concentration of inorganip‘ﬁercuny in the
_year]ing perch bbsef@ed between August-(]fZLBB 6pb) and
Septemge;'(f19.01.ppb). Overall variation in goncentration

of inorganic mercury was. significant (ﬁ < 0.01) but n¢

significant variation in the concentration Qf'brganic
mercury was obServea: The ratio of organié mi:S‘ to
inorganic mercury in the yearling perch thusﬁincreased
from Z.ZI:W.O‘iﬁ Juné to 3.2[:Il0 in September. The change
in ﬁhe concentration of inorganic mercury from August to
September would appear to cof%e]ate with the observed
increase in the contribution of fish tb the diet of
yearling perch over this period (Chapter 3).

A h1gh correlat1on (negative) was obéerbed
between lipid content and moisture content (r = -0.708;
p i 0.01). similarly, a high correlation was observed
between qa]onic content (cal/g dry wt.) and 1ipid content
(r:= 0,779;{p-i 0.01). vThus changesiin caloric content

were effected principally through changes in 1lipid content.

TheSe findings are in accord with reports of Gerking (1955},

Love (1970) and Nimii and Beamish (1975).

- Pearse (1925) reported a considerable variation
in the fat content of yel]ow perch w{th season, with Tow
values observed in the spr1ng, (1 2% fat on a wet weight
basis), highest levels ‘seen in late summer (4 5% fat wet

weight) and intermediate levels in the fall (2-3% fat wet

weight). Newsome and Leduc (1975) reported a similar

|
]
1

4+
I




-66~

‘trend in the seasonal varjat%on in fat content of immature
yellow perch in stunted populations in two Laurentian

Takes., Jerierska (1974) found that yellow perch caught in
March had a Jower ca]orié value than perch caught in
September (5.35 %ca1/g ash free versus 6.27 kcal/g ash

free) "and considered this indicative of a Tower lipid.
content in the March fish. Wissing (1969) reported changes
‘ in the caloric content of underyearling white bass*?j

Lake Mendota of 500 cal/g dry wt. (11% original value)
between August and September. Kelso (1973) notfd an

. . ) . .G
increase in the energy content with.season of walleye in

Blue Lake, Manitoba, ¢ 12% of the total energy,

which - coincided|wi seasg&sl growth patterns. Gerking
(1955) found little differénce in the fat content of

summer 4nd fall bluegill. The consistency of the body

composition and caloric content of yearling perch observe

in the preseht sﬁudy is‘thus contrary to the general

observation that in wild fish, caloric and lipid content
reach maximum values in latée summer, presumably in- F
preparation for overwintering.f Many of fhé previously

mentioned studies however were conducted on older, mature

fish where complications of lipid deposit{on in relation

to reproductive cyc1esfc0u1d.mask purely seasonal trends. 'f
Thgse‘studies of imma@ﬁr@ fish have been of either warm-

water fish, white pass (wiss%ng, 1969);_which-may hot feed
gverwinter or of perch‘wﬁich were-stdnted-and thus likely

food 1imited (Newsome'an& Leduc, 1975). ’The perch
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populat1on 1nvest1gated ;n the‘present study showed good
growth relative to perch of other areas (Stoba, 1971) and.
yellow perch do feed cons1derab1y overwinter {Moffet and
Hynt, 1945}, The yearlwng perch of the present study had
relatively high Jigid content (>10% dry wt.) at.all times
"whereas those of Newsomg and Leduc (1975) had a re]atiyely .
lTow lipid content (5-6% dry wt.) in June which increaged
with season. Thus Ottawa River yearling perch may not
exhibit marked seasonal variation in lipid content, cakoric
content or conditiou factor because they maintain a
relatively high lipid and ca10r1c content and a high

cond1t1on factor throughout the year

Growuh; _ _
The relationship between .length of the yearling -\
perch:and day of year from déy‘153 {June 3) }%%Qﬁy 270 . <
(September 26) 1974 is shown in Figure 5-1 (tag';écapturES
were e&c1uded asﬁuagging may affect the grdwth of the fish
(Tgsch, 1968)). As the sample of yéar]iﬁg perch caught
May 15, 1975 were of similar size to those caught in ]ate

September it is assumed. that growth beyond day 270 was

-4-&5

negltigible. The relation between change in 1ength of the
percm and day of year‘was linear (Test -0f lineararity,
.Nye, et al., 1975; F = 0.81, df 1’14:' s.), with the
year11ng perch grow1ng at a rate of 0 036 cm per day 7
| The relation of growth in Nength to day of year was thus "
Fork\\hqgth (cm) = 1.712 + 0.036 day - ‘ .
(153<day>270 ) SE(b) 0.001; r = .806; n = 434 . : (4-4)

‘\(. .‘ N "

It
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Fork Length of Yearling Perch by day of year
from day 154 {June 2) to day 270 (September
27), 1974. - ' ~ :
Mean and 95% confidence limits of mean Fork
Length shown for individual lines.
Calculated regression of Fork Length versus

~ day given by Equation 4-4 in text.

Fork Length (cm) = 1.712 + 0.36 day

’
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4-3 and 4-4, the.w€T§ht

aqd;

qrowth raté (g per Qay) of an ‘average yearling yellow perch

of dry or wet weﬁght by the equattons given below:

Ney-and Smlth (1975) have reported a simflar

for qny_dey'guriﬂg'this‘period_méy'be_estimated in terms

- . . ) (4
. d i (é/day) - 1.07 x 1073(1,712 + 0. 036 day)z 084 (
t . . - 4
DU (g) = 1..10 X ]0 (1 712 + 0 036 deT;)438 . .
" : SO (4
dt . | (4

_11near relat1onsh1p ‘between- growth in length and day of

.year. (dur1ng the growth per1od) for underyear11ng ye11ow

+

perch in the Red Lakes, M1nnesota

The growth of year11ng ye]low perch in the

,Ottawa R1ver Study Area, 1974, was very similar to that

*

-5)
-6)

-ﬁa)_

reported by Stobo (1Q71) for the growth of year]1ng ye11ow

‘perch at Kett]e Is]and

1968. -

Stobo reports growth of 42

for: year1ﬂng perch from 72.5 to-114.5 mm fork length;

mm

present data us1ng a growth'eeason f from day 154 to day .

270 g1ves growth of 41 mm fork length, from 73 to 114 mm

fork 1ength “The” c1ose agreement of growth of year11ng

-

i’

growth of Ottawa R1ver perch and suggests that present

i :
-ye110w perch between years 1nd1cates a consﬁstfnt rate of '\////

resu]ts maxﬁﬁe genera11zed to years otherlthan that, stud1ed

- A
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.Gr;Jwth.' of p‘e.r*ch”.i,n'("che Ottawa River is similar to that. of
other ‘lakes and_str‘eé\m§_ 1'11 North Alﬁericg'('Stob'o, 1971).
. : The data 0(1“ ‘gr'owth‘ of yea'-rli'ng_:per;ch in this
Chapter is employed in t_hé 'c:'é]‘c‘y]atfq_n .of an energy :b‘u.dget
(Chapte'r '-5)...- ) | "
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CHAPTER 5 ENERGY TRANSFORMATION AND
POLLUTRNT BIOACCUMULATION
" In the present study, detailed information hag
been compiled on feed1ng, growth, energy content and
p011utant 1ev/ﬁs in year11ng perch during a period of
rapid summer growth. Seasonal variation in the caloric
content of food items common in the diet of perch, hes
been determined throughout the study period. Similarly,
growth, body composition and pollutant levels of the
yearling perch have bee;kdetermined throughogt the summer.
From theése data, estimates of dajly ration’
(consump}ion) Haee been derived, the first based on the
conversion of estimated daily ration from stomach contents
“(Chaﬁter 3), to its caloric equivalenfs (Chapter 2);
second based on the utilization of expressions relating
.growth'anq'metabo1ism of fish to.consumelion (Winberg,
{955;’Norstrom et ;Z.. ]976).in conjunction with the

observed growth (Chapter 4).- An ehérgy budget has then

been constructed from this data to give the limits. of

'total rat1on of an average year]1ng yellow perch over the ,
study per1od From this Energy budget, and the observed i

eccumu1at1on of organic mErcury in the perch {Chapter 4), o
the process of b1oaccumu1at1on of organic mercury is
"-exam1ned using the model of Norstrom et al. , (1976),
espec1a11y . regard to d1st1n§u1sh1ng the potential-
"-contﬁibgtion of both food and water as sources -for uptaﬁe

of organic mercury.

e . TmE
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Caloric Value of Daily Rat1on Estimated from Stomach
Contents.

Estimated dai]y‘ration, expressed as‘perceht'body

weight of the yearling perch on each-.sample date (Chapter

"33 June 11, 2.03% body weight; July 23, 1.45% body weight;

August 20, 4.31% body weight; September 18, .93% body
weight) was multiplied by the dry weight of a yearling
yellow perch on that date as predicted by'eqﬁatiqn 4-6
(Chapter 4) to give the estimated daily nétﬁoﬁ-(g ery L
we1ght/day)

The estimated da11y ration for that date was

then q11ocated proportionally. to individual fdgg items

- : )
on the basis of their contribution to the overall diet

of that day (6hapter 3, Table 3-1) Only items over 5%

-
volume ‘of the diet on an 1nd1v1dua1 day were used in

1nd1v1dua1 ca u1at1on of caloric contr1but10n, all items

“less than 5% volume of the diet and miscellaneous items

were lumped 1in pqe category ‘otherFe The weights of
individua1 food items muisiplied by the caToric value

of that item gave the number .of ca1or1es contr1buted to .
;ﬁh qa11y ration. whenever possible caloric values were
assigned to individual food items of the basis of the
data compiled in Chapter 2 (Amphipoda represent the mean
of ‘monthly values of.Gammarus aed Hyalella; the Ju1y.
Chzronomedae value was used for June-duly rat1ons, the

August va]ﬁe\for August-September rations). If the caloric

value of-the diet item was not included in C pter -2,
: ' Y R

. L 3 | . .‘ . ‘_}‘\\' )

2 AN ‘ Lo
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caloric values were taken from'1iterature sources (Cummins -
and Wuycheck, 19713 Schindler et al. 1971' Caspers, 1975).
The 'other' category was ass1gned a caloric vaJue of 4,754
cal/g dry wt., the mean value of the yellow perch over Fhe
study period. Summation of the ea]oric cont;ibution efl -
all individuaT\food itehs gave the total number of
'cajories‘in the daily ration as estimeted ffom stomach
contents. Table 5-1 gives the caloric equiva1ente of

estimated daily ration for each sample date.
. 0

Caloric Value of Ration as Estimated from Metabolism and
Observed Growth. ‘

Ration may also be estimated from Jredicted _
metabolism and observed grnwth'(Chabter 3).. In the Present
study, ration has been estimated from metabolism and
- observed growth utilizing the'equations 6f Norstrom et al.,
(1976) and Winberg (1956).

In the bioenergeticwformu1ations of Norstrom

et al., (1976), ration is predicted by the following

i
s

equation:

= ' .81
R_ .I (u]rw

S

where R is the energy equivalent of the ingested‘ration

+ gG + G) (5-1)

{cal), e(f) if the assimflaﬁiongefficiency coefficient, a
W is the wet Weight of the fish (g}, oy Ir a temperatUre
dependent term whmch glves low routine metabo]1c level at _
any given temperature (kca1/wk X g 81), B a coqﬁ%ant re]at1ng
growth to the energy assoc1ated with growth and G 1s ’ A

growth (cal). Us1ng a B va]ue of 1.0- (Norstrom et al .
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Tablie 5-1a

Caloric VYalue of Ration as'Estimated from

Stomach Contents on June 11, 1974 (162)+

Dry Weight of Perch = 1.002 g
Estimated Ration, 2.03% DW = 20.24 mg
Volume Caloric Value
Proportion Weight of Item Ingested
of Diet of Ration (cal/mg # Calories
(%) (mg) dry wt.)
Amphipoda 13,0 , b 2.63 3.908 10.28«
Chironomidae " 12.8 2.59 4,176 10.82
Ephemevoptera| 11.3 2,29 5.469(1) 12,52
Trichoptena - 5.5 | 1. 4.999¢1) 5.55
Plecoptera 8.1 1.64 5.263(3)- B8.63
Sk : | 1
Cladocera 13,1 2.65 4.805'2). | 12.73
Copepoda 25.3 5.12 5.550(2) 28.42
Other .. 10.9 2.21 4.754 1 10.51
Total \ 20-2¢ 99.45
® ‘.
\

J
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Table 5-1b

Caloric Value of Ration as Estimated from + » /
Stomach Contents on July 23, 1974 (204)

" Dry Weight of Perch = 2.1445 g

‘Estimated Ration, 1.48% DW = 31.74 mg

Volume Caloric Value

Proportion weighf of Item Ingested
of Diet of Ration "(cal/mg Calories
(%) (mg) ~ dry wt.) o
Amphipoda [ 8.9 2.82 3.964 11.18
: - «
Chivonomidae | 45.9 14.57 4,176 . _60.84
Ephemeroptexa|  26.2 8.32 5.469 45.50
Other - 19.0 6.03 4.754 ~ 28.67
Total 31.74 ) 1619
~ 1 ! g.
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Table 5-1c?
. = )

Caloric Value of Ration as Estimated from

Stomach Contents on Audust 20, 1974 (232

i .
Estimated Ration, 4.31% DU

ny Weight of Perch = 3.0826 g

132.70 mg

-

)+

Volume Caloric Value _
Proportion Weight of Item JIngested
of Diet of Ration (cal/mg Calories
¢ (%) (mg) dry wt.) . o
Amphipoda 9.1 12.08 4.122 49.79 .
; %
Chironomidae 12.5 16.59 4,737 78.59
Ephemeroptera 6.4 8., 49 5.469¢1) 46 .43
.Fish 61.7 81.88 5.858 479.65
Other 10.3 13.66 4.754 64.94
Total { 132.70 719.40
- 7
k'
F:‘I‘ T
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Tabte 5-1d T
Caloric Value-of Ration as Estimated ffom ~ /
Stomach Contents on September 16, 1974.(261) '
D}y weigﬁt of Perch = 4.328 ¢
f .
Estimated Ration, .929% DW = 40.21 mg
Volume Caloric Va}ue
Proportion Weight of Item  {Ingested- .
_of Diet | of Ration {cal/mg Calories
: (%), (mg) | dry wt.) ‘
ar A T \ .
Amphipo:E?"\\ " 140 | 5.63 4.220 ) 23.76
Chivonomi dae 48.5 19.50 | - 4.737 \ '92.37
; [ ‘ - . ~
Ephemeroptera 6.6 2.65 ‘ 5".469(” 14.49 «
Trichoptera 9.5 | 3.82 | 4.999¢1) | 19,70
Fish . C 121 | - a.87 5.858 28.53
Other 9.3 3.74 - 4,754 17.78
Total | ° : . i
_ \ '

-~

Mean ‘Caloric Value of Food Items for A1l Months
L ' 4s 5.163 cal/mg T
¥ Day of 375 of 1974 SRR
(1) Cummins and Wuycheck (1971) ' S —
(2) schindler et at., (1971) | g
(3) Caspers (1975)

& - | | SRR

1 S
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1976) je., the energy cost of depos1t1on of tissue is
equivalent to the energy content of the tissue dep051ted _ -
and an alsimilation efficiency coefficient of 0.8 (ﬂ1nberg,‘
1956), the expression 5-1 reduces to:
- R = 1.25 (w8l + 26) (5-1a)
o In thé'bioeﬁérgetic formulations of Winberg
(1956), roUtiné metég91ic*rate, wiqbgfg 1§ abd active
metabolism, Winberg 2, are estimated by thq:following»

)

equations:

R= 1 (M+ G) Winberg 1 C(5-2)
e - - ’
Ro= 1 - (2M + G) - Winberg 2 * (5-2a) :
e(t) - ‘ . e - .
-“‘ ’ [ o C

where R is the energy equivalent of the ingested ration
. {cal), e(f) the ass1m1]at1on efficiency coefficiéent, G is
~ growth (cal) and M is. the rout1ne metabol1c 3eve1 of the

fish (caT). Routlne metabolism, M, of the f1sh is given

by the equation: ' . - '
M= Qxa, x.t . (5-2)
with Q the oxygen consumptiqn of the fish (m1 0 /hr), Uy x

a coeff1c1ent for .conversipn of oxygen consumption (m1/hr)

to ca10r1es and t the durat1on of the interval in 3§g§t1on '
.(hr). A q,, of 5.0 cal/ml 02 (Winberg, 1956) is- e in ﬂ
.ﬁresent cé]cufations. Q is dé;;Lmined b}_the equation:
N | 0 = 0.3 8/q; L (520

¢

with W -the wet weight of the fish (g).and qT,‘a temperature
> i . . ' .
normalization coefficient to correct estimated oxygen , \\\

' 1 4
. . N .
B ' ] .
b N . ' .

”-
.
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consumption at the 1nterva1 temperature to estimated

consumption at 20° C (w1nberg, 1956). Using an e(f)‘of"

e

) 0.8l(w1nberg,.1956) the term 1 is equal to 1.25.

If ration ie\estinated on a deily basis, W is
taken as the weight of the fish on that day es prgdicted.
by equation‘4-5; nhi1e,if ratien is estymated over a |
longer period, N.was taken-as the weight.prediét%d by
equation 4-5 for the.middle of that interval.- Siﬁi1ar%¥

if growth, G, is estimated on a daily basis, it is

_ca]cu]eted as the product of daily growth in dry.ﬁeight
-as predicted by equation 4-6a and the mean caloric value
of the yearling perch-over the study period (4,754 cal/g

dry wt.). Over a longer interval, G is estimated as.theJ

difference between predigted dry weights of an average

'yearlﬁng‘perch at the beginning and end of the “interval

(equation 4-6), multiplied by the nean caloric-value

of the perch.‘ e

L

.\ .Tenperature data used in the present etudy were
supplied by Dr. .D. Mbrtiﬁer (National Research Council,
Ottawa) and represent a comp051te of temperature records
taken by a dumber. of personne] from the Ottawa Ryyaﬁ
Study Area over the summer of 1974, ' ¢ o
" Table 5-2 cempdrés retion as.eetimated_from

-

stomach content% (Tab]es 5~ 1) with ration as estimated

'from the equat1ons of W1nberg (1956) and those of

Norstweom et al., (1976).. Ft’is qpparentlthat only fm*the

v

Y wa
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August 20 samp]e is rat1on as est1mated “from stomach

ALY

contents w1th1n the 11m1ts of .Winberg 1 and Hlnberg 2. On

.

all otheér datesL'ration as estimated from stomach contents

~is far below that predicted by any of the metaboiic

_est1mat1ons, in fact, “assimilation efficiencies of 0.90,

3
)

o

to-an underes'tima
further depress es

of these factors. -

. 0.95 and 1, 17 are requ1red to account for growth a1one om
days June 11, Ju1y 23 and September 18 respect1ve1y

It is obvmous that ration’ as est1mated from
stomach contegts on these datES must underest1mate actua]

consumpt1on by a con51derab1e amount ) The bas1s of these

i underest1mates Was 11ke1y unrepresent1t1ve samp]1ng of

the year11ng perch Yellow perch tend to feed in the
3ittordl zone than move to deeper water when sat1ated
(Hass1er and Bardach, 1949) s1m1]ar behav1or has been _'
observed for brown bullheads, walleye and s ger 1n the,

Ottawa River (P. Rubec, persona]‘cdmmun1cat1on) Beach

se1n1ng wou1d thus tend to sample feed1ng fish
than fu11 stomachs wh11e fish which were sat1ated would

not be vhlnerabTe to sampllng and da11y rat1on woqu

L

A

consequently be bnderest1mated Add1t1ﬁpally, th1s non-

random samp11ng of the feed1ng year11ng perch could lead
~

Aon of field d1gest1ve rate which wou]d
1mated daily ratton - The net resu]t
S that in the present study,'rat1on “as

est1mated from stomach contents underest1mated rat1on
o

-

7

‘ conten¢5 of w11d fwsh have var1ed from est1mates of 1% to

1th Téss_ L

L]

N Est1mates 9f da11y rﬂt1on based an stomﬁch _l;;h_
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more than 4%, body we1ght per day (Seaburg and Moy]e,

1964; Keast and Welsh, 1968,,Brro, 1969; Ch1kova, 1970
Ta%verdiyeva, 1972), thus any jndfvideal es£imate'may be
‘redsonahle‘. In*re]afive]&‘féw of the pub]ished accounts
of the fje? lenengetics‘of_aquafic species has ratiop been
estiﬁated'fr m gut céneents of field organisms. {d those
studies.in which ration has been eetihated from get contents,
Wissing (1969) with Unde;year1ing white bass found that his
estimated “ration was}sufficient fo aceount for all aspects
of the energy budget' while Healy (1972') found that his
estimates of ration of sand gobbies based on stomach
contents were inadequate to. account f&r growth and
metabolism dur1ng periods of rap1d somatic growth during
the summer. Healy {1972) suggested that these imbalances
at 1ow rat1ons are general and that flsh on restricted
.rat1hns_eye able to. shunt more energy into growth than . x\\
»you]e be predicted on the basis of metabolism as predicted

from studies of standard oxygen consumption. Solomon
and‘Braefie1d (19?2) in a detailed long term iaboratory

study of the- energet1cs of yellow perch conc]uded that
‘ total metabo11sm of perch on restr1cted rations above
" maihtenance was between the limits pred1ceed by Winberg 1
and Winberg 2, Yearling perch in the Ottawa River may
be considered to be on a restricted ration above |

maintenance end Ninberg 1 and Winberg 2 have thus been
I‘coneidered the.limits of ration for yellow perch in the

\

present study-.

\ o
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Present methods of determinaiioh of feeding _ i:
periodicity and daily ration of wild, fish haye chanﬁed .
little from those of Bajkov (19355. The large variation
observed amonﬁ individual fish caught atffhe,same time
(denkins arnd Green, 1974) and difficulties in éol]ecting S
a random sémple from the field are such "that the data
obtained using present techniques ére often inaaequate

approach. ) Two recent-teghniques.do however show

for the J%fa{lgd analysis required in a bioenergetics
consideraé]e promise in resolving this problem. ‘Swenson
and Smith (1973) with walleye and sauger determined lhe .
wgight‘of.fﬁod items:gﬁygjme of ingestion‘uéing condition -
of the foﬁd item and_expE?{Fentally determined digestive
rates. From the average amduht of fooﬂ ingested by a
fish over the'who}e day, they estinated daily ration of
an average fish. This method may however be limited in
application to pisciverols fish which consume Targe
discrete meals and meal components but may be of limited
utility in determining ratidné of planktiverous o%
wm—hbetﬁophagéousffish which consume large numbehs-of smaji
and varied prey items. A cond approacﬁ is that of |

~

Kolehmainen (1974), in which daily values of intake of

137¢5, which is

a trace coqtaminant (in this‘éase.
accumulated onljf;E:Bh h the food chain) byibluegilﬁ

sunfish was determined.‘ A§ the 1eVE1 of contamination of

i

the food of the bluegill was kﬁown it was poésible to

estimate daily ration of the fish. It is suggested that

ﬁi
]
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. - \‘ .
a study of this type in whichfthe transfer of both a -

trace contaminant and of energy (calories)-were monitdredv
in the same .field population would be of considerable valler
TabTe 5-3 presents est1mated rations ‘of an average
year11ng yellow perch in the Ottawa River Study Area from.'
"day 154 to day 270, 1974 Growth over the period was 18.0
kcal; estimated rat1ons were 53, 5 kca] at the level of
ration pred1cted by W1nberg 1, 84, 5 kcal at the level of 2
ration pred1cted by w1nberg 2 and 69.6‘kca1 at the level
Abf ration predicted by Norstrom et al., (ﬁ976). Estimqted
growth conversion efficiencies are 33.7% at the level of
ration predicted by winbérg 1, 21.3% at the level of
ration prediéted by Winberg 2 and 25.9% at the 1eye1 of
ration predicted by Norstrdm_et al. Wissing (1969) |
reports growth conversion efficiencies of 27.9%-and 37.3%
for underyearling wh1te bass in-LlLake Mendota in the
summers of 1967 and 1968 respect1ve1y Ivliev (1945) and
" Winberg (1955) indicate that food conversion efficiencies
of this order (20 - 40%) may be expected in young rapidly
growing fish, , . i
~ As ‘the concentration of organic mercury in.the’ .
perch remainea constant over the growth period (432.17 x
% 9/g dry wt. - Table 4~2) net accumulation of these
substances is the product of growth {3.79-g wt.) and
the above concentrétion. An average yearling erch thus
gécumulhted 1.638 x 107% ¢ of organic mercury, from.day -

154 to day 270,
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. The amount. of organ1c mercury c]eared from a
ye]]ow perch may be determ1ned by the equation (Ndrstrom -
et al., 1976): (&‘
- P = kg P WE - (5-3)

ct @
coefficient of clearance, P, the ahounf of pollutant in the

* Where, AP, is the amount of pollutant eliminated, k

fish (body burden), W, the weight of the fish and ¢ an
exponent of body weight for clearance. Using a kc'l of .029 v

-1

g”% day”' for organic. mercury from fish {de Freitas et¢ al.,

1975}; determining P as the/product of the dry weight of :
a Yearling perch at the middle of each weekly*interva1.
(TabTe 5 3) as pred1cted by Equation 4-6 and the mean’

concentrat10n of organ1c mercury 1in the perch (4. 3217 X
’ F

107 g/g), employing w{1s the wet weight (g) of a yearling
perch for each given fdr each interval in Table 5?3{§

and emﬁloying az vaJﬁe of -0.58 (Sharpe et al. -1975) the

amount of organ1c mercury cleared from an average Jyearling .-

perch from day 154 to day 270, 1974 was 0.832 x 107° g.

j The total uptake of organic mercury by an average

yearling perch in the Ottawa River is thus the sum of.

observed accumulation (1.638 «x 10'5'9) andéestimated
-6 ‘

ciearance (0.832 x 107° g), or 2.470 x 10°9 g of organic

mercury. i

If it is assumed that uptake of organic- mercury,
occurred solely from food contamination, the concentration

A

of organic mercury in the diet required to effect the
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total uptake of qrgénic mercury may Be dete;mined from
estimated rations. The ration of an avérdﬁe'year1ing
‘perch from day 154 to day 270, 1974, was 53.5 kcal at‘the
level of metabolism predicted by Hinberg 1, 84.5 kcal ﬁt

- the level of metabolism predicted bt'ﬂinbefg 2 aﬁd 69.6-
.kcal at the Tevel of metabo]ism pfedictgd by Norstrom et
alt., (1976) (Table 5—3). At a mean caloric vafﬁe of .
5.163 kcal/g (Table 5-1) the weight of these estimated
rations are 10.36 g dry wt., 16.36 g dry wt. and 13.48 9
dry wt. at the levels of metabglism predicted by Winberg 1,
‘Ninberg 2 and Norstrom et ;Z., (1976), respectively. The
concentration of organic mercury réquired to*effect the

estimated total uptake may be caiculated from the equation:

pr = AP - " (5"'4)
epf R

whére Cpf is the concentration of pollutant in the diet,

AP is the total hptake of pollutant, epf is the eff{ciency N
of assimilation ‘of pollutant ffom the diet and R the

;ation ingesteg. . In the present case, using a aP of

2.470 x 10°°

g of organic ﬁercury, an epf for organic
mercury of .8 (de Freitas et ql., 1974) and the weights

of ration given above, the concentration of prganic mercury
in the diet required to effect the fota] uptake wqu1q‘be '
298 x 107° g/g, 187 x‘10-9.éag.and 229 x 1072 g/g at the
levels of ration predicted bﬁﬁwinberg 1, Winberg 2 and

No¥s trom et al., (1976) respectively. - |

- The required concentrations of, 187 - 298 x 10‘9

*1

N
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g/9 organic mercury in the diet a

“ . f .
“concentration of organic mercury in the diet (33 x 10

f‘

JL greater than the
-9

g/g wet weight -\ipproximate]y 125 x TO{Q g/g dry weight)

employed by Norstrom et al.

(19 6) in the1r model of

accumulation of organic mercury gy yellow perch in the -

\
Ottawa River.

organic) in benthi¢ invertebrate
(from 100 - 3000 x 10-° a/g wet

wifh time and 1Qcatioh'of collec

Levels of total mércury (inorganic and

in tQttawa River Study
eight) varied éonsiderab]y

tion. A large variation

was also observed in the relative contribution of.organic

mercury to the total mercury in t

anywhere -

(Ottawa River Project Report #3,

Conversely if it is assy

for uptake of organic mercury was

‘concentration of organic mercury

for the total uptake may be deter

metabolism and observed growth.

may be determined from Table 5-3

- 1

Q

where R is estimated ration (kca

[8R-G

(kcal} and

from 0 - 60% of total 71

.8 the ass1m11at1on e f1c1ency

hese benfhi; invertebrates,
lercury was orgﬁnic ﬁeréury
1975) . |
med that the so1é source
the water, the .
in the water required
mined. from estimated’
Reépiratoﬁy'lével (Q')
by the equation:  *
(5-2)

1) and G.observed growth

Respiratory

fevel was thus 28 4 kcal at the - 1eve1 of metabo115m

predicted by Winberg 1

.753.2_kc 1 at.the level of

|
metabolism predicted by Ninberg)z and 41.3 kcal at the

level of metabo115m pred1cted by

Resp1rat0ry level may be related
L]

Norstrom et al. (1976).

to the volume of water
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- passing over the 95115 of the fish, ?ﬁd this volume may
. then be related to the concentratlon of p011utant in the
water requ1red to effect the est1mated total uptake by

- the equation (Norstrom et aZ.,‘1976):

o pr = APVx ey X COx X Q5 . (5_55
epw x 0 :
where wa is the concentratfon of peTlutant in water,

aP and q'as defined above, e the efficiency .of assimil-

0X
ation of oxygen from water by the 91115 of the fish, epw : .
is the efficiency of ass1m11at1on of pollutant: from water
by the g111§.of the f1s_h,,q0x the caloric equivalent of
dx}gen and Cox the concentration of oxygen in the water.

U§1ng epw of 0.12 end ae e x of 0.75 (Norstrom et als, .

1976), a q, of 3.42 (Brodie 1945), a co' of 9.18 x 107°

BTN
a/g {mean CLX over the perio’d;co for g1ven temperature
from Américan,igb]ic Health Association 1971), Q and AP
as given above the concentrations of organic mercury in e

the water required-to effect the estimated total uptake

-12 12

are 17,07 x 10712 g/g, 9.267.x 10712 g/g and 11.74 x 107

g/g at the levels of meftabolism pred‘icted‘ by Winberg 1,
Winberg 2. and. Norstrom et al , (1976) respectiveU. _ ‘
Norstrom et al., (1976) employed a water concentration of

4
']Zg/g in their bioaccumulation

organic ﬁercury.of 5 x.10
model. Norstfom.and Brownstein (M973) reported levels

. . ) . - T -
of organic mercury in-Ottawa River water from 10 - 50 x
10'12 g/9 in the summer of_]9]2,'bﬁtﬁﬁne1973.using improved E
analytical techniqhes‘were unable to- detect organic mercury‘}'

1
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in Ottawa River water.

Thus if eitﬂér‘food‘dr water is considered to be
the only source for uptake of organic mercury, the
concentration of ofganic mercury in either food or water
estimated to be réquired to account for the total dptake
of ordanic mercury by aﬁJaveraﬁe yg11ow perch over the |
_ study period is in egcess of apparent levels in the Ottawa
River. This strongly suggests that both food and water
are important.as sources.for.uptake of organic mercury by
the year11ng perch.

Tab]e 5-4 gives ‘the amount of uptake of organic .-
mercury from both food and water sources ‘predicted by. -
‘equations 5- 4 and 5-5 respect1ve1y at the levels of ; %v
meFapr1sm pred1c§\d.by Winberg 1, w1nberg 2, and Norstrom
et qz., (1976)’using the same values for concentrations

of organic mercury in food (125 x 1077

0-12

g/g dry wt.) and
water (5 x 1 g/9) as were employed in the model of

Norstrom et aZ., (1976). Thé close agreement petwegn-tﬁe
estimated uptake of organic mercury derived from observed

accumulation and estimated clearance (2.470 x 10-6“§

" organic mercury) énq that yptake which is predicted using q.l
the model of Norstrom et ale, (1976)-based on metabo]ism

and observed growth (2.400 x 1076

g organic mercury)
“indicates that the model is ieaﬁistic and operationally
. usefu) in describing the proceéé of pollutant bioaccumulation

by perch in the Ottawa River.
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, -  Table 5-4

. Estimated Uptake of Organic-Mercury for an Avefage
Year11ng YellowPerch in the Ottawa R1ver

from day 1511 - 270, 1974

Estimated Uptake of Urgan1c Mercury
(aPy at metaboiic level predicted by):

Winberg 1 Winberg 2 Norstrom et al.,
| . (1976)
.. - F '
Food 1) 1.036 'x 1038 [1.636 x 10°6g | 1.348 x 1075
: (58.9%)(3) ( (54 7%) (56.2%)
'Nater(z) 0.724 x lﬂ'sg 1. 341\} 10'69 1.062 «x 40'69
o (41.1%) (45. é% N (43.8%)
.~?- - ]
Total 1.760 x 1079 |2.992 x 1078 | 2.400 x 107
(1) e s '
s ens X R x Cpf .
Cpp = 125 1072 g/q dry wt.
(Details-in text) (6-4)
(2) '= . . : .
AP. pr epw deox Cox‘qox
' ~ pr -5 x 10712 g7g dry wt.
: (Details in text) “(5-5)

(3) Relative contr1but10n (2) of uptake
vector to total uptake of organic
mercury at given metabolic level.
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In the present'éiudy it has-nof been possibie to
define the relative contr1but1on of e1ther food or water
as vectors for uptake of organic mercary beyond the
observation that both routes of uptake in all 11ke]1hood
contribute significantly to total uptake. Similarly in
‘models of po]lutabt uptake the relative contribution of
food and water as vectors to total uptake is dependent |

on the expressions employed in descr1b1ng metabolism

and growth (Ta51e.5.4), on'the values used as concentrations

of pollutant in food.and water, and the values of uptake

and clearance parameters used in the model (Norstrom et al.,

1976).. As the concentration of pollutant in both food and
watér is oftén;re]at{vely poorly defined, an experimental
design which would define the fe]ative contribution of
food and water s vectors of uptéke of pollutant without a
precisé'definition of the concentration of pollutant in
either food or water could be of considerable utijity in

a %urther elabohatidn of'the-process of pollutant
accumulation by fish.

The present work ?nd the pollutant biocaccumulation
model of Norstrom et al.;'(1976) does indicate. that fieild
studies,;ngoratory studies and mo;§111ng may be integrated
to give S'rea]istic description of tﬁe process of pollutant

bioaccumulation by fish.

F s
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CHAPTER 6 SUMMARY T
» o . o |

(1} .Significant seasonal variation was observed

in the caloric content of several invertebrate groups ovgr

the ‘summer. These-differéncgs‘amounfed to'B% of the miniﬁum

caloric value in Gémmarus‘fﬁsei&tus (3,943‘- 4,253 cal/g |

dry wt.), 19.5%’of the minimum caloric value in the | ¢

amphipod, Hyalella asteca, (3,611 - 4315 ca]/g‘dry wt.).

22.4% of the minimum caloric value in isopods, Asellus spp

(3 252 - 3,981 cal/g dry wt.) -and 12,1% of the minimum

caloric value in chironomid larvae, Chironomidae spp.

(4,176 - 4,737 cal/g dry wt.). In ¢. fasciatus and Asellus

epp. changes in caloric conteﬁt were effected through'

chaﬁges in the relative siz; of the ash fraction with the

caloric value of-the organic frac;ion remaining constant,

while in H.‘éhteca»ind larvae'of C?ironomidae spp. changes

in,caloric content'were effected through changes both in

a
the relative size of the ash fraction and in the.caloric

value of the'o?gan{c fraction. ‘

(2y The ykarling perch were diurnal in their '
feeding activities wi‘t'h mean stomach content ]eye]sh" ‘
inéfeasinﬁ éftefjsunrise and decreasinghafter_sunset.

Benthic invertebrates (Amphipodae, Chironomidae, Epheméroptera,.
Trichoptera and Plecoptera) were the major food resource of
the yeér]ing perch throughoﬁﬁ*the ﬁummer. Zooplankton -

(Cladocefa and Copepoda} were 1mportant diet 1tems in

June (38.4% volume of the d1et) however, while fish

8
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(1arge]y.Hybognatﬁué nughalis) compriséd the majorJdief.item

in August (6i.7% volume) and were sigﬁificadt in thé _
‘ September diet (12:1% volume). The observed chiﬁges in l//)‘
. diet likely ref]ect>6hanges'in both food selection and: in’

fdod availability. Estimated daily raiions,'bgsed on

stomach content'leveﬁs were 2}0% bodg weight/day on June 11,

1.5% body weight/day: on July 23, 4:3% body weight/day on

A:Ehsf 20 and 0.9% body weight/day on September 18, 1914.

N (3) Groﬂth'in length of -the yearling bercﬁ'was

m\iinear with day of year from day 154 to day 270, 1?74'
{June 3 to Sep;emgpr 26) and given b} the equatﬁonf

. CFL= 1712 + 0.036 day (a-4)

in ﬁhich FL is fork length of the perch (cm) and day, day.’
of yedr from day 154 to day 270. Growth in weight was =

' : &
given by the equation:

W= 9.6 x 1073(1.712 + 0.036 day)’ 08 (4-5)

.wﬁere WW is the wet weight of the berth (d)-

The,cﬁloric content df the yearling perch was
con;tant over ‘the summe r (4,754 cal/g dry wt.) as was the .
"concentration of organic mercury in the fish (432.17 x 1972

.

9/9). | | _
k4)1 Estimates of rdtion.baééd'on stomach content
levels were @elow those estimafés based on growth and
predicted metabolism for gune-1{;‘dy1y 23 gnd September 18
samples. This imbalance was Vikely due to unrepresentitive
samplind of the perch popu1at%dn. ’

. : /
From day 154 to day 270, 1974, an average year1ing
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yel]ow perch 1n the‘attawa River Study A?ea )ncreased
_ 1n ca10r1c content by 18.0 kcal Estimated total rat1on
for this period 'is 53.5 kcal at’ the 1eve1 of metabo11sm
pred?[led by Winberg 1 (N1nberg 1956)., 84.5 kca1 at the
level pf_metab011sm predicted by Winberg 2-and 69.6 kcal.
at the level of metabolism predicted by-thé,exbreesiens.
of.horstroﬁ et al., (1976). R '
tS) Over this same'beriéd\totql uptake of organic
mercury by an %verage yearling yeﬁ]bw pehch wes 2.470 x .

-6 g of organic mercury. Both food and water could

10
'\Uﬂ\\serxe as significant sources of po]lutant for. the observed
accumu]atqon of organ1c mercury but the extent to-which

each route “contributed to the observedfaccumulat1on could

not be resolved.
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