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ABSTRACT

The feeding hablts of brown bullhead (Ictalurus nebulosus),

20.0-23.5 cm in total length, of Kettle Island Bay in the Ottafa

n .
River were studied. They‘were nocturnally active and fed heavily
in the early morning hours. They were omnivorous and consumed

algae, benthic invertebrates, zooplankton, organic detritus and some

fish. Algae were most 1mportant durlng mid summer and represented

about 60 percent of the stomach contents. Durlﬁg the day algae were
Vo .

promlnent toward the end of the feeding cycle.

Caloric values of food items were used to assess their con-
tridbution to the bullhead energy needs in terms of growth and meta-

Pglismg Benthic invertebrat#s proveﬂ inadequaﬁe to meet the energy

requirements contrary to earlier belief, experiments on digestability

_of algae proved that they are .an important energy source for the brown

bullhead The laboratory de ermlned:a551m11at10n eff1c1enc1es of

Spirogyra sp. and Anabaena flos-a uae were-about 30 and 70 percent res;'
Spirogyra sp. and _ 5-aq percer

.

, . .
pectively. . L . T

- ) . . 3 ' o
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o
N
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Résumé

Les habitudes alimentaires de la barbotte brune (Ictalurus

nebulosus), d'une longueur totale de 20.0-23,5'cm, prevenant de la

-

baie de 1'Tle Kettle de la riviére Ottawa furent &tudifes. Elles &taient

actives durant la nuit et se nourrissaieﬂf‘hgfndamment,,t6t le matin,,

Elles Etaient omnivores et consommaient des aiflies, des inveit&brés’ben-

thiques, du zooplancton, des déchets organiques et quelques poissons.

A -

Les algues &taient les plus importantes durant le milieu de 1'€té et
1] : - - X

représentaient 60% des contenus d'estomac. Durant la journée, les

algues étaient dominantes jusqu'd la fin du cycle d'alimentation.

Les valeurs caloriques des aliments ont &té utilisées pour estis

mer leur contribution aux besoins &nergitiques de la barbotte en fonc-

"tion de.la croissance et du métabolisme, Les invertébrés ont &té prouvés
inédéquat pour satisfaire aux besoins &nergitiques contrairement‘aux
p;emiers hypothéses. Des exp%riences concernant la digestion des algues
. ont prouvé qu'elles sont une source importante d'éne?gie pdur 14 bar-

botte brune. Nous avons déterminé que les capacités d'aSﬁimilatiqn de

Spirogera sp. et Anabaena flos-aquae &taient environs 30 et 70% res-

pectivement.
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INTRODUCTION
Energy‘reiationships have Been considered fundamental-to
the understanding of an orgaﬁi;m's ecology since Lindeman's (1942)
classic paper: '"The trophic-dynamic aspects of ecology". Investi-
gatofs have studied the fate of energy as it passes from one trophic
‘level to another (Allen 1951; Slobodkin 1960, 1962; Gerking 1962},

and the calorie has become the confmon denominator to describe this
. . {
transfer (Slobodkin and Richman 1961; Cummins andthycheck 1971;
. . ' - .
Paine 197}). More recently certain energy and trophic relation-

~

ships have been identified with the accumulation of contamipants.

——

in aquatic systems (Uth# and Bligh 1971; Jernelov and Lann 1971;
. ' .
Fagerstrtm and Asell 1973). Pollutant accumulation is not simply
{ .
a linear progression through the trophic levels but also involves

a coupling of the biokinetics of the pollutaﬁt with thé‘energetics

of the organism (Fagerstridm et al, 1974; Norstrom et Ei' 1976). ,
‘ . ' r

4

The study described here was .initiated to measure certain
undescribed bioenergetic relationships of the brown bullhead Icta-

lurus nebulosus. Fish energetics have been studied both in the

field (Gerking 1962, 1971; Mann 1965; Wissing 1974) and in the labo-
ratory (Solopon ana Braefiel@ 1972; Fischer 1972; ié?S;Nimii. and
Beamish 1974}. Several iﬁvestigators have attempted to describe in
mathematical form the-possible fates of eﬁergy consumed (Winberg 1956;
Ivliev 1961; Warren and Daiis 1967}. In these b;lanced energy. budgets
the ingested ration, which is corrected for fecal and nonfecal losses
to give the assimilatgd ration, is equal to the energy expenses {growth,
metabolism, reproduction, body compositional changes). Major pro-

‘ ™~
blems still exist in quantifying the input parameters, both the in- N\

: J

{

L4



gested ration and the ass1mllat10n eff1C1ency Samﬁliﬁg
L

problems involving foraglng act1V1ty of the population and indivi-

dual fish variability has resulted in underestimation of ingested

+

ration (Healey 1972; Jenkins and Green 1974; Rodgers 1976). Under
field situa;ions the measurement'of assimilation éfficiency'present
special problems witH<yﬁé‘resu1t that it is ofteé boorly defiﬁéd
(ngcksen and Bugge 1974).

*  In this study prlme attention has been placed on the assi-
milation efficiency foT‘;ngested‘materlal formerly con51dered 1nd1:'
gestible. Assimiidtion‘efficiencyIhas been demonstrated as de-

pendent on the type .of food. Animal food is digésted more effectivelgi

‘ #oo s -
by carnivores .than plant material is by herbivores {Welch 1968). Car- -

nivores under lab conditions have exhibited a rather constant assimi-

—

lation efficiency of B0% (Ivlev 1961; Beamish et al.1975). “Herbivores
display intersﬁecific variations and values rtange from 13—79%,(JVI8V

1939, 'Fischer 1970, Moriarty-1973a).
: . . i )
_ The plant component in the diet of ommivorous fisH has lacked

attention and has generally been considered of little nutritional value.

The ingestion:of filamentoué algae by the brown bullhead is)ilparyicu-‘r
lar case in point. The opinions of investigators have variea and .algae
has £een considered as ?ccidentally ingested (Harlan and Speaker 1956)
or as an "alternate food source" for the bﬁllhead'(Cabip 19292.Kar1berg.
and Beﬁson'1975; Rubec 1975). | i
The role of algae in the bioenergetics of the brown bullhead

- has received special attention in this study-ﬁéca&se,of its épplicatiohs

within the overall study of the Ottawa River Project. The Ottawa River

Project is a joint undertaking of the University of Ottawa and the



“ . . o - \

National Research Council, which ‘was initiated to examine the distri;
bution and transport-of certdin trace contaminants in a four km sec-
tion of the Ottawa River. In this section of the river EHQ brown

. bullhead.is the most abundant fish species composing 67% jof the
N N ) - A

2l
¥

fish biomass (Rubec 1975)}. Filamentous dlgae often exce_ds 605 ©
o N - i - N - - 3 ; ./

of the bullhead stomach contents and it's uncertain'digestability’

renders calculated energy budgets dubious at best.. Thefobjectives
of this study were therefore; to determine:

(1) , daily and seasonal diet of the brown bullhead
t2) seasonal growth and changes in body composition

(3) caloric confent of food items common in the bullhead diet

(4) the efficiency with which bullhéaas assimilaﬁe Spirogyra sp.

and Anabaena flos-aquae ‘and to evg;é;te the importance of

algae in view of thefénefgy needs of the ﬁisﬁ



DESCRIPTION OF STUDY AREA g% -

* ’ ' »

- The Ottawa River extends 1,113%m from Lake Temiscamingue

u

S 1 o .
to the St. Lawrence-River .and drains some 145,000 sq. km (OWRC-QWB: 1971).

It flogs fhrough sedimgntary deposits of limestone; séndstbne and shale,
all of.f.-.jh,ich a:&perimposed on Precaml;ian rock.

' %he Ottawa River Prdject !tddy area islldcated downstream of
the metropolltan areas of Ottawa and Hull (F1g 1}. The four km sec-
tion under 1nvest1gat10n has a great d1vers1ty of habltat types,

v

: deep foot water (2 -4 m/sec) channcls, qu1et bays, clean

bium,‘Sagit%aria latifolia and Spargarium qggustifélium);occur along
many of the ;horelineé (Eriksson 1974). The'&epth of tﬁe Tiver varies
“from a mdximum of 12-m in the Fouth channel to lm at the entrance of
Kettle Island Bay. Ice covqf,exténds from December to mid April and
temperature reaches a maximum (25C) &n August (Apperﬁiix 7 ). The
chemical characteristi;s of the site are not directly toxic to fish
life except immediately below ;hg}paper mill at Gatineau Quebec (Stobo,
1971; Mackiel971). Additional information on the physical andlchemi-'
cal characteristics of the site afe contained in the Ottawa River Pro-
ject interim reparts (1972, 1973, 1978). g

. Brown Bullhead (Ictalurus nebulosus) Population

-

The fish fauna af this section of 1Ej>0ttawa River has been
- . S :

extensively studied:éi}ce 1969, (Stbbo 1971, Smith 1974, Rubec 1975,
Rodgers 1976). Of -the 45 species collected the dominant species in-

cluded: Ictalurus nebulosus, Perca‘flavescens; Esox -lucius, Stizostedion

-
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vitrem and Lepomis gibbosus. In terms of both total biomass and in-

dividual numbers, the brown bullhead was the most abundant (Rubec 1975),

" The study by Rubec (1975) dealt primarily with the abundance, égé,'
growth, mercury concentration and reproduction of bullheads in this -

area. Field studies by the author on feeding habits and energetics

of this bottom feeding fish began in May 1974.

In this section of the river, bullheads cdngregate in the

-

backwater of Kettle Island Bay_.(Fig. 1),  an area of preferred habitat
{soft oozy mud; sunken logs; 2-5 m water dEpthfé;ast 1970). The high
density populﬁtion (2,600-6,400/ha) of the bay is sedentary according
to the definition of Funk {1955) and Gerking {1959). Tag récapture
data indicates that the "home site" of Kettle Island Bay has been
maintained for several years (Gunn 1975}. Seasonal changes within the
population }nclude spawning and reproductive aggression in June (Rubec
1975) and iﬁcreased dispersal during warm summer months. (Gunn 1975).
During the spring and fall months, ;ﬁe popui?tion reaches a maximum in
the bay, and fish regularly leave tﬁe bay to fpfage along the littoral
zones (Gunn 1975). The aufhor suggésts that this nocturnal foraging.
activity is a result of the poor benppi; fauna that characterizes the’

-

bay (Qadri et al.1973). Coe
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MATERIALS AND METHODS

”

Size-Ciass Selected for this Study

| In prqiiminary'samp}es the 20.0-23.5 cm (total length) bull-
heads represented the dominant size ¢lass and-were selected for this
‘study. This sizge class was chosen beéaﬁﬁe of it's abundance, trophic
impo;tance”and convenience of sampliqg.

Approximately 550 fish Qere collecéed and used in the various
aspects of thas study. The éveréée lenéth and weight of these fish
Qere 22.5 t 1cmand 145.6 £ 1.4 g ;espectively (Appendix 1). The
fish we?é sexually mature and females were more abundant than males
(57.9% - 42.1%). Fish were aged by a mefhod based on pectoral spine
seétions {Scholl 1968) and weré found to bé generally between 3-4 years
old (Appendix 2). Ninety-one percent of the saﬁples'wqre of the 3-4
.year class with the remaining gine percent distributed through ages
2,5,6. The.aging method was verified by using vertebral sections.
Sampling brocedures
a The principal sampling gear was a trap net (6 ft. long box;

2 in. diagonal mesh) wifh a 150 ft. lead. Thi§ net has proven effec-
five in capturing-bullheads 16-39 ¢m in leégth.(Rubec 1975). In winter,
buliheads Were.colleéted with hoop ﬁets and gill_nets set under the ice.
Hoop nets (1 in. mesh; 20 ft. wings). were also used in the summer along
the vérious shorelines. ]

All" fish were collected in Kettle Island Bay with the excep-

tion of a sample of 20 fish collected in August 1974 from the north

cthannel. This sample was used for analysis of body composition when

fish were not available in the bay. These values were pooled with those

from the bay after a tag recapture experiment demonstrated extensive ex-

’

L

-



. change between these two sites (Appendix 3). ) oo

_ The natuyal.feéding periodicity was determined.for a period
of 24 hours on Aug. 22-and septf 20, 1974. At each three héﬁr inter-
val 10 f}gh were takéA %rbm the trap net set in;éettle Islafd Bay. i
Bullheads were all from 22.0 - 23,5 cm lin length and“were killed and
preséiyed (15%-fo£mélin).immediately after collection. The results’

of this feeding periodicity study were used to schedule the saméling

. - » . /
program for the determination of seasonal diet.

Thregﬁhundréd and twenty-six buliheadé_were-collected in
Kettle Island Béy for diet determination from Augu;t'ZZ, 1974-July 14, ‘33
1975."7 Samples were collected primarily in the earlf morning hours
(6:00-10:30) when feeding was determined to be heaviest. In.winter,
hoop nets were checked only every 24 hours. Fish were killed and pre-
“served immediately ;fter‘coilection. ‘A stomach pump (Sgaburg 195%)
was uséd to collect samples when fish.were being tagged and released. W
P
. One huparéd and five fish were collected for analyses
of body composition from Kettle Island Bay August 1974- Ju;y
1975 and frozen (~20C) u;til analysis."The additional saﬁpie
of »20 fish from the north channel was collected on August 14, 1975,
Field saﬁples ofﬁfpod items (invertebrates, algae) éommqn in
the bullhead diet were collected for ash and caloric value determinations. ‘
. {pvertebrafes (amphipods, i§opods, midge larvae, damsel fly nymths)ﬁwere
coilected witﬁ'dip'nets from littoral vegetation‘and substrate, from
June-Septemberi1974. On some of tﬂe sample date certain invertebrates o
were not available in sﬁfficient numnbers for tﬁe required sample size

(100 mg dry wt.).' Cn June 16, 1975 filamenfbus algae were collected at:

the top of Kettle Island where bullheads.were observed feeding heavily

N



on the abundant algae.

Stomach Analysis

-

The procedure used for the analysis of stomach contents was
a modification of the numerlcal and grav1metr1c methods described by
Windell (1968) This method was employed rather than the commonly
used\yolum;trlc and points methods (hynes 1950 W1ndell 1968) because
of,the great variety of food 1teps 1nvolvedT Bullhead stomach con-’
tents consisted of wide ranging ;ize and nume;ical.assortment of in-
vertebrates, large quant1t1es of algae and.organlc detrltus *The
following method was used to ass1gn welghts (dry) to the various food ¢

items.

Eacx stomach was sortég separately to demonstrate indivi;
dual ﬁariability and to determiée frequency of occurrence of the food.
items (Windell 1958)._ Under thé:sterobmicroacope (X25) the inverte-
brates were hand sorted, counteé and removed from the algae and debris.

. For most species fae head capsulejcounglwas used to enumerate the
lnve;tebrates. weightawere detefmineq gor each of the‘;nvertebrate
groups by multiplyiag the numefical eEunt‘by a standard dry weight -

’ (Appendix 4,5,6). These standard-dry weights were derived l’rom data i

H

on invertebrates collected at different sites and throughout the !
\\season in thie study area (Hamill 1975, pers. comm.; Leung et al, 1973).
. The sample size used for-these average values generally exceeded 300;
in the case of very commo 'food items such as Chironomidae larvae,
sample size was as muck as 8425. The author realiseé that this
method does not take into'atcount seasonal size differences of in-

vertebrates but this variation is of little importancéyin relation

to the total weight of stomach contents. - - T
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. I : i
After the invertebrates were rgpbved from ‘the sample the
weights of algae and debris were measured direct}y by drying (65°C)
to constant wéight (48 hours). The weights.of these components were

[

then gdde@'to those calcplated for the .invertebrates, to reconstruct

the total dry weight'of the stomach contents.

Growth
i - In order to.descfﬁbe seasonal growtﬁ,bullheads were tagged
with dart fags.(Floy FT-G?) in a manner describéd by Keller (1971).
In 1975, 3290'bu11heads were tagged in Kettle Island Bay and a re-

capture effort maintained throughout the season. This data was used

in con_junctioﬁ with that of Peter Rubec ,(1973%0 used similar methods

and tagged 2800 Kettle Island Bay fish from

1973. Of the fish tagged in 1972-73.by Rubec, 447 were recaptured in

Kettle Island Bay in 1974-1975.

. All fish were measured in the field and total lengths were °

-used for growéh determinations. The adverse effects of tagglng on
Agrowt{ (DeRoche 1963 Escheneyer 1959) were evaluated {Gunn et al in
preparation) and on this basis only those fish recaptured at . least’ a
year after tagging were used in thi;-study.' Seasonal gréch was des-
cribed by the chgnéé in length between two éubseéuent’recaptures for
a fish tagged-a'year previous to the first recapture. Three time
pericds were selected for whlch there was sufficient data. ‘Theée
perlods were June-July 1973; Aug.-Sept. 1973 and Aug. 1974-June 1975.
Body Comp051t10n . ’

For analysis of body composition the fish were first thawed

and the alimentary tract emptied of all conténtg. Each fish was cut

into small chunks (~2 cms) and ground in a Sorvall Homogenizer. Per;'

centage moisture values were determined after freeze-drying using a

fne 26, 1972 to Sept. 26,
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VirTis lyopholizer until constant weighf ‘(48 hrs.). The freeze dried

-

tissue was then ground in a hipro-mill‘(Tekman'Company quel A-10),

reground with a mortar and pestel and finally run Eﬁrough a fine screen

(1 mm mesh). The "screening procedure was used to eliminate pieces of

skin that occasionally withétood the pulverizing procédure,.and which

would otherwise prqduce“variations in peLIer used for calorimetry.
Presumably, the removal of this skin would not have sig#ificaptly.
affected the chemical composition results since’ it represented

only about 5% of the total sample. The homogenized dried tissue
. S

- was stored in air tight vials and refrigerated (2C). In all sub- N

sequent analysi;, samples were first equilibrated to room temperature
Percentage ash values were determined after combustion in

"a muffle furnace'gHotpack_7074) qE"SOOC until constant weight

(Reinérs and Réiners 1972; Paine 1971)2 Five determinations (IOng

samplés) were used for each fish. Tisgue energy values were deter;

mined for one gram samplés using a Parr 1241 adiabatic cglorimeter

(Parr manual 1960}. Lipid-values were Qeterménga gravimetrically

after extraction of the fish tissue sampiés {0.70-2.19 g) with chloro-

form-methanol-water following the pro egure of Bligh and Dyer (1959).

The chloroform extracts were evaporated ynder nitrogen and the lipid

residue weighed.

Ash and Caloric Determination of Food Items

The analysis ‘of ash and ¢aloric contept of*field collected

o

algae and invertebrates was used /to describg fhe bullhead diet in
energy terms. Samples were colldcted through the season,and values
were expressed in cal/ash free dry weight to best describe intra-

specific seasonal changes in the food items (Prus 1970, Paine 1971).



- -12-

\ . + . ¢
- Field samples were cafefuliy washed, the invertebrates were
sorted to taxanomic group and the samplés frozen (-20C) for further
analysis. \
- fhe invertebrates were ;hqﬁed and dried at 60C for 24 hours
(C;isp ‘1971),-gfodnd to a homoéenous powder with a mortar and pestal

and stored in a dessicator. Pellrt

the sample material were pres-

sed, weighed (10-20 mg) and caloric content e;ermined using ‘'a Phillip-

son micfobomb calorimeter (Phillipson 196;). nly fuse Qire heét in-

ﬁut corrections were applied.’ Three to six determinations. were made

for each §amp1e. Ash fraction was determined by combustion of sam-

ple material (10-20 mg) in a muffle furnace at-600C to constant weight
. : :

(Crisp 1971).

‘The ashing procedure for filamentous algae used 1702475 mg

a

samples and the caloric content of the sample material (840-960mg) was
determined u.'ng the Parr Adiabatic Calorimeter. Bbth the Parr and
the Philiipson alorimeters were calibrated using benzeic acid (6318
cal/g)} as the alorific standard (Paine 1971).
Digestability of Algae

Three aﬁproache§ were used to assess the"digestability of
‘algae. The first expefiments'used a radioactive %abé& t;4C) to deter-

mine the assimilation efficiency of ingested algal carbon. A mass ba-

lance experiment was then used to demonstrate the assimilation effi-

.
¢

ciencf in terms of mass and it's caloric equivalent. Finally morpho-
logicai changes of the ingested algae were phptomicrogrhpheds
* Many of the procedures used were original or modifications

of earlier methods and are described here in separate sections.

Care and Training of Fish *

3

A total of 26 bullheads (90-200 g) were .used in these ex-

h
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periments. The fish were placed in separate aerated aquaria’ (30-40

N v
liters) eight weeks prior to feeding experiments. Particular atten-

L

3

tion was pa%d to minimizing stress for,the'experiméntal anima‘a, as
suggested by Fish (1960) and Moriarty (1973%). The aquéria were |
kept clear and the water temperature maintained at 20 * 2C. The

walls of the aquaria were blackened to prevent disturbance through
activity in the laboratory (people, neighbouring fish). .

Bullheads were trained to feig on trout chow and minnows in

gelatin capsules (#0}. A water-minnow, extract was introduced into the

aquaria water shortly before presenting food capsules. Bullheads which

depend heavily on chemoreceptors for idehtifying sapid f?od items
(Biedenbach 1973) were easily trained to consume the capsules in this
manﬂ%r. A1l fish were feeding regularly and voiuntarily six weeks
p?ior to the experiments. o e .

- Growth and 14C-1abelling of Algae

The green algae Splrogzra sp. and the blue-pgreen Anabaena

flos aquae were used for this study.Sglrogzra was chosen because it is

a dominant algae in the study area (Rosemarin 1974) and is found abun-

dantly in bullhead stomach contents. The Cyanophyte Anabaena was used

for comparison to the Chlorophyte Spirogyra. The species A. flos-aquae,

. was chosen for the following reasons: although A. flos-aquae has not

4

been identified in this area it does occur in bullhead stomach con-

tents in other areas (Nurnberger 1930); other investigators have con-

P )

«

sidered certain -species of Andbaena inedible and indgstible (Sorokin 1968;

Hutchinson 1973; Rabe et al 1973); and finally A. flos-aquae is easily

grown under lab conditions.

~

i a was collected from the Ottawa River. The algae was
Spirogyr f g

' - 14
. thoroughly washed and placed in a 14C-labelled medium ( NaHCO3

in tap
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w&ter). After photosynthesizing under strongisunlight for three
hours the algae was rinsed and allowed to grow in fresh water for
thrgg additional days. This transfer and duration was used to
insure that all the labelled carbon was.incérporated into the algal
mass rather than 'in the form of surface contamination. After
.harvesting, the algae was biotted dry, placed in gelatin capsules
and fed to the fish. _ ‘ ~

Anabaena flos-aquae (no. 1444) was obtained from the

Indiqna University culture collection (Starr’1964). A flos-aguae
was grown in a culture medium (ASM) of McLachlan and Gorham (1961).
The medium was prepared in 8 liter bottles and was autoclaved
before innoculation. The innoculated bottles were aerated and
maintained under continuous lighe—at 20C. A. flos-aquae grew rapidly
under these conditions, filling culture bottle and requiring harves-
-ting eight déys afgér innoculation. Two days prior to'harvesting
100uc 14NaHCO3 was added to each bottle. The algae were harvested
by centrifugation aﬁd resuspended in u%}abelled medium. A sample of‘
the original supernate was counted to determine pgrcéntage uptake
(usually >90%). After the final centrifugation, four culture flasks
(50 ml) of the sterilized medium were innoculated td demonstrate the
viability of the algae.
Digestion of 14C-labelled Algae

| The intent of the initial experiment using Spirogyra was
to determine the efficienéy of carbon assimilation from ingested algae

and to measure the C14

counts incorporated into various tissues. The
2 - . '
samples of labelled Spirogyra (0.574-0.916 g wet wt.) were encapsulated

as live intact algae and fed to the fish. Two fish were sacrificed at
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each of the 9,12 and 24 hour interval after ingestion. From each
fish various tissues were remoﬁed, weighed and frozen for analysis
of 14C content. The alimentary tract was carefully opened and
washed free of feces. All feces apd washinggwere collected and fro-
zen. The assimilation efficiency was expressed as the fishtissue
C counts as a percentage of the total recovered counts (A.E. = cpm
14¢ tissue/cpm 140 tissué + feces + washingé); In this experiment
using Spirogyra the total recovered count was us%d as a measure of
the original ingested counts.
Modificétions were used in the A. flos-aquae experiment
" to medsure ingestion directly by carefully weighing the encapsulated

alghe,£227d-.3621 g wet wt,) and then calculating a weight to counts
. ’ -

conversion factor. The conversion factor.was established from the
14C counts in subsamples (.6266-1.1021 g wet.wt.] of the same algal
mass. Thisoprocedu}e for -quantifying ;ngestion was the basic premise
- behind uging gelatin capsules in the first placé. Other invesfigators
have used free'floating algae and measure ingestion indirectly as the
cl;aﬂnge in the aquarium 14(3 count after feeding (Sorokin }?68; Gulati ‘
1974). The experimental error is high using the free floating method, ‘-‘—
because of problems associated with sampling a heterogeneous éuspension
of 14C-labe11ed-filamentous algae (Moriarty 1973b).
Fresh weights of encapsulated algae and subsamples (N=3) of
the algal mass were recorded at the time of feeding. Four fish were
" fed the capsules of labelled A. flos-aquae. Aquarium water samples \\\;‘ a h

" (50°ml) were collected after each six hour interval to determine the

fate of the labelled carbon. Particulate matter (regurgitated algae,
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feces) was coqcentipted oghMillipore (0.45 um) filters and counted.

e

Hfespired 14C02' in %ﬁe filtrate was precipitated as BaC03, and counted

on Millipore (0.45 um) filters (Sorokin 1968). Samples of the second

, :
filtrate were then counted to dgtect soluble excretions.

Twenty-four hours after ingestion 'the fish were sacrificed.

The 24 hour duration was selected after preliminary expériménts

. - demonstrated an evacuation rate of approximately 30 hours at the
.. experimental temperature (20C). After 24 hours the fecal material was

in the hirtdgut section where it could be easily collected. Relatively

little absorption occurs m the hindgut (Neff and Musacchia 1967); an

s ‘ -observation that was verified in the Spirogyra time-course experiment.
- After kilding the fish, the feces was washed from the ali-
' o

mentary tract and colled?ed.f.The aquarium contents were given-a
brisk stirring and the fi;él ﬁater samples (2 X 400 ml) siphoned off.
The counts of particulate matter, respired %4C02, and soluble excre-
tions were determined as indicated above. Totals were constructed
according to the measured volume of the aquaria contents.
Tissue Preparation and Counting Procedure

Algae were driéq‘(65C) until constant weights were reached.
The dried algae wﬁstﬂ1cnground in a glass homogenizer and suspended in
‘distilled watef{( 150 ml). The.suspensia;\Wss maintaine& by a magne-

fic stirrer and subsamples (1 ml) taken..

ndividual tissues (eg. liver, spleen) were prepared

=)

and counted’separately in the Spirogyra time-course experiment. Mus-

cular tdssues (eg. stomach, lateral muscle) were first finely sliced
beforérhéﬁogenization.The carcass remains (74.06-137.71 g wet wt.)

were first macerated (Sorvall omnimixer) and then subsamples (5.97-

11.050g“wet wt.) taken for final homogenation. Tissues were homg-

o,

-
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geniZed'in‘a measured volume of water at high speed‘(Sorvall 1500 rpm).

Ip the ‘A. flos-aquae experiment the alimentary tract was the

. )
only tlssue removed and counted separately " The carcags remains were

'STm11a: emulsions were prepared for the fecal samples -

"J -

Duplicate one ml samples of each tissue were counted for

-

one minute in the Beckmann LS200 liquid assintilation cotnter (Amer-

sham-Searle PSC solubilizer). The window of the counter had bee; nar-

EEEE -

e

ro@ed to e¢liminate low energy phosphorcscence. All samples were quench

correct?d using an internal staqdardf(14c1labelled toluene). Back-
.. v B . N
g}ound corrections were applied to all samples in the A. flos-aquae ex-

periment. No other correctioms, were used.<

Mass Balance Assimila;ion Efficiency

The .mass balance experiment was cpnducted\is a parallel to

the labelled carbon experiment. For both experiments the same feeding

" procedure (encapsulated algae) type of algae, (A. flos—aguae)_number

of fish (4) and experlmental duration (24 hr) were used The exper1~
ments differed in that the mass balance experiment used unlabelled

algae and the assimilation efficiency ﬁps measured in terms of mass and

caloric changes of the ingested algae. ™

The encapsulated algae (.5164;.5956g wet wt.) and subsamples
(1.4841—3.4286g wet wt.) from the Same algae mass were carefully weighed
before feeding the fish. The fish were sacrificed after 24 hours and
feces collected from the alimentary tract. The algae and fecal samples

were.dried:(65C) to constant weight. Pellets of the sample material

were pressed, weighed (15-22mg) and caloric value determined using the

Phillipson microbomb calorimeter. No corrections for intestinal mucous

-

L ' .
or capsule remains jn the feces were applied.

gsubsampled as described above and the same homogenlnng procedure used.
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Morphological Changes of Digested Algae

Photomiérographs were taken of Amabaena flos-aquae (X 750)

and Spirogyra sp..(X 120) under ﬁhase—contrast using a ZEISS micfoscope.

The Spirogyra sp. (nd:1343) used for these pictures was obtained from

the Indidna Univ. culture collection. Photomicrogrdphs were taken

of the élgae before ingestion and then again 24 hours later. The

r

materialifor %he-pbst digestion pictures was obtained from the hind-
gut section of the alimentary tract.

Data Presentation and Statistical Analysis

r -

Proximate body composition which included lipid, ash and

.total organic matter (iﬁcluding lipid) were expressed as a percentage

of total dry weight. Moisture was expressed as a percentage of total

wet weight. Energy values were in caloriés/g ash free dry weight

" Prus 1970, Paine 1971). There was no signifiéant difference (t-test;

p < 0.05) between male and female-values on eight of the nine sample
dates. Only the August 1975 saﬁple displayed sexual differences. The
values for males and females were pooled to demonstrate.seasonal
changes in body comﬁosition. One way analysis of variance and linear
regression analysis (Steele and Torrie 1960) were used to assess the . -
seasonal changes and prsximate,body composition relationshipsa

Growth rates,(A‘}otal length (cm)/day) of the tagged fish
Wefé gfquped for seasonal coﬁsiderations and means compared for sig-
nificant differences (p < 0.05). The data bank of the Biomathematic

section:;f N.R.C. (Sussex Dr., Ottawé) contajiis the tag-recapture

data for approximately 8,000 individually coded bullheads.

The diet was presented in teems of frequency of occurrence (%)

and dry weight composition (%). Frequency of occurrence is_the number

of stomachs in which each item occurred expressed as a percent of the

*

-



total'numbqr of stohaché (N) examined., Only stomachs containing
food were used for this gﬁlculation. Dry weight compoéition is

the total dry weighf for each item expressed as a percentage of the
total dry weight of stomach contents for that sample date. A one
‘way analysis of variance was used to detect seasonal changeg in
caloric content of -food items. The, appropriate moisture values
werelused to expressldry weight of étomach contents as a percentage
of the body’ dry weight.

Bullhead assimilation efficiency of ingested algae was

expr?ssed in th?ee forms. 1In the 14C laSélling exéeriment the assi-
-milation efficiency was the ratio of assimilated to the ingested

14

carbon (as cpm ~ C). The mass-balance experiment produced a gravi-

metric measure of assimilation efficiency. Finally the calorie
1

values of the whole algae and feces was used to exprgss assimila-

tion efficiency in caloric terms.
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i. RESULTS.
Feéding habits

The brown bullhead is omnivorous in it's feeding
habits. The fﬁ;&;ency of occurrence and percentage compo-
sipion.(dry weight) of'the diet items;nre presented i;
tables 1,2. The diet consisted of benthic invertebrates,
zooplankton, plant méterial, organic detritus and occa-
sionally fish. The ingerfeb;ate component varied throughout

the year from a low of-2.8% in August to 37.2% in,October

(Table 2).. Plant matérial was primarily filamentous algae

with the occassional occurrence of. Potamogeton and Myriophyl-
lum. Filamentous 51gae was‘very common duripg the summer
months, representing 636% of the diet on August 22, 1974,
Mixed debrés.(detritus, silt, sénd,-wood fibers) was don-
sistently a large compojient of the stomach coétents (33.5-
76.6%). The seiected size ziass was rarely piscivorous with

only three sémples'containing aﬂy fish remains. The only

identified fish species was a Notemiponous cryscleucas.

y
The chironomidae larvae, isopods, Sphaeriidae clams,
[ R

and the amphipods Hyallela azteca and Gammarus fasciatus were

the most common invertebrates in the diet (Table 1,2), Chiro- ‘
nowidae: larvae consistently displayed high percentage occur-

' o~ T . :
rence (ZS.;:IOO%);"OF‘therbther Qand the isopods Asellus dis-
225 /, | ALATEL LR

h .
—_

i \-'_’ - a L3
play extreme seasonal-varlatlons.j Asellus was the most im-
portant food invertebrate during the fall and winter samples

but represented only 0.01% (dry. the diet in August. In

terms of both numbers and_wei rus fasciatus was the most

"y
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Table 1 Stomach contents of brown bullheads taken in Kettle Iéland'Bay at various

months of 1974-1975,

Frequency of Occurrence (%)

-, Month 1674 _ 1975
: Aug. Sept, Oct. Nov, Feb.§ May June July
Mar. '
Nematoda 17.7 2.0 5.1 6.6 - 28.6 16.6 - 42.9
Mollusca . , ;
Gastropoda 6.5 17.7 38.5 33,3 22.2 28,6 19.4 42,9
Sphaeriidae . 30.6 62.8 51.3 26,6 11.1 71,4 52,8 78.6
Annelida »
Hirudinea - 2.0 - - - - - -
‘Oligoclaeta - - - - - - 2,7 21.4
Arachnida -
Hydracarina ., 14,5 15,7 2,6 6.6 - -~ 11.1 21.4
Crusgficea : . :
Amphipoda-Gammarus 4,8 9.8 \61.5 33.3 - 28,6 16.6 36.7
Hyallela 4,8 7.8 /43,5 40,0 - 14.3  16.6 14,3
Misc, 3.2 27,4 /46,1 53.3 - 14,3 27,8 . 28.6
Cladocera 61.3 80.4 84, 60.0 - 57.1 52.8 78.6
Copepoda . 1 27.4 3.9 18, 6.6 - 42.9 5.6 28,6
Isopoda-Asellus 1.6 15,7 46.2 60.0 88.8 71.4 41.7 50.0
Ostracoda 17,7 43.1 28.2 13.3 - - 57.1
Insecta
Colecptera adult - 2.0 2.6 - - - - -
Coleoptera larvae 1.6 = - -, - - 8.3 14.3
Diptera
Ceratopogonidae 11,3 35,3 33,3 - 33.3 11.1 B5.7 55.6 78.6
Chaoboridae 1.6 2.0 12.8 - - - - -
Chironomidae 88.7 86.3 94,9 73,3 77.8 100 80.6 100
pupae diptera indet. 11.3 5.8 7.8 - - 85.7 63.9 71.4
Ephemeroptera 3,2 17.7 18,0 13,3 - - 30.6 14.3
Hemiptera - - 2,6 - - - 5.6 7.1
Lepidoptera - - 2,6 - - - - =
Megaloptera - - - - 22.2 - - 7.1
Odonata-Zygoptera 12.9 9.8 28.2 13.3 - - 5.6 7.1
Plecoptera - - - 6.6 - - ~ -
Trichoptera adult - - - - - - 11.1 14.3
Trichoptera larvae 12.9 39.2 46.2 53,3 22.2 857 36,1 71.4
Fish remains - 2.0 - 6.6 - 14.3 - -
Filamentous algae 75.8 41,2 20.5 40.0 - 14,3 44,4 71
debris 3.5 96.1 79.5 93,3 88.9 100 100 100
N 62 39 15 9 7 36 14
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Table 2 Stomach contents of brown bullheads i\p Kettle Is. Bay at various months
of 1974-1975. Co

% Composition (dry wi.)Dof the diet

Month 1974 S ' 1975

Mg, Sept. Oct. . Nov. Feb.& May June July
Mar. - :
Nematoda <.o§* 0.01. <.01 <.01 - <01 <.01 o0.01
Mollusca . . _ A .
Gastropoda | <.01 0.12 0.8 0.92 0.06 0.87 0.06 0.08
. Sphaeriidae ~ 0.47 3.90 2.52 0,75 0.12 11.55 6.02 .1.95
Annelida : _ i :
Hirudinea _ - 0.01 - - =, = - -
Oligochaeta — — —_ -, - — 0.02 0.18
. Arachnida | - e '
Rydracarina : 0.0L° 0.03 <.01 0.0 -° -~ 0.10 0.05
Crustacea o . . - !
Amphipoda-Gammarus 0.02 0.5 5.67 1l.25. - 1.1l 0.13 4.11 ;
Hyallela + + 0.01 0.04 0.69 0.26 ~  -0.,72 0.08  0.21 g
Misc. 0.02 0.64 2.10 0.65 = 0.63 0.74 0.66
Cladocera . <.01 0.09 0.06 0.01 - 0.01 0.03 0.02 3
Copepoda .- <,01 <01 <.01 <.01 - <.01 <.01 <.0l1 ;
Isopoda-Asellus 0.01-70.94 15.05 19.07 22.13 1.18 1.92 2.85 *
Ostracoda <,01 0.01 <.01 <.01 - - <.01 0.02 :
Insecta ‘ ' \
Coleoptera adult - 0.02 0.04 - - - - -
Colecptera larvae 0.01 o - - - 0.04 0.05 0.02
Diptera . . . '
Ceratopogonidae ~0.02 0.14 0.13 0.14 -0.03 0.49 0.29 0.27
Chacboridae "<,01 0.01L 1.70 - e - -, .
Chironomidae 2.07 3.89 7.12 2.49 %48 3.90 5.61 7.99
pupae diptera indet. 0.08 0.05 0.10 - - 0.74 - 1.27 0.44
. Ephemercptera <,01 0.07 0.09 0.02 - - - 0.02
Hemiptera - - - 0.05. - - - . 0.04 0.05
. Lepidoptera ' - - 0.03 - - - 5 -
Megaloptera - - - - 1.00 - . 0.21
Odonata-Zygoptera .02° 0.06 0.21 0.04 - - .06 0.01
Plecoptera . - - - 0.10 . - - ~ -
Trichoptera adult’ - - - - = - 0.47 0.63
Trichoptera larvae 0.03 0.56 0.8 0.64 -0.15 2.21 0.22 1.06
. o
Invertebrate Wt. ‘ 2.77 10.74- 37.24 26.35 25.97 23.45 17.08 20.88
Filamentous algae \ 63.67 17.24 11.88 .48 . - <.01 12.49 16.25
debris 33.57 75.02 50.88 73.17 74.03. 76.55 70.43 62.86

X sample wt. {g) .1%457 .0830 .0590 E{UBSO .0557 .1781 .1788 .1766
N 62 51 3 © 15 9 7 3 14
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‘common amphipod in the diet. Zooplankton, primarily Cladocera_

(Bosmina) often octurred }n great numﬁers but represented
little weight (.06b09-.003823). In one exceptional case
(Oct. 22, 1975) clﬁdoceron represented 20% of the weight of
a north channellfish'ﬁ stomach contents.
'SEirogzra'was-generally the most abundant algae
in the diet, Other identified a%gae included: Ulothrix,

Rhizoclonium, Vaucheria, Oedogonium, Fragilaria, and QOscilla-
> ‘ LELEEE L

toria., Generally green algae predominated with an occasional

stomach containing great masses of diatoms (Fragilaria).

The feeding chronology of, the Kettle Island Bay
populatién (Aug. 22, 1974; Sgpt. 20, 1974) is presented'in
figures 2 aqd 3. In August,fish.began feeding at dusk (21:30)
and‘stomach content increased.tola maximum of 0.8% bod} weight

at 14:30. Stomach contents thepn deereased qand all fish (N=12)

were émpty at 21:30 (Fig. 1). On Septembeflzofthe maximum

stomach contents occurred in the 5:00 sample; equalled only

0.36% of body weight, which is less than half of the compa-

~rable August peak. The September stomach conténts decreased

e

from the early morning pe:a,lg~5 and 73% of the stomachs col- ‘
lected shortly after dark (19:30) were emﬁty (Fig. 2).
On the sample dates.Pf Aug. 22;{3974 and Sept. 20,
1974 bullheads demon;tratéﬁ‘fooq preference throughopt the
feeding cycle (Fig. 4,5). The diét consisted of invertebrates
and debris at the onset of féeding and shifted dramatically

to algae towards the end of the feeding cycle. In the early

morning hours (5&90-9:00) of August 22, algae increased from gé
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5. Percentage composition of bullhead séLmach contents, collected

throughout the day in_Kettle Island Bay (Sept 20 '74).
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0.5 to 73.0% of the stomach contents (Fig. 4). On September
20 the switch to algae was éven-fur;her“delayed and did not
occu{‘until thé last few hours (3:30-13:30) of the feeding
cycle (Fig. 5).
Growth and Bo&} Composition ‘ .
Only 35 of the original 5300 tagged fish (1972,
1973, 1975) ﬁad appropriate recapture data for this gréwEh
study (Thble‘S). The limited nature offhésedata wWas a re-
sult of the restriections of dual recapture, size aﬁd season. )
There was also the basic problem of effecti&ely recapturing
tagged fish in a large system like the Ottawa River. Of
the 324b fish tagged in 1975 only 86 (2.7%) were recap-
tured. -
The fish grew the fastest in the spring and summer -
months.(Table 3). The mean growth rate of fish recaptured

between June 1973-July 1973 (group 1) was .012 t 003 cm/day.

From August 1973 to September 1973 (group 2) fish grew on the
average .009 * ,002 cm/day. In the fall and overwintering
period of August 1974 to the following June 1975 (group 3)
very little growth (.002 ¥ .001 cm/day) was detected. The
growth rate of both group 1 and 2 were significantly érgater
(p=0.05) than group 3 but not significantly different from

each other.

Body composition values for the 125 fish are in-

cluded in Appendix 85, Males and females were pooled for de-
termination of seasonal changes in % moisture, % organic

. - J
matter, % inorganic matter and tissue energy values (Kcal/g
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hble‘s. Seasonal growth of tagged brown bullheads in the Ottawa River

Total length on total length on duration-between  growth

first recapture second recapture subsequent rate X growth rate (t%g)
date © date recaptures
(em) = (cm) (day) (em/day)
21.1 21.4 68 .004
20.0 20.6 23 .026
21.8 21.9 68 .002
21.4 22:1 21 .003
Group 1 23.8 . 24.1 23 .013 0.012 ( 0.003)cm/day
tagpged 1972 21.1 21.5 65 .006
recaptured 21.0 21.4 23 .017
une-July 1973 22.9 30.0 34 "’ .003
/ ) 20.0 20.3 34 .009
21.1 215 N 53 .008
27.6 27.8 w53 004
25.3 25.9 55 .011
- 21.8 21.8 57 .000
Group 2 23.5 24.2 54 .014  0.009 ( 0.002)cm/day
tagged 1972 22.2 23.3 54 .020
recaptured 24.2 24.4 { 52, .004
ug.~Sept. 1973 21.5 22.1 52 ‘ .012
: . 20.1 20.7 52 .012
21.2 ©21.6 53 .008
21.1 21.7 249 .002
23.8 23.5 246 -.001 .
22.3 23.5 284 004
24.0 24.2 276 .007
23.3 23.7 242 .002 I
; 24.0 24,2 - 275 .001 '
- 23.5 25.1 268 .006
Group 3 23.1 ¢ 23.1 249 : .000 0.002 ( 0.001)cm/day
tagged 1973 23.1 23.6 276 .002
recaptured 21.3 22.5 274 _ .004
jug. 1974-June 1975 23.8 24.1 252 -.001
23.2 23.6 254 : .002
23.3 22.3 279 -.004
26.3 -25.7 274 -.002
22.1 23.4 295 - .004
&

&
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absolute change occurs in the ash content of a mature fish

"bohydr reflect the fleshiness of the fish. Percentage

-30-

* .

ashrfree dry wt). Sexual differences in values (ﬁjfEO.DS)

were demonst;ated on one of the sample dates (Appendixga).

On August 14, 1975 females had significantly lower (p <0.05)

% moisture values and hiéher'ash free ;aloric values than

males (73.92 % 68 - 75.92 T ,40%; 6177 £ 90 L 5836 36 cal.)..
Tﬁese sexual differences were'prqpablyla result of higher liquid
con;eﬁt in females. The ash f:ee‘caloric value has a pdsitive
corrglation, and pe%centage meisture has a negative correla-

tion with lipid content. These ‘Telationships can be described

by the following ‘linear, regression equations.

) . \ P .
Kecal/g (a.f.d.) = 4.86 *0.08 (.0455 * .0045 X %lipid
' (a.f.d.)) r = .919 (p £0.01)

%HZO 79.04 X 0.65 (.9348 + .1695 X %1ipid
(a.f.d.)) r= .809 (p£0.01)

An analysis of variance showed no significant diffe-
rence'(p.fd.OS) in the pooled (male + female) seasonal % mois- -
ture values which had an annual mean value of 75.29%, Sig-
nificant seasonal fluctuations (p =0.01) Jécurred in % organié
and the % ash (inofgaﬁic) components. - Assuming that little

(Pearse 1925), seasonal % organic matter (protein; 1lipid, car-

qrganic matter increased well into the winter months (Feb. &

March-S?.?%j and then declined until spring (Fig. 6).' Per- '
centage organic values were lowest on June 3, 1975. In.June

the bullheads reprodﬁce and body constituents are mbbili?gd_

for gonad develbpment.

b g
The organic fraction increased both in its contri-

4
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bution to the total weight .(dry) and also in it's caloric con-
tént in the fall of 1974 (Fig“. 6,7). Tissue caloric\‘ values
displayed a cyclic pattern, increasing to a maximum in the
fall (Novi 17/74, 5835 cal/g) and then a decrease to'a mi—
nimum on June 3, 1975 of 5486 cal/g (Fig. 7). The ash free

caloric values were lowest on June 3/75 even though'high

‘energy lipids (9.45 Kecal/g-Brody 1945) were being concen-

trated in gonad tissue. The caloric values increased from

this low June 3 level reaching a maximum on Aug. 14, 1975
of 5970 cal/g. The ash-free caloric values and % organic
matter for Aug. 1974 and 1975 were ‘significantly different

(p =0.01). This demonstrated the year to year fluctuations

in factors that produce body compositional changes.

-,
) 7

Caloric Value 6} Food Items

The results of the ash and caloric content of
]

food items are présented in Table 4.

" The amphipoda Gammarus fasciatas and Hyallela

azteca displayed significant seasonal variations in ash and

caloric content (cal/g dry wt.). -In G. fasciatus these dif-

feraeances were 8.,0% of the minimum obscdrved calc:ric content #
and in H. azteca, 19.5%. 1In G. fasciatus seasonal varia-

tions (p = 0:05) in caloric content (cal/g dry wt,) were

effected by.ch;nges in the ash fraction (p = 0.01) alone, be-

cause there was little change in the caloric content of the

organic fraction. H. azteca on the other hand displayed

seasonal vériatigns in both the relative ash fracti&p

(p=0.01) and the caloric content of the organic fraction

L]
-

(p=0.01).
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Table 4. Ash and caloric value of food items.1

(mean, standard error of the mean and number (n) of
samples given).

-

Gammarus fasciatus

June 24 July 15 Aug, 14 Sept. 23

22,99 © 419,30 22,33 19.81**
Ash (% dry wt.) +,65 +,73 +,56 +,25
L (5) (s). (5) (5)
4205 4258 3943 4125*
cal/g (dry wt.) +57 18 +122 53
(4} (5) (5) . (8)
, .
cal/g (ash free 5455 5278 5077 5144
dry wt.) +74 +22 +144 +66
‘ (4 (5) 5y (3)

;

Hyalella azteca

June 24 July 15 Aug. 14 Sept. 23

: 23.62 18,91 17.10 ~ 22,76**

Ash (% dry wt.) +1,25 £,54 +,02 +,23
(5) (5} (4) (5)

3611 3669 4301 43157
cal/g (dry wt.) +53 +67 £45 +61
(5) (6) (5) (5)

4704 4510 5171 5580**
cal/g (ash free +68 79~ $54 +80
dry wt.) (5) (6) (5) (5)

Asellus sp.

July 10 Aug. 14 Sept. 23
32.71 19.61 27, 13%*
Ash (% dry wt.) *+1.10 . 2,74 +,25
(7) (5} (5)
3252 3981 3795 **
‘cal/g (dry wt.) +150 +122 +29
. (3) (5) )
4750 4952 5208
cal/g (ash free +320 . *152. 40

dry wt.) . . (3) (5) _ ‘V(S)‘
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Table 4 (Cont'd). Ash and calorie value of food items.

LY

Chironomidae sp. '/ . :
July 15 Aug.14
21,44 13.97
Ash (% dry wt.) : .45 .21
(2) (S)
“ . 4176 4737
cal/g (dry wt.) +30 +47
(3) . (5) ‘
5315 ‘ 5507
cal/g (ash free +40 . *55
dry wt.) (3) (3)
Enallagma signatum
July 10 Sept. 23
4,04 125,52
Ash (% dry wt.) +,50 +,87
(5}’ (4)
5102 - 5273
cal/g (dry wt.) +107 4]
(5) (5)
. 5317 7093
cal/g (ash free . +112 : +54
dry wt.) (5) . (s)
filamentous algae2 " Ash cal/g ' cal/g
) (% dry wt.) {dry wt.) (ash free dry wt.)
June 16, 1975 8.55 . 3882 4245-
+2,.59 +25 *28
(10) (2) (2)

1 collections made in 1974 unless otherwise noted
* < 0.05 one way analysis of variance (3 or more groups)
** p £0.01 : :

mixed species with the green algae Vaucheria in predominance
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The isopod Asellus sp. displayed significant seasonal

“variation (pr0.0l) in the ash and caloric content (cali/g

~dry wt.)}. Seasonal variations amounted to 22.4% of the mini-

mum observed caloric valﬁe {(cal/g dry wt.). As in G. fascia-
tus, changes in the relative size of the ash fraction effec-
ted changes in caloric content {cal/g dry wt.} while little
change was observed in the caloric content of the organic
fraction. s . .

The chironomidae larvae and damselfly nymph (Enal-

lagma signatum) were available in sufficient amounts on only

two sample dates (Table 4). The caloric conten} (cal/g dry
wt.) of the chiropomidae larvae and E. Signatum ried be-
tween 4176-4736 cal/gland 5102-5273 cal/g respectively.

The mean ash and caloric content of the June 16,
i975 sample of filamentous algae were 8.55% and 3882 cal)g
respectiveiy. Vaucheria sp. was the dominant algae in. this

sample. Other algae included were Spirogyra sp., Qedogonium

sp., Rhizoclonium hieroglyphicum and Fragilaria crontonensis. -

Efficiency of Assimilating Algae

¥ ,

" The results of the time-course Spirogyra experiment

are presented for the individual fish (Tables 5,6). The tis-

sue distribution of algal carbon (as cpm 14C) was the_14C

counts in a tissue expressed as a percentage of the whole

fish count fcpm }4C tissue a\- Approximately 50% of the
c 1%¢C 1 fish

- pm tota is

assimilated counts were recovered in the carcass remains

£

(Table 5}. The extremely high carcass value for fish number

2 was presumably the result of contamination of carcass tis-

L

-
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Table 5. Distribution of algal carbon (as cpm 14C) in "the tissues
of brown bullheads following inggstion of l4c-1labelled
algae (Spirogyra). The cpm of *'C in each tissue was
. expressed as a percentage of the, total count of .
radiocactive carbon in all the body tissues (qpm tissue )
' cpm total fish/’
time after ingestion
9 hrs 12 hrs 24 hrs
Fish # 1 2 3 4 s 6 p
[}
. - ) { [
Tissue
liver .9.59 4.47 | 7.63 7.98 | 9.03 13.13
spleen .40 .22 .60 .56 .35 .63
Kidney 2,50 .88 | 2.50 2.42 | 4.77 7.08 \
gonads .95 .15 .35 .38 .30 .81
stomach 2.36 1.66 | 2.43 1.65 | 6.86 3.09
foregut 31.86 15.77 | 31.32 24.55 18.71 19.88
midgut 2.52 1.03 | 1.68 7.01 | 1.71 5.23 N
hindgut .99 32 . .77 1.31 1.24  2.70
_ remaining carcass 49,29 75,51 |[52.71 54.14 | 57.03 47.40

* The high carcass value for fish #2 was presumably due to con-
tamination of body tissues by feces matter from the alimen-
tary tract during dissection.
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“latory system and marked accumulations of labelled-products
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sue by fecal matter. Time progression changes in 14C contcnt
can be noted for such tissues as the foregut and kidney
(Table 5). The foregut values decrease from 31.8% after nine

hours (fish #1) to 18.7% after 24 hours (fish #6). Kidney

‘values, on the other hand, increase from 2.05 to 7.08%.

. Concentration values (Table 6) are the counts per

gram tissue, normalized against the average count per gram

14C/g tissue . The highest con-

cpm 14C/g total fish

of the total fish/fcpm

‘f‘--

centration of counts were in the foregut (22.51-43.22). The

. ',‘r'.
foregut was the most active absorbing section of the ayimeh—

tary tract. The concentration values in the foregut pr

gressively.d&creased (43.22-22.51) from.the 9-24 hour inte

val. Digestive products were transported through the circ

were observed in the liver (3.04-4.99), spleen (1.00-2.73) aqs

kidney  {(2.92-7.06}. These tissues ,have high concentrations

of blood as compared to skeletal muscle.‘ The counts of 140
in the blood ranged from 44-120 cpm/mg. (absolute counts).

Blood values were not included in tables (5,6) because of

an incomplete sample series.

B

The assimiia;ion éfficiency'was 19.0-27.2% using. la-

belled Spirogyra sp. (Table 7). Djgestion was essentially complete

after nine' hours. AThe percent assimilation increased only
from 21.9%.(fish no. 1) to 27.2% (fish no. 5).by.extending the
experimentai duration to 24 hours. This assimilation ef-
ficiency was the ratio of the total of the fish tissue counts

1
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Table 6. -~ Helative tissue concentration

(cpm/g tissue ) of 14C in
cpm/g total fish ,

brown bullheads following inges-

tion of allAC-labelled algae

-
. H

‘(Spirogyra) | . ) .
time after ingestion
9 hrs 12 hrs 24 hrs

Fish # B R 2* 3 4 5 6
Tissues

liver ' 5.04 1.8 | 3.22 3.60 | 3.11 4.9
spleen | 1.00 1.37 | 2.14 1.65 | 2.19 2,73
kidney 2.92 1.29 | 2.81 2.96 | 6.34 7.06
gonads ‘ 1.24 .59 | 1.49 1.98 | 1.45 1.19
stomach 2.15  1.36 | 2.41 1.77 | 8.23 2.35
foregut 43.22 15.92 |29.02 39.92 |27.84 22.51
midgut 6.04 1.62 | 4.83 10.91 | 5.18 14.09
hindgut “ Les .45 | 135 2.3 | 4.01. 5.29
Ilat. muscle 42 .22 .32 .61 .53 .42
remaining carcass .54 | .82 .56 .57 .61 .51

* Values for fish #2 were presumably affected through contamina-

tion of body tissues by feces matter from the alimentary tract.
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7. Toial recovery of 14C and percent

recovered in brown bullhead tissues

following ingestion of a

labelled algae (Spirogyra)

C-

time after ingestion

- 9 hrs 12 hrs 24 hrs v

Fish # 1 2* 3 q 5 6
14C cpm
recovered in:
(x 106)
Fish tissue 4.4 4.7 4.7 5.0 5.5 4.1
Feces §

washings 15.6 8.2 20.2 13.7 14.7 (egested)
Total 20.0 12.9 |24.9 18.7 | 20.2 - -
% of total
14C recovered :
in tissues 21.9% 36.6% 19.0%. 26.7% 27.2%

* Values for fish #2 were presumably affected through contamination
of body tissues by feces matter from the alimentary tract.
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as a percentage of the total recovered counts. The recovered
counts were the sum of the counts in fish tissue, contents of

the gastrointestinal tract and washings.

.. Assimilation efficiency = cpm 14C‘tissues

(Spirogyra) = - cpm 14C tissues + G. I. tract
contents § washings

In this initial experiment the respiratory and excretory los-
ses were considered minimal (except fish no. 6). The tissue
counts and recovered counts were used as a measure of the

assimilated and the ingested counts respectively. The ___
accuracy of these assumptions was determined in the subse-
quent experiment with A. flosaquae, In the A. fios4aguae

experiment the 14

C content of the encapsulated algae was
measured.at the time of feeding, and then tﬁé fate of the
ingested carbon determined. Such a procedure could not be
used for the Spirogyra because of variations in algae mois-
ture content (i.e. inconsistent weight determination).

The results of the algal carbon assimilation ex-
periment using 14C A. flos-aquae are presented in T;ble 8.

In this experiment assimilation efficiency was properly

measured as the ratio of assimilated counts to ingested counts (%).

.. Assimilation efficiency = cpmlac assimilated
(A. flos-aquae) ‘ cpm14c ingested

The total ingested counts of labelled A. flos-aquae
was determined from the weight of the encapsulated algae,
y . ‘ . N
The percentage water and counts per gram of the algae sam-

ples were 81.25 + 2.5% and 2.74 .05 X 107cpm/g (wet wt.)

respectively. The ratio of 2.74 .05 X 107 cpm/g was used to
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determine the total ingeséed cgunts. For the fish u;ed in

" -this eiperimen;, the ingestied counts ranged from 6.21-9.91 X

106 cpm, - Gﬁ’l : . ‘ .
: Tﬁe.assimilation efficiencf from the blue-éreen

A. flos-aguae£ranged from 67-74% (Tabie 8). . The- great ma-

jofity (74.66-78.87%) of the recovgred a§similated counts

(fish-tiésue; respired 14Cd2 in water) occurred in the car-

14 14

cass, The COi precipitated as BaCO3 represented only

"1.48-2.94% of the recovered assimilated counts. These

u¥usua11y low 14CO values measured from-the final water

2

samples were‘probably the result of loss of 14COz-,through
gas exchange from the open aerated aquaria; This loss can
be calculated as the differénce between the total ingested
and tﬁe total recovered counts (Table 8). The total for
resPired 14CO2 calFulated in this manner represented from
19.0-45.2% (X =28.0%) of the assimilated carbon.

The recovered 14CO2 counts were detgrmined from
the final water samples .(2 x 400 ml) collected\\;f:er 24 "hours.
The fish began respiring 14CO2 within 6 hours after ingestion.

The feces collected from the hindgut of the alimen-
tary tract contained the majority of the unassimilated counts
(69.94-90.86%). The water particulate matter (feces, regurgi-
tated algﬁe) was relatively low with‘the exception of fish
numbef one (Téble 8). The high count in fish number one was
presumabiy a result of gill excretions or regurgitations,
since all waﬁer samples from the aquarium produced high

-~

watef particulate counts (eg. 12 hr; 50 ml; 1266 cpm).

Bl

“-t
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In retrospec£ to tﬂe Spirogyra experiment, the dis-
tribution of' the recbvérdﬂ counts. in th: A, flos—aguae ex- -
periment suggested that the carbon a551m11at10n efflclency
values from Spirogyra (19.0-27. 2%) were m1n1ma1 The car- '
bon assimilation efflclency from Spirogyra yas based solely
on recovered coﬁnts in body tissues and fecai mattér from
the alimentary tract. The unmeaspred components ;ere the
fespiratory and the excretory losses. In the A. flos—;guae
-P’#tﬁp¢hh§§§¥@mﬁm€ﬁ;ﬁkhe mean respiratory loss in, 24 hﬂur; was 28.0%

of the assimilated counts and the excretory losses, 18.3%

< - of the unassimilated counts. . Assuming that thesg/correc-
tions can be applied to the Spirogyra results, the assit

milation efficiénﬁ; after 24 hours increased by 2.4%.

Althbugh this_increase results in little change (a fact that

suppofts the methods used in the Spirogyra experiment) it

does allow a direct comparison of tﬁe carbon assimilation
results for the two élasges of algae.
From these experimentslthe carbpn.assimiiation

-,

efficiency from Spirogyra and A. flos-dquae were‘approximatelyl N
30% and 70% respectively. _ .‘.f. ) 'Eﬁ
Mass Balance Assimilation Efficiency’ o
The mean gra#imgtriq gvd ‘carbon efficien;y was a;;;‘)/

similating ingested A.'.fl’ps-agua; were 45.3 % 2.1‘5-, and $8.0% 4.4%
respectively (Table 9). The ingested encapsulated algaé
(.5164-.5960 wet wt. sémples) were 78.14% moisture, with a
me;n calorié-content of 4327 cal/g (dry wt.). Twenty-four

hours after ingestion the mean alga® .weight or gravimetric

assimilation efficiency was 42.3%. The caloric conteﬁt of
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feces varied from 3075-36?7 cal/g dry wt,.
The fallowing a%e'the results oflihe'chemical ana-

lysis of the A, flos-aguﬁe used in this experiment. Values

-

N kY

are expressed as a percentage of the total dry weight. T

L

L
Chemical analysis of A. flos-aguae: -
r - ’ R

i % s 5 PR %
carbon hydrogen , ash | nitrogen [ crude protein
42.1 6.1 - 14.9 7.6 c o Tar.6
; . v [ - .
J cal/g
dry wtf' _ ash free dry wf. .
4327 434 5083 + 39 ' S

el . M ..

The chemical composition of the algae affected iths -
digestabi;ity. The mean ash free dry weight of the ingested | 2
algae and reiuiting fécesnﬁas 1040 ,0093 and .0481 & ,0022,
with a caioric content of 5083 * 39.c31/g (a.f.d.) and 4556 %

370 cal/g (a.f.d.) respéctively. The.decliﬂing.caloric con-” . ;
tent of the organic¢ fraction indicadted that high energy com-

pounds were used in preference té Iow;r low energy compounds
(lipid:9450 cal/g; proFein—SéSO calfg; gafbohydrayés -4100 cal/g).
Morphological Chaﬁgcs of:IngeSted Algaé

Spirogyra maintained it's filamentous form 24 hours

after ingeétion,although most cells were fractured and were void

of much of their protoplasm (Fig. 8a,B). Some of the cejis'were

. . ; ;
completely empty and only the cellulous walls remained,fwhereas
i

other cells were intact. (Fig. 10). he intact cells wére green

in colour and grew when placed in fres#\{iiii}/,

In A. flosJéguae.the colour and morphologicalichanges
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+ .

were very striking., The algae remains were dark brown as
coqpared to fhe blue-green of the originalingested algae,
This colour change was the result of chlorophyll decreasing
in proportion to phaeophytin. Filaments were disintegrated

and large masses of heterocysts remained (Fig. 9a,b). The

heteroeysts are the specialised cells (nitrogen fixing) that

can be idénfified through their relativeély large size and
the ¢lefts in the cell envelope. Some filaments of A. flos-

aquae remained but all cells were plasmolyzed (Fig. 11}).

I

o
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C)

Fig. 8a. Spirogyra sp., before inges-

tion by brown bullhead.

Fig. 8b. Spirogyra 'sp. 24 hours after

.ingestion by bfown bullhead.
. \l
e;tkgell wall -~ Jo AN



FIG: 8b. I—ZM’“——I
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Fig. 9a. Anabaena flos-aquae, before

<<Tgestion by brown bullhead.

Fig. 9b. Anabaena flos-aquae, 24 hours
after ingestion by brown bull-

head. H.-heterocyst.



F1G. 9a.

20 a0

F1G. 9b.
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Fig. 10, Filaments of Spirogyra sp. collec-
ted from the bullhead hindgut,
with cells in various stages of

degestion., CW -cell wall,

Fig, 11. Plasmolyseﬁ filament ‘of Anabaena

flos-aquae collected from the

bullhead hindgut, 24 hours after

ingestion.
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'DISCUSSION.

Feeding Habits

Bullheads are opportunistic in their feeding habits
and depended heavily on benthic invertebratesin the spring and
fall (Tables 1,2), when the benthos is abunHantlfn this area
(Mackie 1971). Chironomidae larvae were the most regularly
consumed invertebrates, occurring-in 73.3-100% of the stomach
samples. Chironomids were very abundant in the suéstrate and
at some sites were the only invertebrates present (Mackie 1971;
Hamill 1975; Clai; 1976). In summer, bullheads compensated for
the reduced benthos bylconsuming filamentous algae, On Augusﬁ

22, filamentous algae increased to 63.7% of the dief (Table 2).

Also some bullheads altered their diet and occasionally consumed

fish. On August 20, 1974 bullheads (>25.0 cm T.L.) fed heaﬁily

on Hybognathus chalis at the top of Kettle Island. On this

sampling night, schools of spawning minnows congregated in the
shallows'wher¢ they were preyed on by bullheads, as well as
pike, walleye and other spe;ies. Stomach samples from Kettle
Island Bay (Oct. 1974) even contained kernels of corn and
peas. ‘Q ,i i
The nocturnal activity of the bullhead minimiz;s di-

. - ) ‘
rect competition with the abundant perch (Perca flavescens).

The young perch have been shown to feed heavily on chironomi-
dae larvae and otheér benthic invertebrates but foraged diur-
nally in this area (Rodgers 1976).

The temporal nature of bullhead feeding has also de-

monstrated diet changes throughout the day. On August 22 and

.September 20 the percentage cpmposition of algae in the diet

&
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rose rapidly at the end of the feeding.cycle (Fig. 4,5).

This charnge in the percentage_cdmposition of the diet could
have resulted from differential gastric evacuation rates ox))
delayed ingestion of algae. Differential evacuation rates
have been demonstrated by othc£ investipators (Kionka and
Windell 1972) but this does not provide the complete answer.
On September 20 the percentage algae increased (Fig. 5) while
the total weight of stomach contents decreased (Fig. 3).

If the steady decrease in the feeding periodicity (stomach
contents) curve (Fig. 3) means that only digestion is oc-
curring (Tarverchyeva 1972);f£hen.the increasing percenfage'

algae (Fig. 5) suggests that~quae takes longer than in-

vertebrates and debris to lecave the stomach. However, this

does not appear to be the caﬁe because the aétual mean
weight of algae increcased f%om .0135g at 9:00 to .0407g at &
13:00 (Fig. 3). The laboratory determined g;stric evacua- )
tion rate also suggested that food consumption continued
even though the stomach contents stcadily decreased from
4:30-16:30 (Fig. 3). At 20 % 2C the gastric evacuatio .
rate was approximately six hours (from Spirogyra exp.)K\ ‘
and therefore stomach contents would have been empty if algae
had not been consumed at the end of the feeding cycle. Si-
milar arguments and conclusions can be drawn from the August
22results (Fig, 2,4).

The gastric accumulation of algae at the end of
the feeding cycle presents interesting possibilities for

increased digestability. Moriarty (1973b) has shown that
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minimal digestion of algae occurred at the onset of feeding
’
but increased when stomach acid concentrations increased.
In bullheads, stomach acid secretion is under nervous and

possibly hormenal control, and is initiated at the onset

of feeding (Ashir 1966}, The quiescent stomach has a

g

high pH (5-7) whereas the actively secreting stbmach’has
mean pH of 2.72 (Ashir 1966). The quantity of gastric
écid available for the lysing‘of élhae cells increased dramati-
cally after ingestion (30 min. - :002 m. eqﬁiv.; 2 hr. -.523 m.
equiv.; 4.5 hr. - ?.333 m. equiv.: Smit 1967}. Algae consumed
at the ¢nd of the feeding cycle when acid &thentrations were
highest would therefore be more effectively digested.

Another apparent optimizing factor for algae di-
gestion was the temperature ét which conspﬁftion occurred.
Algae was consumed in greatest quantities on August 22 (Table 2],
when the Kettle Island-Bay'surface water temperature was 25C.
This was also the temperature at which bullheads secreted the
greatest quantities of gastric acid and pepsin (Smit 1967).
In laboraiory studies the gastric acid concentration was three
times greater-at 25C than either 20 or 30C (Smit 1967). It
could therefore be~assumed that 25C would be the nutritionally
optimal temperature for algal consumption.

Temperature also has an effect on food consumption.
Bullhead food consumption increases with knéreasing temperature
{Underhill 1952, Keast 1970}. Underhiil (195;? found that under

lab conditions bullheads increased their consumption rate 'to

| ]
a maximum at 25C. In the field situation a similar occurrence

g

4
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w2s observed for Keéttle Island Bay bullheads. On August 22
with a water temperature 25C\the daily ration was 1.58% of
-dry body weight as compared t& .60% on September Zd'at 18C.
;Ehe daily ratioﬁs were estimated from'the feeding periodicity
curves (Fig. 2,3) using the methods of Noble (1972). These
field‘results'do support the iaboratory dé;ermined relation-
ship of temperature and consumption rate but the added com-
plexity of food availability muét.also be considered. To
make any direct extraﬁolation from ‘the lab to the field pre-
sents such difficulties. In a system like the Ottawa River
even the e;sily measured physical paraméters such as témpe-
rature displaye& extreme variation. Depending on site an&
depth, Kettle Island Bay August water temperature varied‘by
as much as 15C.

Seasonal Changes in Growth and Body Composition

: Bullheads exibited seasonal changes in growth apd
body composition (Table -3; Fig. 6,7). These changes demon;
strated the populations reaction to the food intake and the
energy expensesl(eg. reproductionz temperature-dependent
metabolism)of-the seéson.

The mid.winter to‘early June period was a particu-

larly stressful time of the year, The bullhead percentage
‘organic matter decreased from 84.9 to 83.0% (Fig. 6) and
"the caloric content of the organic fraction decreased from
5642 to 5481 cal/g (Fig. 7). Two events occurred at this

time of year, namely, food deprivation and reproduction,

which can be used to explain these results.
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Tﬂe ﬁajo?ity'qf fish species experience depletion of
energy reserves through food deprivation qu;ing a part of every
year-of their lives (iove 1970). Fish are theréfore unusually
well adapted with large reserves of autolytic enzymes to mo-
bilize their bod} const%&uents as food for survival tsiebert'
et al 1964), Bbth‘lipids and proteins are used to meet these

- :
energy needs but~lipids are.the principal source of fuel (Wil-
kin; 1967; Nimi.1973). For bullheads in Kettle Island Bay,
mid winter to earl}'June was thgngcriod of depletion (Fig. 6,
7). Bullheads were feeding duriné the winter (Tables 1,2)
but at an insuffic%qn; level to meet the energy needs at this
timé'of the year. The decrease in percentage ?rganic matter
"demonstrated that body tissues were depleted (F}g. 6), and the
decrease in caloriq content of the organic fraction (Fig. 7)
indicated that high ‘energy tissue lipids (9450 Kcal/g) were
the principal energy source. ) .‘ | )

June is the bullhead b;e;ding month in this area

(Rubec 1975). Spawning occurred between June 3 and June 25/75.

The females had ripe gonads in the early June sample but were

spent on the later sample date. During reproduction, the lipid,

content of gonads has been shown to increase markediy as energy
from ingested food and body tissues were;directed intbfgona@
development (Jafri 1969; Love 1970). The energy expense of
mobilizing tissueé reserves can fu?ther explain the percentagé
organic matter decrease (Fig. 6). The decrease in the caloric
"contenﬁqof the dry weipght organic fracfion inﬁicates.that go-
nad development occqr;ed only at the energy expené%r;f the to-

i

tal fish.

q

'



-56-

1

- ’ lU
‘The relative importance of the overwinter feceding

4 . . . . . N LY ’l
habits or the excessive springtime energy expenses (eg. go-

nad dechOpmen:Jreproductivc aggression; increasing tempe-

rature) remains/uncertain and deservés much/further research.

The factors of course are not mutally exclusive, for example

during spawing bullheads were highly territorial and aggres- {\‘

.sive, remaining close to the nest site .rather than foraging for

d

food (Gill 1905; Todd 1968; Rubec 1975).

During spring and summer the percentage organic

=

" matter and caloric content increased rapidly (Fig. 6,7). These

were the growth months when growth rates of .012 and .009 cm/
day were.recordea (Table 3). Spawning waS'cbmplgte on June 25
and the Fissue conditioﬁ (% o;ganic matter;>cald¥&f conténtj.
increased to a maximum on August 14, 1975.. The percentage or-
ganic matter~gnd caloric contént (cal/g ;,f:d.) were signi-
‘ficantly high;} om Aug. 14, 1975 than Aug. 28, 1974. This de-
monstrated the annual flﬁctuations"thht can occur in this sfs--'
teﬁ. These differenccs were presumaﬁly a resultlof flooding
and colder temperatures in i974. The.severe spring flood.of
1974 resulted in abnormal water depths and turbidlty that lésted

until late June, This year.also had lower water temperatg;es

[

fine for c‘omp&a}ﬁ%ates!of 1975 (Appendlx 7). .These factors ‘

L

and possibly sefefal others, affected the bullhead feeding ha-

, -~ " " . ‘

bits _and energetécs to produce the observed compositional dif-

> )

ferences. . |
The importance that quallty of diet played\;n the

seasonal changes in growth and body composition is offcourse’

- > ¥

.
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an interesting and important consideration. For many species

#]

: the function served by.varioua-food constituents has been
described (Phillips et al 1966; Smith 1971; Fiacher 1972}
Jez1eroka 1974) but for the brown bullhead’ 11tt1e is known

of the fate of dlgestlve produets from plant and animal sources.
This‘work is presently being conducted by‘another student,
Adecbayo A. Oladimejl o . Y

Invertebrate Contrlbutlon to Energy Needs

" Energy budgets have been constructed for August 22

and September 20 to evaluate the caloric’ importance of inverte-
"o

brates in the diet of thé brown bullhead (Table 10). This

exercise has.been performed to determine whether invertebrates

alone can meet the energy needs of the fish'
- Q@

Dally ratlons have been estlmated from the feedlng

an

periodicity graphs (Flg. 2 3) u51ng the method descrlbed by

Noble (1972). The mean weight . (Appendlx 1) and ehe percentage
.moisture (AnpendixSa) ¢f bullheads from tiese sample dates were ~
used to express daily ration in gravimetricterms (dry wt.) ;dﬁ
August 22 and September 20~ the mean daily rations were 65102

and .2130g respectively. The percentage comp051t10n of the.'

diet (Table' 2) and the calorlc content of the food ‘items (Table 4) q!'
‘were used to express the ratlon in energy terms.. Food items
dlsplayed seasonal varlatlon in caloric content (Table 4) and
therefore ‘the approprlate monthly values were used when avallabre.
-For- mlscellaneous invertebrates thelmean caloric content of 4368
‘callg was USed The calorlc content of 3882 cal/g was used for

L

algae'butwn: value was ava;lable for the organic debris. The
. &L
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" Table 10 - Invertebrate contributions to the energy budget of the brown
bullhead (Ictalurus nebulosus).

-

T

: v
/ | Aug. 22 1974 Sept. 20 1974
X Hody wt. (wet wt.) 157.5%1.3g = 146.5 £1.7¢g
. N 9% 77
* ddily ration (% dry body wt.) 1.58% .60%
aily ration . (dry wt) .6510g - .2130g
ater temperature 25C 18C
dry ‘caloric dry caloric

weight (g) content(cal) weight(g) content(cal)

Chiroriomidae. larvae .0135, 63 0083 37
Gammarus fasciatus e L0001 1 L0003 1
Hyallela azteca ) .0001 <l .0001 <1
Isopod (Asellus sp.) .0001 <1 .0020 B
Odanata-Zygoptera S | .0001 1 .0013 7

/ . misc. invertebrates : L0041 18 L0121 53
Invertebrate total .0185 83 . L0241 106 }
Algae .4145 2472 .0367 142
Debris .2185 - L.1598 -
Scope for activityl’z( - ') (2068-3103 cal. (1017-1562 cal.)

P Qmax Qs

Metabolism 2580 cal, | 1290 cal.

, Growth 420 cal, 382 cal.
Total expenses . 3000 cal, 1672 cal,

F

+

lActi\(e metabolism- (Qmag-bullhead-l}asu 1959

%5tandard metabolism- (Q )-bullhead-Fry 1947
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daily energy expenses are two fold, namely, metabolism and
growth, .

Metabolic expenses are temperature and body weight
dependent and fall with a range of values‘that Fry (1957)
referred to as the "scope for activity" (Qax~Qs) This was
the range between standard (Q.) and'aétive metaboiism (Qméx)‘
In a natural situation the actual daily metabolic expense,
depended on the endogenous activity of th; species. For the.
brown bullheads of Ketéle Island Bay, the daily metabolic ex-
penses can be assumed to be 12 hours at the active rate (ndc—
turnal foraging) and 12 hours at the standard r;te (laying in
the mud). Standard and active metabolism have be easured
for thermally acclimated bullheads in laboratory conditions
(Fry 1947; Basu 1959). These experiments measured oxygen
consumption‘(mg>02/Kg/hr.) which can be Eonverted to it's ca-
loric equivalent with the oxycaloric coefficient; 3.42 calories
relegsed per mg. oxygen consumed (Brody 1945; Winberg 1956).

For the two sample dates the field measured temperatures (Table

10) and the mean body weight (Appendix 1) were used for these

calculations. _ y - ‘

Growth expenses involved both the energy incorporated
into tissue and the energy expense for producing the mass increase-
The daily growth Tate for tagged fish rgcaptured between August
and September was .009 cm/day (Table ;j. This léngnh increase
was converted to weight using the length,'wgight regression

equation: ' ‘ -

Log-W (fresh wt.) =10.10 *¥1.26 +2.90 * 23 Log L(mm)
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The weight increase was converted to it's caloric equivalent

using the bullhead body compositional resultsryg;g. 7; Ap-
pendix8a). The daily growth ;of August 22'(.0444QJ and Septiem-
ber 20 (.0399g) was equivaiéhf to 210 and 191 cal:réspectively.
Assuming that the energy cost of deposition of tissue was equi-
valent to the energy content of the tissue (Norstrom et al 1976),
the total.energ? expenses for érowth was therefore 420 (Aug)
and 382 (Sept.) cal. -
Whether these calculations accurately described the
natural situation‘is of course highly questionable, but they

do provide a reasonable measure for assessing invertebrate im-

portance. On Aug. 22 and Sept. 20 the caloric content of the

r
-

ingested ihvertebrates were 83 and 143 cal. respectively. Theseh
ingested calories can be converted to assimilated calqrigf using
the generallf accépted assimilation efficiency of 80% for ani-
mal matter (Winberg 1956; Beam}sh et al 19755. The final re-J
sult is that invertebrates contributed only 66 cal. and 114 cal.
or 2.2% and 7.6% of the daily energy needs of August 22 and
September 20 respectively. Tﬁis extreme insufficiency of die-
tary invertebtates demonstrated that indeed algae, and possibly,
organic detritus wérg of essential putritional importance. Q"
Algae as a Food Source

Ip‘the algal assimilation experiment 5pécial attention
was paid to the maintainipg of optimaillab conditions. Bull-
heads’were healthy and fed actively. Although consumption

. -

rates were reduced by being kept-separéte {(Ivlev 1961}, bull-

+

heads were fed an alg@e ration similar to that observed in the

SField (Table 2, 9). Algae were actively growing and .were not
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damaged by the harvesting procedure. All culturc‘flasks
innoculated with the centrifugate (A. flos-aquae) produced

geod growth. The pﬁotomicrographs further verified that the

-
i ]

centrifugation procedure did not alter the structural form
of the algae nor.was it responsible for the resulting diges-
tability.

If anything, the procedure used reduced the diges-
tability of algae. The{tap%uleé prevented the mechanical
breakdown of cell wélls through the grinding action of pharyn-
geal teeth, Mechanical breakdown could also have been re-
duced by the absence of sand particles in the diet. In the
field, some Samples contained as much as 1.4g of sand, which
may enhance the breakdown of cell walls through the action
of the muscular stomach. ﬁigestion of algae was delayed be-
cause the gelatin capsules réqui;ed approxiﬁately ene hour
to disiﬁtegrate in{the stomach. - The texmiqa?ion of the ex-
periment at 24 hours while food was still in the alimentary
tract could have minimized aﬁsimilatién. Finally the autheor
did not take advantage of higher temperatures (25C) or in-
creased stomaéh écid éonéentrations (pre-?eedingﬂ; factors
.which could have further increased assimilation,

In the mass:balance experimént, the caléric assim?-
lation efficiency wasdminimal because of the presence of.in-'
testinal mucous in the dried feces s;mples. The results were

‘ ’
otherwige in high agreement witﬁ the carbon assimilation re-
sults {Table 8,9).

An important feature of the procedures was that

Al

AP E- art ruric ot
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A. flos-aquae was grown for several generations in the 14C-

bicarbonate medium to produce a homogeneously labelled algal
mass. This fact, combined with the centrifuging procedure
that produced an algal paste with a consistent percentage

moisture value, allowed for the calculation of total ingested

_counts directly from the weight of the encapsulated alage.

Thii quantification of ingestion was essential in order to
accurately describe the fate of the ingested carbon.

The loss of 14C02 from the open aquaria reduced
tﬁe reéovery ofkreSpiped carbon in the water sample.’ This
loss was measured indiréctly as the difference between the
total ingested and total réoovered counts. Twenty four
hours after ingestion the corrected value for respired 14CO2
was on the'average 28% of the assimilated counts. In other
studies using Tilapia nilotica in sealed aquaria, the respired

14CO2 was 10% of the assimilated 14C counts four hours after

ingestion (Moriarty 1973b)

Marked differences occurred in the digestability of

the two species of algae. The carbon assimilation efficiency

L
for Spirogyra sp. and A. flos-aguae were approximately 30%.

and 70% respect1ve1y The photomicrographs further demonstra-

4

ted these differences. Filaments of A. flos-aquae were almost

completely ¢151ntegrated (Fig. 9b, 11) whereas Spirogyra

'malntalned it's structured form and some of the cells were

N

still 1ntact (Fig. 8b, 10). In other studies the presence of
intact and vlable cells in feces samples has unjustifiably

been used to suggeﬁt that algae was indigestable (Rabe et al
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1973, Karlberg and Benson 1975).
The digestability depended on the chemic§1 and
structural composition of the species (Ifante 1973, Moriarty
1973a, Gunnison and Alexander 1975b). The high cellulose
- content of greenalgae wés responsible for it's low digesta-
bility (Windell i966, Infante 1973)., Spirogyra has a cellu-
lose content equal to 10 percent of the dry weight. Although

some digestion of cellulose has been observed in other species

-~

4

(Buhler and Halver 1961; Smith 1971}, there appeared little

digestion of the cellulose walls of Spirogyra in this study

(Fig. .8b, 10).

The Cyanophytae characteristically have high pro-
tein content (Boyd 1968, 1973), The)crude protein content of

A. flos-aguae was 47.6%._ Proteins (vary in biological value

depending on their digestability and amino acid composition

{Dupree 1969). The deficiency of\certain amino acids in plant

protein is probably responsible for the severe growth re-
duction observed Qheﬁ fish were fed only plant material (Men-
zel 1959, Kitchell and Windell 1970, Fischer. 1972, Stanley
.1974),J Growth has been shown to resume when plant profein
Qas supplementés with certain amino acid (Rumseyrand Ketsla
1975). Investigators have considered high protein dlgae as
i valuable ingredient in formulated feeds for even direct
human consumption (Cook et al 1962, Reed et al ‘1973, Jones
1974).

The actual mechanism used in the digestion of

algal cells remains uncertian. Fish (1960) and Moriarty

TN
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(1973a) h;ve propoesed that acid autolysig'is the first step
%n algae digestion rather than the action of specific enzymes.
Cellulosesp;oduced by symbiotic inte;tinal bacterial fiora,
has been demonstrated for several fish including channel cat-

fish (Ictalurus punctatus) and bullheads (Stickney, pers. comm.

1975), but no correlation to feeding habits was established
(Stickney and Shumway 1974). In my study, cellulase was

apparently of little importance in theibullhead utilization
of algae because of the repid digestiﬂn, the low pH of the
stomach agd reduced intestinal flora {Margolis 1953, Hofsten

1972)}. For blue-green algae, lysozyme of bacterial origin

has been shown to lyse the cell envelope (Gumninson and Alexan-

der 1975 a,b). Anabaena flos-aquae was particularly suscep-

tible but still required 3-5 days for decomposition. Lysis
of A. flos-aquae has also been produced byhypertonic solutiqn§
(Walsby and Buckland 1969). Under natural conditions the re-
lative importance of acid antolysis, specific enzymes, hyper-
tonic lysis, or mechanical breakdown has yet to be investi-

gated.

What the present study has proven is that digestion

‘of algae does occur, The assimilation efficiency for ingés—

ted A, flos-aquae and Spirogzra-sp. was. about 70% and 30%
respectively. The importance of these results is that even

at the lower efficiency level of Spirogyra, the assimilated ration

from algae on August 22 (Table 10)is 10 times greater than that
of the traditional food .source (benthic invertebrates}. The

nutritional importance of organic detritus, which is used as a

food source by some species (Odum 1970),:remains to be inves-

~ 1

tigated for the brown bullhead,

e T TR TR L U —
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Appendix 1
Size range of brown bullheads collected in Kettle Island Bay for stomach

analysis in 1974-75.

% % Total length(cm) Total weight(g}

Date N males females X + Se X * Se
Aug. 74 105 45.2 " s 22.8 .1 157.5 1.3
Sept. '7h 77 35.6 Bu.b . 22,5 .1 464 1.7
Oct. 74 55 40.0  60.0 22.5\'_,.11_ 152.7 1.8
Nov. '74 20 60.0 40.0 22.5 .2 1374 4.2
AFeb.§March '75 13 37.5 62.5 22.5 .3 1116 5.
May 75 - 7 - — 18.0 .3 880 b
#June '75 4O - - 22.5 .20 131.2 4.
"July 175 T 450.0}  50.0 22.8 .3 128.3 8.5
Totalm_;m"“—‘“"a's's*u*zﬂ‘ 590 2251 1856 1.4

- Length and weights were recorded one week -after preservation in 15‘%.11-J
formalin. '

A Fish were fresh frozen and measurements recorded after thawing .

-~

* Fresh weights and lengths were recorded.
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= Age dig;riﬁution of bullhgadé collected in Kettle Island’Bay Aug. 22/74-
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1

/ Appendix 2

Oct.”10/74. ‘

9 %%
Age {ccurrence N ~\una emales
II 1.1 1 - . 7100
TIT 35,1 "33  39.4 61.6
v 56.4 53 37.8 62.2
y 6.4 6  83.3 16.7"
VI 1.1 1-- 100 -

] .

&;;;J Total weight(g)

Total length

%ts % + Se
2.2 - 1273 .-
22.6 .1 151.1 2.7
22,8 .1 153.7 1.9
22,8 .2 151.8 5.6
22,7 - 160.5 -

}
*o ) L

- all samples from selected size class (22.0 - 23.5 cm total length)

- pectoral spine sections used for aging

-
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Apﬁendix 3 . R

. . . 3 '
Recapture data from tHgging operation designed to demonstrate bullhead move-
. . " . .

ment between Kettle Island Bay and a site in the North Channel (Oct. 28-Nov.7

1975) . ‘ , /
Recapture : ' 1 i 2
Lac. Date Fish tagged in N, channel Fish tagped in K.I.B.
number % of total number % of total
“lrecaptured available tagged |recaptured available tagged
f1§b | fish v
Qect., 29 - - ) 1 .49
o 30 | 5 1.67 5 2.45
‘North 31 o - - 1 - .44
channel Nov. © 1 .13 1 .14
7 2 ’ .26 9 1,22
*
. D _ )
Oki;\?g - ‘ - - “72 .98
. - - 1 £
Kettle . 0 _ ik'l -49
Island ) -18 0 -
Bay Nov. 4 3 .39 0 -
, 'S B 1,04 9 1.53
(K.T.B.) 6 6 .78 2 .27
7 0 - 1 .14

lA total of 772 bullheads @ere tagged and released in the north channel from

Oct. 29 to Oct. 31. These fish were then recaptured either at the original
tagging site or at Kettle Island Bay. For example on Nov. 5, 8 fish tagged
in the north channel were recaptured in Kettle Island Bay.

2A total of 740 bullheads were tagged and released in Kettle Island Bay from
Oct. 28 to Nov. 5. :

*On all dates itrwas easier to recapture a KettJL Island Bay tagged fish while
fishing in the N. channel, than fish that were originally tagged at this
location. ‘ r : ééi

o~
+
A
Yo
o4
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Appendix. 4
Standard invertebrate dry weights used in brown bullhead 5

.

stomach céntent weight determinatiens (1974-1975).

Food item Individual - Reference

weight(g) N

Nematoda ) 1.8 X 107 G
Mollusca 4
Gastropoda -« 1.62 X 10", H
Sphaeriidae 5.90 X 107 - H ™ (
Annelida 4 N
Hirudinea 3.66 X 10_4 L
Oligochaeta 3.10 X 10 H
Arachnida , 4
~ -Hydracarina _1.14 X 107 H
Crustéébq\?kl 4
Amphipia-Gammarus 8.11°X 10_, H
Hyallela 2,30 X 10_4 . H
. Misc. 7.15 X 10 ¢ H,L s
Cladocerd / 2.0 X 10 . Hall
Copepoda / 3.0 X 10_4 Hall
Isopoda-Asellus./ . 9.21 X 10_, H,L,G
Ostracoda ) . 3.0 X 10 G
o [
Insecta , 7 -4
Coleoptera adult 8.85 X 10 L
Coleoptera larvae 5.60 X 10'4. cf {@!
Diptera -4
Ceratopogonidae 1.44 X 10_, H
Chaoboridae , 4,30, X 10_4 s H
Chironomidae 1.31 X 10_, H &
pupae diptera indet, 4,40 X 10_, H : R
Ephemeroptera ° 2.50 X 10_, ) H,L |
~ Hemiptera ) 1.13 X 10_, L RN
Lepidoptera 7.20 X 10_, L fﬁ(
Megaloptera 2,50 X 10_, G.- RS
Odonata-Zygoptera 3.00~X.10_3 G- .
Plecoptera 1.40 X I0_, G
Trichoptera adult 7.57 X 10_, G
Trichoptera larvae . 3.67 X 10 H,L

Reférence: C-authof; L-Leung 1973; Hall et al 1970; H-ilamill

(1975 unpublished).
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Appendix S

Numerical totals of food items from Kettle Island Bay brown bullheads stomach conteﬁt§;_
(197421975} .

Month 1974 = 1975
. . Aug. Sept. Oct. Nov, Feb.& May June  July
P \‘. Ma.I'. fﬂ
Nematoda 13 -7 3 ‘1 - 3 11
: .

Mollusca ' o . _ &
Gastropoda 4 32 117+ 8L '2' 67 24 J127
Sphaeriidae 119 280 98 18 1 244 657 79

Annelida N _ _ ,

Hirudinea ' ‘ R - - - - -
Oligochaeta ’ - - O - 5 14

Arachnida - ) ’ v
Hydracarina B 12 11 1 1 - - 4 11

Crustacea ) ' T
Amphipoda-Gammarus = - 4 8 161 22 ¢ - 17 10 121
) Hyallela 4 8 69 16 - 39 21 22

Misc. ' 38 67 ‘13 - 11 67 22

Claddcera _ 2i6 1908 - 644 46 - - 72 894 253
Copepoda . 37 02 10 2 - 4 2 9

. Isopoda-Asellus 1 . 43 376 302 118 16 134 74

' Ostracoda S 26 74 15, 3 - - 37 123

v :

Insecta . - . ) A
Coleoptera adult - 1 1 - - - - -
Coleoptera larvae  ° ’ 1 - - - - 1 6 2
Diptera ) Pl :

Ceratopogonidae . 18- 41 22" 14 1 42 128 145
Chaoboridae 1 1 91 - - g -
Chironomidae 2379 1256 1250 271 - 95 - 371 2756 1457
pupae diptera indet. 26 5 5 - - 21 180 24
Ephemeroptera o2 12 B 1 - - 21 2
Hemiptera - - = 1 - - - 2 1
Lepidoptera . - - 1 - Te - - -
Megaloptera C o, - - - .- .2 - - 2
Odonata-Zygoptera y /f ‘89 16 , 2 - / - 12 - 1
¥ Plecoptera .= . L - - - 1 -5, - -
Trichoptera adult ’Td‘ - - - - - - 4 2
Trichoptera larvae 13 64 54 25, 2 75 38 69
!
»
*  Fish remains ) - 1 - - = 1 - -
. . - . :
N \ 62 51 ° 39 s 9 7 36 147

{
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Appendix 6

bry weight of food items from Kettle Islaﬁd Bay brown bullhead
. P

?

*

stomach cgntents-(1974—1975)_

.\‘-lonth 1974 Co , 1975
: Aug. -~ Sept. Oct. °~ Nov. ' Feb.& May June July
> Mar. '
B
Nematoda - ,00023 .00030 .00005 .00002 Z .00005 ,00002 .00020 -
Mollusca’ . .
Gastropoda .00065 .00518 01895 .01312 .00032 ~.01085 .00389 .00194
Sphaeriidae .07021 .16520 ,05782 .01062 .00059 .14396 .38763 .04661
Annelida .
Hirudinea . - .00037 - - = - - -
Oligochaeta ﬁJ"’ - - - = - - .00155 ,00434
Arachnida ‘
qurecarina . .00137 .0§120 .00011 .00011 | - - .00046 .00125
Crustacea ‘ . i ) g
Amphipoda-Gammarus .00324 .00649 ,13040 .01784 - 01379 00811 .09813
Hyallela ~.00092 .00184 .01587 .00368 - . .00897 .00483 .00506
_ Misc. .00358 .02717 .04824 ,00930 - 00787 .04791 .01573
-. Cladocera ;00642 .00382 ,00129 .00009 - 00014 ,00179 * .00051
Copepoda .00011 .00001 .00003  .00001 - 00001 ,00001 .0Q003
~Tsopoda-Asellus +00092 .03960 .34592. . 27180 11104 .01474 ~,12341 .06815
Ostracoda .00008 .Q0022 ,00005 .00001 - - .00011 .00037
Insecta o —
Coleoptera adult - .00089 .00089 - - - - "
Coleoptera larvae .00056 - - - 00056 .00336 .00112
Diptera ' .- ¥ . ' '
Ceratopogonidae .00259 .00590 .00317 ,00202 00014 .00605 .01843 .00648
Chacboridae . .00043 .00043 03913 - - - - -
Chironomidae . .31165 .18454 16375 .03550 .01245 04860 -.36104 19087
v pupae dipteraZindet. .01144 .00220 ,00220 -. - 00924 ,08170 .01056
Ephimeroptera ,00050 .00300 ,00200 .00025 - - .00525 .00050
Hemiptera - - .00113 - - o - .00226 00113
Lepidoptera - - .00072 - - - - R |
Megaloptera - - - - 00500 - - .00500
Odonata-Zygoptera | .00240 .00270,. 00480 .90060 - - .00360 ,00030
Plecoptera - .- - .00140 - - .
Trichoptera adult - - e —C/,. -+ 103028 .01514
Tr;lchoptera larvae _.00477 .02349 /.01982 .00918 .00074 ..02753 .01395 .02532
Invertebfatg total S’ 41607 .°.45455 .85632 37555 .13028 .29236'1.q9959 - .49874
[y - . -
_ Filamentous a)lgae i\ 9.57954 -,73005 .27312 00685 . - .00002 .80367» .38841
' 37144 .95432 4,53310 1.50171

debris /-

Total coth ts wt:

N

-

‘%%05068 3.04897 1'16987~1'042%P'

14

- 1c ag20 4.23357 2.29933 1.42536 50172 1,24670 6.43636 2.38886
T ‘_ ,__._.——-\ ) ‘_ N . /‘_—‘“"/‘\_’h‘—\ . - .
2770 BN 39 15 e 7 136
. \ : P .

I Y - S -
'\\‘\'_\-\;" AN A

-
-
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Appendix 8a

Body composition of the brown bullhead (Ilctalurus nebulosus)

collected in the Ottawa River 1974-1975.

-r

'@”, * % moisture % ash cal/g
¥ _
male female M+F male female M+F {ash free dry wt.)
. L male female M+F ,
AuY. 28 X - 73.85 . - - 18.30 - - 5798 -
1974 . SD v 1.09 1.66 316
- N 5 5 5
Sept’ 26 X 76.%4 25.08 75.91| 17.30 21.10 18.93 /5772 5789 5777
1974 , sp 1.26 1.64 1.52| 2.58 6.33 4.57 | 162 71 128
- N 4 3 7 4 3 7 4 . 2 6
Oct. 17 Y  73.94 75.39 75.02 | 19.01 17.96 18,22 | 5985 5610 5678
1974 sp 2-71 1.56 1.88 ] 2.23 2,63 2.47 44 273 288’
N 3 9 12 3 9 12 2 9 11
Nov. 15,17 T -74.41 74.37 74.40|17.32 18.17 17,59 | 5852 5804 5835
1974 sp 1.s0 2.30 1.70| 2.01 2.25 2.47 | 177 247 198
; N 11 "5 16 11 6 - 17 11 6 17
Feb. § March X 76.17 75.96 75.88 | 15.52 14.84 15.09 5632 5628 (5642
1975 sp .79 1.46 1.26| 3.89 2,33 2.97 | 180 220 189
N 6 6 13 6 Y6 © 13 6 6 13
Juine 3 X - - .. 117.35 15.75 .16.96 | 5492 5489 5480
1975 SD . 1.76. 2.92 2.30 | 307 223 263 °
N 12 7 21 12 7 21
June 25' ¥  75.99 75.21 75.45 |15.11 15.44 15.72 | 5752 572} 5719
1975 sp 1.23 . -1.s8 1.49| 1.88 ~3.68 3.83| 156~ 357 313
, N 4 14 ‘19 4 . 14 19 4 14 19 ‘
July 22 T 73.03 76.77 76.147|Ta.e64 12,11 13.03 | 5634 57777 5725
1975 .. sp .1.02. 1,93 1.83} 2.25 1.59 2.16 | 110 201 182
N 4 7 11- - 4 - 7 11 4 .7 11
Aug. 14 Y 75.92%-73.92 74.92 |10.90 9.59 10.25 | 58367 6176 6006
1975 sp  1.27 2.17 2.01 | 2.93 2.15 2.15| 200 286 297
. N 10 10 20 K0 10 20 10 10 ©~ 20

* p < 0.05

.
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‘Appendix 8b L ¥ g L

. i . o Ve
Body “eéfiposition: Brown Bullhead from the Oftawa River. (1974-1975). 52/’"‘\\_/’?

Capture loc. Total Total Sex %H,0 %Ash %Lipid ‘cal/g callg .
date ‘Weight length ' (dry) (a.f.d.)

28/8/74% KIB  148.5 23.0 F  74.58 20.37 -— 4300 5400 !
- " 12%.5 21,1 F  72.13 16.71 —_— 5020 6028 :
n " 127.5 21.3 F  73.62 +19.04 -=  4BY3 5736 g
n " 120.0 22.0 F 74,03 16.47 —_— 5173 6194 ;
1 " 120.0 21.7 F 74.88 18.93 = -~ 4568 5634 ,
26/9/74 KIB  120.8 -—- M 74.70 18.u4  r—— 4840 5932 . /
" " 146:0 23.3 M 77.13 20.01 — 14532  SBB5 '
" " 153.3 - 23.3 M 76.84 .13.96 — 5062 5884 )
" u 154.0 23.5 M 77.50 16.83 —-  ugB4 5607
" " 144.0 22.1 F  74.93 17.12 - U757 5739.
" " 117.3" 23.0 F 76.79 28.41 -— - -
" " 125.3 21.9 F 73.51 17.79 --  L4BO0 5839
17/10/7% XIB  129.0 22.3 .M 76.91 21.3% - = -
no.ooo 123.0 22.0. M 71.62 18.77 -~ 4886 6016
" " 120.5 22.3 - M 73,25 16.90 —— 4948 5954
n " 131.0 22.2 F  74.93 13.71 — 5003 5798
" " ‘154,00 23.7 F 75.88 17.61 -- 4678 5678
o " 114.0 21.8 F 75.30 218.33  --  L4B649. 5693
" n 150.0 22.8° F  75.35 1u.40 -—'. 5006 - 5848
" n 129.0 22.2 F  74.39 21.03 -— 4030 5104
" n 147.0 23.1 F74.72 18.03 - L4738 5781
,,) nooooo 125.5 22.4 F 78.48 21.71 - 4057
" " 143.0 23.0 F 76.62 18.78 —— 1593
" " 139.8 22.1 F 72.82 17.99 — . u717
19/11/74 KIB 128.0 22.0 M 74,81 20.53 —  Luoy
J " 128.0 22.0° M 75.70 16.16 — 4810
" " 152.0 22.8 M 74.49 14.65¢ ~- 5066
" " 120.0 21.8 ° M 75.50 16.24 -~ -~  L768
nm . m 1g57.8 23.1 M 76.89 15.05 - 4823
n n 129.3 22.2 M 71.89 17.24 - uayl
" " 115.5 21.6 M 72.57 17.26 — 4912
" u 136.3 23.0 M 72.64 17.61  -- L4789 5813
" " 166.5 23.9 M 75.07 20.74 - 14709 -5941
" " 143.5 23.0 M 74.44 16.25 - 5002 5972
" n 162.5 .22.5% M 74,55 18,81 ~ — 4999 6158
" m. 115.0 22.0 F 73.59 20.69 —— 4262 5375
M " 125.0 21.5 F . -- "16.79 —— 4810 5781
" " 115.0 22.1 F 71.05 18.06 = -- 4922 6081
" " 134,3 22.3 F 74.78 15.98 -- 4871 5798 .
n w  Ing.& 23.0 F 77.317 15.83 —-  4B58 5773
" " 109.3 20.9 F 75.13 20.64 -—— 4659  BOLE
~/2/75 KIB 122.5 23.0 M -76.,49 15.12 15.86 4756 5602 .-
5'21.5 M

5/3/75 " 96. _77.28 13.13 11.43 l!+821 5547
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Appendix 8b (cont'd)

Body composition:Brown bullhead from the Ottawa River. (1974-1975).

Capture  loc. Total W,0 %Ash SLipid cal/g callg

date Weight length M (dry) (a.f.d))

-/2-/75 KIB 111.0- 23.0 M 77.75 1u.,92° 15.66 uB60 5476

1/2/75 " 74,5 20.0 M 74,12 19.42 14.l14 4486 5566
11/3/75 " 123.5 22.7 M  75.48 10.06 20.86 5379 5986 -

5/3/75 " 130.0 23:1 M 74.82 20.48, 13.47 u4s64 5615 .-

21/2/75 KIB 140.5 23.6 F 75.36 14.23 18.58 5051 5887

n/2/75 " 91.5 -21.1 F 75.43 14.54 15.02 4842 5663

-/2/175 " 196.0 22.9 ‘F 76.16 18.07 11.98 - 4591 5605

27/2/75 " 95.5 .21.8 F 77.39 16.77 7.61 14367 5249
4/2/75 0" 118.0 22.0 F 75.91 11.39 17.8% 5131 5791 -,

14/2/75 " 119.5 .22.5 F  76.77 '14.03 12.34 -~ 4794 5574

" B/3/75 " 102.0 21.7 - 73.68 13.99 18.33 1980 5790

3/6/75 XIB  115.0 21.8 M - 17.47 - 4580 5552

n " 95.0 21.1. M -— 19.00 —- 3849 4752

" Mmoo+ 113,.0 21.8 M - 18.00 -- 4498  S486

n " 93.5 20.4 M, - 13.73 - 4633 5369

" " 96.0 20.6 M - 18.50 - 4609 5656

U " 109.5 21.5 M - 17.01 - 4838 5830

" " 95,0 20.1 M - 16,44 - 4435 5305

Lk " 100.0 21.2 M —_—  14.72 -- 5025 5891

" " gu.5 20.5 M - 17.12 - 4803 579

" " 02,0 20.7 M - 18.05 —- 4559 5567

" n 74%.5 19,7 M -— 20.11 -—- 4295 5376

n n 77.0 19.0 M - 18.10 =- 5370  5336-

n- n 106.5 21.4 F- - 15.72 - 4E58 5526

" " 86.0 19.7 F -_— . 16.77 -- 4657 5598

" " 123.5 21.3 F 12.67 - yy12 5346

" w. . g3.0 20.5 F :j?\\ 17.56 —- 4460 5413

" u g4.5 19.8 F —_ 13.14  -- LE98 " 5407

l " 70.0 19.7 S — 20.81 -- . ul36 5222

" n 91.0 19.4 F - 13.55 — y8Y2 5913

n " 102.5 20.7 - - 19.48  —— Lul5 5485

" " 74.5 19.8 - —_ 18.26 - 4297 5260

25/6/75 KIB 135.0 23.3 M 77.02 17.52_ -- 4620 5600
" mo 134,90 22.1 . M 74.37 12.92 - s147 5855 -

d " 128.0 22.5 M 76.86 14.93 - 4799 5639

" " 135.5 23.2 M 75.70 15.08 - 5023 5916

n n 111.5 21.3 F 74.31 11.58 21.54 . 5251 5940

" " 90.0 20.9° F 72.42 16.47 21.20 4975° 535B.

" " 99.0 22.5 .F 76,69 20.27 8.46 4328 5430

n n 123.5 22.1 F~ 74.80 12.48 - - 5438 6215

i " 100.0 21.6 F 77.11 18.86 7.89 4105 4977

U " 96.5 23.0 F 77.86 20.55 4.19 4021 5064

n " 102.0 21.0 F 73.79 15.88 20.55 4884 5926




-88-

‘Appendix 8b (cont’d)

_—

. Body-composition:Brown Bullhead from the Ottawa River (1974-1975).

Total Total Sex %H,0

Comment: —.weights (g) and lengths (cm) are post
% 14/8/75 sample, fresh weights and lengths.

thawing weights

Capture “Loc. $Ash . %Lipid cal/g cal/g
date - weBiht length (dey) (a.f.d.)
" KIB 132.0 22.3° F 74.47 12.12 18.50 5183 5897
" " 115.0 22.4 F  74.31 18.80 —- 4493 5533
" " 96.0 21.4 F 76.81 18.32 —- 4783 5854
" " 98.5 - 21.3 F 76.64 16.55 —- 4703 5633
" Mmoo 126.5 22.5 F '75.08 13,31 -~ 5070 5848
25/6/75 KIB 129.0 22.4 F 75.07 8.65° ~— 4286 5559
-133.0 22.2 F 73.57 12.49 — - 5501 6019
94,0 21.0 - 76,62 22.92 9.75 5076 5801
22/%/75 ¥XIB 118.0 22.2 M 73.91L 12.41 -- 4966 . 5669,
" " 105.0 22.4 M 74.57 16.46 -~ 4814 5762
" " 93,0 20.6 M 75.30 16.66 - 4674 5609 ’
n _107.0 21.6 M 76.29 13.03 — 4782 5499
" n 146.5 24.3 F 77.10 14.19 -- 4744 5528
. 22/7/75 KIB  139.5 " 23.4 F °78.30 10.37. - 5075 5662
L " 152.0 23.5 F 77.63 11.26 — 5044 5685
n " 143.5 23.5. F 78.02 10.71 -- 5042 5646
" n 113.0° 22.4 F. 73.71 13.64 — 5232 6059
" Mo .140.0 23.7 F 74,35 11l.14% --- 5348 6019
" " 129.0 23.2 F 78.31 13.50 -- 5054 5843
14/8/75- N.CH %* 72.0 18.5 M 77.36 14,23 - 4590 5352
n "o #113.5 20.8 M 74.63 12.64 —- 3162 5309
" "% 97,0 20.2 M 74.90 11.49 ~-- 5142 5809
" " %930 19.6 M 75.07 10.53 -~ 5378 601L
" mo ¥107.5 20.8 M 74.78  9.22 - 5547 6110
" B % g9,0, 20.2 M*; 75.28  9.39 - 5215 5756
" " #111.5 21.3 - M 76.12 12.15 - 5139 5850
" " %116.0 21.3 M 75.60 10.56 -- 5294 5919
" "% gy .5 19.5 M 77.16 11.77 -- 5113 5795
n . m  x109,0 20.6 M 78.28 7.02 -- 5438 5849
" moo®112.5 21.0 F 72.62 9.9% -—- - 5683 6310 —
m " 19,5 2L.5  F- 72,92 9.36 — 5638 6220 ‘
n noo%)15.5 21.3 F 77.88 15.22 -- . L4698 5542 '
n mo %120.5 21.5 F 74.55 10,09 =-- 65389 599
" M % ogy.0 19.5 F 71.42 8.43 -—--"" 5083 66UY
n " o%124.5 21.6 F 72.95 8.59 - 5731 6269
n "o %126.0 21.7 F 72.91 8.11 — 5638 6135
" "o #113.5 21.7 F. 72.68 7.87 — 5873 8375
" no W114.5. 20.5 F 77.80" 10.05 — 5467 6078
" ®m 99,5 20,0 F 73.60 8.25 = 5685 6196





