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\ ' ABSTRACT

o

The ecology of the brown bullhead Ictaluruﬂ nebulosus . (Le Sueur)

was-atudied in three sectlons of the Ottawa River near Ottawa and Hawkesbury
from 1971 to 1974. Brown bullhead comprized about .6% of the total number
of individuals'of all speciles abeveIOttawa and 85.9% below Q;tawa. Densities,‘
fréh'2,$00—7,800 bullhead per ha were estimated in Kettle Island Bay below
Ortawa. Extensive tagging revealed that the majofity of bullhead remaiaed in
the vicinity of_a home bay. Different populatiohs inhabited sepaeate bays.

| Aggressive behaviour was observed among sefually‘mature bullhead ia
an aquarium. A doﬁinant male bullheadhlnflicted ﬁounde on its-tankmates
similar te the eounds‘noted on 5-17% oleullhead caétured ia the fi 'duflng
tﬁe.spaﬁning season, Dominance in a eocial hlerarehy may assure that only \-

the more aggressive‘individuals succeed in reproducing.
Mercury concentrations in the musele of bullhead in the upper and
> .
lower rivers above and below Ottawa and near Hawkesbury were similar and were

generally below 0.5 ppm. The 1evels did not increase with the SiZG“Ofrb“liﬁfiﬂﬂs’

at an§ of the four stations examined. .
Bullhead in the lotie environmen;s above Ottawa and near Hawkesbu;y
exhibiged high groweh fates and conditicon factors which were significantly
higher than those exhibited by bullhead in the lower river where more lentic
conditions prevailu' An analysis of the growth of bullhead at the different
stations within each section of river revealed that the bullhead had similar

’ T
rates of growth. !

Bullhead examined from various stations in the lower river had
< o
ingested large quantities of detritus, filamentous algae, plant material
chironomids, isopods and amphipods. Their importance in the diet, particularly

the plant and algal material has been discussed.
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RESUME

L'écologie de la barbotte bfune_Iqtalurus nebulasus (Le Sueur) a
até étudiée; de 1971 a 1974, dans trois secteurs de 1a.riviére Ottawa,
prgs d'Ottawa et-d%ﬁawkesbury. La barbotte brun; constitue 41.5? des
- poissons trouvés en amont d'Ottawa et 85, 9% -de ceux capturés.en aval. 0On
" estime a environ 2,500 a 7, 800 le nombre de barbottes dans 1a baie de 1'ile

Kettle, en aval d Ottawa. Une &tude poussée au moyen, d gétiquetage a révé]é

-‘que la majorité des barbottes demeuraient dans le voisinage d'un méme
domaine, une baie en 1' occurence et que les Yﬂi’r’érentes popu]ations hab1-
ta1ent 1eurs baies respect1ves

Le comportement. aggress1f chez les mﬁles ayant atteint 1eur maturité
sexuelle, a &té observé dans un aquarium., Les blessures infligées par
Te mdle dominateur aux aufre; ind\vidus de 1'aguarium sont similaires aux

blessures observées sur 5 a2 17% de

,Barbo tés capturées dans la riviére

durant la saison de reproduct1on Dans la hierarchie socia1e,‘1a dominance
pourra1t assurer que seuls les 1nd1v1dus Tes plus aggress1ﬁ;peuvent se.
reproduire avec succés. |

La concentration de mercure’ dans les muscles des barbottes, en amontj':"“;’

et en aval d' Ottawa et prds d'Hawkesbury, était un1f0rme généralement
inférieure 3 0.5 ppm. Le n1veau de concentration de mercure n'augmente pas

avec 1'aceroissement de 1a taille des barbottes, dans aucun des quatres

secteurs é}udiés. |

Les\bafbottes des eaux lotiques, en'amont d'Ottawa, -ont un taux de

croissance plus 8levé ‘que celui des barbottes vivant en aval d'Ottawa dans

des conditions lTenitiques. Une analyse de la croissancé des barbottes dans chacun

des secteurs de la rivigre, révdle qu'elles ont un taux 'de croissance identique.

Les barbottes provenant des secteurs situés en aval d'Ottawa ing2rent

des détritus, des algues filamenteuses, de la matidre végétale, des chirono-




'x11

mides, des isopodes et des amphipodes. L'imp ce nutritive des plantes
et algues dans leur didte alimentaire &t6 discitée. L

-" ¢ i
!
£
A ""-7‘-,'
" o
&
~



! INTRODUCTION
The purpose of this study ‘was 'to obtain information on the

life history and ecology of the brown bullhead (Ictalurus nebulooug) in

.the Ottawa River in the vicinity of Ottawa and - Hawkesbury, Canada. This

is an important commercial species which has received little ecological
~ attention-in Canada (Scott ond Crossmen, 1973). Brown bullhead taken
in various parts of the Ottawa River have been compared in order to el- .
lucidate their age, growth, movements, reproduction and feeding habits.
Mercury concentrations.in the muscle of brownubullhead_were compared, to
assess pollutant'concentration in relation to‘oody size in various areas of
river. A three mile stretch of river helow Ottawa was s::zzzg‘ih‘more de~-
tail to assess the magnitude of the brown bullhead population its distribu-
tion and’movements in regard to the distribution and transport of pollutants

such as mercury through an aquatic ecosystem. | | S

The Ottawa River has been the subject of numerous ohemidal and

physical investigations. An excellent review was given in the joint reo:::\\\ -
of tnelontario Water Resources Commission and Quebec Water 3pard (Och~

QWB 1971). Serious biologicel inveetigatione under tne ausoices of the
University of Ottawa commenced in 1866 and are still being carried out by

various investigators (Stobo, 1971; Mackie, 19713 Ericksson, 1974; Croskery,
r1974; Rosemarin, 1974; Smith, 1974).  In September of 1972 the University of
Ottawalobtained a- five year grant to study the transport of oersietant
chemicals in conjunction with the National Research Council (NRC) in a
three mile (4.8 km) section of riverlbelow_Ottawa. The study has becomer

known as the Ottawa River Project., The duration of this thesis

research was from May 1971 to May 1974,
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e DESCRIPTION OF STUDY AREA
The Otﬁawa River extends 1,113 km (696 mileé) from Lake
‘Temiscamingue to the St. Lawrence River and hgs>a drainage of approximately

145,000 sq km +(56,000 sq miles)'(OWRC—QﬁB, 1971).. Three seétiong of ;hé
Ottawa River;.éituated within zone two ( ié;'l) as defined by the OW£C—QWB h
R ’ . & ,
‘report, were examined. Tﬂe upper Ttiver is a section of Lac Deschénes
situated above Ottawa, éxtending from the YMCA camp to the Deschénés
rapldes (Smith, 1974); The lower river is a‘section of éhé Ottawa Riyer
below Qtt5wa, exéenéing from the Chaudire Falls to the downstream end of
Lower Dﬁck Is. The Hawkesbury séctioq extends from 4.84ﬁn (3 miles) abové

to 4.8 km below the town of Hdﬂkesbury.

‘Situated #n Lac Desch@nes in the upper‘river; th? two areas.undér'
study weretéhirleys Ba? and Britannié Bay. Lac Desghénes is allake-like
. expanse of'the river charactefizea by gently sloping shorelines, slow

currents and fairly good water quality (Stobo, 1971; Hatkie, 1971; Smith,

1974). éhirleys Bay receives the_seconéaf; effluent frém the Watts C?eek. . 1
sewage treatment ﬁlant. Concern over the eutrophyiné effect of -this

effluent prompted construction of a causéway across most of the mo?th of

the bay in 1971. Shirleys Bay has a rock, mud substrate while Bri;annia

Bay has a sandy bottom.

The lower Tiver represents a less homogeneous habitat, characterized

by steep shorelldes, moderate to fast currents and generally more polluted i’
‘7 ' ' ' S8

conditions. The chemical characteristics of the water are generally not '
directly hazardous to fish life (Ellis, 1944) except in the immediate

vicinity of municipal and industrial effluents at Brewery Creek and directly

L



Figure 1.

‘3a

Zone 2 of the Ottawa River Basin as defined by the
Ontario Wéter Resqurces Gopmission - duebec Water‘Bqard
Report (1971). The three seétions of'river where brown
bulihead weré studied are (A).the upper rivef |

(B) the lower'rivef () near Hawkesbury.
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below the anédian International Paper Comparty {CIP) at Gatinéau, Qéebec _
(S#obo,‘lQTI; Mackie, 1971). Hull and Point Gatineau presently have no
scdage trehtment-fgcilities while Ottawa has a primary treatment plant
situated'at“Gr;en‘s Creeﬁ.. About 907 of the ofgapic léad entering this
section of river coﬁes from the lqcél paper millé, E.B.—Eddy Company at

the Chaudidre Falls and the CIP mill at Gatineau (OWRC-QWB, 1971).

. bepths vary in_the lgwer river frpﬁ 6-26 m in: the main channels
of the river to less than 3 m in local bays and backwaters'su;h aé,Brewery
Creek, Hay Bay, Governor s Bay, Kettle Is. Bay and thé bay af ﬁh; {ép;of
Lower Duck Is, The substrate is mainly clay; sand and wood chipq in the

main channel with soft mud bottoms in most bays. -

The vicinity of Hawkesbury represents an area of slow to moderate
cur ents, gﬁerately Steep shorclines and impaired water quality (OWRC—

971). \} heavy oxygen demand 1is exerted on the river by the CIP mill

at Hawkksbury. The Carillon Dam, constructed in 1962 has created a lotic

environmeii below Ha Egsbury which is not able to assimilate the wastes

11. Values
fﬁ‘:l . .
the section of river below Hawkesbury (LeSauteur, 1965) ~ Depths vary

~from the about three ppm dissolved oxygeh are common in . j

from 10 to 15Lm. .The substrate varies from wood chips, to mud and sand,
depending on the proximity of the mill and the current. Most of the

current is.along’ the Quebec'shoré of the river.



ABUNDANCE , " DISTRIBUTION AND MOVEMENTS

Introduction
-Numerous studles are av1ilable which give the densiﬁ%ﬁg of brown
bullhead in lakes and ponds (Eﬁi;i 1966) but little data exist for rivers
Sanderson (1958) ebtgﬂated a density of brown bullhead in the Eotomac
River of 2.2 kg per ha. Hensel (1&66) quoted dgtudies which shoJ&fhat
2,089 adult brown bullhead per ha were found in the backwater Poltruba-

and three times that number were found in the backwater Prockazhova tun.

These are backﬁaters in the river Elbe in Czechoslovakia.

No published information exists concerﬁing the egnitude and
importance of the.fish populetions in the_Oetawa River. aea are availaele
in manuscript form concerning eemmercial catches_ahd a.creel'cenEUS for
the ‘section of river between Rockland and Hawkesbury  {(Levere, 1969)., A
gill net survey of the section between Greece s Point and Carillon below
Hawkesbury has been conducted by Mr. Albert Courtemance of the Quebec
Department of Fish and Wildlife‘ Montreal District (LeSauteur 1965} .
Extensive fish samplin has been conducted in the upper and lower rivers

N\

by students of Dr. S.U \Qadri at the Univé:gify of Ottawa Some of this
data is available in thesiS\form (Stobe, 1971y

Smith 1974)

Stedies of brown bullbead in lakes have.shown that brown
bullhead tended to remain near the\%ocation where they were tagged
(Mcédmmon and. Seely, 1961; Rawstrnn;:l967}.‘Copper (}95 and‘Shoemaker
(1952} haﬁe shown that yellow and bfowp“be}lhead homed to the area of the

lake from which they had been displaced. Litple puflisﬁed information is

) . .




‘available concerning the distribution and movements of brown‘bulihead in

_ . #
rivers, Marcy (1969) has conducted studies of the brown bullhead under
the influence of thermal pollution near Haddam Neck in the Connecticut
River.‘ The mean distance travelled by brown bullhead recovered by anglers

was 1.1 km (0.7 miles).‘ The mean distance travelled upstream was 9.7 km

(6.1 miles).. The mean distance travelled downstream was 4.5 km (2.8 ﬁiles).

. rl

One hundred andltwenty-seven (85.1%) of the 149 tagged bullhead recovered

“by anglers were within 2.4 km (1.5 miles) of the marking site in the

thermal discharge canal at Haddam Neck. The maximum distance tfavelled
was a bullhead which moved 45 km (28 miles) upstream. Another bullhead
moved 9.7 km (6 miles) downstream. One bullhead moved 17.7 km (11 miles)

/-I
in 51 days,

Materials énd Methods
fA'variety of coilec;ing gear hag.been used to obtain catch per
unit éffort data in order tDJ;;;;SS the relative-ébundance of bullhead in
various parts of the Ottawa River (Fig. 2). Gill net gangs cémprised o¥ ..

four 50 ft sections of 1}, 2, 3 and 4 inch stretched meéh; a 6 ft trap net

with 2 inch mesh and 150 ft lead; 2% ft diameter hoop nets with A or 2‘incﬁ'~_‘_—“1
mesh; a 100 ft seine with % inch mesh were utilized. ‘ .
Trap nets sét in shallow bays were used to assess the relative’

abundance of bullhead and other species at various stations. Trap netting
was also used as a means of capturing unharmed bullhead for tagging purposes..
Hoop nets and glll nets were set in deep and shallow water to assess the

abundance and distribution of bullhead and other species in the three mile

NRC section of the lower river. Seining was used to catch young-of—the



7a

N

Figure 2. Gill netting and trap netting stations situated in
. . e

the upper and lower Ottawa River where brown bullhead

B

AN

were sampled between 1968 and 1973,

wr
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ycar ‘bullhéad in Britannia Bay but was gencrally incffective in . the lower

river due to the scarcity of suitable seinlng locations - . .

" To assess the movcments dnd distribution of bullhead ln the

~\\ lower rivcr,Floy numbered dart tags and coloured Floy Flag tags were appliﬂd

\

with a tagging gun {(Dell, 1968) lags were. applied between the interneurals
of the dorsal £in in the manner described by. Kellcr (1971) An anﬂesthetic
MS-222 (tricaine me thane sulfonate) was used”duringﬁtagging of bullhead in
Governor's Bay_during }ﬁy 1371 but was not'used iu“QUbsequeut.tagging
~operations. It was feared that the anaesthetic could‘hauc an adverse effect

"since it was impossible to regulate the dose ungcr the fleld conditions

~where the tagging was conducted. This.suspicion was cohfirmed- by Huish
. - * -~
(1972). Observation of ten bullhead tagged and held in aquarid for a )
i

period of over six months indicated. no adverse effect or tag loss when not

using anaesthetic..
. | ‘ | .
To assess tag loss in the field, 250 bullhcad were tagged with

numbered dart tags In Kettlé Is. Bay and 125 SEQF Flag tags were applied to

bufihead at the top of Upper Duck Is. The adipose fins.,of these fish

‘were removed with a pair of scissors. It was then possible to recognize

+

bullhead which had lost their tag during subsequent recaptures by the

absence of the fin. :f ‘ !

wt

. T assess general movements of brown bullhead in the lower river,.
500 FT-67 numbered 65 mm dart tags were applied at Governor's Bay during

ﬂcyw197l. Ir order to assess whether these tagged bullhead could move

across the river from Governor's Bay, trap nets were set in Hay Bay 1 km .

»

A



-

(0.6 miles) away. Large c;ZZ:\s of bellhead at thig site prompted me to
apely 900 red Flag taps in order to obtain a Peterson population estima;e-

for Hay Bayf

The results of tagging in 197lg§rompted‘}urther tﬁgging.to assess
.
the amount o exchange between stations in the lower riyer. Two thousand -
brown bullhead were tagged beth‘at Ke;tle'le. Ba&.and af Hey Bay, 5.7.km
(3.5 miies)‘ups ream; 1500 were tagged at the top'of Lower Duck Is. 4 km
(2.5 m£IES) downstream of the Kettle Isiand station. Trap nets were set
avery two weeks from May to October 197273t ehe three stations to {eeever‘

.

the tagged fish.’ '

When bullhead with Flag tags were recovered, the corners of the
reeﬁangular end of the tag were clipped such that a record of multiple
‘recapﬁurQSAwas kept. . By clipping the corners of the tag closest to the

tig insertion, it was possible to reeord if the bullhead hdd been taken at

a station other than the original tagging site.

To better understand the movements and populetion size of brown
bullhead in a restricted portion of river, thefNRC section in the lower
river was -given more detailed study (Fig -3). ,During the summer of 1973?
3,041 bullhead taken in trap nets within Kettle Is. an were Fagged with
'FD—67.numbered 57 mm‘eartAtagS. An additidnel 341 brown bullhead taken by
hoop eettiné along three Eransecte in the main channels of the river were
also tagged using different lettered nupber series. To recover bullhead

tagged within the bays, gill nets were set every two weeks from May to

September along three transects aituated in the north and south channels
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Figure 3. = The NRC study section situated in the lower Ottawa River
showing the three transects along which hoob netting and

gil% netting was conducted during 1972 and 1973.
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of the river along both sides of Kettle Island, during 1972 and 1973. Hoop

nets were set in a-similar fnshion during 1973.

To obtain aocurate estimates of the number of brown bullhead

in Keteie Is. Bay, bullhead were tageed on a monthly basis between May and
_ September 1973. A dlfferenolletter series was used each month. The number
and length-weight daﬁa was recorded for each tagged fish. Dnring tagging
operations, the mouth of the bay was closed with a 300 by 6 ft seine.
Following tngging the bullhead were: released from the -trap net and allowed
to redlstribute themselves within the bay. The trap net was then opened to
recoves tagged fish to obtain a P&terson population estimate of bullhead
withlnAthe baf lhe seine wns.bhen re;oved from-&he mouth of the bay

to allow the bullhead to distribute themselves between the bay and the river
for two days. A second population estimate was then obtalned with the bay
ooen'to the river. Four estimates with the bay open and three with the bay

closed werg obtained in 1973 (Table 8).

R lts
— v esy

Abundance

During the course of this study, AS.species of fish have been
collected from the Ottawa ‘River (Table 1). By trap netﬁing at various
stations it was found that brown bullhead predomlnated in the upper and

lower rivers except at Britannia Bay (Tables 2 and 3). Averaging these

catches, it was estimated that in the upper river, brown bullhead comgi:sed
. . J ) L) .

41,67 by numbers and‘lB.AZ of the.biomass-of all species retalned in th

trap net. -Channel catfish were also abwmdant in the upper river comprising

30.5% by numbers and 62.77 of the bilomass. The distribution of channel
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- Table 4; Relative abundance of fish species by various fishing gear in ’‘the
- "~ Ottawa River. ; ‘

o : . o
e Upper Lower Gill Trap Hoop Seine
“-1§£§%sﬁtific name Common name river river net net net = net
Ichthyomyzon unicuspis silver lamprey - b 1 1 Q 0
Acipenser fulvescens lake sturgeon X X 4 0 0 0 .
Lepisosteus osseus longnose gar b4 X 3 3 0 1
Hiodon tergisus ' mooneye X x 3 2 0 -0
Coregonus artedii lake cisco x - 1 0 0 0
Osmerus ‘mordax - rainbow smelt X X 0 0 0 1
Esox_lucius northern pilke: x X 2 3 2 2
Esox masquinonpy "muskellunge * % 1 1 0 1
Cyprinus carpio’ carp X x 1 2 0 1
Hybopnathus nuchalis silvery minnow x x 0 0 0 4
Notemigonus crysoleucas golden shiner x b 1 1 0 2
Notropils atherinoildes emerald shiner’ x X 0 0 0 4
Notropis heterodon | blackchin shiner x x 0 0 0 1
*Notropis hudsonius: spottail shiner X X 0 0 1 3.
Pimephales notatus bluntnose minnow X x 0 0 0 2
Rhinichthys cataractae longnose dace X - 0 0 0 1
Semotilus corporalls fallfish X pd 1 0 0 2
Carplodes cyprinus quillback = % i 2 0 0
Catostomus commersonii white sucker x x 4 2 1 2
Moxostoma anisurum silver! redhorse x x’ 3 2 0 1
Moxostoma carinatum’ river redhorse - x 0 1 0 0
Moxostoma macrolepldotum shorthead redhorse - x x 4 3 1 .2
Moxostoma valenclennesi  greater redhorse - X 0 1 o :
"Ictalurus natalis - yellow bullhead ’ - x 0 1 1 g\\\\
Tctalurus nebulosus brown- bullhead X X 4 5 5 2
Ictalurus punctatus channel catfish x X 4 3 1 1
“Anpuilla rostrata American eel x x 0 2 0 1
Lota lota . burbot x T X 1 1 2 0
Pimdulus diaphanus banded killifish X X 0 0 0 o2
Ambloplites rupestris rockbass x® X . 2 2 1 2
Lepomis gibbosus pumpkinseed % AN 3 3 3 3
Lepomis macrochirus bluegill - x N\ 0 1 0 o
Micropterus dolomieui smallmouth bass X x \\2, 2 0 1
Micropterus salmoides largemouth bass X X 1 1 0 1,
" Pomoxis migromaculatus black crappie - % 2 3 0 1
Etheostoma exile Iowa darter % - 0 0 0] 1
Etheostoma nipgrum Johnny darter X x 0 0 0 2
Etheostoma olmstedi tessellated darter x- X 0 0 0 2
Perca flavescens . yellow perch x ® 4 4 5
Percina caprodes logperch. X x 0 0 3
Stizostedion canadense sauger x x 4 2 0 0
Stizostedion vitreum walleye X x 4 3 1 1
Aplodinotus prunniens freswater drum - x 0 1 0 0
Cottus bairdii mottled sculpin X % 0 0 0 1

Abundance rating

- absent 0 absent 3 1.01-5.00%
X present 1 0.0001-0.10Z 4  5.01-50.0%
: 2 0.11 -1.00Z 5 50.01-1007
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Table 3 "Estimates of relative abundance of fish by numbers and blomass
in the upper and lower river derived from trap netting in 1972,

UPPER RIVER. - ‘ . LOWER RIVER
General ~ General - " General General
abundance . abundance abundance abundance
. as a 7 of as a 7 of as a Zof as a7 of’
Species .the total the total the total the total
no. of biomass - no. of biomass
individuals of all . individuals of all
of all + . specles of all species
. speciles ' . specles '
Brown bullhead 41.60 13.36 ' 85.90 67.66
Silvér lamprey --- - '0.06 0.0lA
Longnose gar 2,900 3.72 C1.32 2.80
Mooneye ‘0.00 0.00 0.22 0.11 -
Northern pike 1.00 1.32 . 0.23 6.94
" Muskellunge 0.10 . 0.06 0.002. 0.004
Carp 0.30 A 0.20 3.16
Golden shiner. 0.00 0.00 0.02 0.003
White sucker 0.30 . - 0.36 _ 0.16 . 0.65
Shorthead redhorse 1.10 1.43 . 1.81 5.51
silver redhorse 1.30 5.34 0.83 6.34
Greater redhors? o == —— 0.05 0.05
Quillback - e 0.24 1.62
Channel catfish 30.50 62.68 0.29 1.22
Eel ! " 0.90 N 1.16 0.49 2.16
Burbot ' 0,001 .  0.001 " 0.004 0.008
Rockbass . 3.00 - 0.96 © 0,24 0.28
Pumpkinseed 11.20  .°  3.31 1.65 0.83
Bluegill ——= L 0.002 0.001
Black crappie T — —— 2.76 2,02
Smallmouth bass. 1.10° 0.51 0.28 0.31
Largemouth bass ©1.00 1.09 0.03 0.15
Sauger 0.60 0.21 0.09 0.07
Walleye:  * 2.80 2,37 1.09 2.59
Yellow perch . 0.50 0.71 1.98 0.69
- 0.06 0.47

Freshwater drum ‘ —— ——
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catfish has beenhéiscussed by Smith (1974). In{the lower river brown

bullhead comprised'85.9z bf numbers and 67.77 of the biomass.

By averaging gill net catches from 1968-1971 it was found that‘

the catch per unit of effort (C/£) of brown bullhead was highest below
: R

Hawkegbury (Table 4) tending to indicate that bullhead are more abundant

in this arca. While the C/f varied between stations depe ding on the type-
‘ +

of habitat sampled, it generally tends to increase as e goes downstream.

Thus stations with higher water velocities or direcply below mill effluents,
such as the-mouth of the Gatineau River and below the CIP mill at Gatineau
respectively, had low standing crops of bu&iﬁead Organically enriched

stations with low water velocities such as Brewery Creek, the New Edinburgh

Canoe Club and below Hawkesbury had high standing crops.

A cemparison‘of my gill net cacches below Hawkesbury in 1970'end

971 (Table 5) shows that a marked decline in abundance of brown bullhead
took place. The C/f below Hawkesbury was 86 in 1970 and only 9 bullhead
per'net set 1in 197}. Cemparing the catches below Hawkesbury for ‘1970 and

1971 the C/f'were found to be significantly dif ferent, student's t=4.6480

for 3 degrees of freedom, p$0.02. This probably explains the wide confidence '

1imits below Hawkesbury shown in Table 4.

The catch above the mill (C/%':ll) was not significantly different
from below the mill (C/f=9)} dnring 1971.. A plant shutdown during July
1971 coupled with efferte by Canadian International Paper Ccmpan&,to
imnrove their effluent resulted in improved water quality below Hawkesbury

The dissolved oxygen was 3 ppm during July and August 1970. 1In 1971, the
' 5 L : .
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Table 4  Catch per unit effort (C/f) of brown bullhead by numbers taken °
' in gill nets from 1968-1971. _— -

. Standard No. of gill 957 confidence
Station c/f .  error net sets limits
UPPER RIVER - o o : "
Shirleys Bay 4.00 T -—- Sl = ;hjsﬁux\\
ys Bay . | o .
Britannia Bay 0.35 0.0248 65 N 0.30 - 0.40 -

< JLOWER RIVER

Brewery Creck 113.55 1.9930 18 9.34 — 17.76

Governor's Bay 2.40 0.6000 5 1 0.73 - 4.07
New Edinburg 15.71 3.2454 21 8.94. - 22.48
Canoe Glub ' N . :
Mouth of 0.41 0.939 17
Gatineau River ' : : N 0.21 0.61
Above CIP 2.83 . 1.0764 . 12 0.47 - 5.09
Gatineau i . .

. . .75 - 4
Below CIP 1.08 0.1486 12 0.75 1.4l
Gatinecau : {;{, . :

'HAWKESBURY | . y | N
Above CIP 7.33 - 3.6667 3+ -B.44 - 23,11
Hawkesbury : ’ 7 " .

Below CIP . 39.8 18.86 -5 ~12.56 - 92.16
Hawkesbury o ‘
.
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Table 5 Catch per unit of effort (C/f) of brfown bullhead by numbers in
gill nets set above and below Hawkesbuxry during 1970 and 1971.

{ _ '
Range of Number of Dissolved '
Statien Year C/f . catch net sets ‘oXygen ppm .
)(EZVE . . : ‘
Hawkesbury ' o _ . N e
1970 0.0 —- 1 6
1971 1.0 . o-17 2 5-6 .
Below ' ' s - —
Hawkesbury . - . ‘
- 1970 86.0 67-105" 2 34

1971 9.0 0-22 T3 5~9

Table 6 Catch'per unit of effort (C/f) by numbers of brown bullhead:taken N
. in hoop nets and gill nets during 1972-1973, within the NRC oo
gection of the lower river. _ : ‘ n

Transect 1 ‘ Transect 2 " Trangect 3 .
Netti‘ng : . _
method Channel C £ c/£ ¢ f C/f C £ C/f
) : ' E .. . k
Hoop net South 197 (1) 17.9 869 (7) 124.1 60 (6) + 10.0 : y
1973 N
' North 20 (5) »4.0 295 (5} . 59.0 57 (V) 8.1
‘Gi1l net = South 9  (6) 1.5 6 (3) 1.3 2 ) 0.5
1972 |
North 3 (5 0.6 3 ') 0.75 1 (2) 0.5
« +¢ill net  Southh 0 (5 0.0 3 (6) 0.5 1 (5) 0.2
1973

North 1 (&) 0.25 23 (D) 3.3 3 (%) 0.5
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levels were 9 ppm in June and 5 ppm in July and August, based on water

. samples taken near the surface.

P

Standing Crop of Bullhead in NRC Section
R .~ Hoop net and gill net catches, set during 1972 and 1973, along the
e\ppansecrs‘gave eetimaces of the relative abundance of bullhead in
vari u;\segments ef the NRC sectlon (Taple 6). The apundance of bullhead,
expresded in terms of C/f, was lower along tranaECts.one and three in both
the nortMand south channels.pf the river. This is siﬁilar to the results . . E
\_ - from trap n fing in 1972 which indieatedIEhae the abundance of bullhead

" declines with increasing distance from Kettle Is. Bay.

Hoop nextiug in 1974 Indicated that bullhead were more abundant

in the eopth channel th in the north channel. Glll‘netting in the same

areas in l§73 indicated tha.
) ™~
attributed t\the fact that: the

n .

the opposite was true.. This reversal may be

P mill at Gatineau was on strike during

s .

\ most of the summer of 1973. \ The C/f OFf Q\? bullhead per net set found
N Tl NS e

‘ during 1973 below the mill was atypical since it exceeded values found

'<\ ~ between 1968 and 1971 (Table‘ﬁ) G .11 netting alonénfhe-same transects

‘l\when the mill was in production inxlgyzfindicated that bullhead were more

.

2
abu dant in the south channel and this appearsxgg\be the usual situation

/
7/
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\\ Tag\retention of Floy dart tags and "Flag tags applied at var10us @ @
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Lower Duck Is. had lost their pink Flag tags, during 1972. Only One'
out of'13l'(.762) of the bullhead tagged with numbered dart tags at Kettle

Is., were noted without tags in 1972 and 1973.

Open sores around the base of the dart tag, as noted bé Stobo (1972)

in yellow perch, were not evident in brown bullhead. Tag losses due to

tags working themsclves loose or due to the loss of the vinyl tube from its

base. (Keller, 1971; Rawstron, 1973) were very infrequent in the catch.

Such losses can be attributed to the tagging technique and the procedures

'

recommended by the above authors were utilized to minimise tag loss.

One bullhead was recaptured in the vicinity of Hay Bay three -

years after it was‘tagged. Tagged bullhead were still very common in Hay

Bay and Kettle Is. Bay a year after tagging took Place. The frequency of

recovery of numbered dart tags in Kettle Is. Bay averaged over the summer of

1972 was 0, 0111 and 0. 0055 during 1973. Similarly the frequency of red Flag

“tags in the catch at Hay Bay was 0.01B5 during ﬁ971 and 0.0096 during 1972
This is about a 507 decline in frequency of recovered tags from one year

to the next at both locations. It is not known what proportions were due

‘to tag loss anJ to totpl angual mortality.



20

Table 7 Peterson population estimates of brown bullhead conducted in
lower river in 1971 and 1972,

N "~ .Peterson 957 Confidence
_y . Station Date . estimate _ limits
Hay Bay August 17, 1971 28,369 + 39,301
o ' : - 22,222
Kettle Is. Bay May 26, 1972 35,579 4 44,592
- S - 25,617
Top of Lower ~  June 9, 1972 10,152y 14,226

Duck Is. < : - 7,892

~L ‘ , Thesé estimates show.that very large numbers of bullhead were-in
the vicinity of thege bays. The population cstimates were in general
agreement with the C/f data derived from trap netting (Table'2). Lower -

Duck Is. station had the lowest C/f and lowest:poﬁulation esﬁimate of the

[

‘three stations. It is probable that bullhéad'were less abundant at this
site because 1t was downsfream of the CIP mill at.Gatineau“and'was influenced.{

~.by the mill (Stobo, 1971).

- Thege estimates were eonducted with the bays open to the river.

- . . W

Since the river is an open system, it is imp0551ble to state ‘to what -areas

bl

these estimates apply. To overcome -this and to get an tin depth understanding -

““of the dynamics 6f one ared,.Kettle.Is. Bay within the NRC section Was o

: chosen for more aetailed study. E;;imateslof:the size of the populatioﬁ'of'
bullhead in Kettie Is. Bay were obtained by closing the bay during 1973.

Table 8 lists. the populatiqn estimates conducted in 1973. 1In generai itLCQﬁ-::‘
be seen that the estimates fluctuated 502 or more. The May and July-

-

estimates with hettle Is. Bay open Were within the range of confidence limits

-ﬂug - “:. g ;t- o - : | ]
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of the cstimatgs made during 1972 (Table 7). With the bay closed the June

estimate of 13,464 showed close agfeement with the August estimate of

12,448, although only the 1dtter.had reasonable confidence limits. The

estimates of late September and October do not show close agreement with

- those carlier in the season, having éharply.increased. ﬁowever,'since

these-estimates have reasonable confi&énce limits théy are belleved to be

4

valid. In October, numerous recaptures were made of bullheads.tagged

- . ) ?\ .
earlier in the season along the three transects {See the next section).

It is believed that the increased estimates represent a migration of

-bullhead’ from deep to shallow water, and into KéttTe Is. Bay.

Knowing the area of Kettle Is. Bay from planimetry, the number of

. brown bullhead in the bay in August ‘divided by the area was:

12,4&2 E:llhead = 2,489.6.bullhead per ha in the shallow zome

During 1973 extenslvé netting operations were conducted in the NRC
section of river and in Kegtle Is. Bay. By comparing the gillTnct and hoop
nef C/E_in'shdllow (<.3 m) and deep ‘zones (; 3 m) It was ascertained that
brown bullhead were much more abundant in the littoral zone. By calculating
the mean C/f along the transects in shallow and deep zones respectively, the
per cent occurrence by'wﬁich brown bullhead occupy each zone was calculated

according to 'the following formula:

C/f shallow + C/f deep = 1007

C/f shallow *-1807
C/f shallow + C/f deep

per cent occurence in shallow zone

-

- Off deep x 1007 = t“pccurrence in deep zone
C/f shallow # C/f deep peL cen rrenc eep zon
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This was‘done separately for hoop nets'and gill netéil-Usingﬁﬁoop
nets_it,wés calculated that 78.117 of the Eullhead were inlthé shallow
: . ' . ‘
‘z%gE and 21,337 were inithe deep zone, Using gill nets it qu'estimated
that 91.197 were In the shallow zone and 8.81% Qére in the deep zone.
Averaging the results of the two methods it was éstimated that 84,657 was

the relative abundance of bullhead in the shallow zone and 15.077 was thelr

relative abundance.in the deep zone.

Using these peércentages Lt was then possible to estimate the

rclative.density of bullhead in the deep and shallow zones. Knoﬁing the

per cent occurreace of bullhead in ‘the shallow and deep zones and knowling

their density in Kettle Is. Bay onc can calculate the densiﬁy of bullhead

~in the deep zonc near the bay.

No; bullheads per ha in deep zone = gi989.6/ha in littoral zome x 15.17
. . B4. 67

= 443.22/ha

Distribution and Movements
In order to understand the relationship between the bays and the
: w

rest of the river, extensive tagging was undertaken to ascertain the

distribution-and movcmenﬁs_of brown bullhead. During the three years of

stﬁdy 10,789 brown bullheads were tagged and 2,046 (19.07) tags were * i

recovered by various means. A summary of the tagging is given in Table 9.

From June 1 --4, 1971, 500 brown bullhead were tagged in Governor's
Bay. During 1971 and 1972 anglers returned 13 tags. Another 16 tags'wére

recovered at Governor's Bay during the tagging period by trap ng;ti%g and
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one was recovered on June 9 by an angler. Tag recoveries during the rest /
of the summer and the following yeér seemed to Indicate tﬁat the ‘bullhead

had dispersea away from Governor's Bay. By the end of June_197l a tagged
bullhead had been recaptufed 16.1 km (10 miles) 9ownstream near Petrie TIs.

by a commercial fisherman Mr. L. Provost. Other tagped bullhead were tak;n

in the mouth of the CGatineau River (1), Hay Bay (7) and the Rockliffe Boat .
Hause (1) on the Ontarip shore. These three sites are situated at distances

less than 1.6 km (1 mile) from the marking site.

Brown bullhead were able to move across river as well as upstream

and downstream. While the river in.this section is up to 26 m (80 ft} deep

with stream flows of about 2-4 m per éec, the movements of bullhead did not

appear to be res;ricted.by such fagtors as depth or stream flow.

To assess the amouﬁt'of movement between areas in the lowqr‘river'
in 1972, trap nets were set in Hay Bay, Kettle Is. Bay'and a bay at the top

of Lower Duck 1s. Some trap nets were also set at Governor's Bay and at the.

top of Uppér Duck Is. at points intermediate between the three main statlons.

0f the 5,500 bullhead taégéd at the three main stations; 588
(10.652) were recovered during the summer of 1972 (TabléIIO). The great
m;jority,785—967 were retaken at the-original tagging site. In addition to
the coloured Tlag tags applied- in 1972, many of the red Flag tags applled
at Hay Bay in 1971 were also recovered. At all three stations, many bullhead
were recaptured repeatedly, some as many as six times. The multiple

recapture of blue Flag tagb at Kettle Is. Bay during 1972 and 1973:amply

illustrates that many of the tagged bullhead stayed close to, the marking site
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over an extended period“TIlee ll}u\ While the great majority of Bullhead
. ) m_‘\‘“-‘ \\ . .. ‘

were taken at the home site théYe~was\gvidence that some individuals had

‘moved to other stations (less than 57 of\tbe tag recoveries). A fair
~N '

;:ﬁhgi\zf the multiple recaptures at the hoﬁé\sita had ‘been clipped at the

other stations in&icatihg that these fish had made movements to other

stations and en returned to the home site (Table 11, Other stations).

Hovemen:;\apgsii?d to'be greéte; in sp;ing and fall fhan during
the summér; since.more tagKEQCOvéffeschéurred'during these times at.siFes"
othqg than the hqhe site.‘“Theré may, be a tendency for bullﬂead to be
carried-downétream in the spring. On May 17, 1972 anoﬁher tagged bullhead
from Gavernor's Bay plus a red Flgg‘tag from ﬁay Bay were recaptured at
Petrie Is. by Mr. Provost. Another bullhead from vaernor's_Bay was taken

at the top of Lower Duck Is. 8.1 km (5 mileé) dowvnstream on June 8, 1972.

In Table 10 it wés noted that the per cent recoveries of tags at
" the three stations declined with increasing distance from the marking site.
Assuming that the chance of recapturing a tagged fish at a particular site
is in‘proportion ;o.ﬁhe number pf fish examined and Fﬁé nuﬁber of tagged
fish at larée, thé per cent frequency of tag recoveries has been calculated
for the varlous stations.
 per cent frequency of recapture = no. of tag recoveries x 100

total no. of bullhead examined
at any station

Rnowing th;‘distance between stations the 7 frequency values of

recaptured tagged fish can be graphed (Fig. &) to give a rough probability

density distribution. The graph ‘acts as a model by which ome can predict

’



Table 11 Multiplé'recoVeries of blue Flag tags in Kettle Is. Bay during
' “1971 and 1972 by trap netting. ' '

Tdtaf

No: of times recovered " Other + catch of -
Date . 1.2 3 4 5 6 . stations  bullhead
v 1971 ’ . . .
May 26 : ' : 1207
May 27 51 . ' P 1380
June 22 75 1 - _ '*ﬁifﬁf‘) 3206
July 7 16 1 . : ) . , 701
July 26 2 ' S 259
July 28 1 S 55
August 11 .14 3 _ ' B39
September 1 | 26 5 R 1 ' 938
September 20 18 T 2 2 3088
September 22 1 1 : o 535
1972 4
February 21 #* o2 . 140°
March 8 * 2 - ' ‘ : 280"
April 7 * . 1 450
May 22 20 6 539
May 23 1 1 97
" May 24 7.1 405
May 25 ' 12 5 1395
May 28 7 4 1 - 580
June 27 4 " ' ‘ : 328
June 28 1 1 - 125
June 29 - : _ ‘ 85
‘June 30 B 1. ‘ 153
July 10 6 5 2, 1 687
S July 11 5 2 o 873
August 1 1 . 268
August 2 1 1 110
August 3 1 3 2 2 .5 1296
August 4 4 3 1 1 2 2111
August 10 . : 3 2 1 1 1271
September 26 12 2 1 1 2543
September 27 8 3 1 ‘1 1 1646
October 2 8 3" 2033
Total 311 71 15 5 3 1 11 30,043
* hoop net : 4+ retaken at Kettle Is. Bay after having

been taken at another station r\)
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the chance of reéapturihg a tagged fish at any d{stance from the tagging
gite. Assﬁming that the population of bullheads islrepreéented by the area

. ! ‘ .
‘under the density probability curve, the‘probability of recapture within any‘
glven distance is rcpresented ‘by the percentage of the total area under the

curve. . ' ,' ‘ 7 )

Since the prgbability of caﬁturing a tagged fish deﬁlined very
hrapidly (Fig. 4) within i.6 km (1 mile) of the tagging ;ite, it is apparent
that the méjority‘of the bullhead stayed close to tﬁe marking -site. The '
frequency of bullhead continued to decline with increasing distance from

the marking site. This conclusion agrees with C/f data derived from gill
netting and trap nettin ‘(Tables 2 and 6). The C/f‘was low at_interme&iate
sta;ions such as Govern, r's‘Béy and the top of Upper Duc# Is. indicating
“that bullhead there.ﬁere much less abunaant; Tagged fish were recovered at

these interhediate stations which had come from-the statlons on either side, S

upstream and downstream.

In addition to those tags recovered by trap netting at stations
" other than the home site, a falr number of tags were recovered by gill o

netting, hoop netting and by anglers. Gill nets were used to sample three

transects in the NRC section during 1972 and 1973 and hoop nets were also

used during 19%3.

Sampling along the transects coupled with tagging bullhead in
Kettle Is. Bay demonstrated that there was an exchange of bullhead between
the bay and the river. During 1972, blue Flag tags applied in hettl; Is.
: v were reﬁovered by gill netb%ng along the transects. Three blue\lags

8 N,
were recovered in the south channel and one in the north channel of . \\\

-
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Probability density distribntionS'showing the chance of

'recapture of ragged fish in the total catch of bullhean

with distance from the marking site.
The percentage of the total area under the Kettle Island

curve, between the limits of the NRC eection, represents J

%

the fraction of the Kettle Island population remaining

NRC section. The percentage of the total area, between-the

" NRC limits, under the Hay Bay and Lower Duck Island

curves represents emigration from these stations into

the NRC section.



% FREQUENCY OF RECAPTURED TAGS

2f

TAGGING SITES

a HAY BAY .
o KETTLE 1S. BAY
o LOWER DUCK iS. BAY

NRC STUDY SECTION

' HAY- GOVERNORS ‘- KETTLEIS. TOPOF  LOWER M
~ BAY - BAY (BAY- . UPPER  DUCK Is.
| | DUCK IS. - BAY

DISTANCE IN MILES
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transect l two ‘tags werecrecovered in the south channel of transect 2 e Ty *
i n . v o . L o e
and one tag was taken in the north bhannel qf txnnsedt i, In addition four, r? g
" Q .r' LT . '
blue tags were taken by Mr ‘D. Osterberg, another reseatcher in Governdr' 5° ’ - i
_ Co et e ST Vo .
Bay. . | ’ : Lt . S . R * - .
. . . o * . -
’ / . . - N ; i
o. . .

Simildr movements were indicated by the‘reﬁovery of:oraﬁgelfldé
. . ) , . .
* S . ’ ;
tags from the top of Lower Duck Is. and yellow and red Flag tags from.Hay

\

Bay. During 1972 one—orange tag was taken in the north channel and onc
in the south channel of tramsect 2. In'aédiéion-th.orapgé tags were
recovered in gill nets set in Governor's Bay 8.§‘km (S.l-milés) Lpstream
from the top of Lower Duck Is. Aside from the red tags recovered near Petrie
Is., three tags from Hay Bay were recovered in Governor's Bay by gill netting
and one in the mouth of Leamy Creek by an angler. Three different coloured Flag
tags, one from each oé'the th:ee%tagging gtations, were recovered by an angler.

Mr. L. Mercier. These bullhead were taken behind the Canadian Mint in Ottawa

above-the MacDonald Cartier Bridge between August 5 and 13, 1972.

Recoveries from trap netting and these other gources were more
numerous ;}ong the south ”hannel and upstream of the original tagging sites

. Most bullhead were taken in nets set close to the Ontario and Kettle Ts.

shores. This probably indicates a tendency for brown bullhead to disperse

in an upstream direction along the Ontario and Kettle Is. shores in the

south channel of the river during the -summer of 197Z.

A similar pattern of tag recoveries was noted for brown bullhead
taken in hoop nets during 1973. Four blue Flag tags were taken in the south

channel of transect 1, four in the south channel and three in the north
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o . '
,channeLrof trips€Et 2 and*ﬁne in the north channel of transect 3. The

(5] L]

: only différence zgﬁld appear to be a gfeater recovery of tagged fish -

b . F]

in ,,the nﬁrth ehannel §§{ow CIP, along %fanseet 2, The average frequency

o

e

'of tagged ﬁish innthe ca%9§ was 0 0131 on transect 1, O 0039 in. the south

' channel and 0. 0222 in- the no;yh channel of transect 2, and 0.0625 in the

north channel of transect 3.

Thus it wquld appedr that there was a ‘greater

tendency for tagged bullhead tqydisperse along the ahore of Kettle Is.

~downstream into the north ehannel while the CIP mill was on strike in 1973

than was evident in 1972. But hoop netting and the number of tag recoveries

Y

' . . * .
would still tend to Indicate that more bullhead were present in the south

channel.

None of the 341 bqllhead tagged along the transects during 1973,
were recaptured where they were tagged. Instead,oit was found that many had
moved into Kettle Is. Bay. One bullhead was taken by trap netting in the
bay on July 10, 1973 which had been tagged on transect L.
were recovered in Kettle Is. Bay between September 26 and October 2. -Two
bullhead were from transect 1, three from transect 2 and tnree from transeet
3. It is believed that these tae recoveries coupled'with the increase 1in

the qudlation size In Kettlé'ls. Bay during October (Table B8), represent

a movement of brown bullhead from the main river into Kettle Is. Bay.

‘Brown bullhead which doesn't appear to be a-fast swimming species
can still move surprising distances. As meptioned previously a bullhead
from Governor‘s Bay moved 16.1 km (10-miles) in less than 30 days. During
1972, a bullhead which had been tagged in Hay Bay May 19 or 24 waslretaken

by trap netting in Kettle Is. Bay 5.7 km (3.5 miles) downstream on May 25.

Eight moTe bullhead
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Two blue tags applied at Kettle Is. Bﬁy bn May 25 were recaptuféd at the top
of Lower Duck Is. on June 6, 4 km (2 5 miles) downstream. One of these had
been retakgn previotsly at Kettle Is. Bay on May 26, indicating that it had
moved 2.5‘miles in 11 dayﬁ. Blue Eggs continuéd to:be recovered at Lower
Duck Is. on June 7 (3, 8 M ;nd 9 (ll a further indication that movement
was greateét during the ;pring. This does. not imply that the movements

were juét in a downstream direction. On Juﬁe 21 three ﬁags from Kettle Is.
Bay were recovered at Hay Bay and on June Zé, four tags from the toﬁ of
Upper'Duck Is. were recaptured in Kettle Is:.Bay. it is ppssible that they
moved upstream in much less time since the netting,was only done on a bi~

weekly basis. During 1973, a numbered’ tag applied in. Kettle Is. Bay on May

"22 was recaptured by an angler on May 26 at Hiawatha Park “having moved

downstream 5 km (3.1 miles) in four*days.

/ Discussion

./// it is apparent that browm bullhead are one of the most abundant

specieé in the Ottawa River. A density of 2,490 bullhead per ha in Kettle °

Is. Bay exemplifies this abundance. Numerous studies of lakes and ponds

hanrshohn that brown bullhead can attain densitieé of 2-286.6 fish per ha
and standing crops of 0.904149 kg per ha (Emig,_l966). My estimate and
those referred to by‘Hensel (1966) greatly egceed those of lakes and pohds.
Since my trap net oﬁly retaine& adult bullhead greater Eﬂan 16 em, which
were unable to e;cape thfough the 2 inch mesh,the number of bullhead in

’ s

Kct;ie Is. Bay must greatly exceed the population estimates. Massengill

(1972) reported 4,836 aud 3,167 brown bullhead per ha during-
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the winters of 1970 - 1971 and 1971 - 1972 .in the thermal discharge

e

at Haddam Neck -in the Connecticut River. At 1g apparent that
brown bullhead can- attain densities in the backwaters of rivers which
greatly exceed the densities quoced for natural populations of bullhead

in lakes'and'ponds. .

- -

Evidence 1s presented concerning the abunnance of bnllhead in
terms ©of standing crqp in d}ffercnt areas. It is apparent that crown
bullhead become more abundant'as one-prOCeeQS'downriver. The'abundancc
1s shown by a sizeable commerciai fishery between Rockland and Hawkesbury
(Levere, 1969),- The fishery is mainly condncted with hoop nets andf
Levere found chat 95.6% of the catch in lbs of all commercial-species were
b?nwn bullhead. The commercial catch on thc Ontario side of the river | ’
between Rockland and Hawkesbury from 1964-1968 varied between 57,987 and |

-'113 941 1bs annually The total catch of ali commerclal species above and

below Ottawa from both sides of the Ottawa River during 1968 was 395, 641 1bs

valued at $118 443. (OWRC*QWB 1971}). Assuming that 95.67 were brown.
bullhead, the catch of this species during 1968 was-about 376 600 lbs.

This is close to the entire commercial bullhead catch for the-province of

’

Ontario taken from the lower Great Lakes and southern inland waters (Adams

and Kolenosky, 1974). | -

It seems likely that the ‘cogmercial catch reflects what the

market will bear more than the yield which the Ottawa River is caﬁaﬁle of
~
producing, At present brown bullhead are not exploited in many areas ‘of-

the Ottawa River., The total catch could be increased iﬁ there was a

greater demand for the‘resource. ’

-
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The abundance Pf bullhead between Rockland and Hawkesbury is aléo
indiqéted by a creel census conducted by Levere (1969). Bro#n bullhead
were thc‘fish-species most sought ;fter by anglers. Varlous lakes a;d
%eéervoi;s in ;he'United’Staﬁes have catch rates which vdry between 0,002
and 0.89 brown bullhead per angler hour (Emig, 1966). Recalculating
"Levere's data on this basis, one derives a success rate of 0.77 brown .

bullhead per angler hour for the Ottawa River. This 1is a high success rate

in comparlson to other waters Indicating that bullhead are very abundant.

Similarly below Ha&kesbury Mr. Albert Courtemance found that of
5,639 fish caught in 45 gill net sets of 1%, 2, and 4 inch mesh, 5,385 (95.37)
wefe brown bullhead (LeSauteur, 1965). This is a C/f of 119,7 bullhead.
ﬁer net set. Low-oxygen levels in the order of 3 pﬁm were belleved to be

-

detrimental to less tolerant épqcies; thus favouring the more 6lerant

bullhead since competition with'other‘species was eliminated.

o Thi; assertion 4nay havé;some validity. Condifions o served below
Hawkesbury in‘1970 were ;?;ilar to those noted by Courtemance, Improvgd' ’
water quality during 1971 led to d significant decline in the abun@aﬁce of
brown bullheadf While the reason for this change 1s not dgfinlte?'it is

+

apparent that the abundance of bullhead can change In response to changing

environmental conditions.

For tﬁe'purposcs of this study tag retention was more than adequate.
There was no indicatlon that any appreciable tag loss or mortality occurred
in the short beriod between tagging and recapture of bullhead'for populatioen

estimates. It would appear that a greater tag loss occurs with Flag tags
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than with numbered ED-67 dart tags (Rawstron, 1973). This was ‘not importént
for the movement stuaies_ﬁhere only the location and number of tags
recovered was of interest. It is assumed that the rate of tag loss which

occurred would have been the same at all three stations where Flag tags

were used in 1972,

Studies of streams and rivers (funk, 1957; Gerking, 1959) have

shown that many specles of fish exhibit restricted movement. Funk termed

a species of fish as being sedentary if they remained within 1.6 km (1 mile)

of the pdint of release. Those fish which ranged more or iess freely

were termed as belng mobilc. While Gerking (19593 beiieved mobile fish
should be called strays, the term scdentdry appears, to have gained
VaCCLptanCC to describe the majority of a population which exhibit rcstrlcézQ

movement (ilynes, 1970; Malinin, 1969).

It {5 evident from this thesis that the majorigy'bf brown
bullhegd in the Ottawa River exhibit restricted movement and are sedentary
accbrdingrto the criteriocn of Funk. It would appear that a strong affinity
cxists betwcen brown builhead and the bays where they were fagggd. ‘On'the
basis of tagging during.l972, i; would appearlthathdifferent populations of
Brown bullhead reside in Hay Bay, Kettle Is. Bay and the bay at the top of -
Lower Duck Is. Eviéénce has been presented to show that most of the
bullhead are sedenéary, remaining in the vicinity of their home bay.

. A

Bullhead were noted to disperse over the section of the riﬁer near the bay,

but there was also a strong tendency for bullhead to return to their home

bay. The frequency of tagged bullhead in the catch declined rapidly less

"
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than 4 mile from the, home bay, indicating that the majority of the fish

[N .
remained in the vicinity of their home bay from one year to the next.

Many bullhead were recaptﬁrcd-fepeatedly at Hay B;y, Kettle Is.

Bay and the top of Lower Duck Is. There was no tendency for bullhead
tagged 1ﬁ Gévernor's Bay aﬁd along .the three transects in‘the NRC section
to be recaptured at the tagging site. Instead there appeared to be a
tcndeﬁcy for ‘?ese tagged fish to disperse towards';ne of "the three main
b;ys. Many of the bullhead ﬁagged at Governor's Bay were recaptured °

at Hay Bay and all of the tag recoveries o{fbullhead tagged along the
three t;ansects were madg in Kettle Is. Baf. This is'similar to the
Vfinaing of MeCammon and Seeley (1961) wheré.it was found that bulihead

caught and tagged at the center of Clear Lake tended to move into the ‘arms

_or bays of the lake. Bullhead tagged in the arms generally remained there.

The habitat preferenﬁé of brown bullhc;d during ghe day is in
arcas of soft oozy mud_and sunken logs where the water is 2-5 m deep (Keast,
1970). During June 1972, I observed brown bullhead in such areas of a bay
at Heney Lake, Quebec. The presence of such conditions explains'the'
abundance of bullﬁead In bays in thé lower river. The aﬁsence of mué
bottoms may explain the scarcity of bullhead at Britannia Bay and Governor's
Bay. As flow rates deﬁfease‘downstream the preferred'habitat of bullhead
becomes much more common, which may serve to expdain the greaternabupdanée

of the species towards Hawkesbury.
N

Kettle Is. Bay would appear to be the center of concentration of

‘bullhead in the NRC section. Weedy backwater arecas such as Kettle Is. Bay

are essentlial for reproduction, as discussed in the next section.
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Croskery (1974) has demohstfafed‘thag significantly higher
quantities of entomostracons are present in. Kettle Is. Bay.thén in the )
._ﬁain channels-of the river. Varioug aithors (Cable, 1929; Raney and

'Wébétér,'1940; Frank, 19555 have shown that young bullhead feed pfimarily on
.\zooplankton. By the énd of:the firgt season, the young bullhead.in the
bttawa Riveg hﬁvé achieved a size Qherebf larger benthic invertebrates sdch
;s chironomids,_isgpodé and amphipods comprise the majority of the diet.
Kettle Is. Bay has a poor benthic invertebrate fauna (Qadri, et.
él.,_lQ?ﬁ). The densitites (>2500 per'hé)'of brown bullhéad';n Kettle '
Is. Bay éxcéed those densitites (<250 per ha) found in lakes and p;nds
by at least an order of magnitude. It'daes ﬁot seem Jlikely that Kettle
¥s.'3ay produces an adequate food supply to sustain the adult bullhead
. QOpulaﬁion in.the bay.' .
Qadri,-et al. (1973) have shown thét the‘highest concentrétions
of benthic invertebrates are in the littoral zone, especiélly.along the
shores ?f the islands and along the Ontario shore of the south channel
of the NRC sectioﬁ. fhese areas cérrespond to those areas of aquatic
vegatation outlineg_E}.Ericksson (1§73): Thesétére the littoral areas
where most browg bullhead were taken by A;op netting and gill netting. It..
_appears likely that brown bu;lhead séend the day in the bays of the Optawa
River‘and disperse more widely to feed at night (Darnell and Melefotto,
1965; Keast, -1970) . Netting along the transects 6f the NRC section

indicates that they disperse along those shorelines with the highest

benthic invertebrate food supply. Hoop nets set facing the mouth
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‘ of Kettle is. Bayffedéiﬁéd high catchés of bullhead between 3:30 and 5:30

. —

-a.m. indicating that the bullhead return to the bay about dawn. Jﬁ“

During - the fall the majg;ity of the population probably returns

to the vicinity.of—the bay to spend the winter buried in_the mud (Loeb,

1964, Massengill, 1972). Thus the population estimate of 65,487 with

the bay open,‘condﬁcted in‘Ogtober,imay give an accurate estimate of the

adult population of bullhead in the NRC section.
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FECUNDLITY AND REPRODUCTIVE BEHAVIOUR

Introduction -

The reproducrive biology of the brown bullhead has been the
subject of numerous studies. The age at which brewn bullhead'beceme
sexually mature has'received little srudy. Various authors (Emig, 1966;
Carlandér, 1969; Frenk, 1956) have reported counts of mature ova whieh-
are between l,ZSO and 13,800, but the number of inﬁividuéls examined by
any ene‘investigator never exceeded six. Consequently, the relationship
between fecundity and body size is nof clear. Harlan and Speaker (1956)
state that Broﬁn bullhead are sexually ma;ure at age three.’ Breder'(l9§9)
was under the 1m§ression that three pair of brown bullhead’which spawﬁed in
an artificial pond WEre age one. Swingle-(l957) noted that brown bullhead
stocked 1in ponds in Alabama reproduced at one year of age.

The present study has utilized both aquarium and field observa-
tions to ellucidate various aspects of the reproductive behaviour of
brown bullhead. These observations heye been comrared with tﬁe rindings of
other authors. An attempt has been made to explain the significance or
behaviour‘in aquaria in relation to the actual:situation in nature..

Many authors, including Ecleyshmere (1901), Kendall (1910).
Fowler (1917) and Breder (1919), have reported various aspects of the
reproductive behaviour of brown bullhead un@er natural conditions. The
behaviour prior to and.during-spawning has mostly been observed in aqueria
(Smith and Harron, 1904; Breder 1932, 1935) This material has been

‘reviewed by Breder and Rosen (1966).



41
“\\\

p - The spawning. behaviour pﬁ brown bullhead'was notéd Eo be similar

to other ictalurids such as the channel catfish Ictalurus punctatus

(Cleﬂéne and Sneed, 1957), flathead catfish Pylodictus oiivaris (fonﬁaine,
1944), yellowibullﬁead I. natalis'and black bullhead I. melas (Wallace,
1969a). Reqent‘behaGioural and physioclogical studies (Todd, 1968; Wallace,
1969b; Atema, 1970; Kéndle, 1970) have shown that bullhead species
exhibit c0mplex.socia; behaviour based pfimarily oﬁ olfaétory communicétion

. me@iéted.by pheromones.

. Little has been said about the behaviour of bullhead prior to

spaﬁqing. Pearson and Miller (1935) deécribed'aggregatioﬂs of wild yellow

. bﬁllhead with injuries on the fins and body suggestive of fighting. Kendall
(1910) and Breder (1939) described similar marks on brown bullhead, Breder
believed that at least some of the marks were due to the catfish mauling
each other, |

Todd (1968) poted that aggregations of 6-8 ,_yell‘ow. bullhead in 200
liter aquafia were gehégélly ﬁot territorial and did not behave‘aggressively
towards each other for most of thé year. During the reproduétive season,
from March to May, the aggregations broke down and within several weeks the
bullheaa had écars'on their dorsal surface and tails from fightiné. IBy the
end of-the.month, only one fish rémained in each tank, the others having
been killed orx éeverély injufed. '
‘ Similar aggressive behaviour to that exhibited by yellow bullhead in

fodd's study-haé been noted by Wallace (1969a) in yellow, brown and blaék

_bullhead and by Clemens and Sneed (1957) in channel catfish. The role of
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‘these aggressive encounters with regard to reproduction in nature needs
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further study.

Materials and Methods

Brown bu}lhead from Shirleys Bay, Governor's ﬁay and above
Hawkesbury, collected in May and June of 1971, were used to detéfminé
fecundity. Bullﬁé;h collected frqm'Kettie Is..Bay during 1973 were used
to determine aeaaéﬁal changes in the Gonadal-somatic Inde# (GSI). The GSL ’/f

was derived from the weight of the gonads expressed as a percentage of .the 3

total bo&y welight of Ehe fish. Gilson's fluid (Simpson, 1951) was used to‘

I

N

dissolve ovarian'tissue\from the eggs. Estimates of the number of mature
ova in the pair of gonads\ﬁere determined gravimetrically on the basis of
the mean welght of three subsamples taken from the eggs and oven dried at

.80 C (Dennison and Bulkley, 1972). T,

During my observatipné:of séﬁwniﬁg_pairs, the se#eé of the brown
bullhead could be recognized externally. ‘in males, the snout and interorbital
regioh were broader and flatter than in thé female ;nd the male was generally
the largér of the two fish (Smith ana Harron;_lSOé).. Maﬁurg males also
developed a pair of qweliings behind the eyes. ‘This character was notéd
in the brown bullhead as well as ;heichannel catfiah;‘ These characters
_wegé verified by an examination of the gonads of 20 suspected male bullhead

‘collected auriug the spawning season from late June to early July.

To study‘various aqucts_of pairing behaviour, observations wére'; v

conducted both in the labofatory and in the field. Sixteen‘brown bullhead

varyiné in size from 28-33 cm were collecﬁed on June 3, 1971 using a trap

net in the Ottawa River. At the upiversity, the fish were placed in a 235
. , . Y S .

v

#
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gal (889_liter}\aggarium_measuring 5 by 2.5 b; Z,S'ft. The water tem-
_p;rature throughout ;ﬁe'bgéeFvation period was 20-21 C and a 12:hr pﬁoto-"
périoq_of 1,350 lux was mainégined. fhe fish-were fed chopped beef heart
andrearthworms dajly. These bullhead were abserved over the following
“two months for about one hoﬁr per day at various times.

Field obserVagions were conducted'by capturing bullhéad in traﬁ

nets and ex§miniﬁg them for sdars.aﬁd.by observing bullhead in shallow watef,
during -the iétter part of June and the beginning of July 1971 andrl972.
Obserﬁations of spawning palrs and nesting sites were conducéed in the upper

and lower Ottawa River and at Heney Lake, Quebec.
Results

Fecundity_ | .

The fecundity of brown bullhead ét'ﬁhe Fhree stations varied between
2,200 and 3;800 mature ova per female. The relationshi? between fecundity
apd total 1e£gth (TL) was curvilinear and a stralght line was derived by a
log—iOg transformation.of the data (Bagenal, 1971). A liﬁear relationship
was'found between'fecundity and total body weight. .

The regression of'fecundity ve;éus total léngth was significant
(P<.05) at Governor's' Bay and Hawkesbury and'was almost significant.
(P<0.10) at Shirleys Bay. The regression of fecundity versus body'weight
was significantly cogrelated at Governor's Bay and Hawkesbury, but
exhibited a non significant corfelation‘at Shirleys Bay..'The non
significént correlations at Shirleyé Bay were probably due to the

narrow size range of bullhead in the sample. Dennison and Bulkley (1972)
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found a similar situation with the fecundity of black bullhead.

" The rpngé in fecundity at the three stations was as follows:

‘ Bange in . Range in TL Mean No. of
Station , no. of ova .. X SE  of bullhead (cm) size fish
' (cm) —
Shirleys Bay  3,949-8,823 6,040 469  27.5-30.6. - 29.1 10
Governor's Bay  2,196-7,051 3,719 363  21.5-29.9 ©26.3 15

Above Hawkesﬁury 2,482-7,633 4,921 "220 23.9-34.0 29.7 37

The relationship between fecundity (Y) and total length (X) in

mm was as follows:

‘Station : Fecundity vs TL . Correlation No. of
: : ‘ - coefficient’ fish

8.9463 log X  .5631 n.s. 10

Shirleys Bay log Y = —.59544 ~
Governor's Bay log Y = -.27232 - 2.59.8[10g * © B450%* C 15
Above Hawkesbury log ¥ = =.21753 - 2.3675 log X < 704 2%%% 37

*p<0..05, **ng.Ol, ***P<0.001, n.s. not significant

The relationship between fecundity (YY) and body weight (X) in

grams was as follows:

Station Fecundity vs Body Weight Correlation No. of
coefficient fish
Shirlieys Bay Y = 3,131 - 7.3136 X .2498 n.s.- 10
Governor's Bay Y = 376 - 12,8441 X .6953%% 15

Above Hawkesbury Y = 1,855 = 7.2556 X L7074k 37

-



45

A‘one—way analysis of covariance (LeCren, 1951) was used to

compare the fecundity versus total length regreasions at the three stations . -

(NRC computer programme, Biomathemdtics section), The analysie indicated
that the slopes of the three regressions were not significantly different.
The y intercept at Shirleys Bay was significantly different (P< .01) from
Governor 8 Bay and above Hawkesbury. No significant difference was found

- between the y intercepts for the latter two stations.' Thus the fecundity

-relationship for Governor's Bay was not significantly different from above .

Hawkesbury; but both of these were significantly different from Shirleys
Bay. .It is apparent that Shirleys Bay had a higher fecundfty to.total

length ratio than did the other two stations.

- Sexual Maturity

Sexual maturity was attained by‘age three inrthe majority‘of{

bullhead from the three stations (Table 12). It is possible that some fish v

a

s

younger than three years become sexually mature, byt my samples for these

first two year clisses were inadequate, Thoese age ‘ode and two bullhead-_
. ' s ) . . d

" examined were immature. . oo . -

. -
-

Fish collected during early June could'he‘easily claséified'as

mature on the basis of the size, colOur apd weight of the gonads (Davis and
0

Posey, 1958; Turner and Summerfelt, 1971) Mature females had GSI's from

3.3- 14 2% while irmature females had GSI's less than. 24 of the body weight

(0.67-1.8%). Mature males had GSI's greater than 0.1% (0 1320.37%) while
immature males had GSI s less than 0.17% (0.06-0.9%).

-

' The GSI of both sexes peaked about mid June which agrees ‘

well with the observations of spawning pairs in the field (Fig..S).

Allowing 7-10 days for the young to hatch™and 5-6 days for the

-
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'young to become freé wimmlné.(greaef, 1939), it is.prbbéble that the eggs
of brownlbullhead weke laid about the third or-qurth week of Jdneéés the
water temperature apprdached 21 C;' The GSI's‘éor.malqg-are summarized in
Appendix 1. In the ﬁall, there was a slight iqcreaée of the‘QSI but most
of the increase in welght of the gonada.occurred in the apring.

Female bullhead, three years or more in age, collected on June 29,
l9l3 were separable into those wﬁicg had shed their eggs (70.6%) and those,
_whose gonadsjwere undergoing dtresia (29.4%). -This would:?eem to indicate
that a consiaeraglf.poftion of the éexually mature bullhead.had‘not spawned.

This is bimilar to results found by Turner and Summerfelc (1971) who

estimated that 45% of mature female flathead catfish did not spawn.

-~ Sex ratios ‘ ‘ ' o

- In the viciniﬁy of Shirleys ﬁay and abové Hawkesbury females were
more prevalent than'males (Table 15).‘ The differences were not great;
suggesting that about equal sex ratios gxist. At Hay Bay, Governor's Bay,
the toﬁ of Upﬁer Duck Is. and below Hawkesbury, males were more preﬁélent
than'females. It is poqsi lﬁ_that some behavieur associated with spﬁwﬁiné
could have -biased the.ratios,("at Hay Bay and Governor'sl&whare most c'fI
the bullhead were collected n June and early July. But males still
* predominatedr at the top of U#Ler Duck Is. in samples of bullhead collected
in Auguét, suggesting that the differences in t&g;}ower river were not
entirely due ta reproductive behaviour. The size distributionsrof boqh
sexes were similar at all 5£ations,‘suggesting'that the differences in sex

ratio were, not due to sampling bias.

In four out of the gx stations examined there was.a tendency for

5y



- .ﬂ\ ms..n - *
8%:2¢ © 6916y © oghicg 949 0%:09 %S9y
iy 0% [A°] 0s ge 9y c9 1T L9 107 88 gL Te30L.
i
0S 10§ 05:05 .- i of1:0 L93€E 00T:0
T T Z [4 0 0 £ 0 [ T T 0 8
" 00T:0 £LL2 0:001 .- L9:¢E £8:LT 0:00T
£ 0 11 Vi 0 T ki [4 g T o. 1 L
gy:¢¢ A Vi A _.oh"Om Enis 15 AVASE 056:08
HH 1 £1 [A ! L ﬁ 01 £T A S ) A A 9
8y:2s wawﬂ 0e:0L LT:EL 1 AF A" . 696t
71 €1 "9z Yt 6 - T2 L1 9y 1z 8¢ _ ST 8 ‘ S
Lyits oo - 0c:06 | 09:0% LE:E9 62°TL mm"mq
6 oH(. 9- 9 ST oT TZ 9t AN 6¢ % He Y
ERiLS 0B:0cC 6L < T9 VAR LT:E9 ¥Gi9%
6 [ ki T L T - 61 91 1T 6T £z | X4 €
0:00T 05308 9€ 199 0:00T
0 0o 0 1 0 0 1 T i I 0o -6 Z
) 06:0¢
0, 0 0 -0 0 0 0 0 0 0 Z 4 T
K K 2 K i R i ” i@ W E W
KinqssximMel LinqsaRme *s7 yong 3add) Aeg §,30UI2A09 Aeq AeH Aeg s&aTITYS a8v
moT24g IAoqy Jo dog :

. 3o y3zesuaq s8ejusdaad e Se
I9ATY EBAEBIIQ 243 U SUOTIEIS SNOTIBA je @

: . : *33e yoea
pue sioquhu JO sSwid] uf pessoidxe Sofiv¥ “TL6T gupanp |
Sg 03 FuTpIoODE pESYTINQ UM01IG JO SOTIEI XIS

€T 21981



50

i

females to be more‘ﬁfévalent than males-aftér age six. .In the upper fiver
females weré slightly more\prevaiént than muleé for.most age groups

(Table 14). In the lower river males outnumber females until age six-affer
which females bredominate. Near.Hawkesb;ry about equal sex ratios exist

i

until age seven. -

Aduarium Observations of Prespawning Aggression

The day after the sixteen bullhead were placed in the aquarium,
two females filled with-matqre ova were found dead in the tank. These
fish had whitish bite marks on the back anterior to cherdorsal fin. Over
the next three weeks two males and one female bullhead were found-dead with
_similar'm;rgs on' the body and sections torn out of the dorsél and caudal

I

fins. -

During the last week of June, it wasrnoted that the largest
bullhead in the tank,.a 33 cm male, had established 5 territory at the léfﬁ
end of the tank. The othér bullheads, all of which weré believed to be
sexually ﬁature, crowded at éhe right end of the tank near the bottom or
hovered near the sufface. A ripe fémale was noted to occupy the nale's
territory hovering near the surface much of the time énd taking no part in
defending the territﬁry.

Signs of aggression Increased and the dominant male vigorously
displayed himself exhibiting méuth Qisplays (mohth held widely open toward.
antagonist) and chasing individual bullhead which ventured from their end

of the tank. On June 29, two dead subordinate males wgfe removed with

severe wounds on the body near the head and on the dorsal and caudal fins.
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Table 14, Sex ratios of brown bullhead according to age in various

sections of the Ottawa River during 1971.

Ratios expressed

in terms of numbers and as a2 percentage beneath for each

age.
Age Upper River Lower River Hawkegbury
M F . M . F M F
1 2 2 0 0 0 0
50: 50 .
BP
2 5 0 8 5 I o0
100:0 62:38 100:0
3 23 27 46 27 13 13
46: 54 - 63:37 50:50
4 36 41 ‘ 75 48 16 15
45:55 61:39 52:48
5 8 15 95 47 39 40
35:65 . 67:33 49:51
6 2 2 3229 24 24
50:50 - 52:48 50150
7 1 0 4 9 4 14
100:0 31:69 22:78
8 0 1 1 5 3 3
0:100 17:83 50:50
C . . _
Total 75 88 261 170 100 109
46:54 61:39 48:52
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While previously Lhe bites on tﬁe body and fins had been supefﬁicial, these
fish had, sections of the skin and flesh missing. The sequence of attack by
the territorial male was similar on the aggressive encounteres observed in
yellow bullhead by Todd (1968) The behavioural units included approach,
circle, mouth display, lateral display, nip and bité, which have been
describeo and depicted by Todd. 'Ihe subordinates showed little aggression
and tried.to fiee from the dominant male. '

" Several bullhead.badly ﬁaule& in these encounters were removed to
separate aquarda. Although treeted with malachite green, theae.fish were
very lethargic, lost interest 1in feeding and died about a week later.

The encounters described differ from Todd's (1968) description
of a bullhead community in an.aqugrium where each individual establishes its
posicion in a‘soeial hierarchy.. The level.of eggreseion exhibited and the
size of the oerritory defended were much greater in the situation I observed.

“This territOEial'behaviour was prespaWning behaviour,_since the péir
spawned oo July 6, 1971 soqn after beingrremoved to another aquarium.

With the removal of the first pair of fish, a second pair of
bullhead established a similar territory and the male of this pair exhibited
similar aggression. On July 12, 13 and 14 three dead male bullhead with
wounds were‘removed. " The rema;ning.bullhead_were.removed on<3uly 15

" leaving the owo breeding peirs in tﬁeir oespective aqua;ia.
Following the spawning of paio one, the male wasoreintroduced
"inte the original aguarium on August 6 wﬁere the second palr had const;ucted

a nest without spawning. Formerly domipant over the other two, he was

viciously attacked by the pair. Attacking from the side they bit the
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“{ntroduced male on the back and caudal fin. The male of the second pair
locked jaws with the introduced male in a mbuth fight which lasted almost:

a minute in duration.

!

Field Observations of Prespawning Aggression.

Trap netting of bullhead in the 16-35 cm size ranée during-the
summer of 1972 confirms that fighting does occur, in nature. In‘cohjunetion
with tagging studies trap.nets were set every two- weeks at Hay Bay,
Kettle ::;&nay and the top of Lower Duck Is. in the lower river. The
_ihcideﬁce of fish wi;h ftesh bite marks rose dramatically during June, the
spawning season, at -all - three stations: The majoriey of bullhead had
whitish scratcﬂesland eeeth marks over various‘parts ;f the body. From 5%
to 17% of the bullhead in the net ranging in size from 23-25 cm had open -
wounes“en the body and fins exposing the underlying tissue and exuding
blood (T;Eieu;5). Examples of tﬁe eoundsAare shown in Fig. 6.
A fecord was keﬁt of the frequency of the wounds on various parts
of the body and fins. The fins bore-64.6% of the scars whiie.BS.AZ were on
the body of the bullhead. The dorsai and anal fins were the most frequently
bitten, then the caudal peduncie. Scars about the mouth, head and dorsal
part of the body were also frequent. Averaging the results of the three
' stations, éi.ﬁz of che scarred fish had one wound, 7.9% had two, and 0;482
had " three or more. During late July, wounds were still noted but were healing.
Fin rays were belng regenerated and new skin was noted forming over the wounds.
‘ It could be argued that the high incidence of scarred fish was

"due to their being held in the trap net. Scarred fish were also taken in

‘hoop nets. Bullhead taken outside the spawning seascn by the same gear did not

S -

»

—_— ——
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Figure 6. Wounds on bhrown bullhead collected in trap nets from

*  the lower Ottawa River during June. 1973,

-
‘ig
e
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Tablae 15.f No. of brown bullhead examined in trhp nets at variocus stations
during 1972 bearing wounds and scars.

Brewery Creek

Kettle Is. Bay

Lower Duck Is.

.

7.14

. - Spotal %
" Date June 21 July 5 June 22 July 7 June 23 July 8 :
FINS 64,63
° - Dorsal. 16 . 38 52 11 12 46 175  26.24
Anal 20 22 49 7 8 14 120 17.99
Caudal T 10 6 13 -3 6 10 4% 48 7.20
Pelvic 6 12 17 2 z, 8 47 7.05°
Pectoral 5 6 13 .0 3 14 41 6.15
BODY 35.39
Caudal . X . .
Peduncle 14 17 . 16 3 -8 9 67  10.04
Head 11 - 5 23 5 2 2 48 7.20
S}des & back 15 2 22 4 5 =11 59 8.85
Mouth 13 8 33 1 2 5 62 9.3
Total scars ~ - C
observed 110 116 238 36 48 119 667
No. of fish :
with scars 101 116 229 36 46 111 - 639
Total catch . .
of bullliead 613 832 3206 © 701 268 901 6521
. % with scars 16.48  13.94 5.14  17.16°  12.32  -——  9.80
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exhibit scars, suggesfénglthat the néts did not cause the wounds. It was
not possible to quantify the frequency of scarred bullhead in hoop and gill

. ; _
nets. It is not known whether scarring was increased by aggresblon among

'bullhead while being held in the trap net. Scars caused by the sllver

lamprey Ichthyomyzon/anicuspis were noted in less than 0.1% of the bullhead

and were not ineluded in these observations.

Prespawning Aggregations

%

On May 24, 1958, Mr. Harold Sullivan (personal Eaﬁmuﬂication)

observed bullhead égéregated in groups in English Bay in the Rideau
Lakes. Six or éeven schools o£ bullhead were nﬁted in 4-5 ft of water
nea;.thé weedless center of a bay about 75 ft wide. Each school was
atrangéd)tn a circle abéut seven feet across, conslsting of about 60-70
 bulihead. ‘All the fish in a school appeared to be arranged in five or s1%
rings with thelr heads, pointed towards the cefiter of‘the'cirC1e.  Each
bullhead was about four or five inches from its nearest neighbour. There
? were about 12 to 18 fish in the center ring and about 40—50.fish in the
outer ring. '

| The bullhead were suspended in the water about 12-24 inches below
the surface with theiriheads pointing towards fhe surface. The fish were
- iﬁmobile and did not move when the boat pas;éd over them. It was’poséible to
strike the bullhead with/ a luré, but they éﬁowed no interest in it. Several q‘

"bullhéad were taken with a dip net. One of these had an open wound on its

_caudal peduncle. Mr. Sullivan did not know whether the fish he observed were

yellow bullhead or brown bullhead. Both specles are known to occur in the

Rideau Lakes.

+
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&  Mr, Lﬁcien P;Bbost\(peraonal communication) has obseryed large
.aggregations of brown bullhea; Eﬁybays 1n the Ottawa River hear Rockland.
One’ such aggregétion'notéd?during eé;fy_ugy wag 45 ft by 27'ft. The
.b;llhead were hoverilng in‘thé water but were not arrénged in any paréicUlnr
fashioﬁ. ‘THe bullhead milled about in a manner similar to the very young
bullhead. Some bullhead were 'noted to jump'pwo or Fhreéhfeet out of thF

water. : , \
Nesting Behaviour in Aquaria

The first‘péir.of bullhead which had been placed'in a second tank
shaded by a dark plastic cover were noted to have sﬁﬁwned'without cpnétructing
any nesting depression. 'Shunning the end of the aquarium covered by.
gravel, the'pair‘spawned at the end of thé tank which happened to have a
bare slate bottom (Fig. 7). ‘

The second pair in the original aquarium constructed a nesting
depression (Fig. 8) which they guarded until mid Augusﬁ wifhout'iaying any
eggs. Nhilé ;he second tank had geen shaded from the onset, the original
tank was exposed tb overhead lights for about a month, Shading the tank

thereafter did not induce the second pair to spawn.

Nesting Locations in the Field

Four areas were examined in th Ottawa River in an_effort to
locate nesting‘sites. These were Britannia Bay, Governor's B#y, Brewery
Creek and the top of Kettle Is.

On July 5, 1971 the area west of the pler at Briggnnié Beach in.

the upper river was examined, . 1 observed one pair of bullhead guarding
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Figure 7. First pair which spawned without constructing a nest.

The male is over the eggs and the female is the fish
on the right side, '

Figure 8., Second pair which constructed a nest, but did uot sﬁdwnt

The male is over the nest and the female is on the left

side.
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newly freeewimming fry and another pair guarding larvae in a nést depression
similar to that depicted by G1ll (1905). The nest depreasion was situated
‘in a dense bed of Vallisneria in about eight to ten inches of water. The
: ”nest wae about ‘six inches in,depth and_ellipticel in shape, about the'same‘-
lenéth as the male which was 1n the nest on top“of the wriggling larvae.

' rhe;nale did not move, from his post, although I'approac%ed within a foot
'.of him with a, scuba mask to examine'the fry. 'A:female bullhead was noted
about ten feet away (3 m) possibly acting as a sentry. " These fish, as
“well as the other pairs 1 obserVedr were over 12 inches (30 cm) in length.
R{Z}rning the next day I found that the parente and y0ung had vacated the

nest..

-

The water tenperature was‘23 C in the shallow area near the nest.
The nest had been excavated in the 'sand im an area of little or no current.

Nests were difficult to locate in the lower river due:-to theirl
‘conceaied position'and the high-turbidityt It was poasible to eetinate the
number of breeding pairs and the approximate location of the nests by mapping
'the position of newly freeswimming,ycung bullhead. - The jet black young were
i seen'aggregated in dense schools during the perdod Julj 5-16, 1971. WHen’
approached, one or both parents were usually seen to_flée from the vicinity h
of the school. |

In Britannia Bay, Governor's Bay and at the;top of'Kettle'Is.
where aquatic vegetation was sparsely distributed an;n2222§\Were éituated
'back from the shoreline, few families of bullhead were located. In Britannia

- %

Bay, on July 16, only eight groups - of 'young were located along about a mile

v

and a half (2.4 km) of shoreline (Fig. 9)., Some schools were noted to be

L.a

A ‘.r’ . I




Figure 9.
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ac

Location of nesting sites of browﬁ bullhead in Britannia

.Bay during 1971. Depths (ft) are shown in parenthesish

aquatic vegétation, the shaded area; current, solid
arrows; nesting sites, oper. circles with letter

degignations A to H.

[ S



i |81 \ — ir

i« _E\s \\ ::q\ .

; nhy . “

QUEBEC 1y,
I

. - \N\
Dmmﬂzmzmw B
RAPIDES

I S

¥
(4
. SCALE IN FEET W
A_Ull.qll||||,I~||P|I||.|I...m_.. 5

J linch __-_ﬁo fout

(30

(1))

7
l-.m.ll.v

BRITANNIA, BAY. .
. .
® (@

(- _

T an
o
0T




61

near suspected nesting depressions which had revealed themselves due to ol/

decline in water level. These depressions were situot@d in dense weeds of

Elodea, Vallisneria and chgpug-respectively (Sites B, C and D), under logs
(F) and rocks - (H) where there was adequate ghading. No ochools were located
along the flot'rock shorelineln{\governor s Bay and three schools were
locateo along the sandy, current swept, shoreline of the,oop of Kettle Is.
in tho CIP north channel.. These schools were hidden undér emergent clumps
of Sagittaria which was rather asparse along the Kettle Is. shoreline. gThe

\

lack of shading by trees on the shoreline and other suitable cover may ‘
restrict soawning in these three areas.

| It is believed that light is an important factor when bullhead
choose a nesting site. Breder,(l935) noted that‘the eggs are sensitive to
light and the larval stages exhibit negative phototaxis (Armstrong, 1964).
Other factors such as dibSOlVCd oxygen must als;‘bo\importanL.

In Brewery Creek during 1971, 17 schools of young bullhead (Fig. 10)
were noted‘in an'ungvon distributién. Six of the aggregations, each about
15-20 ft apart, wero'found in a small area of about 50 ft of shoreline in '
the northwest corner of the creek where overhanging trees provided dense
shade ovécethe waCCr. Other groups were noted in dense squatic VQgetotion

"such as arrowhead Sagittaria and bullrush Eypha towards the mouth of the. -
™

———

creek.
A shallow weed-choked backwater examined in 1971 between, Brewery
'Creekdgnd Hay Bay did not have any bullhead breeding in it, although it wa9/17

well shaded by surrounding trees. Therelﬂﬁé no current to allow an exchange

of wdger between this area and the Ottawa River. o
,’:

) _ _
: b
T~ : | '

~
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JFigure 10. Nesting sites of brown bullhead in 1971 and 1972
in thé vicinity of Brewery Creek and the backwater
below it. The approximate depthsl(ft) are glven
) in parentﬁesis. Aquatic vegetatién is the shaded
area!” Glrrent in 1971, ‘solid arrows; in 1972,
dashed arrows. Nesting sites in 1971 are shown
sy opeﬁ circles designated A to Q, in‘1972 by a square

degignated R.
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+
.

A ’'Btrong eddy current enisted in the mouth of Brcwofy Creék prior

+

where bullhead were noted breeding in 1971. In the spring of

"low of water through Brewery Creek was. drastically curtailled

to allow ghe construction of sewer and water mains_in Hull. Raw sewage

. was stil) being emptied into the creek. Severe oxygen éepletion‘developed

in Brewexy Crcek during the summer and values of less than 1 ppm were still.
evident| in October 1972 (Smith, 1974). An examination on July 10, 1972,

of the game area of Brewery Creek examined for young f£ish in 1971, showed
tnat onjy one pair of bullhead had epanned., A.school of young bullhead was
located hear the outer edge of the mouth of the crebk which was within ihe

influence of oxygenated water from the Ottawa River. No'young bullhead were -

noted within Brewery Creek in the area of oxygen depletion.

Prespawnlng Behaviour in the Aquarium o . ) /)/J

Close body contact waslnaintained:by botn peirs of bullheed‘priorl
to spawning. The second palr lay with their tails to .the opening of the
nest.(Fig.'ll). At frequent intervale the -female fanned the bottom with
her pelvic and”anal fins ‘and pressed het abdomen aeainst the bottom with a

quivering convulsive movement., The¥male often accompanied the female in

this action. Smith and Harron (1904) believed that this was for the purpose

of loosening the eggs in the female., It 1is also possible that some

chemicalvmarker was released at the epot since Breder. (1935) noted that

"\4

. when the ﬁggs vere removed.from the parents, they continued to incnbate

p—

‘the site from which the eggs had been taken.

L




Figure 11,

3

Figure 12.

 6ha

Male and female of the second pair over nest with
tails towards the same end of the nest while in’
close body contact. :

_ Male and female of the second pair over nest facing
in opposite directions while maintaining close body

.contact. . . . <
-
- ; |
— N
f/ i
/
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At.intervals the pair,left the nest to swim around the tankt
Finally they took up a position close toéether with each.fioh facing in the
'opposite di;ection‘(Fig.‘lZ); The release of eggs was not observed having
taken place some time before 9 a.m. July 11, 1971. The fitst\pair was
still lying side by side in opposite directions with thelr tails curved
over one another. Periodically the male embraced the female by wrapping
his body over her head CFigs. 13 and 14).. Breder (1935) noted a pair ‘that
deposited spawn six times over a period of three hOurs. He did not obaerve
the pair twisting their caudal fins over each otner g heads, stating only
that they lay‘in opposite directions side by oide. The position depicted
is identical to tnat(nentioned by Fontaine (lQ&&)fand depicted for black and.

'yellow»bullhead by Wallace (l§69a).

Incubation

During my observations of bullhead in equaria, the maleldid all
.of the incubating, while the femaleﬁpemained passively'nearby. Tnese fish
subsequently died and their sex wés verified by examining their gonads.
Breder (1935, 1939) believed that the opposite was true, but conceded that

he had not sexed the fish he observed. .
Under aquarium conditions, Smith and Harron (1904) and Breder -
(1935) have stated that both parents may incubate the young. either of
them glves a good description. Breder (1935) noted that\vegg/jarely both
'parents incubate at the same time. Under the conditions of an outdoor
pond Bre: 1939) noted that only one bullhead parent from each of tho

three pairs incubated the egga, not leaving the nest during this period,

Its mate remained quieecent nearby or patrolled around the nest.



Figure 13.

Flgure 14,

66a . I

IS

Eifst pair commencing spawning embrace. The male 1s

situated parallel to and beside the female with his
head away from the viewer. 1In both fish the caudal
fin is wrapped over thechead of its mate.

First pair in full spawning embrace. The male can be
seen curving his tail over the female. These photos
were taken on July 12, 1971 a full day after the eggs
‘had been laild, It is doubtful that any ‘eggs were

extruded by this stage, but the fish were still noted

to embrace periodically.

"~
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1

While adult brown b®llhead can withstand dissolved oxygen levels

~less than 1

fanning and

the eggs us

It can be a

the eggs bu

ppm (Cooper and Washburn, 1949), the e gs reqnire.constant
agitation (Breder, 1935; Armstrong, 1962). The male agitates

ing his anal and pelvic fins causing them to become dislodged

" from the substrate (Fig; 15). The paired fins are generally used in fanning.

ssumed that the fanning of the male not only helps to agitate

t also gserves to create a flow of aerated water over the eggs.

The male may also create a current by periodically slowly yapning over the

eggs in a syringe like action (Fig. 16} as previously described by Breder

(1935).

B

in an upright flower pot where one of the parents fanned the eggs using its

caudal fin.

apal fin but it managed to hatch the eggs by fanngpg them with the tip of

" its tail.

0

5

eggs in a s

: . ,
reder (1939) described a pair of brown bullhead which had spawned

It was not possible for this fish te agitate the .eggs using it

.

n June 24, 1972, 1 observed a male brown .bullhead incubating

imilar manner at Heney Lake, Quebec., The eggs'were in an

almost vertical burrow, about 1 ft long, situated in the sand bottom in

four ft of water. The male was fanning the eggs wifth his caudal fin.

Periodically, the male entered the burrow head first to mouth the 'eggs-./q

The female was aboute 20 ft away. About every ten minutes the female

" approached

the eggs.

this method

the male, but at no time did she enter,the burrow to incubate
The young were noted freeswimming on July 4. It is apparent that

af incubfjaﬁn is not so atypical as Breder assumed, and that

'brown bullhead can hatch eggs without agitation by fanning them to ensure

an exchange

7

of water ove?fthe eggs.
P R

~ Y
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Male from first pair incubating eggs using his gectoral,_

pelvic and anal fins. This action créates a strong
current of water over the eggs as well as agitating the

eggs, which can bg seefl being lifted from the bottom
by the "actions of the male.

-

e d

[y

Male from first pair incubating the eggs using a side
to side action of his anal fin to agitate the eggs and

yawning to create a syringe-like current of water over.
the eggs. ' *

-
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The eggs laid in the aquerium hatched on July l7land 18,-197l.
-The male continued to guard the young fry until they became free swimming
on July 22 1971. The egg yolk larvae were noted to’ wriggle or skate
along the bottom of the aquarium.' They exhibited a negative phototaxia
by ekating away from the light ad the tank cover was removed. By the time
the fry had become free. ewimming they had become completely black in colour
and no longer avoided the light. Attempts were made to feed the young
_nenly hatched bnine shrimp; but not enough could be hatched to edequately
feed them. The young gradually diminiahed,in number and by August‘S, none
of them remained alive. This .was similar to the observations of Breder
(1935) who believed.the young were the vidtims-of too much’ handling by the

parents. Lt geems more likely, as noted by Smith and Harron (190A) that

only weakened young were eaten.

Discussion

-

-

e

The number of-eggs carried per female appeared to be a curvilinear

function of the total length of the fish. As one would expect, the fecundity

tends to increaae with the size of tnp fish. The mean fecundity.was higher .\/}

at Hawkesbury than at Governor s Bayfsimply because the mean slze of the
-figh sampled was greater. While the mean size of bullhead was higher at

Hawkesbury than Shirleys Bay, the fish from the\igtter eection of river had

. # ’
the highest mean fecundity. This was a further indication that fecundity of

bullhead was highest in the upper river. - Similatly six brown bullhead

' ranging from 16.,7-20.2 cm contained 1,250-2,105 eggs in Czechoelovahia

(Frank, 1956). In Minnesota five brown bullhead from 26.7-33.0 cm contained

=

h
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-6, 180 -13,800 eggs (Carlander, 1969). A comparison of the range in number
of eggs would tend tO indicate that,the fecundity of bullhead in Minnesotd
was higher then that found in the Ottawa River.
Sexual maturity was attained by the time the bullhend in the <
Ottawa River were age three. Moet bullhead greater than 20 cm were sexually
mature. It was not ascertained whether gexual maturiry can occur at an
earlier age at this latitude, although this does occur farther south.
Bennett (1971) noted that in most freshwater fish populations,
females predominate in the,older fish euggeeting that_males die af an
parlier age than females, * Redd (19?0) believed that the.injuri due to
eggfeseion between rival nales and from guarding the young could account
fot a'higher mortality of males. '~ | - - - -
* _ Evidence has been preeented to iudicete that agéression doee oceur \\\
among mature bullhead in Ehe\SOWer Ottawa.River during'the.epawning season.
_ It is strange to note that, males'predominnted over females until age six In
‘ the lower river. While a h,ig‘ner mortality of males may occur after age six,
" it does not appear to appl; to younger bullhead. '

" Turner and Summerffit (1971) tried to explain the preponderence of

female flathead catfish in gill catches on the basis of a migration of males

to Bpawning sitee. This does not explai the preponderence of male bullhead

in trap net catches during the spawning eason in cherloéer river. However,
some aspect of behaviour which at present is not understood may lead to a
gegregation of the sexes prior to. pair formation. In thrs regard it would

" be helpful to know more about the significance of bullhead aggregations which

have been noted to occur prior to spawning.

~
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PearBOn and Miller (1935) noted thet aggression had occurred
among yellow bullhead noted in aggregations in early,ﬂsy.fjﬁ; aquarium .I‘
observations.indice;ed that aggressien gcecurs, possibly as e means of
geining‘dominaﬁce in the social hierarchy and obtaining a spawning
territory. The peculiar afrangauent.of yellow bgllheed in a circLe’and the-
aggregations of brown bullheed-where individuals were noted to jump out o%
the water may’ be 1inked to sueh a process. S . /
Dominance in a social hierarchy may ensure that thé largest and
most aggresgive bulihead males have the receptive females during the
spabning/ééZson. Competition between rival males for females may be a chlef
eource of aégression. Wallace (1969&) also found that fighting occurred
between the sexes when a female yellow bullhead would not accept a male
or when the male was not ready to spawn. 1 observed that once a pair
has established a territory they defend it agalnst intruders. Initial}y,‘ .
defesce appears to be a function of the male, but by the time the nesting
éiééjhas-been chosen both fish defend the nest. ‘While the male incubates
the eggs the female remains nearby and_may help defend the nest against

intruders.

| Wallace (1969a) described two submilssive postures in black yellow

_and brown bullhead, flight and foll. During flight from an aggressor the

subordinate bullhead may recelve bites on its péctoral and anal fins as it L.

tries to escape but it is more cofmmonly bitten/on its caudal fin. The
subordinate may take a position neal the Surface,'where it will be exposed

tb fewer attacks from the aggreesive fish. Roll is a submissive postare

[
——

assumed by a subordinate ¥ish under attack. * By rolling the dorsal part of
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the body downward, exhibiting its dorsal eide, the sqbordinate inhibite
the attack. Thie usually occurs when an gravid female is placed with an
aggressive male for ‘the first time. These behaviour patterna explain the
high frequency of scars on the dorsal surface, anal fin, caudal peduncle
and caudal fin of brown bullhead examined in the Ottawa River..

THe availability of shaded locations in vegetated baye and
backwatera with adequate oxyng levela, may: be a factor limiting the
number of breeding aitee and hence the number of breeding palrs of bullhead
It was noted that only seventeen pairs ef bullhead were successful at
spawning in Brewery Creek during 1971. Since most bullhead over age three
were sexually mature, the populetion of mature bullhead in the vicinity of
Brewery Creek and Hay hay must exceed 25,000 fish. Although many pairs of

- -

bullhead probably spawned in other eas in'the-vicinity of;irewery Creek

it is not likely that these areas ¥ odate all the

e large enough to_acco
notential spawners. Evenraseuming OG/oairs spawned, then 99.2% cf‘the
mature bullhead may not have reprcduced. About 30% of mature females at
Governor's Bay were reeorbiugniheir eggs and sex ratios in the lower river

indicated ma%qs}fere more abundant. Therefore it 1is probable that only a
small percentaga of the mature bullhead actually spawn each year.

Todd (1968) and Atema (1970) have demonstrated ‘that bullhead

established a complex gocial hierarchy. Pheromonee mediate an individual's

position in the social hierarchy communicating information conqerning an
individual 8 dﬁi, age, slze, reproductiveAeghte, ipndividual characteristics
and perhaps even family {dentification (Todd 1971). Kendle (1970)

" observed that female black bullhead were attracted by a pheromone released
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by the male during the spawniqg_éeaaon; Timms:hnd Kleerekoﬁéf'(1972)
gtudied how_male’chaqﬁgl catfish wére attracted by a.pherompne released
by the sexuaily tipelfemale. Swinglé (1957) found that at stocking

. dénaitites of 7,400-14,900 southern brown bullhead per ha reproduction was
completely 1nhigited. Swinglg bélieved the bullhead gave off a repnesaive
excretion which inhibited reproduction.' It seems likely that such
phefomoﬁes‘may inhibiﬁ fefroduétion of brown‘bulthAd, occurring at high

densities, in-bays in the Ottawa River.
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MERCURY CONCENTRATIONS IN BROWN BULLHEAD .

- ; : Introduction ) , ‘\
Merco;y bollotion Became of'éeneral public interest in Canada

early in 1970 following the revelation of widespread mercury contamination
.(Fimreite, 1 1970). Sompling of fish in zone two of‘the Ottown River below
Ottawa during 1969 showed Hg levels exceeding 0 S ppm in walle&e, sauger,
sturgeon, northern pike, yellow perch, rockbass and suckers (OWRC-QWB, 1971)
A similar s;tuatioo was found in sauger collected in 1968 and sent by pr. o
"§.U. Qadri to the. Canadian Wildlife Service (Fimrelte et al., 1971). Six 'brown

pullhead from below.Ottawa had levels between 0.12-0.50 ppm Hg with\E’mean

el ¢

of 0.29 ppm (OWRC—QNB 1971). Concern'over the threat to- public health
from eating contaminated fish prompted ‘the Ontario government to impose a
ban on commercial fishing in the Ottawa River downstream of .Ottawa and

anglers were advised not toO eat their catch,

: ‘ o |
The sources of Hg contamination were believed to be the E.B. Qﬂdy
* ' ' S
Company in Ottawa-Hull and the Canadian International Paper Company in i.‘ ‘ *
N . / )

Gatineau, both of . which had been using mercurial slimicides (OHRC—QWB 1971).
Sediment Hg concentrations between 0.03-2.0 ppm were, found below these mills

" {n 1968 and 1969. Sediment values of 1.89 ppm below E B, Eddy and 1.99 ppm
below CIP at Gatincau were still present two years later (Oliver and hinrade,
L 1971). Sediment values near these mills were about seven times higher : ‘
; ) ¢ . . T
than in other areas of the Ottawa River: The levels in fish species were

two to six times higher below Ottawa than above. the clity {OWRC-QWB, 1971).

Joint studies between the Uq}veréity of Ottawa and the National

Research Council were undertaken to examine the distribution and transport
~ . , :

[ T
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- bullhead were part of this effort.

their total Hg concentration. The grade of

E

of polIutants such as Hg through a Elowing

water ecosystem Extensive

sampling of fish, plants and other\biota, as well as abiotic scdiments and

water, have been conducted to monito

1971 and 1973.‘ Hy_studies of Hg conceptrat

Materials and Methp

Musclc tissue of ninety brown bull

Britannia Bay in the upper river, from Hay

~

..

changes 1n pollutant levels between

ion in the muscle. of brown

ds
ad from Shirleys Bay and

Bay and the top'of Upper Duck Is.

in the lowqr river, and from below Hawkesbury wire analeed to determlnc

proceedures used to digest the fish tissue were tho

and Barrette (1972)} The quantities of rea

with the MAS—Sb mercury analyser.

Tive g of frozen axlal muscle tiss
line ‘over the anal fin were, added to.the di
was dissolved in about 15 minutes at 60 Cu

-.},»:

and 4 mi of 18N sulfuric acid in the~presen

pentoxide catalyst The apparatus was, allowed to cool and th

?
307 hydrogen\pé&oxide were added. The appa

sulfuric acid to concentrate the digest, T

-through glass wool filter .paper into a stop

digest solution. was brought up toQ 100 ml us

Mercury concentrations were determ

analyser by flameless atomic absorption.

lpersonal communication, 1971.

reagefts, apparatus and basic
L4
e outlined by Malalyandi

gents used\were adjustod for use

ue taken from Mbove the lateral
gcstion apparatus. Tneltissuc.
sing 6 ml of 5.6 .nitf acid
ce of 0. 25 g of vanadium , |
a& ee drops of
;atus was washed dovm with 37
he digest solution waa filtered

'\ .
pered vial. The clean green

'
.

w\.

i

ing 3% sulfuric acid.

A

ined on a MAS-50 Coléman_metcury'

ifty ml of 2.BN nitric sulfuric

PP S B




76
‘acid diluting medium was added to acidify the glass of a 300 ml bubbling
bottle. Twenty il of digest seclution was then added. The sample was then

reduced by the addition of 20 ml of hydroxyl ammonium sulfatte solution

followed by 20 ml of stannous chloride solution. ‘An air bubb\er connedted

to the mercury analyser was 1mmediately inserted into the bubbMng bottle
Since the Hg from one gram of digested tissue’was vaporized anll run through

thie analyser the peak absorbance recorded by the machine recorded the

readings in By running blank smandards through the machine the

. backgroind lgve Hgiin the reagents was determined and this was

Mercu concentrations in the Qﬁqsle of 90 brown bullhead testedﬂ

varied from 0.06- 0 56 ppm (Table 16).. No gignificant correlation between
P }‘

Hg concentration and fork length 'or between Hg concentration and total body

LA
L]

welght was found'at any of the stations in the upper river, 1ower‘rivér or

near Hawkesbury. The results and eheif co;resppnding linear regressions are
depicted in Figs. 17 and 18. lAsidé from the non:stat#sticallylsignificant
regression between Hg level and fork length at Britannia Bay Whiahé;as
‘positive in slope, the re@aining regressTons had slopes close to zero with

. \‘
non statisticaily signifiéant'negative correlation coef ficients. ‘No trend

according to age or difference fn 1evels according to sex.was discernable

{n the data. These results were similar to analyses oleg in bullh¥ad .

collected from Kettle Is. Bay and tegted at NRC (Norstrom and Peter, 1972).
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Table 16 Total mercury concentrations in muscle of brown bullhead at
‘ various stations in the Ottawa River during 1971.

Y “:‘:?"‘-.ir\;‘ o ' ' : .
Station :No, of Mean mercury: , Range mercury Range in fork

bﬁi}hgnd 111;1 (ppm) SE levels (ppm) length . (cm)
‘Brittania Bay 26 0,195 0,127 0.065-0.560 . 22.5-34.3
and Shir;eyﬂ Bay ‘ : . .
Hay Bay 25 0.148 0.047 0.063-0.350 18.0-29.5
Top of Upper 14 0.225 0.056 0.120-0.290 20.8-28.2
Duck Is. ' L . :

. . il .
Below T 25 - 0.186 0.066 -0.,055-0.340 . 22.5-33.2
Hawkesbury . . ) - . ‘
Kettle Is. Bay - 18 0.133  0.011 0.050-0.200 ~  18.4-29.9 M__.,-:;
(tested by NRC, \ e
1972) S '
Discussion"

 While many ‘surveys have shown widely varying levels of Hg in the

tigsue of individual fish and bétweep specles, few gtudies have been con-

b

ducted to investigate the ralationship between Hg concentration and fish S
Lo ‘ :
glize or tried to lain rhe underlying mechanisms- which determine the | 1

.concentration of Hg in £ tissue. _ , L S {

~

It has gene glly been assumed that the levels of Hg iIncrease with
B . ' -
increasing size of alfish specles. A linear relationship between age Or
welght of pike and t{é Hg content in musculature was shown to exist in , -

northern pike collected from 4reas with mercury contamination in Sweden

{(Johnels, ﬁeste:mark et al. 1967). Similar results were shown with such

' : \
species as northern plke, sucker, walleye and sauger in Lake Winnipeg,
Manitoba (Bligh, 1971).
- Johnels, Westermark et al. (1967) showed that the relation between

Hg coantent of axial muscle and total body welght was dependent upon the

="

-
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Figure 17.  Total ;éfpury conceﬁtfatiﬁn in bullhead™uscle in
reiation tbztofal body weight of figh taken from
Bpitannia géy,.Hay Bay, the top oflUppef Duck

'Island and near Hawkesbury during 1971.
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Total mercury concentratioh.in bullheéd muscle in

[
.-

; relation to fork length of fish taken from Britannia
Bay, Hay Bay, che top fo%pper Duck Island and near -

- Hawkesbury during 1971.
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lake mwhich the fish were collected Each lake eontdined different:
levels of Hg pollution which affected the net accumulation rate of Hg in

_.muscle tissue'of pike. TPike from Lake Snogeholm had the lowest concentration

of Hg and showed only a slight net accumulation with age ~ This was
interpreted to mean that the environmental level of biologically available
Hg wa$ appagaﬂiiy lowest 1n this lake and the elimination rate of Hg fromr/

the muscle was very gimilar to the uptake rate (Wallace et al. 19!?)

-

Extensire studles by Scott and Atmstrong (1972) demonstratcd that

within a species the relation between mercury concentration and, length was
*

not consistent ~ Most important from a practical viewpoint were the very
largc differences 1o Hg levels betweon various population samples
Statistical analyses showed the regressioﬂ% ranged from. complete lack of

significance to etrong correlations. © The relation between Hg concentretion (

b [
- .

and length.was positively correlated in most samples, had‘WOé% or no - - )
correlation in others and a few %ere negatively correlated. Slopes greater - N .
N
1 .
than zero wWere believed to be indicative that the absorption of Hg was at
y s

a greater.rate than the combined eEEects of excretlon and growth. A slope
eqoal'to zero would not mean that ‘there was no relation between sizefand

total Hg content; rather, Lt indicates no change in . thi#“mercury conc ntration 7

with size. The £ish must absorb Hg at a rate which just matches their

growth to produce this value. A negative relation occurred when there was

T
was absorbed by the fish. This results in dilution b¥ growth.

. . oL
L e ol

Cross et al. 1973 found jevels of Hg increased with increasing

welght but levels of Mn, Fe, Cu and Zn stayed the same oOT decreased in fish
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M.taken from the marine environment. The’resuits indicaeed that fish residing

in two different depth regions of the Atlantic Ocean were in a steady statc

N
with their anvironment with respect to the latter elements but not with Hg.
This was thdught to. be Ielated to uptake and climinatlon rates as weil:as

the levels of the element. biologically available. T

DeFreitasE£1973)-has proposed that ‘mercury uptake and clearance is

primarily a function of metabolic rate. Growth dilueion, rates of growth

and maximum age were felt to be {mportant and‘élosely linked to metabolic

- !

rate. The trophic level ané specles specific differences may not -play as
important a role in Hg detoxification and clearance as metabolic rate. ®. -

Depending on their rates of growth and mEtabolism within the same environment

different sp ies may be expected to exhibit different rates of uptake and

excretion resulting in different mercury distributionsg, Such distributibns
would still be parﬁially dependent on levels of biologically available Hg
in the‘environmentfand mey be expecte&'to vary on an annual as well as a

seasonal basis.

Since the levels nf‘Hg-in brownlbullhead did not increase with
increasing length or increasing welght, it may be concluded that bullhead
from the various areas examined were in a steady gtate with their environment
during 1971. The fact that the levels did not differ appreciably gould tend
to indicate that the levels of blolqgically available’ mercury in_the

environment were similar in the areas bf the river examined.
. . ‘\‘4 K -~
One would expect that since the use oE mercurials was only

L] a A

discontinued in the spring oj 1370, that the levels of Hg in the lower river

downstream of the outfalls would still have been high-in 1971. 1t is

U
oWl

N

-




82

_apparent that the levels of Hg in the sediments close to these paper mills

had changed bery little (0liver and- Kinrade, 1971). Jernelov (1969) believed

eha:;lt.wogld take many years for a ;iﬁer-to clear itself-of Hg deposits in

sediments. -Tests of water, fish and sediments 1in 1972'and‘1973 would tend

to indicate that the Ottawa River has been clearing itself of Hg at a much

faster ratelthan was originally anticipated (Norstrom and Brodﬁstein, 1973)

- N ‘

Contaminated fish, tested in 1969, were taken a considerable distance

downstream-of the paper mills near Orleans_(OWRC—QWB; 1971). ‘This would

tend to indicate that the Hg pollution was quite widespread. ‘Wlth the

ceeeation of the use of" mercury{it is possible that the areas of contamination

have become.restricted to the vlcinity of the paper mills Thus it is

possible that bullhead taken in other areas are presently not being exposed

to contamination. While such changeq have been occurring over the ldSt three

years, it is doubtful that- they can entirely explain the low levels of total

mcrcury Eound in brown bullhead in 1971.

It seems more likely that low 1evels of total Hg in bullhead.haﬁe

" resulted because brown bullhead have a low metabolic rate in comparisen to
other species.' Experiments with radioactlve tracers have stown that bullhead
take up Hg directly from the water and from their food {(deFreitas et al
1972). Both fdctors are responsible for the levels found 1n bullhead in.

tﬁe Ottawa River. While 1t is not yet clear which factor is the more
.important, lt appears'that the levels of methyl mercury taken up from the
food of bullhead are low in comparison to such specles’as sauger, walleye

and northern pike. The levels of methyl wmercury in tﬂe dgiet does not very

significant#y.wlth jncreasing size of the bullhcad which continues to eat

P
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invertebrates. In contrast the ingestion of athyl mercury can beiexpected'

to change in such bpeeies as walleye which become pisqivorous.as.adults.
Thus, it geems likely that the brown bullhead in the. Ottawa River never were

geriously contaminated with Hg to the extent found in other species.

The'levels of Hg jn fish and in eodiments in the Ottawa River are
low. in .comparison to other areas with serious Hg pollution (Bligh, 1971;
Voege, 1971; Fimreito et al. 1971). It Would appear that brown bullhead
.from'the Ottawa River were safe for human consumption in 1971 and possibly

before this time.

1,
.

The levels of Hg can be expected to vary 1im brown bullhead in

dif ferent environments dependifg on the levels of mercury biologically
aveilable and the rates of uptake and elimination of the populations
concerned. Brown bullhead are generally not a specles containing hiéh levels
of Hg. However, high levels have been reported Buhler et al. (1973) -
found levels of Hg from 0.22-1.78 ppm with a mean of 0.75 ppm in 13 brown
bullhead collected in Oregon rivere."lt'was pelieved that three bUllhead
from the Rogue River with a mean of 0.89 ppm may have been contaminated due
to high lossee of Hg during gold mining in the latter part of the last
century. Similarly, levels of 0.93 and 1.57 ppm Hg were found in bullhead
from the Wisconsinm River and Flambeau River respectively in Wisconsin
(Kleinert and Degurse, 1972). The level of methyl mercury found in that
study was 85-867 of the total mercury which compares with 837 determined

in brown bullhead from the Ottawa River (Norstrom and Peter, 1972). Thus
it would not be safe to assume that brown bullhead from other waters are

-

safe for consumption.
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AGE AND GROWTH.
Introductionl

Published data is not. availabie concerning the age and
growth of brown bullheed‘in Canada (Scott and Crossman, 1973). De-
tailed studies have been conducted in rhe United States by Redd (l9f0)
* and in Czechoslovakia by Frank (1955) and Hemnsel {1966) . Mest of
' what'ie known concerning growth in length of h;own‘bullheed has been ’
summarized by Carlauder (1969)

Since North American catfishes lack gcales, various other
" bony structures “have been utilized for age determinations. Frﬁﬁiﬁi—n;\\
(1955), Lewis (1950) and Henael (1966) have’ used vertebrae while ™
Finnell et al. (1956), Sanderson (1958), Priegel (1966) and Redd
(1970) have used ‘pectoral spines to age brown bullhead.

From the standpoint of collecrion,Apreperetion and readings,
pectoral spines were preferred over vertebrae as they required'the
~least effort in preparation and were more reliable for age determination
because they showed fewer.false annular marks (Marzolf 1955), A~
compariaon of vertebrae and sections of pedtoral spines of channel
catfish of known age indicated that the annular marks were true year
merks.

The re;ationship between vertebral radius anﬂ fish length
* or between epine radius and length 1is uot always consistent {Marzolf,
1955) Sneed (1951) found a linear relationship between posterior

.spine radius (Fig. 19) and total length (TL) of channel catfish.

Marzolf (1955) compared channel catfish aged by vertebrae and pectoral




.85

spine sections and found that the relationship of spine radiua to TL

wds curvilinear while the relationship between vertebral radiua and

TL for small and 1arge‘catfish was deacribed by two intereeoting

straight linesy Frank (1955) found & linear relationship between TL
and diameter of vertebra while Hensel (1966) in a similar atndy of
brown bullhead found a curvilinear. relationship. Redd (1970) found

4 1inear relationahip between TL and spine radiua of brown bullhead.

Mar zolf (1955) noted that growth was accomplished by a

{ L)

' Seasonal'depoeition.of‘bone on the outside of the spine. As the spine

grew the lumen of the basal groove enlagsed at the expenae of the™
earliest bone’depoaits. Because of the lengthening of the groove,'
the point of seotioning in Buccesaive years was moved distally along
the spine. Posterior ‘spine radius measurements from older fish were
found to gilve back calculatedilengths which were shorter than those
lengths derived from measurements to the same annulus in younger
ish. The first year mark was of ten obliterated. ﬁarzolf noted a
1a>ge variation in the oosterior radius measurementa ang suggegted

that measurements of the anterior radius, might minimize the error

and,allow reasonably aoourate calculations of growth from spine sec—

e

tions. \\

ﬁedd (1970) compared measurements made along the anterior

4\

and posterior pectoral spine radii of brown bullhead. Both measure-
‘

ments were found to reliably measure the growth of brown bullhead.

3
\

Measurements along ‘the anterior radius were preferable-sinee they were
found to have leas variation than measurements from the same fish made

along the poaterior radius.

A
A

v : ) S
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Materials and Methods Z{

K . A totael of 803 brown bd&ll llected from'the Ottawa

L

-

River during 1971 were used for the age an growth study. 0f this
total 163 were from Shirleys Bay and Britannfa Bay in the upper
river; 168 were from Hay Bay, 179 from Governor s Bay and 84 from the
top of Upper Duck Island in the lower river; 112 were from above
Hawkesbury and 97 foom below Hawkesbury. | |
Most brown bullhead in this study were aged from pectoral
gpine sections. ,?0 check the validity of ages d%fived from spine
sections the fifth unfused vertebra from thirty bullhead were examinev
and compared with spine.feadings from the same £igh. Measurements
for back calculations wero made aloug';he onterior radius of the spine
which was situa;ed 180 degrees opposite the posterior radius through :.
\ghe long arm of the spine (Fig. 19). \
- Spines were removed from bullhead which had been frozen about'
four months. The spines were air dried in coin-énvelopes,. fixed in .
10% non-buffered formalin for a minimum of 48 hours, ao; then placed
in' the deoalcifying fluid Decal (écholl; 1968). After.a decolcification
period of about three days the spines were rinsed in water for three |
hours. A singe edged razor blade was used to cut sections from
0.1 to O. 2 mn thick from the distal end of the basal. groove (Sneed,

1951) in a menner similar to' Smith (1974) . S e

Spine sections were read at least twice before an age was

;oﬁmﬂ\‘

aosigned to the fish., A drawing at 100X magnification was made of [ the

e

anterior radius of the spiné with the ald of a camera .ida. Sipce
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Figure 19. A typical pedtoral- spine cross section showing A -
anterior radius, B — lumen, C - posterior radius,-
+ 1~ 5 the 'annuli for different ages. \

-
‘ r\
T -
va
A -“
-
- 5 .
“
. -
-4 --A
- 3 _ R
r",’.ﬁ"-‘ not
.
i






o

I T 88 /“'\l .

" 'the center of the lumen of the spine is difficult to determine (Muncy,A‘
1959) thirty spines were measured to obtain an average factor by

which one could estimate the spine radius. Spine meaouremepte were
made from the’ edge of the lumen to the anterior edge of the spine

" section along the‘anterior radius. This measurement was multiplied

by the factor (l 3223)  to obtain the spine radius.

To ‘agsess losses in weight and length due to freezing 30
brown'bullhead varying from 23f35 em total length were collected by
trap netting in Shirleys .Bay. These fish were weighediand measured
while still alive and.again after being frozen in groups of six in
'‘plastic bags for four months. 7

Growth determinations for this investigation were calculated : E

. aocording to éﬁe proportional method outlined by whitney and Carlanderl '—\\\\\\\

(1956). The Lee~Lea formula used was calculated as:

"Ln=a+Sn (L - a)
] ‘

where Ln = calculated length‘uhen annulus 'n’ oas formed
a = the intercept on the Y axis
Sn = radius of spine section from lhmen to annulus
§ = radius of spine section at capture
- | L = total body length .

The back caloulated lengtns at each ennulus for each age . |
group were obtained through the computerized age and growth program of ‘
Voightlander and Roochvarg (1967). This program derived pback calcula=
-tions for each sex as well as sexes combined at each of the six

stations. In addition, calculations were derived for the lower tiver

. o s
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stations combined and for above and below Hawkesbury combined. This
program nlso‘gaVe mpnthly growth increments for each statlon during
the.period{froh May to October. |

.. * Associated with increases in length of fish are increases
in weight. The relationship between length and weight may vary due to
sex, season, suitability of habitat, food supply, degree of parasitism
and age of the fish concerned (LeCren, 1951). Such relations as the
condition factor and the length—weight relatiqnship can be used to
compare the telative well being of eiffenent'fish populations in
separate environments as well as to compare different eegments of

the same population. ‘ ' a ~

The condition factor (K) has been used as ; measure of the

degree of nlumpness or_general well-being of a fish. It is gener&lly
be}ieved that a long thin fish is inferior to a pyump_fish of the same
length of the same speciles. Studies J;/;:e‘seasonél'changes in condi-
tion factor or differences in the mean condition factor of different
_populations-have been used to ascertain the suitability of the fish'

environment. The condition factor was calculated according to the

formuia given by LeCreu (1951).

where W = total body weight (g)-
L = total length’ (cm)
The length—weight relationship can be represented by the

expression: log W= log ¢ + n (log L)
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An anelysis of covariance (NRC cdmputer program, Biomathe-
matics Section) was used to compare the length-weight regressions
,'according to sex and at the six collection stations (LeCren, 1951)
lThe-same program was also used to compare Walford plots (Ricker,_1958)
derived from the backrcalculated length data. The analysis of co-
variance (one—way classification) was used to determine whether
significant differences gg giofth‘existed between sexes or between
stations with the two Bexes pgoled together. This analysis was

adequate in revealing where gsignificant differences existed in the

‘ relations (Dr.'S.D.»Haltet, perscnal communication).

éesults

Growthvin Young—of the-Year Bullhead

While selning was conducted in both the upper and lower river,
it was only possible to capture young~of~the-year bullhead on a regular
basis at Britannia Bay. Small bullhead from Britannia ﬁay grew.most
rapidly during June and July. A large variation in growth between |
individuals was evident. This became greater as the gummer prOgreesed.
Thus hullhead taken on September 22, 1972 ranged from 4. 9-8 9.cm.
The growth over the summer was quite similar to that of young bullhead
collected by Rane; ann Webster (1940) in New York State (Fig.'ZO).

Shrinkage Due to Freezing.

Grouping the frozen specimens into one cm intervals, the

' loss in weight and length of bullhead from Shirleys Bay.was found to be

a constant proportion of the original meaig\JLents for all sizes of.

bullhead examined. Averaging the percentage differences "in length

/
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Figure 20. ) Comparison of the seasonal growth of young-of~the— . ' }/
year bullhead collected from the Ottawa River at

fanda Bay with those collected in Cayuga Lake,
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and in weight, it was determined that t;:\:lllhead had lost 1.47%
of thelr total length and 8.7% of their originﬂl weight. Similar

results were found for bullhead taken at Hay Bay and at the top of

Lower Duck Is. The lengths of frozen specimens used in age and’
growth studies were corrected by multiplying the total length measure-
ments by 1.0139. Body weights were multiplied by 1.0871.

Conversion Between Fork Length‘and Total Length

The relationship between total length (TL) and fork length

- (FL) was found to bé_coﬁstant for'bullhéad varying from 2.0-32.0 cm.

rL = 0.1145 + 1.0193 FL, N = 80, r = .997
FL = 0.0344 + 0.9750 TL, N = 80, r ?‘.997

A&er#ging.ﬁhe mgaSurements‘Bf TL and FL, the conversion.
ratio of fL/TL was.célculated as 0.9764. The coﬁveréiap ratio of

' TL/FL was. dalculated as 1.0241. Standard iength (SL) was not measured.

Carlander (1969).gave a conversion ratio TL/SE’of 1.135.

Bedy | LengthdSpine Radius Relationship -
Due to the large variation in the spine radius measurements

for a given length of brown bullhead it was difficult to ascertain

. the body:spine- relationship empirically. Since the age one and age

two bullhead were inadequately sampled at most stations, calculation .

of the body:spine regressions at these stations yielded unrealistic
y intercepts. By including young-of- the-year bullhead it was possible
to obtain the relationship at Hay Bay and at Shirleys Bay by

using the regression formula L = a + cs. ¢




93 S -
“Hay Bay L = 43.8369 + 1.6102 S, = ,883, n = 181

Shirleys Bay L = 39.5466 + 1.4167 S, r = .930, n= 178

L= total length (mm) § = "spine radius (mm)

Both regreasions showed a high measure of association between -

&
the two variables as indicated by the correlation coefficients which

differed significantly from r = 0. This indicated that the relation—
ships were linear and’ growth was calculated on this basis. ~Since the
Lee-Lea formula is suitable for a linear body:spine relationship, it
was used to derive backmcalgulared lengths at all six stations. This
formula, avolds the necessity of assuming a linear body:spine relation—
ship having a zero :Lntercept.

Carlander (1969) has pointed out the fallacy of assuming that
the intercept derived from the body scale regression represents the
size of young fish when scales first form. Likewise the intercEpgs
derived from the body: spine regression do not’ represenc the size of
the bullhead when spines first form since this. occurs during larval
developmeut before the fry become free swimming (Smith and Harron,
1904). Young bullhead which hatched in an aquarjum at the university
were 13.0.mm when they became free swimming. The mean size of newly-J
free swimming bullhead colleCCEd in the field was 15.2 mm at Brewery
Creek and. 16,2 mm at Shirleys Bay. It is possible that the fish
eollecred in the field had grown a little after becoming free swimming.

io more aecurately ascertain.toe booy:spine“relationship |

at- Hay Bay and Shirleys Bay, log-log regressions of the data were made.

5
“
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"Substituting known spine radius values into the logarithmic equations -

equivalent total lengths were obtained'from_each Fégression.l floté
Fing these values on ordinary graph paper (Figs Zi and 22) the true
- relationship between to;al lengtﬁ and-ssine radius was obtsiﬁed for
ths th stations (Frost and Brown, 1967): While slight deviations-
‘near the ends of the lines were noted the graphs were sssentially
" straight lines. These'éraphs more accurstsly described‘what was
actqally obse;ved. From the 1ogarithmic régressions one can predict
that newly freeswimmiﬁg bullhead should be:close tq 15 mm in 1ength,
rather than near the 40 mm predicted from the simple body: spiqe re~
gressions; . : ; ‘ | _ . ot

A common intercept (a) was choseﬁ on the assumption £hat

newly freeswimming bﬁllhead, prior to the beginning of active feeding

should be close to the same size at all stations. "An intercept of 13

mm was chosen, based on the size of newly free swimming bullhead ob-
served in the aquarium, for substitution into the Lee—Lea formula in

order to derive back—-calculations,
’ack~Calculations C o :

The yearly growth for each age group has been indicated in
Tables 17 through 32. The bagk—calculated iengths of male bullhead

at each annulus were slightly greater than those of females from the

same station. The growth of bullhead was greatest in the upper river

at Shirleys Bay and Britannia Bay. Growth rates at the stations in
the lower river were much less than that observed in the upper river.

Growth rates intermediate between those observed in the upper and

v
-
Al
L
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Figure 21.  Body:spine relationship of brown bullhead collected

from Britannia Bay and Shirleys Bay during 1971 based

on measurements of thé anterior spine radius.
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Figure 22. Body:spine relationship of brown bullhead collected

from Hay Bay during 1971 based on measurements of

-

the anterior spiné radius.
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Table 17. Average calqgiated total length .at the end of each year of life

of male and female brown bullhead collected from Shirleys Bay
_and Britahnia Bay in 1971. (*Collected '1968)

Age Year Number K Total 1ength at ~Calculated length (mm) at cach annulus
group class of fish capture . 1 2 3 &4 5 . 6 f 7 8

Male -

1 %1967 2 142 129 : '

IT 1969 5 259 . 139 228

I11I 1968 23 298 143 201 267

IV 1967 34 311 145 -200 254 290 _

-V 1966 8 321 133 174 215 262 301

yI 1965 2 348 142 198 250 299 329 342
VII 1964 1 355 154 © 197 218~ 227 299 312 346
Welghted mean length ' 142 199 253 284 306 332 346
Average annual growth increment 142 -57 54 - 31 22 - 26 14
Number of fish | 75 73 68 45 11. 3 1 ‘

=

Age VYear Number Total length at caleulated length.(mm) at each annulus

group class ‘of fish capture 1 2 3 4 5 6 7 8
" Female _

1 *1967 2 . 148 131

IL - 1969 0 ‘

I1T 1968 27 - 288 i 132 190 249 -

v 1967 41 300 : 129 172 230 276

v o 1966 15 . 310 132 167 218 1261 293

Vi 1965 .2 315 : 148. 180 203 257 282 299

VIi 1964 0 ' ‘

VILI 1963 1 348 125 185 229 253 278 329 340 345

Weighted mean length : 131 lf? 223 271 291 30% 340 345

Average annual growth increment 131 46 46 48 20 18 31 3

Number of fish 88 86 86 59 18 .3 1 1

e s
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(/4;ble 18. Average calculated to;él length at the end of edch year of life

of male and female brown bullhead collected from Hay Bay in 1971.

Age

Year Number Total-length at Calculated length (mm}?aE*each annulus

group class’ of fish capture ‘ 1 2 3 4 E/;) 6. 7 B
Male fj( o . /
11 1969 7 204 122 168 -

S ILI 1568 19 228 118 156 204
v 1967 29 262 132 175 219 -246,
v o "1966 28 282 131 170 210 243 266
VI 1965 16 287 132 167, 202 233 254 273
V1I 1964 1 296 . 135 152 170 184 224 276 286 _
VIII 1963 1 . - 254 133 144 155 176 191 200. 209 236
Weighted mean length 128 168 209 240 259 264 248 236
Average annual growth increment 128 40 41 31 19 5 =16 -12
Number of fish k . 101 101 94 75 _ 46 18 2 1

Age . Year Number 'Total length at - Célculated length (mmj at eazh annulus
group clasg ok £18h" capture - 12 3 4 .5 6 7 8
3‘"“.-: ! .

Female !
11 1969 4 o197 129 174 .
111 1968 11 217 100 142 191 '
iv 1967 12 252 . 112 154 194 233
v 1966 21 . 273 124 160 197 231 255
vI 1965 12 274 . 128 159 191 222 241 262
VII - 1964 5 ©293 118 149 176 207 234 258 282
VIII 1963 2 278 114 133 169 191 219 246 257 270

" Weighted mean, length = 118 155 192 226 246 259 275 270
Average annual growth increment 118 37 37 34 20 13 16 =5
Number

of fish : 67  67. 63 52 40 19 7 2

a4
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~

. Average calculated total length at the end of each year of life

of male and female brown bullhead collected from Governor's Bay
in 1971n ; -

Age )&ZLr

Number Total length at Calculated length {mm) at each annulus

group class of fish capture 1 2 3 4 5 6 7 8
Male

11 1969 1 . 230 . 131 193 ‘

II1 1968 16 232 128 169 211

IV 1967 36 254 126 166 201 231 -

v 1966 46 259 127 159 191 221 246

Vi 1965 13 273 127 151 183 208 238 262

Vil 1964 2 252 118 147 161 187 203 224 242
Weighted mean length : 127 162 196 222 243 257 242
Average annual growth increment . 127 35 34 26 21 14 -15
Number of fi ‘ :

sh. _ ~ 114 - 114 113 97 61 15 2

Number Total length at Calculated length (mm) at each annulus

Age Year

group class of fish capture 1 2 3 4 5 6 7 8
lFemﬂle -

1 1969 1 186 105 150

III 1963 .9 226 118 157 208

v 196 21 250 128 161 1199 230

v 1966 17 ' 265 125 163 196 224 248

Vi 1965 10 272 134 158 185 217 240 259

Vi1 1964 4 259. 122 144 169 194 218 240 253
VIII =~ 1963 -3 289 133 167 190 216 237 255 270 281
Weighted mean length 126 160 195 222 241 254 260 281
Average annual growth increment - 126 34 35 27 19 13 6 21

Number of fish X : 65 65 64 55 . 34 17 7 3

— a4
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Table 20. ~ Average calculated total 1engtﬁ at the end of each yeér of life
of male and female brown bullhead collected from the top of
Upper Duck Is. in 1971. :

Age Year Number Total lehgth at Caleculated length (mm) at each annulus

group class of fish capture w12 3 4 5 6. 7 8
™ T -

Male

111 1968 11 - 226 114 158 200

v 1967 10 256 - ~126 164 200 239

v 1966 21 250 120 151 180 206 229

VI 1965 3 248 . 119 155 167. 187 217 238

VII 1964 1 293 155 182 219 239 266 279 289 -
Weighted mean length 121 156 189 215 229 248 289
Average annual growth increment 121 35 33 26 14 19 41
_ Number of fish . 46 46 46 35 25 4 1

(
4

Age Year  Number Total length at’ Calculated length (mm) at each annulus

group class of fish capture 1 2 3 . 4 5 .6 7 8
‘Female
I 1968 7 231 115 166 208 - Y
v 1967 15 256 121 154 194 218
v 1966 9 250 122 149 179 202" 226
Vi . 1965 - 7 248 123 152 183 207 232 246
. ‘f .
Weighted mean iength : 121 "155° 191 211 229,/£46
Avérage annual growth increment 121 34 36 20 18 17

Numbexr of fish 38 38~ 38 31 16 7
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Table 21. Average calculated total length at the ‘end of each year of life

of male and female brown bullhead collected from above Hawkesbury
- . in 1971.

Age Year Number Total lemgth at Calculated length (mm) at each annulus

group class of fish capture 1 2 3 4 5 6 7 8 .
Male
11 1969 1 202 1200 177 - :
11X 1968 1 208 120 176 194
v 1969 6 284 146 184 226 259

V. 1968 24 308 157 204 240 266 287
VI 1967 12 328 161 -204 236 274 301 318 _
VII 1966 4 314 156 189 211 234 263 284 301
VIII 1965 2 . 345 133 171 210 258 279 303 ‘323 338
Weighted iiean length " 1s4 198 233 264 288 309 308 338
Average annual growth increment - 154 ° 44 35 31 26 21 -1 30
Number of fish 50 30 49 48 42 18 6 2

Age  Year  Number Total length at Calculated length (mm) at each annulus

«\\‘H‘¢55“~¢§foup class of fish capture 1 2 3 4 5 6 7 8

~ Y
Female
111 1968 i, o 123 155 189
Iv 1969 6 - 271 128 164 202 234 -
Y . 1968 - 26 291 143 187 226 253 273
vi 1967 13 - 293 138 172 208 238 261 271
VIl 1966 11 318 159 190 220 248 269 287 303
VIII 1965 2 3z7 150 190 230 252 270 283 303 325
) : -
Weighted mean length o 142 180 . 217 -247 269 282 303 325
Average annual increment 142 38 37 30 22 13 21 22

- Number of fish .. 62 62 62 58 52 26 13 2
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’

Table‘zz.

Average calculated total length at the end of each year of life
of male and female brown bullhead collected below Hawkesbury
in 1971. : : .

% ' ' : .

Age  Year Number Total length at Calculated length (mm) at each annulus
group class of fish capture 1 2 3 4 5 6 . 17 8
Male
111, 1968 12 294 157 206 263
v 1967 - 10 299 141 183 230 276
v 1866 15 306 149 195 227 262 288
VI 1665 12 334 149 191 232 272 300 321
VII 1964 0
VIII 1963 1 + 336 128 172 228 262 301 314 319 327
Weighted mean length - 149 194 237"269 294 320 319 327

" Average annual growth increment : 149 45 43 32 25 26 -1 8
Number of fish _ 50 50 50 18 . 28 13 1 ‘1

Age  Year  Number Total length at - Calcglated‘length (mm) at each annulus.
group class of fish capture (um) 1 2 3 \f 5 6 7 8
Female ‘ . . oo
111 1968 9 266 138 188 240
1v 1967 9 271 135 180 220 252
v 1966 14 295 144 190 227 255 279
V1 1965 11 309 141 180 .220 252 276 296
Vi1 1964 3 331 146 180 229 271 294 314 324 :
VII1I 1963 1 294 - 126 139 149 174 203 238 261 284

w7 .. . ‘ . )
Weighted mean,%gngth 141 184 225253 277 296 308 284

Average annual growth increment 141 43 41 28 24 19 12 -24
Number of fish , Y X 47 38 29 15 4 - 1

b




-

Table -23.

Sr03 .. g

. 1 . . - ) J - . 4
A N J : . .

Average calculated total length at the end of each year of life
.of male and female brown bullhead collected from above and '
‘below Hawkesbury in 1971. -

"Age  Year  Number Total” length at Calculated length (mm) at each annulus

group ;lass of ‘fish = capture ) 1 2 3 4 5 6 7 8
Male
S o ' ' .

11 1969 1 202 120 177

1IIT = 1968 13 - 288 154 204 -258

R 1967 16 294 . 143 183 228 270

v 1966 39 307 154 201 235 264 287

VI 1965 - 24 \ 331 156 - 197 234 273 300 320 :

VIL 1964 4 14 156 189 211 234 263 284 301°
VIIL 1963 3 _ 342 132 171 216 259 286 307 322 335
Weighted mean length - . 152 196 235 266 290 -314 310 335
" Average annual growth increment 152 44 39 31 24 24 -4 257

Number of fish . 100 100 99 86 70 31. 7.3

‘Age Year Number Total length at Calculated length (mm) at each*annulus

group class of fish capture , 1 2 3 4 3 6 7 8

Female

I1I 1968 13 252 134 178 225 ‘

iv 1967 15 271 135 174 213 245

v 1966 40 - 292 143 188 226 /254 275

V1 1965 24 300 139 176 2147 244 268 286 )

VIT 1964 14 , 320 157 188 222 253 274 293 308

VITI | 1963 3 316 ‘ 142, 173 203 226 248 268 209 312
| : - ' z . - .

Weighted mean length - 142 182 220 -249 272 287 305_ 312

Average annual growth increment 142 - 40 38 29 23 15 8 7

Number of fish | . 109° 109 109 96 81 4l 17 3
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Table 24, Average calculated total length at the end of each year of 1ife
: of male and female brown bullhead collected from Hay Bay, '

Governor ¥ Bay and the top of Upper Duck Is. in the lower river™
in 197 ’ : -

Age  Year  Number 7 tal length at Calculated length (mm) at each annulus
group class . of fish Jecapfure - 1 2 3 4 5 6 7 8.

rl

- 208 123 161

229 120 161 206
252 . 128 169 208 "238
5 264 127 161 195 224 248
Vi , 278 © 129 160 191" 219 244 265
VIl 1964 4 273 : 131 157 177 '199 224 251 265
VIIT 1963 1 - 254 133 144 155 176 191 200 209 236
Weighted mean length | 126 163 200 228 246 262 254 236 -
Average annual growth increment 126 37 37 28 18 16 -8 -18
Number of fish . . 261 261 253 207 132 37 5 1
Age car MNumber Tdtal length at Galculated length (mm) at each annulus
proup c¥ass of fish dapture 1 2 3 4 5 6 7 B
Female \\\\\\\M’j/} ' ' . 3
1T 41969 -5 169
111 1968, 27 153 201
v . 1967 48 157 196 227 °
vy 1966 47 0 159 193 .223 247
V1 1965 29 ! 157 187 217 238 257
"VIL 1964 9 T, : 147 173 201 227 250 269 :
VIIT - 1963 5 ' 285 125 154 182 /206 230 252 265 276
N " //v‘ v
= - . —— -

Weighted mean length : 122° 157 193 221 241 255 268 276

™ Average annual growth increment 122 35 3% 28 20 14 13 8
Number of fish 170 170 165 138 90 43 14 . 5

\
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Table 25 Average calculated total length at the end of cach year of life

of brown bullhead, sexes combined, from Shirleys Bay and
* Britannla Bay in 1971,

Age Ybag? Number Total lefgth at Calculated length (mm) at ecach annulus
A .

group cla of fish capture 1 -2 3 4 5 . 6 7 8

I 1967 b 145 130

11 1969 5 259 139 228

11T, 1968 . 50 o292 137 195 257 .

v 1967 . 75 305 T 136 184 241 282

v . 1966 23 . 313 133° 170 217 261 296 ...

VI 1965 4 332 145 189 227 278 306 %21,' ~

Vil 1964 1 359 - 154 197 218 227 299 313 346

VITI 1963 1 ;) 348 - 125 185 229 253 278 "329° 340 345
: —A— —

Weighted mean length 6 187 242 276 297 321 343 345

Average annual growth intrement 136 51 55 34 21 24 22 2

Number of flsh , 163 159 154 104 29 6 2 1

.»‘I

4 . L}

‘Table 26 Average calculated total length at the end of each year of life

of brown bullhead, sexes combined, from Hay Bay in 1971.

Age Year  Number Total length at Calculated length (mﬁ)‘at each "annulus

group class of fish capture 1 2, 3 4 5 6 7 .8

1 19e9 11 202 125 170 |

111 1968 30 224 111 151 200

v 1967 41 259 126 169 212 242 .
v 1966 - . 49 278 128 166 205 238 261 !
VI 1965 28 281 130 164 197 228 249 269 ¥ 4

VIL 1964 6 293 121 150 175 203 232 261 %ﬁﬂ

VIII 1963 3 . 270 120 137 164 186 210 231 241 259
Weighted mean length ‘ 124 163 203 234 253 265 268 259
Average annual growth increment 124 39 40 31 19 12 i -9
Number of fish _ ‘ 168 168 157 127 B6 37 9 3

) L



Table . 27 Average calculated total length at
of brown bullhead,

106

sexes combined,

the end of cach year of life
from GCovernor's Bay in 1971.

-V

Age . Year Number Total length at’ Calculated lehgth_(mm)‘at eaclt annulus
group class of fish capture ' 1. 2 .3 b 5 6 7 ‘8
II 1969 2 208 - 118 171
111 1968 25 230 125 164 210
v 1967 57 250 127 164 200 231

1966 - 63 264 127 160 193 222 247
vl 1965 23 273 130 154 184 212 239 260
V1L 1964 6 257 120 145 166 .192 213 235 249
VIII 1963 3 289 133 167 190 216 237 255 270~ 281
Welighted mean length 127 161 196 223 243" 255 256 281
_Average annual growth Increment 127 34 35 27 20 12 1 25
"Number of fish 79 179 177 152 95 9 3

32

Table ZS:PAverage calculated total length at
: sexes combilned,

of brown bullhead

the end of cach year of life

from the top of Upper Duck Is.

in 1971.

Age Year Number Total length at . Calculated length (mm) at each annulus
group class of fish capture 1 2 3 4 5 6 7 B
111 1968 18 228 114 161 203
v 1967 25 245 123 158 196 227
kY 1966 30 248 120 150 180 205 228
VI 1965 10 254 122 153 178 201 22 4
VIL 1964 1 293 155 182 219 239 1\6 27% 289

v \
Welghted mean length 120 155 190 213 229 247 289
Average annual growth increment 120 35 35 23 16 18 42
Number of fish 84 84 B4 66 41 11 1.
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Table 29 Average calculated totalllength at the end of cach year of life
4 _ of brown bullhead, sexes. combined, from above Hawkesbury in 1971.

‘Age  Year Number Total length at Calculated length (mm) at each annulus

group class of fish capture 1 2 3 4 5 6 7 g
II 1969 1 202 120 177
ar 1968 218 122 159 190

‘1967 .~ /12 278 . 137 174 214 247 :
v 1966 50 299 50 195 232 259 280 . S
vIi .. 1965 25 311 49 187 222 256 280 297
VIL 1564 15 317 59 190 218 244 267 286 303
VIII 1963 4 333 '( 142 181 220 255 274 293 313 332
Weighted mean length 148 188 224 255 278 293 305 332
Average "afinual growth increment © 148 40 36 31 23 15 12 27
Number of fish = . ' . 112 112 111 106 94 44 19 4

. ~

Table 30 Awverage calciulated total length at the end of each year of life
of brown bullhead, sexes combined, from below Hawkesbury in 1971.

Age Year  Number al length at Calculated length (mm) at each annulus
group class of fish Jcapture 1 2 -3 4 5 6 7 8.

. . /V : . ‘ .
*-‘ﬂ\\\\;zi 1968 21 . 282 149 199 Ehgkﬂ
2
227

Y 1967 19 281 140 182 22} 265

v 1966 29 301 146 193 1259 284 ‘
VI 1965 23 322\ 145 186 227 262 289 309 _ Y
VII 1964 3 331 - 146 180 229 271 294 314 324

VIII 1963 2 315 127 156 188 218 252 276 290 306
Weighted mean length 145 189 231 261 285 307. 310 306

Average annual growth increment 145 44 42 30 24 22 3 -4

» Number of fish . 97 97 97 76 57 - 28 5 2
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Table 31 Average'calculategaﬁdtal length at the end of each year of life
of brown bullhead, sexes combined, from Hay Bay, Governor's Bay,
and the top of Upper buck Is. in 1971. ‘

-

Age Year Number Total length at .Calculated length'(mm) at each annulus

group class ‘of fish capture 1 2 3 4 5 6 7 8
IT - 1969 13 203 122 168

I1I 1968 73 227 115 156 201 !

v 1967 123 . 252 124 162 201 230

v 1966 142 265 ‘ " 124 158 191 221 244

V1 1965 61 274 127 156 187 215 238 258

VII 1964 . 13 276 122 1487 172 198 223 247 264

VIIL 1963 6 280 " 125 150 175 198 220 240 252 266
Weighted mean length : . 123 158 194 222 240 255 260 266
Average apnual growth increment =~ 123 35 3 28 18 15 5 6

E

Number of}fish : 431 431 418 345 222 80 19 6

Table 32 Average calculated total length at the end of cach year of life
of brown bullhead, sexes combined, from above and below Hawkesbury
in 1971. ' | . .

Age  Year ‘Number Total length at Calculated length (mm) at each a

—an

group class of fish capture 1 .2 3 4 5 6

11 1969 1. 202 120 177

I1I 1568 26 270 144 191 241

1v. 1967 31 . 283 139 179 - 221 258

v 1966 79 300 149 194 . 230 259 281

vl 1965 48. .316 147 186 224 259 284 303

VIT . 1964 18 319 156 188 220 249 .272 291 306

VIIT 1963 6 327 137 172 209 243 267 287 306 323
Weighted mean length - 147 188 227 257 280 299 306 323
Average annual growth increment 147 41 39 30 23 19 7 17

Number of fish C . 209 209 208 182 151" 72 24 6
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lower river'were found above and below Hawkesbury.

Analysis of covariance showed no significant difference in
g;owth ‘between the sexes at the six individual Ottawa River stations.
Similarly, no eignificaot differepce_was found in ‘the growth between -
sexes for the looer river stations combined or for aboveland beiow
Hawkesbury combined. en analysis of the data for the sexes pooled was
used to compare the growth of bullhead betweeo-stations. No significant
difference was found in the growth of the sexes combined between
Hay Bay, Governor's Bay aod the top of Upper Duck Is. Similariy no
significant difference wae found in the growth of the sexes combined
. above and below Hawkesbury. Significant differences (£ .01) were
found in the growth betwe n stations in the upper river, lower river
and near'Hawkesbury. Thgfbackfcalculated growth fo; the stations

combined within the three sections of the river have been depicted

in Fig. 23.

. . < . : . oo
'The Rosa Lee phenomenon whereby, each successively older

age group tends to give smaller valueswfoc the calculated lehgths for
corresponeing years of life, was evident .at four of the six stationms
(Hile, .1936). A reversal of Leeis phenomenon was noted among oales
and the sexes combined at the too of Upper Duck Island and for both
sexes aoove Hawkeebury (Tables 20 and 21).

| The back-~calculated lengths at each annulus varied between
different year clesses of the same population aslwell as betﬁeen the

six statioms. In all cases the growth was characterized'by rapid

growth during the first year followed by smaller growth increments in



Figure'23.‘
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e *.1‘
Back-calculated average length at each ﬁgp%;us for

brown bullhead, sexes combined, coldected from-the. ’
upper river, lower river and near Hawkesbury during

1971. The squares represent the upper river,.open

. cixcles the section near. Hawkesbury, closed circles

v
the lower river. The vertical lines about each point

represent 9SZ‘Confidence limits.aboﬁt‘the mean. The .

number. of bullhead at each annulus is given in

P

parentheses.
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succeeding years. Tables 18, 19, 21, 22, 23, 24; 26 -and 30 show
nggative growth increpents due to the fact that the samples of age
seven and eight,bullhead were too small to be rep#esentative.

' The backrcaiculations from the three sections ofrthe Ottaﬁﬁ
River Havé been compared to studies elsewheré (Table 33). The maxmum
age and zate.of growth observad‘igiCzechoélovakia was lesslthan that
noted for brown bullhead in North American wafers. The growth in
the lowgr Ottawa‘Riverlwas similar to tﬁat calculated for ﬁest Vir-
ginia reservoirs (Redd,1970). The growth obse:ved.among the older‘
age classes.in,the upper Ottéwa Ri§er aﬁd near Hawkesbury was greateﬁ
than that observed in West Virginia. The rate of growth recorded in
these latter sections of the thawa River was only.exceeded‘by Qullw

head aged in Oklahoma (Finnell et al., 1956). It is believed that the . .

réte of growth observed by populations of brown bullhead in the Ottawa

River are not exceptionélly high. Brown bullhead reach a larger size
in Alabama ana Florida (Carlander, 1969).

The 1argé$t-brown builhead captured in this étudy was 395 mm
total length and approximately 800 g in weight. The individual was
taken in Keﬁtle Island Bay in the lower river. No gonads were dis-

cernable in this fish when it was dissected. Thig 1s close to the

maximum theoretical size attainable (L=) for the Ottawa River derived
from Walford plots (Table 34), Using the procedure outlined by
Ricker (1958), Bertalanffy equations were derived from the growth

data for the three sections of the Ottawa River.
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The von Bertalanffy equation is expressed as:

£ = 1o [1 - o R(EE))

o)

s the length of the fish in mm

I» 1s the asymptotic length of the fish

K 1is éhe rate at whiﬁh‘lengph reaches the asymptote

f 1s time
Seasonal Growth |

The number ofibullhead aampiéd at any one station on a month-
iy basis from May to‘bctoﬁer was too small to give a reliable picture |
" of seasonal growth'at any one sgétion. By comﬁininé the three lower
river stations a more reliable pic£ure of seasonal growth was oﬁgaine&;
The peicentage gain on a seasoﬁal basis was obtained from the computed
growth increments derived from meaéurements_between the last'annulus
and the edge gf the-spine (Fig. 24).

The seasonal growth paﬁtern_was similar to the annular growth
ingfements, with t _ reatéa; gaidg_beiné made B} the younger year
classes. Most of the growth was no;ed to occur early in the season
prior to Juﬁe. Little or no growth occu;fed among bullhéad four
years and oldér during July and August, There was another spurt of
growth in'these yeaf classes, with the exéeption of age_fiQe, duting
September and October. It is believed that eﬂhauced growth in the‘fall
may be related to food subply."ThiS is discussed in the section con-

. cerning food habits.'
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Table 34
mOHHocmm by Bertalanaffy growth equations.

WALFORD PLOTS

Walford plots of brown bullhead growth data in various mmnnwonm

. f,.N.ﬁ.nT ﬂ = Mv \m.ﬁ = Nu Le = TL E
Males Females
Upper Ottawa Y = 94.14 + .7620 X Y = 77.88 + .8099 X
River = r = ,996, n= 6, L=395.5 r= .989, n = 7, L=409,7
Lower Ottawa Y = 65.04 + .8036 X Y = 63.39 + ,8023 X
River _ r = .997, n = 5, L==331.2 ’ r = ,998, n = 6, L=320.6
Hawkesbury Y = 78.55 + .7919 X. Y = 71.53 + .8004 X
r = .984, n =7, L==377.5 r = .998, n =7, L235844
. ‘ ‘ »~ [N
BERTALANAFFY GROWTH EQUATIONS .
Upper Ottawa £, = 395.5 [] - e+ 2723(t+.63) 2, = 409.7 [1 - g+ 2279 (t+.5 1)y
. River ’ ) o
Lover Ottawa £, = 331.2 [1 — ~-2204(er 0Ty g = 32006 [ - = 2648(t+.64)
River .
Hawkesbury £ =377.5 [1 « e 1224201090y g = 3584 1 - o+ 2259(et.22)

'a

-

-

it

of the Ottawa River,

.mmxmw Combined

89.39 + .76B8 X

.993,

n =7, L=386.6

62.05 + .8098 X

.996,

n =25, L»326.2

72.85 + .8040 X

.997, n = 7, l=371.7

386.6 [1 - -+ 2839 (t+.40)
326.2 I - ml.mpumﬁn+ﬁ.~ov_
371.7 [1 - :uwﬂmohﬁ+_.~mg
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Figure 24. Seasonal growth of brown bullhead collected from the
lower‘rifer during 1971,.expressed ag the Z gain in

total length since the formation of the last annulus.
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vpondition antor
Examining seasonal changes in condition, females exhibited

a charaCteristic decline over the summei attributable to spawning (Table 35).
“Tﬁé cnndition of males stayed about the same. A significant drop in

condition occurred among males taken from Governor's Bay and Hay Bay

during October, but it

s not known whether this is a general
situation. ¢ |
aring nondition for the seyes combined between different
. area bnllhnad from two parts of thé lower niver, Governor's Bay-

. and\Kettle Island Bay had the poorest condition. Thene dif-
fered significantly (31705) ﬁrom‘the upper riner and near Hawkesbury.
The same situation was noted-among males and among'females._ Hawkes~

-bury bullhead were generally in the best condition, followed by the

- ypper river and then the lower river- stations. Male bullhead from the

-

upper river differed-significantly{from those near Hawkesbury during
~ July and August,wnile no'nignificant difference was noted among

females between the same areas. -

Length;ﬁeight Reldtionship

:' Aﬂfanalysis of covariance was ung to compare length-weight

regressions calculated on a log-log scale., No significant difference

in slopes or intercepts wern found in a comparison of the regresslions

according to sex at each station; Consequently, the data were pooled

and the stations were compared with the snxes combined. The re-

gressions derived uene the following: '

he- T

P .
: Ve



'
H

LA17

]

o

ST T-%0°T
(tz) 60°1

60°T-T0"1T
(sT) S0°1

8T°T-80°T -
(TT) €1'1

_18q0120

-FJuco NWm.vam syseyiusaed UT YST3
SUOT1D9§ SNOTIeA UT PEayIIng umo

ET'T-L0°T

(o0T) 60°1

T T-91°1
(ze) 8T°T

o7°T-TE°T -
(80T). 9¢°T

02°1-0T'T
(8T) ST'T

vy T=%E°1
(9%) 6£°T

L[TT-TT'T
(y1) 61°1

g€ T-0£°T
(z9) wE€°1

18queildag

26 1-9%'1
(eL) 6%°1

€T 1-60°1
(o0T) TT1°T

6C°T-LT1°1
(62) 12°1

Sy T-€€°T
(Z) 6€°T
15 T-6%"T
(5€) €£5°1

07" T-01"1
(AP MR TAN

Sy T-eL° 1

(2) 6£°T

0s°I-2%°T
(ge) 9%°'1

9z 1-01"1
(1) 8T'T

asnidny

09°T-9%°T
(s7) €5°'T

0E°"T-%2°T
(001) £2°1

9z 1021

(L91) €2°1

LytTEETT

(sT) o%°1

09°T-05°T

(91) 66°T

62°T1-12°T
(TTT) S2°T

Ly 1-62°1
(0T) 8E°T

T9CTI-INT
{6) TS'T

9Z°T-0T°1
. (96) 81°1

T9°1-42°1
(§) vo°1

AInr

jo aaqunu Aq mm:oaﬁom :
1q 3o. (ITM) 1030EJ UOTIFPUOD yaduay

EG T-6%"1
(ET1T) 6%°T

THT-YETT

(00T) 8L°T -

1€°1-€2°1
(9€T) L2°1

CC T-L%"1

(8T) 6%°T.

TG T-E%°T1
(6%) I%°1

62°T-61"1
(€8) %Z°T

6y T-€E°T
(TT) T™°'T

85 1-8%"1
(79) €5°T

9€°1-92"T.
(€6) 1E°T

29°T-05°T
(£T) 95°T

aunp

3103081 UOTITPUOD
18303 U¥ saduey> TBRUOSEIS

€L°T-LT"°T
{(#) 05°1

£1°T1-42°T
(v) 05'1

;hm‘.z

AingsaMeR.

MOTaq 9 2A0QY

Keg *sST 213391

Leqg Aeq

3 Leg §,10UI2A0H

Leg sLoTaTuys
y feq eTuUUEITIY
@ANIDA0D SIXAS

LanqsanmEl

MoTaq 9 aaoqy

dey AvH

g Aeg s,10UIIA0D

£eq s4A3TIFUS
gy Aepg ETUUBRITIL

STTVH

Aangsansel

MOT2q § 3A0QY

feq A=l

v Keg §,I0UI3A0DH

Aeg sBAaTaTyus
-3 Keg eTUREITId

SATVRAA

uoieso]

sy1E2Uaq SITWFT 3JUIP
» 79ATY ©MEII0 U3 IO

g afqel



N

.o | .18 :

Shirleys Bay and log W = -3.503 -+ 3.260 log TL, r = .922, n = 163
Britannia Bay '

Hay Bay | log W = =5.306 + 3,159 log TL, r = .962, n = 169
Governor's Bay log W = =5.145 + 3.100 log TL, T = .943, n.= 181
Top of Upper log W = =3.062 + 2.222 log TL, T = .870, n = 85
Duck Island C

Above Hawkesbury 1log W = -4.930 + 3,042 log TL, T = ,938,: n = 113

Below Hawkesbury log W = -5.299 + 3,191 log TL, T = .961, n = 98

Sinoe significant Szgrerences in conditlon had been found

,betWeen the upper river, lower river-and Hawkesbury, it was not sur-

prising to find that these areas had significantly different length-
weight regressions. Shirleys Bay, Hay. Bay, Governor s Bay, the top
of Upper Duck Island and the combined statlons near Hawkesbury were all
»
significantly different from one another (P < .01). 'All statioms, except
the top of Upper Duck'Islano,'had similar slopes indicating that the
differences found between them were due to significant differences in
their intercepts. ‘
Above Hawkesbury did not differ significantly from below
Hawkesbury indicating that a common regression could apply teo the
two stations. The significant difference in intercepts between Hay
Bay and Governor's Bay probably resulted from the bullhead being
sampled from the two stations at different times; The_top of Upper
Duck Island had the lowest intercept and slope in comparison to the
other stations, which might indicate that the bullhead from that area
wére in the'poorest condition.
| In addition to the regressions made from frozen specimens,

A Y

corrected for Shrinkage, data was taken from live specimens in the




119

1ower river during 1973. The regreasions were the following.
‘ f '
Hay Bay : 1og W = =5.210 + 3.121 TL, t = ,963, n = 100

T——

Kettle Island Bay log W ~4.093 + 2,654 TL, © = .962,

Top of Lower Duck 1dg W = ~4.893 + 2,983 TL, r = .899,(n = 100
Island

. The regression based on- field data from Hay Bay sh ws closé
agreement with the regression based on frozen data of bullhead c ‘Rllected

at the same station. Th® Kettle Island Bay regresaion had a slope less

than 3.0 which would indicate that the bullhead in the NRC sectlon wer
in poor condition. The Kettle Lsland Bay regression being baaed on a
iield data may be a better representation of the length—weigbt relation-
snip'of‘bullhead in the NRC‘sectinn than the iegression derived from

frozen data at the top of Uppef Duck Island.

Didcussion

The rates of growth among hrown bullhead in the‘Ottapa River
were nsually bettér than these obserned in the.United Staees and
Czeckoslovakia. Although browm-bullhead in the Ottawa Rinef are close
to the northern edge of their range, thelr gfowth did not appear to
_be adversely affected by such a northern distribution. '

Factors such as population density and food supply appear to
be.mofe impoftant in determining growth rates than latitude.' Popula~
tion density 1s so often the most significant faetdr affecting growth
that fishery bilologists consider slow growth and low: condition factors
as indicators of overpopulation (Carlander, 1969). Carlander has . AN

pointed out that the problem is further complicated by the fact that \ e
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there is8 no absolq;ejﬁopulatiou density of ;he fish‘whi;h”has sﬁcg
a dominant effect'oﬁ'growth, but it is the;populafion density iﬁ
relatioﬁ'tp carfying caﬁacity of the body of water. Growth is a
func;ion of the degfée to which bibmass is below carrying capacity.
Most studies of bullhead have been on.overcrowded and
stunted populations (Carlandér, 1969); Within the Oqtawa Rivef, one
can interpret the high growth rates and condition facténs of bullhead
in the upper.river and near Hawkesbury as indications that the bull-
heéd have not exceedéd the carrying capacity of thesé areas; The
lower river data would tend to indicate that the sﬁecies.has over-—
" populatéd that section of river.
Carrying capacity is a difficult parameter to measure S
.being both a function of habitat and food supply. It can generally
be assumed that the lotic environments of the upper river and near
Hawkesbury because they have more shallow water area produce a greater’
food supply and are poténtially cépable of supporting a larger biomaésl
of invertebratés and fish. This is reflected by the higher divefsity.
'and bioﬁass of benthic invertebrates supported in the upper river

over the lower riier (Mackie, 1971). Most invertebrates are found

in the very narrow littoral zone §0.25—2.16 g/mz) of the lower rivér

while the deep fast flowing areas support smaller standing crops v
(0.07 g/m ) of benthos (Qadri et al., 1973). The high organic 1load

from local paper mills coupled with morphometry and current severely

1imit the size of those areas which are productive habitat for

e
brown bullhead in the lower river. '
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Sinoe no significant differences in growth in length were
found between stations in the lower river and betweén stations near ‘ . '
Hawkesbury, it must oe concluded that the_conditions affecting -growth
‘were similar at the different stations within each section-of.rivor.
It was not possiblé'to demonstrate any effect on gronth in body iength
due to looalized conditions such as effluents from paper mills or
'municipalities. Stobo (1971) found a similar situation with yellow
perch in the lower Ottawa RiVer. Therefore-it seems likely that
general conditions, which apply to the whole section of river, such
as the distribution of the food supply in relation to morphometry and
current, play an important role in_deternining growth, These dif-
" ferences in conditions between sections of river may explain the |
significant differences "in growth of nrown.bullhead in the upper
river, lower river and near Hawkesbury.

Brown bullhead in the upper rivér were not génerally-abundant
but exhibited the high;st growth rate of the three nections of the
' Ottawa River examined. 1t is likely that the combined blomass of
the tofo mdet abundant Species in tho*upper river, ohannel catfish
- and brgwn ihead, is higher'than the biomass.of btown'builhead in

the lower tiver. While the high C/f of brown bullhead {(Table 4)

near Hawkesbury implies a high population density, their high growth .

‘rates also imply a very high carrying capacity for this section of

the Ottawa River.
r)
One factor often not considered in the interpretation of

growth data is the variation in growth exhibited by members of the
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population. Brown bullhead within any age group exhibited a wide
variation in growth indicating that ‘the population consioted of both
fast‘and-slow growing individuals. This was exemplified by the
ranges in TL of bullhead sampled for this study (Appendices 2-7).
A wide range of overlap in TL was note&’for bullhead of different
ages. . |

Differential mortalities between bullhead in relation oo
thoir growth rates may account for Lee's phenomenon observeo in _'
‘this study (Carlander, 1969) The trap net because it had a two inch '. '
‘.mesh tended to select only the l.arger fish in the younger age groups.
Fast-growing fish are freqoently shorter-lived than-tne slow growing
fish which may explain why fish in‘the_older age gronos exhibited

poor growth. ' \

4

FOOD HABITS
' ] Introduction . :§
"Young—-of- the—year brown bullhead initially feed on plank-
‘tonic crustaceans such as c}adocerans.and ostraoods. In Czechoslovakia, -
by far the most important wos the cladoceran Chydorus (Fronk, 1955b;
Hensel, 1964) By the end of July the young ‘bullhead shift to a diet
" of benthic invertebrates primarily composed of chironomids (Raney and

S

Webster, 1940). In Lake Opinicon Ontario, brown bullhead 30-60

m TL feéd_on chironomid laﬁvae (up to 50% volume), Ciadocera (60%),

Ostracoda, Amphipoda, Hemipoera,_and small Ephemeroptera (Keast-and

Webb, 1966). o | /




Aduit btown'bullhead are heterogeneous in their feeding
habits. While it is generally aseﬁhed that builﬁead feed heaeily on
aquatic invertebrates many authors have noted that brown bullhead
ingest large quantitieés of algae and detritus (Cable,’ 1929; Emig,
1966; Klarberg and Benson, 1973) The quantity and type of food
consumed depends largely on the habitat.- Under exceptional circum-
stances brown bullhead have been found to have consumed fish (Jep-

“y

pson and Platts,‘l959; Moore, 1972; Massengill , 1972) and' fish

" eggs (Emig, 1966). This study ellucidates the food habits of adult

: . : 2
brown bullhead in the lower Ottawa River. \\//}\ .

. ‘ ‘ .
. . Materilals and Methods ’

The ﬁresence'of algae, detfitus'and small fragmented or-
ganisms made 1t impracticel td obtain stomath content estimates.by |
the numerical or voldmetric digplacement methods. The points method
of Hynes:(l950) was utilized'to estimate the percentage-vdlume of
organisms and other debris. Stomachs of specimens, collected and
preserved in 10% formalin, were removed and points alloted on the
basis of the wet weight of stomach contents. Thds stomach contents
weighing 0. 5 gm were alloted 5 points. The alloted number was then
subdivided and points given to the various food items. A per cent
volume per food item was derived by summing the points alloted to |

that item for all the stomachs collected at that station according

to the following formula:

Sum of points alloted for item B in all stomachs X 100

% Volume = Sup of points alloted for all items in all the stomachs
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' Tﬁe per cent_rrequency'of‘OCCurrence was calculated on rﬁe
basis of the number of times a food item occurred eut of the total
nueber of stomachs examined which had food contents.

The per cent cemposition Qas calculated on the basis of

the number of times a food item occurred out of the tetal number of

occurrences of all food items.

Reeults

The data from stemach analyses on thg brown bullhead collected
from tﬁe lower Ottawa River are given in Tables(36 to 39. ‘Although a
wide size range of bdllhead were eampled most of the fish were close to
the mean Sizes indicared in_Téble 36. No disCernable differences in
‘food habits according to size were apparent from the data. The results
for all five stations have been arranged according to the time of the
year collected. The percentage of empty stomachs and the number bf
points alloted per stomach at the various stations may be partly related
to seasonal changes in food consdmption in Telatioﬁzt; temperature;}
bur it can be noted that even during tﬁe warmer. months of July and August 8
large differences between stations occurred (Table 36).' The abundance-
of benthic invertebrates varies widely between different areas of the
~lower riverj(geckie, 1971). Casual inspection of data {Tablesn 36~39)
suggests that this probably accouats for most of the differences in
food consumed by brown bullhead at the various stations.

Examining the stomach contents by order of most importance
-on a % volume basis (Table 37), one can see that filamentous algae,

debris, isopods, chironomids, amphipods, and'sbhaerids were ingested.
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‘ On a z frequency of .occurrence basis (Table 38) debris, planﬁ material,
filamentous-algae, chifopomids;.isoﬁods, Helisoma, émphipodS, sphaeriids
and  trichopterans were'importaut.'.A similarlsituation;to the # frequency
of occurrence data was noted with the % composition data (Table 39).

| Brown bullhead taken at more létic stations such as the top
éf Upper Duck Islan&iand below CIP had ingested large amounts of

filamentous élgae (Spirogyra,‘Ulbthrix, Hydrodictyon and Lyngbya) while

those in bays Such’as Kettle Island Bay, Governor's Bay and Hay Bay had
ingested large quantitiésrof fine organic debris mixed'with'fragmen of |
plant material,, ﬁood fiber comprised most of the dgbris found in Q;Z stomachs
of bullhead taken infthe CIP channel. | |

| Below the CIP milllseveral bullhea& had ingested large numbers
of corn kernels. éix.of the 14 fish takKen in this area had ingestéd
lfish sc;les. Soﬁe_of the scales resembled those of a sucker while others
most resembled.whitefish scales. It is possible the scales éame f?om
the bullhead feedigz on dead fiéh remains, Whitefiéh (Coregonus sp.)
are not a fish #ﬁich have been‘captured in the lower river léading me

to suspect that not all the wastes, viz. kernels of corn, entering the

CIP channel originate from the paper mill.

An examination of some 500 stomachs of bullhead used for age

and growth studies showed that fish removed from the neté during the

day had empty stomachs. Special efforts were made to collect bullhead
‘at night for food studies. ‘Most bullhead used for food analysis were

collected using trap‘nets and hoop nets between 0200 and 0500 hr. At
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_ , . oA
Table 37. Stomach contents of brown bullhead taken at various stations
in the lower Ottawa River during 1973,

% Volume (Points Method)

Station : A _ B c D . E F X
'STOMACH CONTENTS
Porifera ‘ —— — - -— —— .007
Filamentous algae —_— 11.89 37.41 70,33  27.91 29 31
Seeds-plants : - 9.09 .7.36 0.23 0.67 11.63 5.57
MOLLUSCA . S
Campeloma . —— ——= 2.67 — -— 0.59
Helisoma ——— — 2.06 0.55 —- 0.68
Physa —_— —_— —— ——- _ 0.39
Sphaeriidae —_— 2.81 2.44 0.87 2.33 3.35
CRUSTACEA . '
Amphipoda —— 0.38 14.94 1.37 3.47 ——— 3.36 !
Cladocera- —— 0.19 1.23 0.08 -~ 3.53 —- 0.84
0 : 72,72 7.17 21.63° 1.30 —— ——— 17.14 - -
Ostragoda : —_— -_— 0.09 —_— 1,48 | —-—— 0.26
IDA ‘ » .
Hydracarina —— Lo 0.91 0.08. 0.72 —- ©0.29
INSECTA B ' S S
Coleoptera ' —_— 0.38 0.15 0.38 -— 1.16 0.52
Diptera (chironomids)\\ —— 25.47 4,78 10.31 6.95 -——- 11.88
Ephemeroptera — — — - '2.89 " - 0.48
Hemiptera w)/ —_— — " 0.39 0.76 — - 0.19
Odonata . - -— —-— ‘0.87  — 0.144 —- 0.17
Megaloptera _ —— -— « OL35 -— - — 0.06
Trichoptera — 5.66 © 1.91 ~ 0.84 0.06  "4.65 2.19
ANNELIDA ‘ A '
Oligochdeta —_— 0.75 0.03 f—— e -_— 0.13
Hirudinea . — _— 0.10" 0.15 '_h_'\\ -— Q.Oé
TREMATODA : T ‘
Platyhelminthes -— — 0.52 -— -—= -— - 0.09
Fish remains S —_ 0.5 - 10.46  1.77

" Debris = - 1818 40.94  12.58  39.77  10.94 41.86  "25.71




.Table 38.

Station
STOMACH CONTENTS

Porifera .
Filamentous algae
Seeds=plants
MOLLUSCA
Campeloma
- Hellsoma
Physa' °
Sphaeriidae
CRUSTACEA
" Amphipoda
Cladocera
Isopoda
Ostracoda
ARACHNIDA
Hydracarina
INSECTA
Coleoptera
Diptera (chironomids)
Ephemeroptera
"Hemiptera
Odonata
» oMegaloptera
) Trichoptera
ANNELIDA
Oligochaeta
Hirudinea
TREMATODA
Platyhelminthes

¥igh remains

Debris

100.00

100.00

97.96

]

1.24
2666
19.80

6.17
21.76

6.79
17.92

20.53

11,82

30.49
2.23

7.71

5.77
41.79
0.54
2,93
3.63
0.62
16.65
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-

,Table 39. Stomach contents of browﬁ bullhead taken at various STATIONS

in the lower Ottawa River during 1973.

% Composition of the Diet

Station ' A - B C D
STOMACH CONTENTS o ’

Porifera L= e ©1.03 -
Filamentous algae —_— 8.88 - 6.15 10.63
‘Seeds-plants - 200,00 - 7.69 3.59 1.06
MOLLUSCA ! E _ '
Campgloma &, _—_— e 3.59 | 4.26
Helisoma : ' — S 4,10 5.32
Physa : _— T 5.64 , ——=
Sphaeriidae — 311,24 462 6.08
CRUSTACEA ‘ .
Amphipoda -— 0.59 10.77 4.26
Cladocera : - 0.59 5.13 1,06
Isopoda . 40.00 7.69 6.67 3.19
Ostracoad U - - 0.51 —_—
ARACHNIDA ‘

Hydracarina Cem— L e 5.13 1.06
INSECTA

- Coleoptara Cm— .59 . 1.54 1.06
Diptera (chironomids) — 2?.85 14.86 18.08
Ephemeroptera Te— - == —
Hemiptera L m—— :F~~~ L 2.05 1.06
Odonata | L ! -—

g Megalbpteﬁa - — ————
Trichoptera -— 2.18
ANNELIDA ‘ !

Oligochaeta ' —_— -— 0.59 1.03
Hirudinea . — - 1.02 1.06
TREMADOTA g :

Platyhelminthes -_— —— 2,56 -

Fish remains — — —_— 1.06
Debris ) 40.00  27.81  11.79  36.17

—— 0- 43
17.24  3.05

44,83. -30.69
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Hay Bay bill nets .and hoop nets were used to collect specimens during

three time periods, 2400-0200, 0200-0500 and 0500-0700 hr. The me'n _

weight of stomach contents per gm of fish (Fig. 25) was highest jugt °
after sunrise during the 0500-0700 period. The stbmnch of 96% of the
bulyhead removed from nets between 0900 and 1000 hr. were empty. Tée.
remainder were in an advanced state of digestion. 2"

Most of the, ;ncreﬁse at Hay Ehy during 050Qi0700 hr can be
attnibuted ro the bullhead :Lngc,sting large quantities }&Aéopods and

amphipods. Isopods rose from 0.94% volume at 0200-0500, hr to 39. 34/

at 0500-0700 hr. Amphipods'went from 10.54% to 18.70% while filamentous

*,.. algae declined from 59 86% to 1.29% duxring the same period.

.fz”’ \ f i«:f
v - Discussion .

The findings of this study are similar to those of Keast and
Helsﬂ (1968) who observed that only brown bullhe;d collected at.dawﬁ and
in the very early morning ﬁave full st?m;chs:‘those taken later in the ’
day or in the very early part of the .n ght were empty or near empty.
o

While there is no published data on t#ie feeding.chronology of brﬁ

bullhead, Darnell and Meiorotto (1962 1965) have studied the feeding

chronolbgy and activit§ of/juvenile biack bullhead (Ictalurus mela_)

. Juveniles exhibited peak feeding periods about dawn and dusk. Adult

“plack bullhead were noted to havéAa_single feeding period just after

dark, but whether a dawn feeding peak also exists was not determined.

Darnell’ and Me}orﬁbto noted differences in the activity between adult
1 .
and juvenile black bullhead which may indicate that feeding patterns

-l

also differed. Detailed studies of the feedihg chronoleogy of brown

-

. ;',-
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Figure 25;1 Feeding périodicity of brown bullhead expressed as the

welight of stomach contents per gram of fish. The specl-
mens were collected at Hay Bay on July 25, 1973. The

number of bullhead examined,is‘givén in parenthesis.
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‘bullhead are currently being conducted by another studcnt Mr, John Gunn:
'BrOWn bullhead shon‘some actinity even nuring'the winter and

my February samples indicate that at least part of the population was

feeding. Keast (1968) has similarly chownﬂthatlall'brOWn bullhead taken

in Aptil, at a water temperatn e of 6.5 C, contained mcderpt amounts

of food in thc stomach and 1 estine.“

ExperimentE_E; Keast (1970) would-tcnd to indicate that while
bullhead may feed at lower temperatures.growth only occurs at highcr/
temperatures, nt 15 ¢ the food uptake of fish in aquaria quadrupled
and there was a 45% increase in body weight, but no increa;E\iQ\iEn%SP.
At 20 C and 25 C caloric intakes amounting to about twice that at
15 C producen mean length increases of 12.5% and 14% and weight increases
of 802 ann 88% respectively. At 30'C it required a rather greater
energy intake to achieve equivalent increases, indicating a highcr cost
of body maintenance at this temperature.

From the above data one would expect brown bnllhead to feed
the most and exhibit the most growth when optimum temperatures are
' achieved in mid-summer. Seasonnl growth data (Fig. 24) would tend to
indicate that 5du1t brown bullhead grew most in length in the spring but
showed little ot‘nn growtn during July or August. This.1s consigtent
with studies on other warm-water species (Seaburg and Moyle; 1964;

Keast 1970) where it has been shown that a rapid'rise in feeding in
early summer is followed by a decline in midsummer. Keast -explains
this phenomenon by stating that a high level of feeding is.to he

expected in_animals that have been largely starved during the winter,
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'_just as /is ; tdpering off és their,physiological'needs are satistied.
Initial hunger and the stimulating effect of ipcreased temperature may-
induce. the bullhead to feed at a high rate during the spring.-
| It is also;probabie-that feeding intensity changes in relation

to variatiohs in thé food-supply. It seems likely that the growth of
bullhead in the spring ?ﬁﬂ fall (Fig. 24) may coincide with the seasonal

peaks in abundance ot ;uch food organisms as chironomids, igopods and
amphipods noted by Mackie (1971). Futther studies on sedsonal changes
in feeding habit®. are needed to investigate such relationships.

The presence of large quantities of detritus and filamentous
algae in the stomachs raises the qugstion whether bullhead can derive
any food energy from these sources. Cdble (1929) notéd that bullhead
had consumed large quantities of pﬁant material and made the following
statement, ' ' - IR

"If it were not for the.fact that the plant tissue was digqsted,'
at least partly so, and that there was such a large proportion of.it,’
ic might be suppesed that the fish had tot eaten it for food, but rather

by accident when browsing about for larvae, pupae, snails, and

crustaceans-crawling about-over the Ruppia and Pdtomggeton (not many

were found on the algae) The writer is inclined to believe that bullhead
do not take food in any such haphazard manner, but they deliberately.
select certain foods and tejett othgrs ... A8 the bullheads consumed

a large pen‘qent of plant material; 1t would appear that they are able

t& choote this food as an alternative to animal tissue under certain

conditions."
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Aquatic vegetation and filamentous algae contain higher

quantities of proteins and minerals than do terrestr

" 1968). It is interesting to note that the types of

_ by the brown bullhead were among the kinds of algae

found to have the highest protein content. On a dry

ial plants (Boyd,
algae ‘consumed
tested which were

weight basis, the

‘ protein content was 31.3% for L Lyngbya, 23 8% for zdrodictxOn, and 17.1%

foriSpirogyra. It would appear that the bullhead were selecting these

gpecies of algae in their diet. This would only be

bullhead if it could assimilate such materials.

advantagious to the

Stickney and Shumway (1974) have demonstrated that a wide

variety of fishes including the channel catfish hsve cellulase digesting

enzymes present in the gut. The cellulase activity in catfish reSultS from

ailmentary tract microflora rather than from cellula
within the fish: The" ability to utilize plant and a

help explain why channel catfish and brown bullhead

- than other fish species in the Ottawa Rivet.

Because brown bullhead often become very.a
competition for food between it and ‘other. fish speci

by a number of authors including Scott and Crossman

se secreting cells
lgal materials may
are more abundant
bundant, interspecific
es has been suggested

(1973) . There appears

to be little data to support such an assertion. Frank {(1955b) could not

_find any evidence of competition for food between br

e

fish species. Hensel (1964) concluded'that food com

bullhead and other fish species in the Elbe River wa

own bullhead and other
petition between brown

s attributable only to

adult fish for larval insects,.principally chirconomid larvae.
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Keast and Webb (1966) found that the three apecies in Lake Opinicon

%“(Fundulus diaphanus, Percina caprodes and I. nebuloses) which fed heavily

- on‘ohironomid larvae,.were exploiting different habitats.

- Smith (1974) suggested competition for food, territory or.
spawning sites between channel'catfieh and brown bullhead might account
‘ for the scareitp'of cbannel catfish 1n the lower riverr- In the upper
" river where both channel catfish and brown bullhead are’ common both species
were found to have high growth rates. Channel catfish while scarce in

the-lower river appeared to have better growth than those in the upper

2 *

river. If numbers are the criterion of success 1t 1s as difticult to . !
explain the success of broﬁn bullhead in the lower Ottawa‘River'as it
ie-to-explain the failure of channel catfish. The bullhead's preference

for mud bottomed backwaters, 1its ability to tolerate polluted conditions

and to feed under torbid conditions on more pollution tolerant food items

may tend to favour bullhead in the lower rtiver. The absence of such

conditions and a wider spectrum of food resources in the upper river may - _

tend to favour channel catfish. It is-probable that brown bullliead and{:/;//’r’//,
cﬁannel catfish‘occupy different niches. Thus differences in habitat‘
requirements rather than interspecific competition may explain the differences

in abundance of these two specles.in the upper and lower river.

3
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DiSCUSSION'
A large amount of data has.been presented in the various’
chapters of this thesis. It is neceséary'to draw together the per;ineﬁt
défa tc see hpw it relatgs to ecological theory. Some of thg theories

of_Wynne-Edwards (1962) prov;de a bon;eptual framework thch may,appiy
‘to the findings ;f this study. |

| ‘It.islgeqerally acceptedlbx:ecologists that there is a tendency |
for s%lf—iegu%étion (homeogtésis) ;ﬁ tﬁe‘popﬁlation and community levelsﬂ
A populatién is feguiated by a set of negative and positive controls
wﬁich cause the.population to attain a dynamic equilibrium ﬁith its
eﬁviroument mediated by genetic feedback (Ogdﬁ, 1971).

Wynne-Edwards (1962) believed that Populatiéns of Eipds and
other animals are ultimétely limited.ﬁy the availability of” food. The
food supply is usually_poﬁ exceeded, with resultant overpopulation and
starvation, because the populations.iegulate themsélvés'intrinsicqlly
through social cqnventions sucﬁ as territorilality, social hierarchy
and other epidedlctic displays. Behavioural conventions are part of
the homeostatic macﬁinery that automatically prevents thé population Qf"

from aeparting too far from an optimum density. This upper asymptote

‘of Fhe sygmoi@ poﬁplation growth curve be;ondlﬁhich no major increase

in numbers éan occur has been called the Eﬂrrying caﬁacity {0dum, %971).
-Wynne-Edwardé considered that behaviéur of this type must

havelEVOived through 'group—se%ec;ion' which acts to enSpfé that the

population utilizes tHé food resaurces to the fullest extent possible

without depletion. Such group—selectioﬁ means that some individuals
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" in the popelaeion_usually those lower in'the sociel hierarchy Jr peck~
order, must at Intervals searve or emigrate, or refrain from breeding,
even though_tﬁete ie eneugh fooé fbr them at the time, if circumstances
- are such that their consemptien of faod would tend ée_lead to over-
population.‘ ;. ‘ o : : . !
Wynne-Edwards has been criticized for his concept of group- ’
selection by such authors as Lack (1966) and Chapman (1966) who main-
tained that many of his examples can be explained by natural selection
acting upon the individual. Lack took the traditional view that:ex—
trinsic factors such ag predation, parasitism and food supply were the
mgst - important mechanisms regulating bird populations. Chapman while
recognizing the importance of theee factors reviewed the literacure
on fish and coneluded that competition for space ane (or) food was
'the'uederlying cause of density regulation in éalﬁonids. éocial be-
haviocur, Beth territorial and hierarchial, tends to replace direct
competition for food with competition for space of social position.
Group-selection appears to epply to’ brown bullhead as ex-
emplified through thelr social beliaviour. The care gilven to the eggs
and young by the parents tends to -ensure that a large percentage of
) Vthe young survive. Studies by Bowen (1931 1932) have’ established that
aggregations of young black bullheed form beeause the young-of—-the-
year obtain visual and tactile stimulation from one anether. A eocial
appetite appears to cause the ;oﬁng bullhead to school duriné daylighe

hours. This behaviour may act as a protection against predators, but

is not linked to feeding which occurs at dawn and dusk (Darnell and
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Meieriotto, 1965); In theelatter‘part of the season the young.conceal
themselves during the day. I found that large numbers‘of small builhead
could be taken by seining through fine detritus near the base of the
pler at BritanniafBeach. Concealment of schools of young bullhead in
.restricted-arees may explain why bullhead beoome difficult to locate.
late in the season.

Adult brown bullhead also move about and feed in schools
(Harlan and Speaker, 1956) This was evident from hoop netting where
"the nets would often go empty for several days and then catch large
numb e ol bullhead. Groups Of bullhead exhibit higher rcspiratory
ratgs and are more active then bullhead kept individually (Bowen, 1%32).
The bullhead, unlike the goldfish, appears to be atimulated to feed
more intensively in shoals than in isolation (Nikolsky and Kukushkin;
1943). 7 |

. Todg (1968) has demonstrated thathyellow bullhead in agquaria
establish a social.hierarchy. Todd noted that each Bullhead, irres-
pective of sex or season, defended a territory if provided with a
shelter in the form of a clay pot. The size of such territories
appeared to be_mediated by the individual's position in the socilal
hierarehy;V Todd (1971) suggesten that in a lake or pOnd<£Abulihead may
occupy as its territory a hole in tne bank or a space under a log or
a burrow dug in the soft leke bed, This appears to be the case,
since I 'have observed brown bullhead in elliptieel’depresaions similar "
to‘spawning depreseions in the soft mu& in 8-10 ftl(3 m) of uater

in Fairburn Lake Quebec near the town of Alcove. Schiche (1921) noted .
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‘that brown bullhead make "living holes" or depressidna in the sub- .

stratum to which they'return at intervals.

Social hierarchy and the nquisition of breedfng territory
may be the social conventions by'whigh brown bullhead regulate thelr

population density close to the carrying capacity of tﬁe envirOnment;

The territories occupied by bullhead in 200 and 1200 liter aquaria in

Todd's work were quite small in size and probably only functioned

as home sites. Breeding territories with a diameter of 20 ft ox.more

- in areas suitable for spawning may tend to rescrict the number cf

" '\-.

breeding pairs due to the scarcity of suitable spawning sites. But

social'hierarchy rather than cerritoriality would appear to be the most

important density regulating mechanism.

1

Through extensive tagging studies' I have been able to

establish that distinct populations of brown bullhead are present ,ih

‘Hay Bay, Kettle Island Bay and Lower Duck Island Bay'in the lower ..

Ottawa River. Exrensive recaptures of tagged bullhead indicated that -

* the bullhead remain close to their home bay from o© ear to the next,

Population estimates indicated that very large dengities of adult

bullhead (>2500 per ha) exist in the bays, While seasonal fluctuations

" in. abundance occur the C/f tends to inditate tnet densities stay about

the same from year to year. . -
Large aggregaticns of adults in certain bays prior to the

spawning ‘season may be related to a process by which only the larger

3

more ‘dominant bullhead in the social hierarchy obtain mates and spawn-

ing territory. Two pairs of bullhead were observed dominating other

[

-

I

~

(S
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hullhead iniaquaria and defending spawning-territdries. One of these

pairs suecessfully spawned when placed in a separate aquarium. The

.

observations confirmed that there is severe aggression among. bullhead

prior to spawning. The bullheads inflicted serious wounds on’ one another
particularly on the.dorsum, caudal peduncle.and caudal fin., Bullhead
‘taken in trap nets -at three stations in the lower river had fresh scars
on 5-'177, of the fish during, the spawning ‘pertiod in late June. - While

such aggression resulted in the: death of bullhead in aquaria, only a

few dead‘were noted in the field There was nothing to suggest
any significant mortality due-to aggression. Dead black bullhead with

. «similar w0unds haVe been noted in May and June in Clear Lake, Iowa

(Forney,'lQSS)

- - . -

_::' L An examination of selected areas for young bullhead schools

"

..and anlexamination of‘the gonads of mature female fish would tend to

) indicate that only a Timited number of the potential Bpawners succeeded

in reproducing.. Although bullhead were noted to bec0me sexually mature -
by age three in the sections of the Ottawa River under study, 1t is

o Suspected that the age when they actually spawn may vary in different

.areas depending o the-population concerned All bullbead which were
. - A - .
. observed guarding young. in the field were larger individuals above 30 cm "

L TL, The pair of bullhead taken from the lower river which spawned in ‘

ﬁthe aquarium'were'age five'and-six respectively; If reproduction
' only occurs among the larger bullhead then the smaller mature bullhead ' o

represent a surplus of non-breeders according to the theory of Wynne-

':ﬁEdwards. .
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Overpopulation of bullhead in the lower river was indicated
"

‘by their having. significantly lDWer growth rates and condition factors

than the bullhead taken from the upper river and near Hawkesbury..

Crowding appears to have had an inhibitory effect o;\gonth. The
number of individuals was large (>2500 per ha) and their mean bpdy
slze was correspondingly reduced (0.17 kg vs 0.25kg in the upper river).

It appears likely, that the total biomass per unilt volume reaches a
\/

‘constant ceiling regardless of the total number of individuals

present. It hdk been shown in other studies that exploitation of
ovétcrowded fish stocks can result in improved growth of the population.
- Lee's phenomenon noted in this study appears to be a mechanism

by which the population reacts to crowded conditions. Fast and slow

growing individuals were noted within each age group. This may allow

a better exploitation of food resources through selection of a wider

food ségctrum. The faster growing individuals in any age group are the

‘first to'die, so that the older age-groups are composed of the slower

growing individuals. _
Exclusion through density dependent mbrtality‘is difficult

to demonstrate under field conditions. It should be noted hoqevet

that very emaciated individuals with condttidn fdéfﬁrs (KIL) between

0.6 and 0.9 made up about 0.2% of the catch, Depending on the rate

| of shedding of tags, total annual mortality of bullhead in the lower

Ottawa River would appear to be between 30 and 50% of the adult

population each year. Studies on other fish specles have not indicated
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aﬁ& signifiqant préﬁation on bullﬁeaﬁ‘in the Ottawa Rivey; Expldita-
tion by Lommerciél'ﬁishermen near Hﬁwkesbu%y an& predatién on thé young-~
.of—thé—year by birds, especially in‘the.upper river,mﬁy acgount.for e
l ‘mortality. In the lower river the bullhead are believed to be‘largé
unexploited, which maj_accouﬁt fog thq;; ovefpopulatioa and poor growth,
' The poor condition of bullhead in the lowe; river may cause apbreciabie

overwintering mortélities among‘the slower giowing individuals. Fofney

(1955) noted“pass mortalities of young-of- the-year black bullhead in

the late fa&{ and winter, indicating that’ this is a critical period for

their Survival. ‘ : | :

' Food analysis of brown bullhead from the lower Ottawa River

have demonstrated the dmportance of chironomids, isopods and amphipods

in the diet. Largézggpntities of organic detritus, plant fragménts and *

filamentous algae were also ingested, possibly as an alternate source

of food due to the scarcity of invertebrates. Further studies pre-

»

sently being conducted by another stﬁden; should ellucidatf the bio—
energetics of brown bullhead on 5 daily and seasonal-basis‘hnd
clarify the importanmce of such materials in the diet.

Mercury analysis of brown bullhead from the ﬁppe; river,

lower river and near Hawkesbury revealed that brown bullhead d;}e-séfe
for human éonsﬁmption. This is bhsed:on their being below the 0.5

ppu level set as being acceptable by the World Health Organization. 2
fjnce brown bullhead are of considerable commercial importance it was
gratifying to note that they posed‘no hazard'fo public health. It -

was ascertained that the levels of mercury in the muscle of brown

™~



143 -

bullhead did ngt increase with increaaing size of the.. fiah. Studiea

- by the;National RQSearch Council have shown that'cég early concepts
'of mercury contamination in fish as"ﬁ'fuuction of slze were too
&ipplistic., De' Freitas (19733 hao shown the impoftance of uptdke and
clénrance rates of mercury as a function ¢f metabolic rate. Mercury

4, is taken @ directly from the water and from the figh's food, but which
d‘ . ,“ . . . . .

‘pathway 1is the more ‘important remains ‘to be determined.

-

o : MANAGEMENT IMPLICATIONS

.

This study has demonstrated that luige numbers of brown
Jbullhead fnhabit bays in the Ottawa River while foraging over the
section of river nearby to obtain an adequate food supply. The affinity
of bullhead populations for a home bay and their sccial behaviour
. g &llows large numbers of bullhead to be captured in tHe bays with a

minimum of effort. The aedentary nature of the bullhead means.that

[y

the bullhead will romain in the vicinity of their home bay throughoui
the year., The commercial fisherman can therefore harvest the bullhead

A e:};‘yhénevor he wishes according Fo fluctuating pricos and market demand.

‘While further atu@ieﬂ are needed to determine optimum rates

of harvest it'is 1ikely that iafge numbers of bullhead can be removed

without adversely affecting the population. Assuming an over wintering

- -
- -

mortality of close to 40%, this amount of the adult population might

o

, bo_harvestable each year. Since only a small percentage of the

‘ - . , . ] L
population actually breeds each year there would appear to be a surplus-,'’
R . . ¢ R : ¢ o

of nonbreeders which could be_harvested. Exploitation of brown bullhead

:4

' , . - 5 .
in areas wheré'they‘are overpopulated and exhibit poor growth, such as
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tﬁé\lqyer river, should result in improved growth.

S~ '
Brown bullhead represent a highly palatable fish resource,

144

which Qap retailing in local supermarkets at 58 cents per 1lb during the

fall of 1973. Being naturally produced it ‘is very competitive with

alternative protein sources. ‘TestaAor mercury and other environmental

pollutants in bigjz/bullhead have indicated that the catch from the

Ottawa River is safe for human consumption. Brown bullhead in the

Ottawa River are so abundant that the supply far exceeds present demand.

A rising demand for fish products has occurred over the last few years

and 1s anticipated to”contihue. It 1s to be hoped that brown bullhead

i1l gain greater public acceptance as a food source and that the .stocks .

/of thig specles in the Ottawa Rive£ will be exploited

?a rational

manner to their full potential.
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SUMMARY
‘High denaities of brown bullhead were found to occur in bays with
abundant aquatic vegetation and soft mud bottoms in the lower
Ottawa River, Densities from 2500 to 7,800 adult bullhead per ha

were estimated to occur in Kettle Island Bay. The abundance of

- n
v

bullhead was found to Increase downriver towards Hawkegbury.
Different populations of brown bullhead were found to inhabit three
bays in the lower Ottawa Rivér. Extensivé tagging showed that while
a few SUllhead moved as much as 17.6 km (10 miles) downstream the

majority of'Eullhead remaihed near their home bay from one yeér to
the next.. | |

The fecundity of brown bullheﬁd ranged from 2,200 - B,@DOneggs per
female. 'The Gonadal-somatic Index rose dramatically in the spring
reaching a peak du#ing the second aﬁd:third waek of June. About
equal sex ratios were.floﬁnd in the upp.er river and near Ha;wkesbury.

In -the lower river males were more prevalent in the catch than

-

females. The bullhead wére sexually mature at age, three. >
N "
Aggressive behaviour was noted among bullhead in aquaria. Fighting

resulted in dead bullhead bearing seveﬁg wounds, 15 appeared to
be a prespawning behaviour linked to obtalning spawnin5
territoty. From’ 5—;72 oﬁ-the bullhead taken in trap nets

during the sphiwning periéd bo;é fresh wounds. 7

The reprodugtive behaviour of brown bullhead was observed in
équaria. A ing embrace which continued to be elicited at

intervals 24 hr§ollowing the laying of eggs was noted. ‘It was

S
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the male rather than the female thch incubated the eggs. Both

et

parents co—operate tolprotect the young.
ranged from 0,063~0.560 ppm, No gignificant difference in mercury
'levels were found between the stations examined in the upper river,
lower river and near Hawkesbury. The mean mercury levels at the

' L J

four stations ranged from 0.148-0.225 ppm. Mercury levels did not

increase with'increasing size of brown bullhead taken in.this study.

7. Male bullhead were noted to grow at a slightly faster rate than
. . i

females bu; the différence was not sighificant. Brown pullhead
.from'the uppef-rivgr grew the fastest, Followed by tﬁos from near
Hawkesbury while those taken.from the lower river showed t \e poorest
growth. The growth in these three sections of river were sig;ifi—
cantly different Efom one another. No signifiéént differences iﬁ ‘

growth were found in comparing the growth between stations in

individual sections of river. | /

"8. The bullhead from near Hawkesbury exﬁibitéd higher condition factors

than those from the upper'river but the twd were not significantly
different. Bullhead from both of the latter sections of river had
higher coﬁdition factors which were sfﬁnificantlf different from

those exhibited by bullhead in the lower river.

9., A large variation in the growth of individuals in any age group was

1

nored. This may have resulted from overpopulated conditions and
" could possibly Bccount for Lee's phenomenon which was noted at four

out of six stations. .

v
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lb. A dépre‘ssion. iﬁh.e: grqwth of ol&ei-' bullﬁead taken from the lowér
river in_midfsﬁmmef'wad evid;;t. _This ma& be related to ghé ;
scarcity of benthic ianffebrath at that time,
11. Brown Qullhead taken at varilous éites‘in the lower river had
ingested large quantities of organic detfitus, filamentous algae,

chironomids, isopods and amphipods. A peak in feeding of bullhead

at Hay Bay was noted to occur just after dawn between 0590-0700 hr.

‘Qr\- N
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Appendix 1 T
Seasonal changes of the Gbnodosomatiﬁ index of brown.bullhead'ffom the
Ottawa River-during 1973. ‘

95% confidence

Month Sex limits X ‘5D SE "N
21 Feb  F 1.0 - 1.54  1.32 - .4218 .1054 - 16
8 March F 1.17 -7 1.4 1.33 .0830  .0744 15
7 april F 102 - 1.60 1,31 - .4562 1317 12
15 May P 1.28 - 3.20  2.24 . 6941 L3470 4
3 June F. 2:22 - 3.62- 2.92  1.7007 .3401 25

S 0.09 - 0.17 = .13 . .0914 .0191 23 .
10 June : _ . '
‘Mat. F. 9.08 - 10.92  10.00 2.4730 4515 © 30
pmat. F .  0.99 - 1.6l 1.30 - L4046 .1349 g !
M 0,20 - 0.26 .23 .0695 .0127 30
' 29 June . . . . '
Atretic F. 1.86' - 5.60 3.73 2.4357 ©  .8119 9
Spent F- 0.39 - . 0.67 .53 L1647 .0582 - - 8
M 0.05 - 0.08 .06 .0349 A\.0063 - 31
28 July F 0.50 - 0.82 .66 .3137 .0739 18
: M 0.11 - 0.15 .13 .0562°  °.0103 30
' ~ .
5 Aug F 0.60 - 070, 0.65  .1333  .0232 33
. M 0.10 - 07146  0.12- . 0504 .0092 30
LI D : 8 : |
28 Aug F 0.55 - - 0.81 0.68 L1431 . .0541 7
M 0.17 - 0.21 0.19 L0259 -.0091 8.
18 Sept F 0¢1;; - 0.98 0.87 X768 ..0490 13
- M 0.0~ - 0.16  0.12 {osge - 0212 18
23 Sept  F 0.90. - 1.37  1.14 .2844 © 1005 8

\ M 0.13 - <;o.2a | .19 .0501 . .0204 6 -

790gt - - F 1.11 -. .59 1.35 . L3147 .1049 9
: M

0.09 - .0.14 J12 .0439 L0122 .13

oSl
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Appendix 2

Size range of brown bulihead collected at Shirleys Bay and

Britannia Bay during 1971..

Age Sex - . ‘TL Range (mm) "Mean SD SE
1 F .144-152 148,03 32,44 4.05
PaM 126-159 145,24 14.42 7.21
PEM © 197-306 * . 259.15 45,98 2.06
11T 27 F 233-319 287.53 19.67 3,78
23 M- 218-330 298,05 25.33 5,28
50 F&M 218-330 292,37 22.83  3.23
v, 4l F 261325 300,44 12.81 - - 2.00
34 M 287-351 311.27 15.95 ‘i;;ﬁz‘?<r
v 15 F 274-333 309.51 14.92 3.85"
8 M 304-336 _ . 320765 110,59 3.74
23 F&M 274333 313,39 14.39 +00
v 2 F 288-343 315,32 38.71 2.74"
B 2 M 335-362 348.27 19.36 1,37,
4 FaM 288-362 331.80 31741 1,57
VII 0 F.
1 M 354
1 F&M 354 .
VIII 1 F 343
0 M
1 P&M 343
"\ \
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Appendix 3 |
‘Size range of brown bullhead collected at Hay Bay during .1971.
. | _ o
Age N - Sex  TL Range (mm) . Mean SD ~ SE
" - L
. :
| N R
II 4 F 188-212 197.46 10.48 '5.24
! 7 “M 166-229 . 204,37 . 21.48 8.12
11 F&M 166-229 201.86 17.95 5.41
11 11 F. 187-244 217.07 20.19 6.08
19 M 193-285 227.65 26.21 6.01
30 F&M . 187-285 '223.77 24.36 4.45
E S
12 F 219-280 251.87 27.57  4.83
29 M 219-311 - 261.76 20.88 1.87
41 F&M 219-1311 258.87 39,71 3.13
v 21 F 237-308 272.50 19.31 4.21
28 M 201-329 281.50 27.06 5.11
IE FaM 201-329, 277.53 © 24532 3.48
Vi 12 F 259-290" 274.01 11.58 3.34
16 M. 265-319 - 287.00 13.41 3.35
28 Fet 1259-319\\__/ 281.43 16,05 2.66
VII .5 F 273-355 O\ 292.61 35.11  15.70
1 ™ B 296.06 _
| 6 FaM 273-355 293.19 31.44 12,83
VIII . 2 F 257299 278.32 29,139 20.78
1 M . 254,49 ’
3 F&M 254-299 270.37 24,92 14,39
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= Appendix 4

Size r'ang;z of brown bullhead collectéd at Governor's Bay duriﬁg 1971

Age N Sex TL Range (mm) = Mean 5D SE
N,
I 1 F . © 185.54
1 M . 230.16 - . - .
2 ' Fa&M 186-230  207.85 31,55  22.31
1IIL. 9 - F 210-250 . 226.10 - 13.68 4.56
: 16 M 205-261 .~ 231.93 - 12,40  3.10
25 | F&M 205-261 - 229.83 12.91 . 2.58
w2 F . 200-279 - ©250.38  20.40 4.45
36 M 203-291 244,15 474 7.45
57 FeM . 203-291 250,29 22.65 3.00
v. 17 - F 217-331 264,87 . 25.14 . 6.10 -
46 M. 219-340 258,70 4420 6,52 |
63  FaM 217340 © | 264.21 - 26,46 . '3.33 -
VL 10 F 225-316 272.03 C o 27.54 8.71
13 M 216-334 273.36 33,77 9.37
23 Fed  216-33 . 272,78 . 30.54 6,37
VII 4 F 233-271 259.30  17.53 8.77
2 M 234-270 251.95 25.09 17.74
6  FaM . 233-271 256.85 18.02 7.36
VIIT 3 F 257-311 288,96 28.75 I. i6.60 ]
-0 M T )
3 FaM 257-311 © 288.96 . 28,75+ 16.60
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Appendix 3 B

Size range of brown bullhead collected at the top’
" of Upper Duck Island during 1971.
. . o '

,

Age. N - Sex .  TL Range (mm) Mean sp SE
IIxr 7. - F 212-249  230.88  16.18 = 6.1l
- . 11 M © 198-262 226.47  18.30 ° 5.52°
Y 18" F&M- 198-262 298.18  17.16 4.04
w15 F 221-275 " . . 235.77  16.78  4.33
.10 M 218-287 - 255.60  23.74 7.51
25 FeM  218-287 - 245,28 21.80 4.36
v 9 F 226-260 240.86  11.67  3.89
21 M ' 208-314 250.43 25,87 5,65
30 FaM 208-314  247.56  22.79 . k.16
vi 7 'F -233-283 257.53 . 19.56 7.39 |
3 Mo 242-293 248,41 5.37 3.10 -
10 FaM  233-293 254.49 16,76 5.30
VII 0 Foo. :
1 M- 293
i FeM . | 293
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.‘}ze range of brown bullhead collected above Hawkesbury during 1971.
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Appendix 6 '

.Agé_ N Sex - TL Range (mm) Mean 8D SE .
. . _ .
/.
II Q F
1 M. 201.77..
1 F&M . 201.77
11 4 F ‘211-230 | 221.03 . 10.04 5.02
1 oM, ©.207.85 T ‘
5 FaM 211-230 218.39 10.50 4,70
v 6 F 236-295 971,39 <. 21,53 8.79
X 6 M 232-344 284,23 " 38,55 15.74
12 PsM 232-344 277.81 30.52 8.81
y 26 F 239-340 __ 290.83 26.63 ©  5.22
24 M 210360 308,14 37.24 7.60
50  FaM © 210-360 299.14 33.01 4.67
vi 13 F 216-336: 293,44 31.72 9.16
12 M 262~360 327,57 28.79 7.98.
25  P&M, 216360 311,19 34.33, 6.87
vii 11 F .281~349 317.54 22.12 6.67
- 4 M 291-331 314.31 16.70 8.35
15 - . FaM | 281-349 316.67. 20.29 5.24
vizt 2 YR 314-340 326.98 17,92 °  12.67:
2 M 344,72 : ' '
4° TR&M 314-345 16.30 9.41
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. Appéndix 7.

Size range of brown bullhead collected below

i Hawkesbury during 1971. o
"‘Age , N Sex TL Range (um) _ Mean SD " SE
Imx 9 ¥ ' 233:287 266.43 17,02 5.67
12 ° M 269-318 294,20 15.16  4.38
21 F&M 233-318 282,30 20,99 4.58
1 9 F 242-312 . 271.39 24,19  8.06
: 10 M 240-312 299.10 20.92  6.62
19 FaM 240-312 285.97 26,09 5.9
v 14 F 266-324 294.90 17,72 © 4.74
15 M 271-349. ©306.13 € - 24.40  6.30
29 F&M- | 266-349 300.71 21.82  4.05
vi 11 F 1290-3 308.69 12.96 3.91
12 M 304-%p1 334,08 14.78 4,27
VII - 3 - F. 320-339 331,21 9.58 5.53
.0 n . : -
3 FEM 320-339 331.%1 9.58  5.53
VIII 1 F - 294
1M s " 336 -
2 YFaM 294-336 ' 314,82 ©29.39 20,78
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