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. fABSTRACT'

The dlstrlbutlon of natrve flshes.and 1ntroduced
coho salmpn was studled durlng the summers of 1971 and 1972
The utlllzatlon Qf forage flsh by each spe01es was determlnedt

Coho salmon appear to occupy the - Surface'waters in .
the shallow ( 13 7 m) water‘around the lake'margln. as do .
northern plke : Lakeftrout walleye and- burbot are dlSpersed
throughout the {ake but become uncommon in the shallows

Coho salmon fed on nlnesplne stlcklebacks ‘aerial

'food and to a lesser extent on other flshes and aquatic -
'invertebrates They dlffered from the natlve Spec1es by
‘,the 1nclus1on of large amounts of aer1a1 food in their dlet
'.along Wlth the young of the year lake Whlteflsh and nlnesplne

nstlcklebacks Growth was rapld durlng the summer but poor

durlng'the winter
Nlnesplne stlcklebacks are. the most frequently

utlllzed forage fish 1n Cold Lake and are eaten by all of’

the known plsc1vorous flshes there The native plsc1vorous

'flsh prey upon _ the adults of thls spec1es and consume a dls-:

r\?

1“proportlonately Jlarge number of rlpe females.

-~
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Introduction

o During May of 1970, coho salmon KOnCOrhynchus
kisutch) were-introduced.intoagold.Lake{ Alberta? via thei
Medley River ;with the'hope of providing a:slgnificant

f stlmulus to. the sport flshery in the area northeast of
Edmonton Thls area is well endowed W1th lakes many'of

whlch provrde excellent flshrng for northern plke (Esox e

luc1us) and walleye (Stlzostedlon v1treum)v whlle 1n Cold

Lake, only’ a llmlted sport flshery for these spec1es ex1sts

Indiscrlmlnate harvestlng had led to a- severe reductlon of

" the once- abundant lake trout (Salvelrnus namaycush) by the _T
late 1930's and’ the once- famous flshery for thls speC1eS' |
decllned. ‘Miller (1956)-demonstrated that the lake.trout“i
in Qold Lake were slow érOwiné and late.matpring, thus'easily
fdepleted'due’to,their'slow,replacement. Closure of Cold Lake

. to commerclal.fishing follow1ng Miller's report ellmlnated a
slgnificant sourcegofvdepletlon of lake trout stocks and |

ﬂ there were signs’that'the lake trout were becomlng more

,JA abuhdant. Slnce 1965 young lake’® trout have ‘been 1ntroduced
1nto Cold Lake annually ‘to supplement natural recru1tment

Whlch wa's elther 1uadequate to malntaln the populatlon orr

', resulted 1n only slow recovery of 1ts numbers Inadequatev

.

recrurtment may have bEenrdue to - the "51gn1f1cant resldues"
of DDT which were found in lake trout, from Cold Lake (Paetz
and Zelt, l974) : Burdlck et al (1964) demonstrated detrl-

‘a‘ ‘ mental effects of DDT on hatchlng succoss and surv1val of

. . . . . ._ |



lake trout eggs. L oo e L
Introduced coho salmon in the Great' Lakes grew‘to
a size of l2—lS'lbf(5.44 - 6(81ykg) in' two years by preylng

extensrvely upon the abundant alew1ves (Rlosa psuedoharengus)'

'found there. It was hoped that similar success ‘might result

in Cold Lake where abundant cisco (Coreqonus artedll) are

-found " The 1n1t1al 1ntroductlon of coho salmon lnto Cold
Lake was made p0551ble by - the glft to the Prov1nce of Alberta

‘from the ‘State.of Alaska, of 1100, OOO eyed eggs,lln 1968

fThese were hatched in the hatchery in Calgary, ralsed for

bne year at the Raven Rearlng Statlon and in May of 1970

early in the second year of thelr llVES they were brought

to a holdlng pond along-: the Medley Rlverﬂfrom Wthh they.
were- released Introductlons were also made 1n 1971 and‘
1972.

The rationale behinthhe introductions are dis-

5

.cussed 1n Buchwald (1971). whlle thelr mechanlcs are dlscussed
1by Moller'(l972)‘ Durlng l970,_neFt1ng-results 1ndlcated'
'lthat-cdhO'salmongwere widely‘distributed throughout'coldl‘ -
_Laked Durlng late summer a large return of prec001ous male
B salmon- (jacks%.to the Medley Rlver prov1ded ev1dence that 3
ylmprlntlng (§gg§u Carlln,'ln Haslery 1966), to the waterv

- into which. they had been 1ntroduced had been successful and |

: 1
that growth and survival were good durlng the flrst summer at

least A study to determlne space and food utlllzatlon of the .

1ntroduced coho salmon and natlve plSClVOIOUS flshes was

9



i , . ’
'undertahen durlng the summers of l97l and 1972 . Specimens
were taken largely by means of glll nettlng |
m\g ' '- Frequently, feedlng-stndles of predaceous organisms-,i
merely present‘a'list”of WHatﬁfood items were‘found within .
‘the stomachs of the'predators This in 1tself prov1des
’llttle predlctlve 1nformat10n and such studles are of llttle
comparatlve value, By examlnlng the dlstrlbutlon and behav1or
of both predator and prey an attempt can be made to account |

. “ |
_for dlfferences in the feedlng Vlthln a speC1es over a perlod

.of tlme and between SpeC1eS at a glven tlme ThlS has been
" the underlylng phllOSOphy of the present work at Cold Lake
o prOVldlng she ba51s for assessrng the 1mpact upon ‘the. natlveL"
‘flSh fauna of the 1ntroduced coho salmon and the effects of
the natlve flshes upon - the success of thlS exotlc spec1es in
,lts'new environment. .
.The specific objectimes.ofithrs'study areAas&

‘1foliow§: | | -
(l) to describe<the/distribntion and.diet‘of coho salmon ..

" in Cold Lahe; | o .dv1 f' .ba - :. o ;/
(2$W.to descrlbe the dlstrlbutlons and dlets of the natlve

SN

"plsc1vorous flshes wath empha51s on those spec1es 1n
contact w1th the coho salmon-'

(3)7 to descrlbe the dlstrlbutlon of other spec1es of flsh

¢

'that mlght 1nteract w1th coho salmon- .

(4) -to compare the utlllzatlon of forage flsh between
' e L ‘/\ . .
‘.coho salmon.andﬁthe natlve’plsc1vorous flshes;;

°



(5) to assess the role of 1nteractlons w1th the natlve

flshes upon the success of coho‘salmon
. A study. of the para51tes of the flshes oﬁ/Cold

Lake was undertaken concurrently by Mr Ray Leong, of the
.Unlver51ty of,Alberta, to determlne the effects of para— : }_
sites on‘the successiof coho salmon in Cold Lake. o

5 v . . L K . . . N

Descrrptlon of the Study Area

| The geographlcal locatlon,'morphometry phy51cal

- and chemlcal characterlstl s .of Cold Lake, Arberta (flgure 1)9:

'are described in Paetz and Zelt (1974) of partlcular 51gn1—

ffcance‘are itS'depth (maxlmum 112 m, mean gl,S_m),_sparse“,t
‘_vegetation (Appéﬁdix\i), and low-shoreline'-eXposing the
v;lake surface to the wind. The contours of the lake ba51n

are lrregUlar w1th a gradual 1ncrease in- depth 1n North and

Engllsh Bays, .whlle much of the eastern and south eastern
_portlons of the 1ake are: characterlzed by a rapld 1ncrease

»'1n depth (flgure 2) The surface temperature rarely exceedsA
;i20 C and the depth at Whlch glven 1sotherms in the metallmnlon

-

are. found durlng the summer is highly varlable (flgure 3)

'.‘cwlly in North and Engllsh Bays 'vWater warmer than

15°C is rarely encountered at depths greater than 15 m f

durlng AUgust or early September the tlme at Whlch the
-~max1mum penetratlon of thls 1sotherm is- reallzed. N
Cold Lake contalns a greater number of flsh spec1es"”

'f_,than-any.other lake in Alberta-(Roberts,1973),and lncludesaZZL;f'

K
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natlve spec1es and three eXOthS .one of“which' the'arctic

grayllng (Thymallus arctlcus) 1ntroduced into the Medley

/Rlver durlng l964 falled to’ establlsh 1tself and is not
/ :

'.malntalned by StOCklng The flshes of Cold Lake are llsted
- in Table l,.along wrth estlmates of thelr relatlve abundance
'glsc1vorous waterfowl observed at Cold Lake elther as y
;mlgrants or re51dents,‘are llsted in Appendlx II |

‘ l ’_. The southern halﬁ of Long Bay and the shallow
’_Qeedy portlons of %rench Bay were excluded from the study
area - While they communlcate w1th the main. ba51n of the

lake, they are.dlstlnct 1n thelr phyS1cal and chemlcal \‘.'

'propertles, thelr flora and thelr fauna




s MATERIAL’S AND METHOIS'S

-

Inltlal COlleCtlonS of coho salmon and’ other
specres of flsh were made durlng the summer and fall of
1970 and January and February of 1971 by Mr Knut Moller

\buflng May to September of 1971 and 1972 flSh collectlons

"\and stomach analy51s were,done on a dally ba51s Durlng

”emergent vegetatlon were, determlned

September of l974 in conjunctlon with the Alberta Lakes

RO

-~

SurVey, the spec1es and dlstrlbutlon of rooted<@quat1c and

A total of 40, 970 net yard—nlghts (100 net~yard—'

1sh Collectlons“

nlghts = a lOO yard long glll net set durlng the day and

’plcked at the same tlme on the follow1ng day) glll nettlng

'effort was utlllzed durlng the summers of 1970- 1972 to

collect fish Durlng l97l glll -nets- ranglng from 254 mm
R .
'to 140 mm (l" to 5*3/2")'stretcﬁed mesh srze were deployed

in varlous depths 1n the water column and 1n varlous depths '

'of water,‘ hroughout Cold Lake, 1n an attempt to capture‘

salmon Because nets set in water deeper than 12 m .and;#r?'

B g

mesh 51zes larger than 3" falled to collect salmon,'nettlpg

k3

*vefforts durlng the latter part of 1971 and throughout 19721

" were largely restrlcted to glll nets of 3" stretched mesh

or less deployed 1n water depths of 45' (13 7 m) or less s

’Durrng the summer of 1972 glll nets were set and plcked on

*f_a d%lly ba51s 1mmed1ately ln front of the outlet stream," -
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the COld River, off.the-northuest tip of . andy Pointvon‘
“‘and over a prec1p1tous, rocky bottom ‘and 1h Salmon Bay,
F‘lsouthwest of the mouth of the Medle Rlver Net@ at these‘-
'statlons‘were flShed at dlfferent depths to determlne the
vertlcal dlstrlbutlon of the coho salmon Other glll -nets
:were set for perlods of approx1mately one week or more "in
North, Engllsh and French Bays whlle addltlonal sets were

made throughout the lake for a: s1ngle nlght.each Glll net

: sets USually con51sted of two 50 yard lengths of net.. A'
. , B L ) -

'-\'one inch stretched'mesh'monofll' ent was. set 1n‘deep-water,'
up to a max1mum of- 76 m, in an :jj:kgt to catch small benthlc

_flshes such as COttldS Glll nettlng was dlrected at

; catchlng coho salmon only, and other flSh spec1es were

sampled as a by product of the salmon nettlng program

a_The dlfferentral Susceptlblllty of dlfferent spec1es, or

dlﬁferent 51zes of flSh w1th1n a spec1es, to capture by a »yﬂ

' partlcular mesh size of g111 net results in a non- random',

,sample of the flSh populatlon._The relatlve abundance of

each spec1es based on such capture is not regarded as more thanat

.than a crude estlmate. | 1 | | |
Small flshes (potentlal forage flSh) were collected :

'.w1th a common sense selne along both sandy and rocky areas_%v

.lalong the shorellne -and in or near the mouths of trlbutary

streamS'A As Wlth glll-nettlng, Selnlng results in b1ased o

lsampllng and Ylelds only a’ rough estlmate of abundance.’”

”'Galvanlzed wire minnow traps of 5 mm mesh w1th one-way P



cone shaped 1nlets at each end, were balted w1th fish eggs
:and deployed 1ndependently 1n water from 0.5 to 18 m deep,

or attached to the harnesses of glll nets These traps‘

selectlvely caught large male nlnesplne stlcklebacks Even‘

though they were. sometlmes set in areas where other spec1es

.occurred in abundance they falled to catch more. than the.i

‘occa51onal cyprlnld ‘or SCUlpln

Small flshes were 1dent1f1ed and thelr abundance
estlmated by dlrect observatlon elther from g?boat or from

the shore Cl o,
Knowledge of the dlstrlbutlon of small flshes was
”aided .although to a lesser extent by examlnatlon of the

]stomach contents of plSClVOIOUS flshes

'Measurements

The fork lengths of flSh sampled were mgasured
,to the nearest mllllmeter. Welghts of large flSh were’
"determlned w1th a Chatlllon sprlng balance, whlle those of

V:spec1mens smaller than 1500 g were determlned by a Pesola_

: sprlng balance The welghts of f6ra¢€fspec1es removed from'

A’flsh stomachs were determlned‘by welghlng,as many whole

12

:spec1mens as p0551b1e from each stomach and determlnlng the S

'mean welght

The stomach contents of flshes were treated

Food 1tems from the mouth oesopﬁagus and stomach of a

» .

dlfferently accordlng to the feeding hablts of each spec1es



- \

4

,piscivorous fish were assigned'from one tohten'pointsf
dependlng on -their contribution to the total amount of food

found w1th1n Ehe pre 1ntest1nal portlon of the allmentary

‘tract. The contrlbutlon of each food 1tem was tabulated°as a.

.percentage of the total volume of the diet. The frequency of

occurrence of each food item was recorded and expreSsed as. a

P ®

-‘percentage occurrence in those stomachs contalnlng food In-

7

vertebrates were usualiy 1dentlf1ed to at least the ordinal

13

level whlle flshes were 1dent1f1ed to specles whenever pos-A o

s1ble and in the case of ninespine stlcklebacks, the sex and‘

reproductlve state of adult individuals was determined" The -

fork lengths and number of 1nd1v1duals of each spec1es of
forage flsh were also determlned from each predator stomach
.examlned The stomachs of flSh spec1es that are not char~

apterlstlcally plsc1vorous were examlned to determlne 1f

h'and when they ate flsh The diet of these flsh was not

recorded unless they were found to be eatlng flsh in whlch-'

7.cases the spec1es and number of forage flSh 1ngested were

recorded

o

Partlally dlgested flshes were 1dent1f1ed by com-~.

parlng them to cleared and stalned speC1mens, the spec1es
of whlch were known-, Stomach contents were examlned
1mmed1ately after remov1ng the flsh from the nets when

"

p0531ble otherw1se 'the - stomach contents, or 1n the case of

‘_small specrmens, the entlre stomachs, were preserved 1n 10%-

-

_formalln for.later examlnatlon.,



 RESULTS
The résults of'gill—netting during the:summeruof )
1970 the W1nter of l970 1971 and the summer of'g97l are

L

summarlzed 1n Buchwald (1971), whlle those for the’ fummer ‘
. of 1972 are summarlzed in Moller (l972) The dlstrlbutlons
./' -of flshes and the food of each spec1es are documented and
dlscussed followrng the phyletlc sequence of- famllles 1n'
Balley (1970) Nomenclature for both common and Latln
“names of flshes follows Balley (1970) W1th the " exceptlonb
of the flnesca{e dace, whlch is. regarded as belng in ‘the
| genus Chrosomus by Paetz and Nelson (1970) and Scott and -
. Crossman (1973) For the purposes of ahaly51s and dls-,r

v

5cu551on shallow and deep water are regarded as belng above o

N LA

- and below the arbltrarlly selected depth of 13 7.m (45 ) in

'tholchake.‘~'" e -"‘ - R REEETS .

!

' :The Dlstrlbutlon of Cisco ';"e

°

Locallty records for 01sco 1n Cold Lake are shown o

in flgure 4 ThlS appears to be the most w1de5pread and
' -

‘ abundant of the flshes of Cold Lake.- The vertlcal dlstrl—';"

butlon of thls sPec1es ranged from tﬁe surface to depths of

* D

.at least 97. 5 m,,the greatest depth at whlch nets were set

';w1th all portlons of the water column belng OCCUplEd. Glll-ﬂ

-_net'catches at»selected»dfpths are showﬁ'rn table 2 for the'

\months May to September /%he number of c1sco j'taken 1n o

shallow water was low durlnq the perlodﬂfrom May to- Septem- .

f,_v
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Table 2. Gill-net catches:of cisco in less than 13.7 m. of water in Cold
‘ S _ o ) :

) ﬁgke éh;ing November™1970-November -1971, in fish/100 netxyard-

night, total catch 3n parentheses.

', Nov.-Feb.

May-~Sept.

AOctober»

November

1154.4 (31,169) 6.6 (485) - ) 40.6 (5481) .  623.3 (2190)

Table 3. Gill-net catches of lake whitefish above and below 13.7 m.
during May-September of 1970-1972. _— |
Depﬁh May. June ;?ly ‘ BBQQQt\l_‘Septeﬁber ‘Year .
3.7 m. _ 14,5 (29) | 6 (625 __ .. ’:f. " 1970
S A3.7 R’ - ©14.0 (14)° 18\8 (199) _ - e
0 313.7 n. 7.3(22) | 19.1 (386) 6.24d18) 1.0 (35) 3.9 (93) 1971
<13.7 m. _ 23,0 (75) . 11.0°(55) 10.2 (92) 7.2 (43)
© >13.7 m. 8.0 - 9.4 (546) 1.7 (93) . 0.8 .(46) ~ 1.4 (sg 1972 -
- <13.7 m. - 10.0 (30) "12.4,(81) " 4.5 (52) 40.6 (6]) "
5 -
A
. ! 4
‘) A !
. - - g
o Y ’ n;
Vi
" " s



ber and inereasedlin.0ctober.'Maximum catches in‘shalloW~

water occur during November and December .-

Discussion ' S

Cisco appear to occupy all of the study.area.in
R I .

.A.Cold Lake, at least durlng some portlon of the year. Wlth‘t
one exceptlon, all crscoviltaken 1nnglll nets were age .‘
classll+ (rarey or older The dlstrlbutlon of- young of the»
year'cisco"' is uncertaln but they are probably pelaglc in ;
.rather deep water ClSCO‘ are probably more numerous than
‘1nd1cated by nettlng returns because many WOuld pass through'

" the meshes'of all but‘the'smallest:mesh (374" - l 1/2") ‘net

‘4'due{to their small sire Mlller (1956) found the average

v51ze to be Q. 16 lb (20 25 mm fork length) 1n Cold Lake

: Durlng May c1sco : were taken at all depths of

" Cold Lake but "as the lake warmed they became less common in'
the shallows. Engel (1972) found‘that the medlan temperatures
'afjwhlch cisco were caught in Palette Lake, Wlscons1n, durlng ‘J
each of three consecutlve years were 10 9 9 7 and 10 2 [o] n:

‘and suggested that the upper 11m1t of thelr vertlcal dlstri- ;1]‘

: butlons was llmlted by thelr av01dance of warm water Colby

and Brooke (1969) foqu that c1sco in two Mlchlgan lakes

“_occupled the metallmnlon durlng the summer ‘in a."c1sco layer

'.bounded above by a. temperature of 20 C The surface waters'd:‘

of Cold Lake are only 20 C or: greater durlng the month of

F'August and are not constantly above thls level Water at

u oL Y
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!

20 C is seldom encountered more than 5 m below the surface

thus no thermal barrler exists ‘in Cold Lake to exclude

cisco from the surface : Even durlng the warmest weather
. cisco were observed at the surface in the evenlng, and
rarely durlng the day At these times they appeared to be
. feedlng, presumably on emerglng 1nsects or allochthonous :
‘material For a short perlod they tolerated temperatures
that they normally appear to avord Engel (1972) found .
' ev1dence for vertlcal dlel movement of crsco only durlng
the spring and fall overturns when the water is cooler than L
r |
in summer,iand'notes that such mlgratlons by coregonlds are |
"more'commonlln northern European lakes than in thelr warmer
-Northjsmerican counterparts L
Durlng NovemberWC1sco ‘move into- shallow water
'prlor to Spawnlng The maln spawnlng perlod is durlng the'

L

flrst two weeks of December (Paetz 1972') however rlpe 1nd1—:

L v1duals are Stlll ev1dent in January (R Leong, pers comm )

‘ Young of the year c1sco were apparently absent
’\\

from the margln of the lake where- 1nten31ve collectlng by
means of selnrng, and settlng flne mesh mono fllament glll
'°nets and l"'glll nets ylelded no spec1mens | Only one repre7-‘°
sentatlve of thlS age class was collected durlng the years
1971 1974 , @ S1ngle spec1men taken from ll m of water, near
g the bottom 1n a large mesh gill net In Lake Ontarlo, young )
of the year c1sco were found 1nshore, close to the shallow )

) \

water spawnlng grounds where they hatched and’assoc1ated"

.
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with young of the year lake Whlteflsh (Prltchard 1930)
the young cisco grew they moved 1nto deeper ‘water and were f
'absent from the lake margln by the tlme they had attalned a -
length of about 20 mm. The aggregatlons of larval coregonlds'-
'?along the shore of Cold Lake appeared to. be c0mposed of lake
WhlteflSh only : The'absence of young ‘of the year c1sco fromd.-
shallow water may be due to pelaglc spawnlng over deep water
bV by the adults of thrs spec1es It/has been assumed that
sthey_spaWn 1n the shallowsv(Paetz,l972), because of the
'shorewardfm0vement of~the adultslin'the fallj in Cold Lakef:
- as infothers There appears to be no convrnc1ng -evidence
"ithat they do spawn 1n shallow water in Cold Lake. Pelaglcd
.spawnlng by c1sco.hasrbeen notedfln or suggested'as occur—-
;rlng in Lac Marquette (Koelz 1929) and Lake Superlor (Smlth
_ 1956 Dryer and Blel 1964) An-lnshore movement waS~noted
jprlor to spawnlng 1n Lake Superlor,ibut durlng the actual |
;ispawnlng the- flsh moved out 1nto water up to 145 m deep,z-
‘_'occupylng depths from 9- 12 m. Pelaglc spawnlng may be -“v';~
”advantageous in. that the eggs settllng 1n deep water are |
: subject to warmer femperatures than they would be subjected
vto 1n~the»shallows whlle they develop Colby and Brooke

(1970) found that c1sco have a hlgher optlmum temperature

T_for development (5 6° C) than do lake whlteflsh (0 5 C)

."'0 5° C cisco eggs requlred 236 days to 50%.hatch surv1val

jwas low and abnormal development was hlgh sllghtly in-

' excess of 20% Wells (1966) faund the larvae of one or more

. )

.' o o o,



'species ot‘Coreggnus at depths oth73;m'in‘§l m of water'

durlng mld—Aprll in Lake Mlchlgan | The earllest of these

‘larvae appear to be C. lartedlﬁ' Larval c1sco were seen or.

_collected near “the surface over deep water in Lake Huron, '

and were not’ concentrated along the shore as were larval .
)

lakevwhlteflsh although some . c1sco were taken here, also

(Faber,l970); ‘;.l

xfThe ClSCO as a Plsc1vore dd' o e_l. e ‘_f:" A.. o S
B Adult c1sco feed malnly on plankton and large i . ;)
'crustaceans, chlronomld larvae and occa51onally mall flSh
.(McPhall and L1ndsey,l970) f A small number of clsco from fr
moderately deep water in Cold Lake were examlned and had :
”,only eaten 1nvertebrates. Spec1mens taken 1n shallow water_.'“'
pfed rarely on other than 1nvertebrates, and only six of more
vthan of 500° spec1mens examlned durlng the present study |
‘contalned fish »_b | | A | .}lﬂ ‘
| S 1- Durlng June of 1972 2 of 27 c1sco taken from 13 m o
[iof water contalned larval flSh presumably young c1sco. 'ff o
'iC1SCO taken near a whltEflsh hatchery outflow were found to
ff;contaln an average of 275 1arvae per stomach (Scott and tf"
>Crossman 1973) | 8uch predatlon upon newly hatched coregonlds.‘p'
h*may be a seasonal phenomenon of short duratlon, as c1sco are
.not well adapted as plsc1vores and would have 11m1ted success i:;jﬂ

186121ng and retalnlng flsh larger than these larvae and f‘i;'d_fffi/:

B capable of stronger and faster sw1mm1ng. In addltlon to thelr-;_
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~ #
adult cislos prlor to spawnlng would result 1n 1ncreased

w

lack of morphologlcal adaptatlons for catchlng and eatlng

_other flSh the cisco of Cold Lake are llmlted in thlS pur- -

suit. by thelr small size whlch llmltS thelr sw1mm1ng speed

and the size of prey they can 1ngest

- i" The largest c1sco collected durlng thls study was

31.3 cm fork length 420 g and . 12 years 0ld. ThlS unusually

- large (for Cold Lake) spec1men contalned the remalns of at

least three young of the year nlneSplne stlcklebacks Three

'.of 60 c1scd\exam1ned durlng October of 1973 contalned young
_of the’ year nlnesplne stlcklebacks, one w1th 12 1nd1v1duals,y
~one with lo and another Wlth at least one.: Durlng late fallf~

‘and early w1nter the shoreward movement of large numbers of

LIS
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overlap of thelr dlstrlbutlon W1th that of nlnesplne stlckle—":

, speC1es by c1sco Thls potentlal is enhanced by the fact

.yactive*during the w1nter than are many other spec1es of frsh :5:

' *infCold Lake Examlnatlon of over 100 c15co stomachs durlng

the w1nter of 1973 74 resulted 1n lrttle ev1dence of such

Y'predatlon (R. Leong, pers comm ) Thls was probably
because c1sco preyed upon organlsms for whlch they are

' ‘morphologlcally spec1allzed

The Dlstrrbutlon of Lake Whlteflsh thi%

ocallty records for lake whlteflsh in CoId Lake -

,sbacks and 1ncrease the potentlal for predatlon on the latter ';f"

. that both-are cold water species’ and thus llkely to be more_v""
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are shown in "figure‘Sl You'ng of ‘the year and older a’ge'
‘ \
;classes of thlS specles were spatlally segregated until

IfAugust the young occupylng shallow 1nshore waters ) Catches
v /

Ve

“of lake Whlteflsh at varlous depths are shown 1n table 3 for

PRI ) .

the months May September Approxlmately equal numbers werevm

taken above and below 13 7 m 1n June, whlle in’ July and
: August catches in shallow waber decreased | Durlhg and
~after- September lake whlteflsh congregate in the shallows_

'prlor-to spawnlng.av -1s'spec1es was Varlously dlstrlbuted

'throughout the water c"lumn from the surface to depths of
at least 97 5 m. and ranked second 1n terms of numbers of

4.

flsh netted durrng thlS study

.. Discussion

';twhlteflsh occupy all areas of the lake sampled Mlller o

It can be seen from flgure 4 and table 3 that lake ;

22

| *(1956) found that from July to September, catches in 5 1/2"':

!

"glll nets were gxeatest at. depths of about 30—45 m._ The -
vmean welght of hlS sample (3 45 1bs ) ‘is larger than that
}for lake whltefish taken durlng the present study and- the N

-h-depth dlStrlbutlon of smaller 1nd1v1duals may dlffer Rawson

(1951) obtalned maxlmum catches of thlS spec1es at 10 m in _del

ifGreat Slave Lake - Durlng June thlS specres appears to be
‘hf‘equally dlstrlbuted 1n Cold Lake at the depths sampled but
durlng July and August as. the shallow and surface waters

'-become warmer, catches 1n shallow areas were low The flnal
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temperature‘preferendum, and temperatures;with which lake

lwhltéflsh are’ assoc1ated in nature are 12 7°C and 11. 4‘—-.
11. 9 C respectlvely (Ferguson 1958) ’ These temperatures o
were found near the surface in early-July but only at depths
ln excess of 15 m by the end of this month. The abundance |
bof adults in shallow water was at a maxrmumedurlng November
5at whlch time spawnlng beds,(a major one descr%bed by é}etz
(1972) located 1n 2 to 4 m of water, are occupled _ Lake
'whlteflsh also enter the Martlneau and Medley Rlvers, pro—
'gre551ng upstream as far as the Prlmrose hlghway, for the .
purpose of spawnlng (C W Scott pers /comm A |
) The max1mum depth at whlch lake whlteflsh were

taken durlng thlS study, 9é m, is: consrstent w1th the flndlngs .
.of Rawson (1951), however thls SpeC1eS is known to occur at .f
' depths of 128 m in the Great Lakes (Scott and Crossman 1973)

_ | Young of the year lake whlteflsh were ev1dent on .
}_Ma'y‘l6.t 1972, by whlch t:Lme the 1ce had receded about 300 m

'kfrom shore in North Bay The larvae were lS-l7 ‘mm long and |
'*actlvely feedlng on plankton near the surface W1th1n 1 m of .
'the shore : They probably mlgrated to the lake margln from
‘lfspawnlng SlteS near by Faber (1970) concluded that lake -

whlteflsh 1n Lake Huron mlgrated to the shore from a near or

.dlstant Spawnlng ground because the larvae were present as’

..-well developed rather than newly hatched 1nd1v1duals when?

they flrSt appeared and were collected along the lake margln

' ~Rawson (1951) found young lake whlteflsh,to be drstrlbuted<
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»along the shore in Great Slave Lake During sUbsequent
months young of the year lake whlteflsh remalned near. the :

shore and were seen at other s1mllar srtes arOUnd the margln

'.jof Cold Lake At night they were. found w1th1n 15 30 cm of

the shore poss1bly as a defense agalnst predatlon by flsh
Durlng perrods of 1ntense wave actlon they moved 1nto deeper-
,4water By @ugust as they grew larger, they moved further |
from shore but remalned w1th1n 4 to Snm of 1t 1n depths of

"_up to 2 m.. Durlng ﬁate August and early September they were

'_.taken 1n 1 glll nets, near the bottom, at depths of up to

’l3-m. Reckahn (1970) found that the dlstrlbutlon of young

_'of the year lake Whlteflsh in’ Lake Huron was in close
?assoc1at10n w1th the 17 C 1sotherm, whlch 1n ‘Cold Lake, is\ -
.’located 1n the . top l m of water,_descendlng gradually through—
g out the summer unt11 1t attalns a maX1mum depth ln excess |
'of 7 m in August ‘In Lake Huron' after 6 to 8 weeks 1n the
‘metallmnlon, the top of whlch is’ near the 17°C 1sotherm,’the
JYOung lake whlteffsh move 1nto deep water | :.'

Whlle older whlteflsh are con51dered to be school- -

1ng flSh the aggregatlons of larvae do not constltute schools
5las deflned by Keenley51de (1955) Faber (1970) supports thlS
;v1ew - As the summer progressed the grow1ng whlteflsh were‘

observed to ‘swim in small schools dlstlnCt from the aggre-.

gatlon of flshes along the shore w1th whlch they were,

-
R .

‘assocrated earller,



’ makes up over half the dlet (McPhall and Llndsey,l970), and

- The Lake Whitefishias a PiScivofe'

The lake whlteflsh generally 1ncludes few flsh in

its d1et and generally preys exten51vely upon 1nvertebrates

. In Lake Athabasca -and - Great Slave Lake Pontoporela afflnls<

‘

in Cold Lake 1t 1s the most ‘important food 1tem of th1s

spec1es. The only spec1es of . flsh 1dent1f1ed from the'

'V‘stomachs of lake whlteflsh durlng thls study was the nine-

esplne stlckleback Predatlon by lake whlteflsh upon nine-

E 43—63 ‘mm_ fork lent

'23 were females
.:SthKIEbaCkS may r:

v-gatlons from Wthh

“from 1 to 3 fis}

A1l sticklebacks}

4;_sp1ne stlcklebacks was most common durlng June, ~at which !

" time both spec1es are common 1n shallow’ water.‘ Eleven'of._k

N
737 spec1mens of lake whlteflsh 1n excess of 400 mm fork |

length contalned from i to 39 (x lS 4) nlnesplne stlckle—"

¢

- backs, elther as thelr exclus1ve food or 1n comblnatlon )

' With]flsh.eggs Stomachs contalnlng flSh eggs contalned4

‘;E stomachs, in whlch flSh were the
only food-itemf 33 and 39 nlnesplne stlcklebacks.]
: to be mature adults,franglng from.

54 mm) and of 31 Spec1mens | A o
'suff1c1ently 1nta¥; fadetermlne the sex,.8 were males andtk.'~
;apparent selectlon of large nlnesplne
j;ct the makeiup of the adult aggre—nv

1 {ey were taken and the relatlve ease of

‘ capture of egg laden females. The absence of female stlckle—

¥

backs i excess of 65 ‘mm may be ow1ng to thelr relatlve lack

l.of abundance, or the dlfflculty of swallow1ng large 1nd1v1duals.h_;'f

e
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Perhaps.the spines offlargefsticklebacks are'a deterrent to-
-this predator. Predatlon upon nlnesplne stlcklebacks ‘at
other, tlmes of the: year appears uncommon but occa51onally
spec1mens taken durlng the w1nter contaln adults sub—'v

'adults and some young of the year.

Utlllzatlon of flSh by lake Whlteflsh has been

-

é

noted in a. number of studies. rev1ewed by Scott and Crossman

(1973) ) Nlnesplne stlcklebacks were the only flSh 1dent1f1ed

-from lake whlteflsh stomachs in Kaklsa Lake N W T.

‘(D Chrlstlansen pers. ‘comm. ) . BlngOd (1972) and Ash
'(1974) ‘noted predatlon upon young of the - year yellow perch
in Plgeon and Wabamun Lakes respectlvely ‘ In Lake Wabamun‘
this occurred durlng the fall when the small yellow perch
':Qere mov1ng 1nto deeper water and the. lake wh1tef1sh were
mov1ng 1nto>the shallOWS thelr dlstrlbutlons durlnq the
dksummer overlapplng only sllghtly or. not at all

| The utllizatlon of food other than flSh was not

i N N . i
) documented durlng thlS study., However it: was noted that

":'some 1nd1v1dual lake whlteflsh appeared to spec1allze in-

Yo

>

' ' partlcular prey types the food of an 1nd1v1dual belng

exclus1vely composed of or domlnated by, a. partlcular prey
: .

1tem such as Pontoporela sphaerlld clams phryganeld caddls

.15f11es,»flsh eggs or. occasronally flSh Other 1n61V1duals
. ) 5

“taken at the - same tlme and place were §pec1allzlng 1n
| : . !

,dlfferent food 1tems or contalned a varlety of foods. .

3

_ Short term 1nd1v1dual speC1allzatlon mlght arlse as the

.

27



result-of rapid learning and the formation of a searoh image.
Two p0551ble advantages of thlS mlght be an increase in

)
feedlng eff1c1ency and reductlon of 1ntraspecif1c competltlon

The 1mpact of)such a phenomenon on’ forage flsh 1s 111ustrated

by the large numbers of nlnesplne stlcklebacks eaten by lake1~'

whlteflsh. Lake whlteflsh are smaller than the character*_:

1Eistioally”pisciyorous'flshes, and generallyvprey upon-lnverte-f

4 : _ . , o . : T
brates. Lake‘whitefish are”sufficientlyrnhmerous to act as

%

28

e

"51gn1f1cant predators of small £ish, at’least of'thOSe species_:

/ - 4

or their developmental stages that are suff1c1ently small

.slow sw1mm1ng, or. lack effectlve defense mechanlsms | Bldgood’
(1972) suggestS'that.by preying upon . the young of‘the year

walleyef.lakelwhitefishtcontrlbuted to the decllne of this
.séeoieg,in-Pigeon Lake,» In Cold Lake the young\ag\;he year

of most.specieSqof fishkare not 1n~contact W1thvadult.lake
whitefish, and although other factorsfmay be'impdrtant for

L
-

'mai taining this”segregation; it may ‘be relnforced by the

N

‘é ence of thls potentlal plsc1vore.,

Iys

The Dlstrlbutlon of Lake Trout o : o

-

B .

' Locallty records for lake trout are shown ‘in :

s

flgure 6 Adult lake trout are generally dlstrlbutea P

throughout the lake durlng the w1nter but seem to be concen—.

i trated near the lake margln in early summer untll mld or N

late July, after whlch they are found 1n deep water through-._

out the lake._ Movement to spawhlng areas ln Shallow water,-

- .
[}
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then 15 C. ]

mthe three Summersfofxthis study;1’ : I R

'such as the rock bottomed'area near the outlet stream

\

”occurs durlng September and October Iake trout were taﬁen
'at depths ranging from 1 m below the surface in. 2 m of /

i water to near the bottom 1n 97:5 m (320 ) | No young of - the

I

.. year were collected but sub- adult 1ndgy1duals of age cldsses

l

II+ and III+ were encountered in moderately deep water, to a
"max1mum depth of 36.5 m (120 ). Water tempetatures at the

' depths at whlch lake trout were captured were always less

I

|

v

Lake trout do not appear to be abundant in Cold :
|

Lake, only_92 spec1mens belng taken durlng nettlngfdunlng»ﬂx;

L
|

Discussion

Lake'trOUt have~thergreatest vertlcal and hori4
zontal dlstrlbutron among the plSClVOIOUS flshes of Cpld ’

Lake‘ the extents of both reachang a max1mum durlng the

»w1nter months. Durlng the w1nter they may be taken trom :

\.
“all depths" durlng the’ commerc1a1 flshery (Mlller 1$56)

iImmedlately followrng break up lake trout appear tO‘ e 7

-

“concentrated in- the littoral zone.' Durlng June of - '970 and

i

t 1971 18 1ake trout were taken 1n less than 13 7. m 45 ). of
"water wh11e w1th equal frshlng 1nten31ty at depths greater
v'than thlS, only 4 spec1mens were taken.l Durlng Jun of 1972,'
'20 1ake trout were taken in shallow water whlle no e were o

taken,at depths.exceed1ng_13,7nm.: Shallow water a gllng for

30
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lake trout was observed to be generally successful untll at

<

least late June Mlller (1956) documents 51m11ar shallow

water angllng success for lake trout durlng the early portlon

' of the open water season at-Cold Lake Scott and Crossman o

(1973) hote that lake trout generally frequent the, surface

'waters of 1akes 1mmed1ately after. break up. In July as the

o .

' eplllmnlon warms lake trout move 1nto deeper water Catches

’of lake trout in shallow water durlng July decllned whlle
those for deeper water 1ncreased Mlller (1956) observed

that lake trout in Cold Lake tended to av01d water warmer =

~than lO c. The: preferred temperature of thlS spec1es ranges_

'characterlstlc of the llttoral zone of Cold Lake untll near

1 .from 8 - 15. 5 c (Ferguson 1958) Thls temperature range is

 -the end of July . Of a total of 22 lake trout caught durlng

{"AUgUSt of the years 1970 72 21 were taken at depths 1n

excess of 13 7 m. The 51ng1e shallow water spec1men was

<3

"_taken from water 2 m deep 1mmed1ately in front of the outlet

: stream durlng a perlod when effluent water was cooler than

| ['water of 51m11ar depth throughout the lake (see flgure 7)

Durlng, and after September lake trout are con-V"

:centrated 1n those shallow water areas w1th cobble—boulder

:substrate for the purpose of spawnlng (Knut Moller pers

-'Acomm ). The 51tes of egg dep051tlon are only occupled at [

‘}nlght the lake trout apparently mov1ng to adjacent deeper
| areas durlng the day The duratlon of the Spawnlng perlod

' has not been determlned but may be expected to be from lO

.\..
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The Food of Lake Trout

' days to 2. weeks as in other areas (Martln 1957 Rawson 1961)

, at which tlme, they may be taken by angllng in shallow water.

\-'

.Slow dlspersal occurs follow1ng spawnlng, g1v1ng rlse to the;

general dlstrlbutlon of thlS spec1es throughout Cold Lake. 3

The upper llmlt of the vertlcal dlstrlbutlon of

. lake. trout in Cold Lake appears to colnc1de w1th the depth |

<

of the 15 C 1sotherm

Results -
== r

The stomach contents of 37 lake trout are llsted

1n table 4 : FlSh were. the only food 1tems encountered -and

‘ backs.l Only a- 51ngle Juvenlle lake trout was examlned,_u

RS

'the remalnder belng adult and large sub—adult 1nd1v1duals.A
“Seventy flve percent of the 1ake trout with food 1n thelr -
pstomachs caught 1n deep water had eaten c1scoes, the : )
h,remalnder contalnlng stlcklebacks.f In.contrast only 14 3%_“°
"of the shallow water specxmens contalned CLSCOes and 85 7% R

,contalned stlcklebacks

ClSCO&F removed from.lake trout stomachs were sub-~‘

'°;ladu1t or adult 1nd1v1duals of 15 cm or greater fork length

_.All SthklebaCkS examlned from 1ake txout stomac%s were

L.
adults, most of whlch were large rlpe females. The mean

unumber of prey 1tems per 10 cm length class appears to

..)'

f33

f Mlller (1956) notes that spawnlng is flnished by late October,i'

'4conslsted of only 2. spec1es, c1scoes and nlnespine stlckle--."'”
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Table 4. Stomach’ contents. of 37. lake trout caught-ln Cold. Lake May-
: September 1972, o o :

" size of predator " Depth of capture . Number and. species of prey )
(10 cm fork length class) = 13.7m 13.7m .ninespine stickleback cisco

1
1
10
Coi. - empty -

56 o

v 18 5 S o
.30 0 0 . -
’ lg\\n.v t ,"»"

48" T
o ‘empty -

29
10

60 -
.

61

(I VR AN PO R

R R R R TS

a*+¥+f'

- +(67

NN TR B R
NI ENY

}+f++++

A O S B

NNV AANNINOOR RN RGNV LN AL AAW

PR

e 2 An undetermined number of stxcklebacks were-regurgitat-d whiIb ‘the 1ake
: t.rout was’ stxll ;n the wat;ex:. _ A E

R Haximum depth at which n;nespxne stmcklebacka were notcd during tha
present study o . o , SR




"vyespec1ally in the case of r1pe female 1nd1v1duals swollenug,-

35

: ‘1ncrease w1th 1ncreas;ng predator 51ze when ‘the 40 50 and”’

60 cm . length classes are compared (see table: 4)

V[’DisCusSion

The dlet of adult lake trout 1n Cold Lake 1s

%

l'fnotable for a number of reasons Apparently only two of

'the potentlal forage flSh specles are utlllzed . Examlnatlon'

'gof a larger number of lake trout stomachs mlght reveal the :

_*1nclu51on of other spec1es however the data presented 1n ta—'pﬁf

‘ble 4 are con51stent wrth observatlons made 1n 1971

ClSCO B have been noted as an 1mportant forage ‘i’

"t‘_flsh for lake trout 1n many populations (RaWSon 1961-»

.Dryer et al 1965 Martrn 1970) | In Cold Lake the dlstrl-'

"_butlons of 1ake trout and c1sco are ve*y 81m11ar.. Thle;A

'thelr potentlal as. a forage flsh for lake trout Stlckle— L'.

'-backs appear to be avallable to lake trout 1n a somewhat

-slmllar fashlon,:but become more so dUrlng May-July When;;fﬁg

Tdense aggregatlons of adult stlcklebacks are found 1n
'ﬁshallow water along the lake margln. Although ClSCO 1fand: .
'jother spec1es of potentlal forage flsh are available durxng

'M;this perlod lake trout appear to prey selectlvely on
"-lstlcklebacks, perhaps owrng to thelr ease of capture,ifg;p‘

g

'wzth eggs.» A search lmage for stlcklebacks may be formed:tg

".slmllarlty. comblned w1th the abundance of c1sco '«enhancesu.“'

by the lake trout at thlS tlme, servlng to 1ncrease thelr.hTﬁgg_;_J'



” eff1c1ency as predators up¢n thls spec1es, and resultlng 1n

thelr 1gnor1ng other potentlal prey specles The seasonal

. fsuperabundance of potentlal forage flSh along-the lake

| :f:tO be found 1n low numbers durlng examlnatlon of :a laré@ R

e number of stomabhs It is of 1nterest that lake whlteflsh”f

;Lmargln may in part explaln the shoreward movement of lake
>trout at thls tlme ' Such a prey orlented movement ‘has been

:suggested for ralnbow trout (Salmo galrdnerl) feedlng on ,ff

-red51de shlners (Rlchardsonlus balteatus) 1n Paul Lake, B C.

u‘»by Crossman (1959)
. Lake whlteflsh are apparently not utlllzed as. food

"_lby adult lake trout 1n Cold Lake, however they may- be expected

",Mdecreased 1n 1mportance as a forage flsh for 1ake trout 1nfﬂh

Ontarlo, follow1ng the 1ntroductlon of c1scoﬁ; B

e/
Thls may have been due’ to the relatlve o

[ake Opeongo,

aabundance of these two coregonlds and/or that cxsco "age3,"
e frequently encountered 1n dense schools.‘ Whlteflsh of thear’
'e;51ze _range 15 25 cm'are far less numerous than cisco jg@f;f{f"
| the same 51ze range 1n Cold Lake and are encountered 1n h

f*smaller, less dense aggregatlons._ Young of the year lake Co

.;}whlteflsh 1n Cold Lake occupy Very shallow water along theﬂ;t:p“-”'

lnvf.lake margln untll late 1n thelr fxrst summer of llfe and ﬁ;gg

- are thus not in: contact w1th lake trout
1 . ] TR AT
' Other forage flsh specles that are 1mportant diet
filltems of lake trout 1n other areas but not 1n Cold Lake

'1f1nc1ude SCUlplnS, yellow perCh and troutperch“ '§9ulpinsf¥{;ﬁfif'h
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.'__were an 1mportant diet 1tem of lake trout in. Lake Mlchlgan
(Van Oosten and Deason 1938) and Lac La Ronge, Sask (Rawson
l9él) Thelr absence 1n the dlet of lake trout 1n Cold Lake
may be due, 1n part to thelr be1ng locate% mOst frequently
among large boulders or othehw1se coarse substrate and thus
'less acce551ble than are. llmnetlc forage spec1es Yellow ~d“
'perch were. formerly the most 1mportant forage ﬁlsh for 1ake
'dtrout in Lake Opeongo (Mart1n.l970) but the dlstrlbutlons of

| these two spec1es in Cold Lake appear not to overlap (flgures
6 and 14) and there 1s thus llttle opportuglty for predatlon
on yellow perch by lake trout Trout-perch appear to be rare
in Cold Lake and perhaps not encountered frequently by lake
'trout whlle i other areas they are more abundant and
,ﬁutlllzed by lake trout (MCPhall and Llndsey,1970, Scott and
}dCrossmanfl973) | ) ' '_‘ | : t" | ‘,l
Cannlballsm has been noted among lake trout 1n the‘\
:.absence of other potentlal forage flSh (McPh311 and Llndsey,
'2'1970)' but 1s 1nfrequent 1n Lake Opeongo, where only eleven };?1~

f.lake trout were coqtalned in 17 000 stomachs examlned

"(Martln 1970) It 1s probably 1n51gn1ficantx1n waterl w;th

'“jsuff1c1ent forage flsh 1nclud1ng Cold Lakefl

Invertebrates are’ not generally‘lmpo tant 1n:the
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of'forage'fish ' The opossum shrrmp (My51s rellcta) and the

;amphlpod Pontoporela afflnls may be 1mportant 1n the dlet of

.young lake tr0ut in Cold Lake as they are- 1n other lakes
‘(McPhall and Llndsey 1970 Scott and Crossman 1973) N
Lake trout that had eaten c1sco : contalned two"
| to five 1ndlvrduals from Wlthln a:narrow (15-25 cm fork
l_length)'size'range.s Both large and- small lake trout ate
.c1sco / of 51m11ar s1ze, that is, there ‘was no apparent -

.-

1ncrease in prey s1ze w1th 1ncrease in predator 81ze Too;

]

'.few lake trout were examlned to’ determlne whether the numberﬁ ;;lr

L of c1scc j eaten 1ncreased w1th 1ncrea51ng predator 51ze.,_.,7'"

‘*f.ffW1th great frequency at any part1cular tlme andfonly four""‘

Martln (1952) and Paterson (1968) found few empty stofna

o The mean numbers of nlnesplne stlcklebacks per stomach forl
40 50 and 60 cm fork length classes were 9 21 3 and 30
reflectlng -an 1ncrease 1n number of prey eaten wlth 1ncreas—yifp-yh
'v._1ng predator srze.' Martln (1970) found that rather than ”}:l;i{;
'.featlng more 1nd1v1duals oﬁ.F prey spec1es, larger lake troutv
in Lake Opeongo ate 1arger 1nd1viduals.‘ Slnce the stlckle-ldrfrffi
afbacks preyed upon by lake trout in Cold Lake are close to .
.’1_the max1mum slze avallable for thls specxes (1n Cold Lake),ﬂgf{ld;

}the mncrease in’ numbers eaten per predator seeﬂs predlctable

‘Ffaln the absence of SW1tch1ng to alternate Prey-;‘fffft).f»f'~

S Empty stomachs in lake trout were not‘encounteredmz

5]o£ 37 stomachs examrned durrng the summer of 1972 were em t

f~f1n lake trout durlng the summer,ébut their frequency i
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: lncreased and reached a peah in the fall. Lake trout can’
'not be caught by angllng durlng spawnlng t1me (Mlller,l956)
‘presumany becauSe they feed less when spawnlng ' Paterson f
,(1968) however, noted no great dlfference between mature and
*1mmature lake trout w1th reSpect to empty stomachs durlng

e.the fall There may be a seasonal decllne 1n feedlng

)‘act1v1ty for thls spec1es 51m11ar to that noted for plke by

"’Johnson (1966) and for brown trout (Salmo trutta) by SW1ft

'(1961)

‘Rainbow 'Tro'ut S

s

yR;ver 1n 1963 and s1nce that time approxlmately 5 000

ﬂg;flngerllngs have been 1ntroduced there annually (K Moller, -
.;fpers comm ) on one qua51on yearllngs were released and

:fffthe 1972 1ntroduct10n of coho salmon contalned an unknown"

_"ﬁquantlty of ralnbow trout yearllngs No reproductlon 1sv

l 'b:'known to have resulted from these plantlngs

Two ralnbow trout were netted in Cold Lake durlng

,,\,

.‘1n 2 of water near the Medley Rlver both specxmens belng

"f]% oj;ﬁ. Durlng thelr flrst summer in.the Medley River

| *rflnvertebrate materlal Spec1mens 30+cm fork length weighxng

Ralnbow trout were flrst 1ntroduced 1n the Medley

. _‘the present study,-one 1n 9 ‘m- of water 1n French Bay and one

o

39

*'H.;(presumably) flSh that had recently been 1ntroduced.;yiff;‘.u

"’Q ralnbow trout eat a w1de varlegg'of terrestrlal and aquatlc ffﬂ,'j

*from 400 800 g, that had over~W1ntered successfully 1n the-[f7-:’




’”7_The Dlstrlbutlon of 4

" 40

«

Medley Rlver were examlned durlng June and July of 1971

A}

~and 1972. Over 90% of:the volume of - food contalned in thelr

stomachs was nlnespln: “:backs | Ind1v1dual trout con-

‘tained up.toh34 specis ZStlng entlrely of mature
adultsf479 f cmff" _;ver 66%’were ripe females
N Theﬂstgﬁdch Céngf ‘wfesplne sticklebacks also co —;
'tained.a’siﬁéle'i jistrckleback A shlft to flSh
'Qhégé théy~aré_a§$3‘hff éffrom an earller dlet of plankton

and aquatlc 1nvert- ".1s characterlstlc for ralnbow

'trout (Scott and Cr- ;an l973) but cannlballsm appears to f_i;"u

be rare._-.”

f Salmon__'"
Locallty records for coho salmon are: shown 1n

<?figure_8. Nettlng resu;ﬁ; durlng the summer of 1970 and

'January~February*of lef , Buchwald (1971) are shown 1n_'“

:dtable 5.. The catch it effort at depths 1ess than

l; 13. 7 m was consrstently hlgher than at greater depths,'“f‘”'

- ranglng from 1. 67 - 2 58 salmon per 100 net-yard-nlght p:l_rkfki,":
':durlng the opeh water portlon of the year.r Nets set underiffff
the ice 1n Jaﬁuary-February caught o 43salmon per 100 nEtjf's
;yard nlght Ln shallow water and none in deep water.f The L

’,ﬂresults of 51multaneous nettlng at depths greater or less .f!é

‘_than 13 7 m, durlng the summer of 1971 are shOWn 1n table 6. d~‘5

v7szOISalmon were taken at depths greater than 13 7 m, whlle-ff"\jf .

i gé specrmens were captured 1n water 1ess than,'or equal tovci

K]
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Table 5 .Gill-pet catches af - coho salmon in Cold Lake from July 1970 to.
. February '1971. = . .

‘Month

_ Netting Effort
(100 net—yard-nlghts)

Depth

No. of No. of Salmon pg}

"~ Salmon - _100 net-yard-nfbht:

July

August

[

" Ngvember . .

’ . Jaﬁ;—_f‘eb.

.

N w :
VW We NO VW

‘oo oo -

B

(13.7v

»3.7

<13.7

3.7
<13.7

>13.7

.<13.7
- 213.7

m.

m.

m..
me. .

m.

m.

£
« . e

© o

. et

i
R3S WO O b

e
oo

o« 8 -

"Tablé‘s

o

Catches of coho sa lmon 1n sxmultaneous gill-net sets ih
. water less than, and greater- than 13 7 m.

o~

Month

. £13.7 m.

) &etting'Effprt:;‘

No. of
- Salmon

>13;7 m .
No. of =
8almon |

-

/Nettihg ﬁffofth

Fébruéry
' Jhly
August

'September

1200 n-y-n’

'l'fZSG n;y;h

800 n-y-n-
650 n-y-n

Nk

vo

1200 p-y-n - .. 9.
 }130p>ﬁfyan;',:i  "$ 
"2650.h-y—n




43

30 saswuns oy Butinp 1e3em 3o

&

-svajv 300108 rukdo-uul- Sy3 woij srearsjujl w T 3w usyey uowyes

Is]

©

*ZL6T PuT TL61

w

.

OYod FO' sIequnN g STqel -

S,
" ; L4 .
N .
& s
i - a . Q.. -
. . ) ’ ) . peanaded -
. T L onM;m 8T ® m 1 .0 ‘mo T. A 00 I ucuTes 3o .zequiy . v
T2 0Z 61 BT LT .91 ST T €T 2T .IT O] 6 8 L O, sanqessduey . .
o N . ' - hE ' .
) "TL6T 3@ 3Isnbny Huranp sinjerddussy yoee je pexnjded LT - N
- uocutes Oyod o zequau pue eInjded 3o yIdep 3w seanjersduny 193eM ‘g erqel .
® . . : . . j S -
3 ) By < l,
’ Q
e y i . o o T, o . C a
© ® 0T Tz TozoloeceTloooooT Tzt oloo O ¥ €T oe. Tlo et v ort  JOeRISR
- . . 2 .; - ) " ’ ) . ’ ) : ) | . N ..4 . : Y . " ) ﬂEv .wnu;'
L°ET T 1T 0l’6 8 L 98 ¥ £ z 1 0ol6'8 L 9 § P €.z T o9 s v & 2 1 .o € -z 1 ° woxy yydeq
L E1-6 6+9 i 9-¢ £-0 (w) x93em
. s Fo yadaq~



v

]
. | | | : ;
this depth-' The catch per 100 net- yard nlght in shallow
water was 1. 24 salmon Durlng 1972 all salmon netted were

vtaken in less than 13 7 m of water, ‘with thehexceptlon of

'those taken by commerc1al flshermen from-water - approxrmately

i
e

18 m deep, the depth of capture for whlch " is underta1n.<

tSalmon were taken by angllng in shallow water an? from the
”t0p 2 mof Water about i& m\deep The depths 1nfthe water
column at Wh1Ch salmon were taken 1n water from 0 - 13 7 m.

, . : r
deep is’ glven in table 72 _Most salmon were taken from water

less than or equal to 6 m deep In 1971 72 8921% of the sa1- :

f'mon caught Were taken in the upper 2 m of the w
' l

- Ten of 18 spec1mens taken from water 9 - 13 7 m deep were ,

ter column,

[

caught in the upper 2 m. Salmon werevrarely a soc1atedfk
with the bottom at any depth of capture. '/”h .
Table 8 shows the dlstrlbutron of n%tted salmon
‘jln.relatlon to water temperature at the depth/of capture
.Salmon were caught most frequently in 16 - Zb c water.hﬂ
Those taken at 1ower temperatures were,dfor #he most part

in shallow water in late August not from. cd%ler water at

‘lgreater depths - o “,. o dfd e

Dlscu551on L S S
‘ . o o

Coho salmon in Cold Lake appear

o odcupy the

surface waters close to shore and the . upp" portion of the'
X i 44‘

water column 1n the shallow portlons of b ys., Cdyo salmon

{

_'resrduals (non anadromous offsprlng of a ‘dromous parents),}‘

)

-
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in lakes such as Cultus Lake, B.C. occupy the shallow B .
_portlons'of the lake (Foerster and\klcker 1952) whlle anadromous
vlndlvrduals tend to occupy the upper 3- 4 m of the‘water
column durlng the oceanic portlon of thelr llves (Mo;seev
: 1956). Coho salmon 1ntroduced ‘into 1nland lakes have dlS—
trlbuted themselves varlously 1n dlfferent lakes In the
.Great Lakes they probably remaln close to shore for the
}flrst few months before mov1ng to the llmnetlc reglon
'.(Scott and Crossman, 1973) A 11mnet1c dlstrlbutlon was -
found for thlskspec1es in Parv1n b&ke Colorado, (Kleln
and Flnnell 1969) and 1n Pallette Lake, Wlscon51n,‘(Engel
fl972) Kleln and Flnnell also found that 1nshore waters
‘were OCCupled by coho salmon.ln-Granby~Reservolr Colorado; 1
o Engel (1972) attrlbuted the 1ncrease in medlan
_depth at Wthh coho salmon were taken,“from Ma unt11 August

‘.r.

to thelr aVOldance of warm water However hls data 1nd1cate

| ‘that there were not 51gn1f1cantly more salmon taken at

atemperatures below 16 C than there\were above thls temper—'

'vature 'vThe temperatures w1th Wthh coho salmon have been

'most frequently assoc1ated w1th durlng the summery in other

"lakes where they have been 1ntroduced range fromkll 1

a Colorado reserv01r (Korn and Smlth 1971) to 23 9 C in the lhe
shallows of Granby Reservolr, Colorado, (Kleln and Finnell"

E 1969) : Brett (1952) found that laboratpry reared Juvenlle h'
"coho salmon av01ded temperatures hlgher than 15 C and :

| preferred temperatures of 12 - 14 C. ‘Where temperature is
) o . " . '». ok e :



A

~

the only parameter varled in a water column durlng pref—»

erence experlments 1t may strongly 1nfluence the depth

dlstrlbutlon of coho salmon, but the depth dlstrlbutlon and ;

46

temperature assoc1at10ns of salmon in" both: natlve and 1ntro-u'

duced populatrons, espec1ally the younger age classes ‘1s

not con31stent with Bretts flndlngs Brett et ad (1958)

o concluded that the genus Oncorhynchus was stenothermal but

.noted that the two characterlstlcally plsc1vorous specres

the coho and chlnook salmon could tolerate warmer water o

©

~than the other sp601es It was also determlned that the
ptlmum temperature for sustalned cru1s1ng, for coho salmon,{

was. 20 C The dlstrlbutlon of the members of a populatlon,

may be expected to. be concentrated at or near that portlon
!

of the hapltat -Wlthln thelr range of temperature tolerance,.

./!

o where food is most readlly avallable, and thls may be more

important 1n determlnlng the dlstrlbutlon of coho salmon
than thelr preferred" temperature. Thls 1s further
dlSCUSSEd w1th reference to the feedlng of coho salmon K

b

(below) | Alternatlvely the coho salmon may have occupled

deeper, cooler waters, and made feedlng excur91ons 1nto the';

(

'shallows and sprface waters, durlng Wthh due to thelr

'b 1ncreased activ1ty, they were more susceptlble to capturev]-

\
by glll—nets

¢

The maximum . depth at whlch coho salmon were taken'r-‘k'

1n Cold Lake was" 36 6 m- durlng the summer of 1970 (Buchwald,' o

1971) The occurrence of small salmon in deep water may be‘
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‘related. to thelr mlgratory behav1or as mlgratlng coho
salmon smolts prefer deep water (Hoar,1951) The mlgratlon
of some members of the 1970 1ntroduction (— 1969 stock) to |

"~lakes downstream from Cold Lake suggests that the lake was |
'elther not a su1table ocean substltute for these 1nd1v1duals,’
gor that whlle it may not have been so for. the stock as a -

_whole only spme 1nd1v1duals successfully located the outlet

while their mlgratory drlve was Stlll suff1c1ent to result

in such downstream mlgratlon ' Foerster and Rlcker (1953)

‘_jsuggest that the occurrence of re51dual coho salmon 1n “the

>'last (downstream) lakes of rlver systems 1s ow1ng to" |

3 heredltary factors 1nfluenc1ng mlgratory behav10r.

: An 1nnate response enabllng salmon smolts to
'successfully negotlate a lake durlng the course of thelr"h:
‘downstream mlgratlon would be selected for 1n populatlons ﬂ:?f'
’1swhere lakes are normally encountered by the smolts, and
poorly developed or absent 1n populatlons that do not mlgrate _"'~
-3;through lakes The exlstence of such heredltary factors has

.xbeen demonstrated for. sockeye salmon (0 gggkg) by Groot

'-(1965) : SR S
R Based on negging results durlng the summers of
v1197l and 1972 there ‘is no ev1dence that the 1970 and 1971

stocks occupled deep water.. It 1s uncertaln whether thei~“

'-"dlfferences 1n depth dlstrlbutlon and mlgratory behavxor was»7

due to genetlc dlfferences, dlfferences gn the manner rn',ff

whlch they were introduced or a comblnatlon of these factors.“et



Durlng 1972 monofllament nets placed across the
- Cold Rlver outlet about 100 m downstream from the lake
falled to. catch any salmon from the l97l stock leaV1ng the

lake, even though they were abundant 1mmed1ately west of‘

o the outlet Durlng l97l many 1nd1v1duals from the 1970

fstock were netted at thls locatlon (west of. the outlet)

8

'BuchWald (1971) concluded that a hlgh portlon of the 1970 g

]

stock was leav1ng the 1ake via the outlet but the rlver

7ynett1ng durlng 1972 1nd1cated that&the presence of coho

:A;salmon near the outlet was not necessarlly assoc1ated wrth
'thelr leaV1ng the lake | There were no reports of coho |
:.salmon from the 1970 and 1971 stocks belng caught 1n the

lakes downstream from Cold Lake as. there had been for thev.

: ‘1969 stock The presence of a current and 1ts effects on fl

g -the feed;ng of . salmon (see below) may have resulted 1n the‘;

.iconcentratlons of thls sPecles near the Eutlet and at . -

“Salmon Bay" near the Medley Rlver WHEre eatches were 0 94

ifiand 1. 06 coho salmon per 100 net—yard—nlght,lcompared w;th
:b 64and()£5 coho salmon per 100 net-yard~n1ght 1n the o

'fshallows of Engllsh and North Bays re8pect1vely,r}'

Too few coho salmon of age CIass 2+ were taken to _r;

_tdetermlne the dlstrlbutlon of thls age class, however those

h'»taken were from shallow water,lélmllar to that occupled by

‘ ’:fjacks and 1mmature 1ndlviduals._ The relatlve paucrty of

older salmon may appear exaggerated 1f the older 1nd1v1duals

fdxffer 1n thelr dlstrlbutlon. However COmmerC1al flShing in’

‘ - . . . . . - R

48



deeper water with large mesh glll—nets ylelded only a small"

I.number of 1mmature 1nd1v1duals and no maturlng 1nd1V1duals,'

T

other than precoc1ous males durlng July of. 1972 The low_"

'numbers of 2+ salmon taken durlng each summer comblned w1th\

1ow returns tao the Medley Rlver'xn the'fallsvof 1971-1973

Qprobably reflect low survlval of coho salmon after‘ﬁheirﬁ

1n1t1al summer 1n Cold Lake L _v."'h SRR ;

»

oL
S BT
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IhE_EQQQigi Coho Salmon o L l-hv i.'Ta'
o The food of coho salmon in 001d Lake was detérmined S

by analySis of- the stomachs of 223 specimens collected during

' the open water seasons of 1971 and 1972. The diets of age

“ﬁ'tuted 17.9 % by volume of the diet. coregonid fishes, again

class l salmon from each year, and those of precocious males'
\‘-(Jacks) and adult salmon are summarized in table 9 . Emerging:‘
| and adult caddis flies dominated the diet of l+ salmon during
‘iboth years, accounting for 42 3 and 54 6 percent _of the’ . ~h
'[volumes eaten by this age class in 1971 and 1972 respectively.}s
- NineSPJne Stitklebacks constituted the second most important
fitem and . accounted for 14 6 % of the volume in 1971 and _
| % in 1972. Fish accounted for 17 2 % of the volume in d'
*h1971 ‘and 33, 9. % in 1972 Coregonid fishes, usually young 1\{ff;~‘
'f of the Year 1ake whitefish, ranked second as forage fish for (
1+ salmOn cher fish eaten 1ncluded Juvenile walleye and
:lsuckerS, and a single adult cyprinid Terrestrial 1nsects
'.:made &P Over 16% of the diet in both years. ‘This group of
food Organisms was dominated by leaf hoppers (Hémiptera),
sHymeantera and 001eoptera. The remainder of the diet of
"i1+ salmon COnSlSted of aquatic insects, crustacea and 1eeches;ffi.uh
"Jf;,'-;f; Ninespine sticklebacks comprised 56 9 % of the |

-

7>volume Of the diet of precocious male salmon. Emerging and tﬁ,ﬁfw?

~adult Caddis flies ranked second in importance and consti-fl-f“”

. 1argely YOung of the year lake whitefish ranked second 1n ;

- importance as forage fish. Leaf hoppers were the only
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“Table 9. F°°d 1tems e“CPUntered in age class 1+ coho salmon of the 1870 ST
©-.and 1971 stocks, Precoc10us males and’ adults ST

\.1_

at

i'zi(ﬂ§76]stock)

_ Fdod "]Af“'tem“‘j,'._' o

i Occurrence

\

P volume

PR -O’:;curr,enc_g :

(1971 stock)v 539

1o

Pr

L Occuz,:gncé

ecoc ioug ’
males

71,&,1972y; 

" pdults (1871

;and, 1972) -

[® oceurtence: -

"R volume

(adults) 352’5

- Nznespxne ,3-1*
‘_j;stzcklebacks

‘ Leaf: hoppersf*
.Lake whltefish -; -_&"
1,8

©25.0

5; Cisco ‘ il
.Unidentified S 1.8:_
_jt.‘oleoptera . 30, 4'. ,

' Hemiptera
- (Corixidae)-

-‘Diptera_ _*1

_odonata ‘7
'“.Hymehopfefa :
1 Ephemeroptera C
fUnld insects ;
. phipoda
. VMysis ) 1.3'

N H;rudinea '_,» "1;8H
~ other ‘fish: . - i B
“rUnid fish [{v;-_QJ

12.5
if21 4

28, 6 ¢
‘1.8
8.9
7.4

_ _'lNo. of stomachu
. No. with;fgod“

'25}of_

- 23, 2! .

42.3 °
5.1 .
-j1 7.
ijﬂas
8.1
8,2
8.3
5.4
216
3.-o.l'
0.0

e

2 l
"1 1

25,8
2.9

1.9
5115 SR

-

| ".>l.j§‘.‘ :
nal
2.3

. }o o: - ‘. .v

- P* volume

54.6
24.0[
13.2
3.3

ﬂJ 2

e
B

'60.9 -
8.7
8.7

4.3

179

PR volume -

56.9 .

28
28

22,77
"8;5}}#
8.7 ..
4535?“

év 3

*:§ j2;f

2.7
25-9’;,":f1., |
27.31]-]u_

4 5
X 1

Ca

T
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terrestrial invertebrates encountered in Jacks

FlSh comprised 57 7 % of the volume of the diet

’2of adult salmon, consisting of 27 3 % ClSCO, 25 9% ninespine
tisticklebacks, and 4 5 % unidentified coregonids._ Emerging

' ~and adult trichopteranS‘were the most important invertebrates ﬂ.“’

in the diet of adult salmon and made up 26 3% of the volume.g,:‘~~t

_vTerrestrial insects (leaf hoppers) formed only l 8 % of the

d‘:%frdiet the remainder of Whlch consisted of aquatic invertebratesfd_i

“i;other than Caddis flies._

)

dv7'males is summarized to show the variation with length class

TS

The food of age class l+ salmon, including precociousfjn;

I

B ;;in table 10 The volume of fish eaten increases with the size rf”i’

S of the predator.‘ Ninespine sticklebacks were eaten by salmon “ﬁ”

57|'v

”7'as small as 222 . fork length

isco were encountered Singly or in twos/in coho RN

"c.salmon stomachs while young of the yqar lake Whitefish Occurreds”"
fiy“singly, or up to three individuals per salmon stomach Cisco

'4removed from salmon stomachs were sub—adults or adults and

l

‘lf.no young of the year individuals were found Salmon preying

,rtupon cisco were as small as 365 mm (a precocious male)

All age classes of ninespine sticklebacks were

gencountered in salmon stomachs._ Age class l+ salmon preying
;“on this spec1es contained from 1-33 (x ‘ lO 4) individuals e
ﬁ':during 1971, and from l 100+ (x = 20 4) during 1972 Precocious i 1
”male salmon preying upon ninespine sticklebacks pontained from o

"“;,1 llO_(x 27 7) individuals while the stomachs of seven adults ffff



53

0°TT
0°68

T 0.0N“
: 0°0T .
- 0765

Pal

< 0°TT

- 0°0L

Ss*6T o~

00

- B
82

-~ 0°0
6°€.
8°TT
Z°€¢€
.m..-,N N

- 0%o0T

1

mmumunouno>cﬁ Hmuoaw
. YsSTF Tejol

TR RN mvﬂnﬂumao PoTITIUCPTUN

e . x3ons - mmoamGOA,a
Sem . aKoTTEM.

_v.wW.L..a T Smﬁm PeTITauapTUn .
T ST eeUTPNITH

e e T e exagdouawiy -
e L e e exa3dtq

SRR .A,,_ . 8pTUObaIOD
L,.;__. umamauamvﬁcs_

S e T . . oDSTO

Y nmﬂmmuﬁn3 axeT1
Sl xomﬂmaxoauw suTdsauIN
S S mummmon FJeoq -

: Amuﬂbvmvmuwumosoﬁnﬂm.

.Ho> Fo x
mmm omm,

*ToA FO%
6%€-00€

o-

*ToA 3O %,

662-0SC

“Toa 30 %
- 6d2=002"

- “Toa 10 %
© 66T=0ST

- we3I pood

¢

L JnOﬁumﬂnwa

,.thﬁ

v@kaon S)eT

- (wux). mmmﬁo numcog

vcm TL6T mo mumﬁﬁsm mSu maﬂusv mmmmmﬁu nama T hﬂ .
vaoo Eonw co&amm osou +H,mmmao wmm Jo mEmuw voom *

B

eTqRL

N



-

54

S

L

,ﬁcontained from. 1- 92 (x = 22. l)

The £requency of empty stomachs in salmon of age

class l+ was 8. 8% for the total number sampled during 1971 -

‘s%bmachs.w Only .one: adult salmon«was found with no food in

‘its stomach during June and Ju1y while many individuals taken

| near the river mouth in, or after late August contained

little or no food. f'j.""}‘j':' o _‘_' -v."? ;
The w1nter food of coho salmon in Cold Lake is o
‘known from data presented by Buchwald (1971) based on analySis

of- 35 stOmachs collected during 1ate November of 1970 and

‘February of 1971. Ten of the’26 specimens taken during

’NovembeE contained no food The sixteen specimens containing ‘L

food*had eaten a total.af nine Coregonus sp., one" yellow

T

i perch five unidentified fishes, one amphipod and one caddis

fly The eleven specimens collected in February contained

' "

one food item each one yellow perch three sticklebacks

~and 1972»Jexclusive of precoc10us males where l4 8% had empty o

(——Hﬁéﬁlgé?) six unidentxfied fish and one aqnatic beetle.; o

' i : . . T
v!,. 5 ," ', . . R . . . . SN e

Discus%ion --*h> ;"]HT'T,H-'s :ﬂﬁ;'.f'g'_ ‘f'p"'fg>*; L _W L

_—_....'..—-J———-—-—-

i
: The food of coho salmon has been described for

Lo

o
!

"nathrally occurring populations in fresh and salt water by

}

Férous Aslan and North American workers.f Abramov (1949)

ieWed the adaptive features and varying strategies of ffj

juvedile Oncorhanhus spp including the coho salmon., The _L‘“”**

.rt

\food of juvenile coho salmon in lakes has been documented byff?'f
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-Pravdin (1940),»R1cker (1941), Gribanov (1948), Synkova (1951),

and Ricker (1953) Roos (l960),vand MaSOn (1974),
/

od . of. Juveniles in salt water is discussed in

_Foerst

_while the
.

,Piskunov (1955) Manzer (1969) and Parker (1971)- The food
- of- adults in salt water is docUmented in Silliman (1941),
_:Pritchard and Tester (1944), Synkova (1951) and Prakash (1962)

» The food of Juveniles in introduced populations is
;described by Klein and Finnell (1969), Engel and Magnuson e
(1971), Engel. (1972), Avery (1973) and Peck (1974) . With the’
exception of Peck (1974) the former studies, along with v |
Borgeson (1970) and scott and Crossman (1973) discuss the
ffood of "land locked“ adult coho salmon.

The extensive use of aerial food i e. adult insects :

- of aquatic or terrestrial origin, taken from the surface of

" the water by Juvenile coho salmon in Cold Lake, is consistent ;f

]

V“vwith the findings of others in both Asian and North American

'fstudies of natural populations, of this spec1es and in investi—
'gations of introduced populations in North America.l Norlin
h'(1967) dlSCUSSeS the importance of terrestrial insects in the f o
1 nutrition complex of lakes -/ While the biomass of these | oy
~tforganisms is small compared to that of the benthic fauna,

/(
terrestrial insects on the surface of theswater are concentrated

v
ﬂfin a 51ngle plane, frequently concentrated by the wind readily
"seen from below and their ability to escape is hindered by |
‘{_their being entrapped by the surface\iension of the water.,_

hf_When the w1nged adults of aquatic insects are found on the»f

A\).. .



- surfacesOfvthe lake they become more available to certain
species of flSh -such as the coho salmon, that are not
_‘spec1alized benthic feeders n stOmachs of coho-salmonlcontain—ii
ing invertebrates taken from the surface of the water frequently
”contained or were dominated by, a'single”type_of-prey,Asuch as
-leaf'hoppers or adult caddis flies. ”Where two suchstypes‘of Hz-
' prey\werebencounteredtin a‘stomacﬁilthey’Were often segregated,
= w1th one type at the posterior end and the other at\the J
‘ .anterior end of the stom£ch thh a well defined boundary
b“where the two came into contact w1th each other : This probably'
‘yreflects highly selective feeding by the coho salmOn but may
‘yalso be due to'the temporary superabundance of these particular‘5f

L

prey types Different ind1V1duals captured at the same time

-A.and place appeared to be feeding selectively on different

'food types ‘in some cases while on other occasions all specimensi~"”

1from a Single sample preyed excluSively on :a. single food type
_“Selective feeding by coho salmon may be explained by the "jdga
'formation_of‘anspecific search image,and mayrserve to increase;.
lgthesefficiencyvof'the predator while‘preying upon a"particular:"

. food-type Engel (1972) suggested that seargh image formation

'jaccounted for similar prey’ specialization by introduced coho f'

'?salmon in Pallette Lake Wisc._ Individual specialization on
particular prey type has been noted for a number of species f‘nF
fof the Salmonidae (Martin, 1952 Bryan and Larkin, 1972) and

may result from differences of conditioned 1earning., While~-e

Ajsearch image formation cdn result in inten51ve predation up0n _7m

[,.



A
-the advantages of selective feedingt f"Indiscriminate" feed— :

N

afparticular prey type, differential food specialization may :

»result in the reductioh of intra_speCific competition for a

particular prey. type, Eroaden the scope of the diet of the

;predator speCies at that time and place, and still maintain

ing. as exhibited by some coho salmon may be viewed as® being

hopportunistic and resulting from the low availability of any

Single prey type._ It may well be adaptive where and when

-

gfood is relatively scarce but the neceSSity for different

1

search and capture techniques involved in this type of feed-<v

ing probably result in it being less effiCient than selective

,feeding under conditiOns of high abundance of prey

Aerial food remains important during the dpen water

)

season . for-all ages of coho salmon in Ccold: Lake although Jacks‘

~ .and 2+‘salmon appear to: eat less than youngAsalmon The

apparent increase in the use of aeriaf*food by aduIt salmon

\

~ The number oﬁ salmon examined from these two\cla§Ses is

small and most of the adulti sampled were taken during 1971 K

12

Qwhereas the bulk of the jacks were caught during 1972 During
01972 caddis flies contributed more ‘to the diet of young salmon,

than they did in 1971, perhaps due to differential availability

e
'during each*of these _years. Alternative y, other food types

.

dmay-have been more available during 1971 esulting in-reduced‘

predatiOn upon cagdi

 The conggibution of fish to the diet of coho salmon

‘.\
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7.when compared With its utilization by Jacks may not be real. .

Id




bincreased w1th increaSing size of the/salmon Fish did not
'gyenter the diet of young coho s%lmon in Cold Lake until mid-a v

‘,JUly at which time the salmon were latge enough to prey

effectlvely upon ninespine stickleba adults or the young

of the year whitefish that were: movi g\into deq;er watef as

o

‘they grew,‘ Other species of forage ish did not appear to

be’ abundant in the depths occupied by the coho salmon, most

]

- small speCies or recently hatched yo‘ng of other species

I

bein/g found in one m df water along he ‘lake margin. Coho‘ '

- ysalmon 1n natural populations in. Kam hatka may shift to a

"-;preferred soft - rayed fishes as prey.*

partial diet of fingerling salmon at a size ‘of - 10 12 cm.

: (Gribanov, 1948) Ricker (1941) and Roos" (1960) observed

‘tant predators of sockeye >

-~

cm probably EXperience ‘

that yearling coho salmon were impo
'salmon fry Salmon of less than 20
_difficulty in- se%sing and swallow1n. the ninespine SthkIE'-v,
pack adults bedause of the dorsal and pelvic spines of the
rxsticklebacks Observations of Salm' spp. preying‘upon brook’_
sticklebacks in aquaria suggest tha_ whila lt 1s phy51cally o
IPOSSlble=fOrismal; salmonines to ca‘ture and swallow such :
spiny fish. it is‘accpmplishedzwith‘ an inordinate'éxpense
'Lof time and energy and accompanied Y apparent discomfort yv'
hAs the coho salmon grow, the spines of the prey become o
relatively smaller and‘are lest» deterrent to predation.~
5by larger salmOn:: ROOS (1960) conc,uded that coho salmon

Threespine.sticklebacks d@




v,
[

"fseine hauls but were absent from coho salmon stomachs ln

. .'lakes ne Chignik Alaska . The spines of Gasterosteus are .

characteristically longer (in most populatiOns stuqied) oo

-than those of ninespine and brook sticklebacks, and thus more

.-.likely to act as deterrents to predation by small coho salmon},

‘““Coho salmon charge into the aggregated prey, seizing some and o

Gasterosteus’is eaten in large quantities by age class 2+ 5

.'coho salmon in a closed, relict Kamchatka Lake (Gribanov,_ _
"1948) : The sxze of coho salmon may be important ln determin—‘:
ing whether or not" spiny-rayed flsh are included in the diet{'
‘ | Size does not appear to be the Only factor involved,l

l;in determining ‘the time at which fish enter the diet of coho‘hu
’”salmon. "It is apparent from the studies of Gribanov (1948)

eand Abramov (1949) ‘that - there lS no charactenistic size at-
'”which a change frOm feeding on invertebrates to fish occurs.
Perhaps the availability of appropriate forage fish is an ?'
important factor, for where salmon fry are encountered aS'y h
‘: they emerge from their redds they dominate the diet of yearling
coho salmon (Synkova 1951) i': : f_ - '1-“ sz. |

i)

s Toward the end of July, large aggregations of young

: of the year ninespine sticklebacks which occasionally include

3

.fone or more adults may be seen in shallow water up to at

-f

1east three m deep These aggregations appear to represent a’

readily available source of food for the yearling (and older)

coho salmon GranlS and Gill (1968) describe the manner R
. v . . R Q: s
in which coho salmon successfully attack schooling fishes

Fa

[
b
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o

dispersing'the.aggregation Follow1ng this they c1rcle the
’1prey as - the aggregation is reformed and then they charge again

5chools of lake whitefish and cisco are probably preyed qpon

s

. in .a similar fashion, the fOrmer spec1es as’ the young of the

i

'year lake whitefish move into deeper water and the latter.

,when they are found inshone and near the surface in 1ate

-summer and fall Many of - the flSh spec1es eaten by coho
salmon,'in the ocean and in, freshwater lakes to which they

. ,
have been introduced, are. frequently found in schools., While

»attacking schools of fish requires a great deal of energy,

it can. result in a greater return over a period of time to

~ the predator that can do so successfully, than a less active

h4mode of predation by the same or another predator. The

ability of this speCies to consume and assimilate large
'quantities of forage fish, results in rapid growth.{ Larger fﬂ;.
‘salmon are faster swimmers and their 1arger mouths permit 'h‘
ithem to feed on a broader range of prey items. In COid Lake ;...
| this is manifest by the incluSion of Sub-adult and adult |
isco in the diet of large jacks and age class 2+ individuals.
‘ 'Predathn by’ coho salmon ?upon c:.sco may be restricted to - |
'those portions of the year when the surface waters‘and shallow
,.regions are cool enough to permit breakdown of the apparent |
_mid—summer partial segregation of these two species in COId :]v;;h}
i"Lake._ Large 2+,sa1mon may move out into the limnetic region i
_and prey more extensively on cisco than the data suggest
o However eVidenQe for this is lacking. |

v\. L

' !-_




* The frequency of empty stomachs during the summer,
"for non—maturing 1ndividuals, and. maturing 1ndividuals prior
J'to their return to the Medley River is low and probably
7indicative of a high rate of active feeding.f The percentages

of stomachs containing food during the summer in the studies |

61

: of Engel (1972) and Peck (l974) were 9;% and 95% respectively.g

_Prakash (1962) reported the number of coho salmon containing

- food in southern B C. coastal waters averaged over 90% during

‘ the sum§er months v The frequency of empty stomachs in COld

_iLake 1ncreased as the gonads matured during and after late

’.,August ‘as is characteristic for natural populations of this

':;‘species (Gribanov 1948 Prakash 1962) | The intensity of

feeding by non—maturing individuals decreases during the o

‘ winter (Gribanov, 1948 Synkova, 1951 Avery, 1973) at which

’time ‘the’ percentage of stomachs containing food is low, as is
the fullness of the stomachs containing food RN

During the winter, there is a marked decrease in ~¥H::
- P .
'“the consumption of food by coho salmon in Cold Lake. The

R

L'_}speCimens containing food averaged only one item per stomach
Owing to the low temperature of the water and the consequent 'ijﬁt

T slow rate of digestion of food these items may have been in

the stomach for a number of days.<, The 1ow rate of consumption
| of food by coho salmon during the winter may be due to thef';'
“ reduced ability of this species to capture prey., Brett.et al

1J7(1958) found that juvenile coho salmon had a sustained cruising

speed of less than 10 cm/sec at - 0°c while at 20°c they cruised’ L




- £rom 30—45 cm/sec While the low W1nter water temperatures

62

in Cold Lake probably affect all speC1es of fish present in 4,?*

a Simllar manner, the extent of the effects may be greater @\ B

on southern spe01es near the northern limits of their range
:yzor on ethlCS that normally do not encounter such low temp-
;eratures. Keast (1968) found that certain species of fish
"were unable to maintaln their body weight during the winter
y:idue to reduced consumption of food From the growth data |

:zfor coho salmon in Cold Lake (Buchwald 1971 Moller, 1972)

o _it appfars that there is no gain in the weight of these fish -

between November and JUne., Coho salmon in Pallette Lake,
_Wisconsin exhibited only a slight gain in weight for One B
o age class during one winter, while in other years, this.

'introduction and other introductions of the same species

rlost weight between 0ctober and April., Predation upon coho [

‘salmon by native pisc1vores, notably the northern pike may

- be at a maximum during this period due to the reduced ability,r,}:-*

“‘of the salmon to escape. one pike from a small number netted

‘-fnear the Mertineau River during the winter contained a coho -

salmon of age class l+ ; The occurrence of'coho salmon in ﬁ

’

j}the stomachs of northern pike from the lake proper is slightly;:'

less than one per hundred examined., However when the number
‘of pike in Cold Lake is-considered along with the number of

. times each consumes food during one year it becomes apparent

that they probably represent an important predator of coho

salmon.




o pike were. taken was 24 m. This SPeCies ranked fourth in num—
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*”The DiStrlbutlon of Northern Plke o ;,‘1‘_ v
e A

' Locality records for northern pike in Cold Lake are
shown in. figure 9.' The numbers of plke and catch per unit »'457
‘ ffort at selected depths are shown 1n table 11 | Young of
the year 1nd1v1duals were not . seen or collectedaexcept at the.

5
mouth ‘of the Medley River and age class l+ individuals were

W

uncommon in net catches. The maximum depth at which northern oy

%

.

‘ybers of flsh taken in gill-nets durlng thl? study and accaunt-.g
. ed for 5 2% of the number of fish caUght. ?f.7-' o
Discus51on )

The northern pike appears to be widespread in the Q. T

'flittoral region of Cold Lake throughout the open water season.'-ﬂ“;,f

B

J“It is less abundant in areas of North EngliSh and other sandyf_f"

"bays where rooted aquatic vegetation is scarce, and absent f"@.f'

itfrom the pelagic region in the middle of the lake.‘ Rawson ;j'
f(1951) found that 90% of the northern pike gi11~netted in -:H
fGreat Slave Lake were taken within 1/4 mile of the shore.‘lefi
.‘The vertical distribution of this species is restricted when |

compared to those of the other native piscivores but is con-?””’”

":,_SLStent wrth the generaliZations of McPhail ahd Lindsey (1970)
. and Scott and Crossman (1973) that the northern pike is an

i .inhabltant of . shallow lakes or shallow bays within deeper 3f L

:lakes, although its maximum depth 1s givsn at over 30 m in

,the,latter»account,_ From table 11 it can be Seen that more

I

ER "e.f’.- R
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a _Téble.il;p catchesldf‘northerhﬁéike:ih'seleétéd"de'ths'6f‘{ }°

~~water from May to August of 1972. No./100 -
netéyardénight‘in,parentheses,_{ oL

- fDépfh:in'm'f'?wM§Y}  :; Juﬁé ; ’ aj5_gu1yﬁ.ff . Augugf_

6 40 (40) 58 (1.17) 148 (3.44) 103 (2.34)

)
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o137 0 = 4 11 (1.83) 43 (4u52)  2(2 )

* 39 SpECimeh$=takeh_in[dne $e€i(l0th*yfnjviﬁ‘LOnQéB?y; 1 ;,  t
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cfish per unit effort are taken in-water less than 13.7 m.
than in greater depths throughout most of the 1ake.v Except- -

';ionally, when catches in: French and Long Bays are compared

5”;with those from similar depths in other parts of the lakeg

northern pike are more abundant in these two bays than in

'uother parts of the lake at all depths down to 15 2 m. It_';_

appears from gill—net catches and returns to anglers that the -
. population of pike is higher in these areas than in other areas
gof Similar depth. Within these bays large areas of habitat

- suitable for spawning areifound, and aside from that avail-::p

‘:_able in tributaries, this accounts for most of the spawningfnb
lhabitat Within ‘the lake proper.g Adults congregate in these’isf

areas in the spring, possibly moving considerable distancesf13"

, -.within the 1ake to get there. Following spawning, dispersal o

iaway from the shallows, and perhaps for many individuals ;_;ii:fif*
:.iaway from these bays wduld appear necessary as a meaﬁs of L

;reduCing intraspecific competition for food and space.g

jSimilarly the young age groups reared in these areas must
disperse to Some extent. Makowecki (1973) found from tagging th;~ip

*vprecoveries that aside from spawning time the movement of

iy
;r‘adults was limited and that they might even be considered

'ir_territorial. Young northern pike in aquaria tend to bev<j.:“l
‘spaced at discrete distances, possibly as a result of intra-”f""‘Jh
7specific competition (Frost and Kipling, 1967).p CQngregation tiwﬁ

iof adults in- spawning areas followed by gradual dispersal h

'of some indiv1duals, including newlydaecruited ones,. way kfi?i;;f

Ly e e e e
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‘.'frOm these areas probably gives rise to the high density of
v'northern pike 1n ‘the bays adjacent to spawning and rearing
..habitat » | L >' ’ o | » R

| y Ripe adults also enter the tributaries showh in |

Hfigure 8 or pOSSlblY utilize what little vegetation they can

’find along the lake margin, for spawning All specimens

‘_'taken on &nd after May 10 1972 were’ spent. f5 |

o Young age classes ‘up to age 2+ appear to be most _7

.common in the areas where the adults spaWn although some.
age 2+ inleldualS are taken in the 1ake proper. Small fish

| xand cover are ‘both abundant in the areas where pike spawn..f

'1cThe lack of small pike from areas along the lake shore with
Avabundant forage flsh but no’ vegetatiOn suggests that veget—c
| ation is important for the survxval of small northern pike. fd

%AThe partial Segregatlon of young from older age classes may

serve to reduce cannibalism withIn this species. -

®

IR

ffThe Food of Northern Pike : _ ‘ L
E The food of northern pike in COld Lake was determined .]f,‘
.from observations of stomach contents of specimens sampled in ﬂ

’lf1971, from analysis of 225 pike stomachs taken from May to f?"""'

“7i18eptember of 1972 and an additlonal 24 specimens taken in

w'cseptember of 1974 The diet of northern Pike in Cold Lake;?geﬁh’ﬁd
‘uis summarized Ain table 12 The major items in terms of -
,A.Percentage occurrence in those stomachs containing food were:}:*
._‘~ nj_nespine sticklebacks (71 0%), Slimy %ﬂﬁlpins (20 3%)
4 - ‘ .
\
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‘,Table'12. ‘ Stomach contents of 225 northern plke from Cold
- Lake, May to September of 1972 ' v

« .

ey

Food item #

. ‘51

- Percent
 .occurrenced

- Percent of '
volume -

NihespineQStiekleback' »71;07t'

Slimy.scﬁ;piﬁt

cisco - 7.2

VZHirudineat.. i ' '"t _fe7.9"j‘

'.3u;bpt;v . N o fe3;6f

| YeilotﬁéerCh~ o 5‘.f,z;2 ¥.;T

éeheléélmen:;;'}':'- iAin]'é.Qi

'tﬂNertherh Pik? 1":;hf;': i;4ﬂt;1 o

‘Insects‘v . f  't,,'t_‘.Vi:1;4fi.:

| HSUCkers 2”w 5 ;_e1 ?¢. ‘ : ;2;9:; 

;'e;’Lake whlteflsh ’j_fe ’t':fd;f"
'.Unlq,esalmoneldyfti'; _.1f 1;5eﬂf7'
:?'Unid; f;sh L v;fitt;2;9 o

| ~-ﬁVWalieQée‘~f"-~f.f.fteiv';’jo:z7t’
‘;vmﬁph:;;poas' : A L 07 -

Flsh eggs :,t ﬂ‘;fe . :_f*ifésf’

: "1§p0ttall shlner’j;fi t”fielb 75;::'t;¥.

JLahg chub’ ;_"77f°':»'t'o 7."

Fathead mlnnow _' 5&“ 0. 71‘t'

Empty (no. and % of 225) (87) 38 7

203

"*'36745'f"

0.4

L0 -

‘l§§§J§§-.."

. @ percent occurrence in stomachs containing foed. = . .7

?
t

g

'f::)ﬁ



”“-'items othef than vertebrates occurred in 10 7% of stomachs\

'.1eeches (7. 9%) ¢isco - (7 2%)- and burbot (3 6%) Food }k"

containing food

Table 13 llsts items.occurrlng asAexclu51ve food |
:1n northern pike stomachs their percentage occurrence as
exclusive)food 1tems and the mean number of each prey item
iper predator containing that particular prey 1tem. 81 1%

'gof the northern pike with’ food in their stomachs contained

’ffonly a single "specres" of - food while 18 8% contalned a.

"combination of food items 38 6% of the stomachs examined

"contalned no food Ninespine sticklebacks ‘were the exclusive}r

"foodsof 49, 2% of the northern pike contalning food. The

5;average number of ninespine sticklebacks per stomachvwas 8 1 _¥

,slightly more when they were<the exclusive contents of a

~stomach and slightly Iess when they were found 14 combinatiOnf'

uiwith other food 1tems. ‘ALl other species of fish eaten by

1.northern pike occurred most frequently as- single individuals;f'

'ﬂwhether they were the exclusive prey or 1n combination with

:'3zother food 1tems., Slimy sculpins were the only fish other

69

v';than ninespine sticklebaqks that commonly occurred in numbers; |

lhgreater than one UP to an dbserved maximum of nine per 8 y y.V~',

: predator stomach., Burbot were found to occur only as single

indiV1duals and were always the exclusive food of the northern'”-

e <.@

| pike°1n,wmich they occurred Leeches were the exclusive food
l“of 60% f the northern pike 1n which they were found and

| occurred 51ngly or in twos.;



" ninespine

Tabléil3.

- individual: plke,

B I

- Items occurrlng as the exclu51ve food in
their percentage occurrence:

“_ as exclusive food and mean nunmbers of each
per stomach in which they occur ‘ -

P

Food. item

% occurrence as

~exclusive food = _ ...
LomTTE s minimum

Number of 1nd1v1duals'

‘per stomach

mean ‘

\‘ .

maximum

’
4

stlckleback

.,cllmy'sculpln.
.ciécd
vHirudinéa
‘burbot | |
yellow pchh._~-
“‘coho. salmon

| nor;herh pike :

9

cinsects
*suckers
lake: whlteflsh’_'"'

Alake chubc

Totai’

49,3

0.7 -

81. l-fc
€@

LH ..

R e

1.6

8.1 -

].: .2

 3§ R
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P iad

‘,adults only durlng-the.month of May ' o L 7x'

~ from northern pike; stomachs.

contalning it.

‘classes) contained fewer ninespine sticklebacks and ‘some ¢,

-DiscuSSion
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» o 3
The seasonal change in the diet of northern pike

is shown in table 14. Ninespine stiCklebacks'were the most.,
- .

‘1mportant food 1tem throughout the summer while slimy, - .

sculpins 1ncreased 1n importance frOm early to late summer

: Coho salmon‘were most frequently found in northern pike in

a

' June. Young northern pike were found in the stomachs of

'\

Predation upon ninespine sticklebacks is documented

for the months of, June; July and August of 1972 in table 15.

© The mean number of lnleldualS per predator stomach is at a
" maximum in June ‘and decreases during each successive month

"Ripe female sticklébacks outnumbered males 146—44 removed

T4

Table l6 shows the Size and numbers of northern

pike eating ninespine sticklebacks, salmonids, and burbot

along with the mean numbef of each prey item per predator

The 70 cm length class of northern pike con-

’tained the highest average number of ninespine sticklebacks v

‘per predator Larger northern pike (80 and 90 cm length

’t‘

were found to prey upon burbot.z-

S .

Due to its allegedly enormous appetite the food :

. and feeding of the northern pike has been the object of

: numerous studies . These studies have included examination
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Table 14. Seasonal change in the diet of northern pike ‘in-
; Cold Lake. (Principal7}prey items{only,.percen~

-+

age occurence). /
AR T {
- Food item . ..June|

-.  July K . Augusf

(o))

. nin¢8piné stickleback - . 5 . '62.3,..' ' _'51;8

18.0° - 27.8

S
.

‘f-siimy-séuipih

‘»cisco o '.‘,A T - .5, 8.2 - ' 3;7  :

Hirudinea Ca 1.6 - 9.2

RN
Ot ]

burbot 3. 1.6 3.7
coho. salmon . . - N

‘no. of food fypes .14 = I 12 ﬁ ﬁ 8
(scope of diet). - L C S

o stomachs examined 80 - 89 v‘77g*-

-empty and % empty () 23 (28.7) 28 (31.5) . 23.(29.9)
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Table 15; Seasonal change in the consumption of ninespine
) sticklebacks hy northern pike in Cold Lake, 'June-

o August 1972

.
June’ ‘July‘  Aug.
B . N . A \)
No. of northern pike gpntaining ‘ a3’ N
ninesgine sticklebacks 32 33 28
Total number of ninespine . '-'.] o ;
sticklebacks consumed. ’?85 ' 256 . 158
X no. /stomach as exclusxVe prey S 13.9. - ‘8;6 ;.‘5,1
,i exclusive _ 112-4 7;2.." 5.6 .

no. /stomach (mixed and

de

‘Table 16. ‘The food of northe

rn pike showing Geriation by length

c}assesf
'.Predetor ‘Ndmber'of norﬁher pike containing each prey species. " No.
size (10 '-1n parentheses in icates mean - no. of prey 1tems per. pradator
cm length Nines
> pine - lake whitex . coho
,°13F595)> - .sticklebacks fish . __Cisco.  éu;b°t"',s‘1m°“
40-49.9 . - 1 _ - - - - - = (1)
50-59.9 ' 11.(11.8) - - - - == sl 1)
'60-69.9 12 (18.7) . 1 (1) 3*{1.6) _,7' - - -
70-79.9 8 ( 8 6) 1.(1) - - 3 (1) s -
80-89.9 - - b e - - 2 (1) - -
3
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: of the relationship between producer and consumer and the

F
" role of predators in fisheries (Frost 1954 Johnson 1966
Popova 1967), the role of northern pike in the life cyclesv '

of paraSites such as Triaenophorus crassus (Millen 1943

A_Lawler,l965) and ‘the. potential of this species as a control

to | prevent overcrowding and stunting in panfish populations B
'(Johnson 1969) Northern pike have been utilized in studies

of the effectiveness of spines as defensive structures and
%‘their role in influencing and: prey selection of predators:
(Hoogland et al, 1957- Beyerle and Williams, 1968) ’ Nursall
(1973) examined the relationship between a. schooling cyprini&
_the spottail shiner,'and two of its predators the pack—'
hunting yellow perch and the solitary northern pike._‘ |

The diet of northern pike in the present study, and N

in preVious studies suggest‘that they are opportunistic pre-'f

‘ dators While they appear to be opportunistic there is evidence

'that they may also be somewhat selective in their feeding.

':.They were found to avoid threespine sticklebacks (Gasterosteus

' 'QSELEQEHQ) after they had experienced them where alternatef’A‘
(non_ spiny) prey was available (Hoogland et al 1957), and‘;'

 selected non spiny fish when offered a choice between sun-

A S
. ‘E-;"“&';.
N AL Y

'.'fish (Centrarchidae) and minnows (Cyprinidae) (Beye{‘e andjyi
| '-,Wiiiiams, 1968) The relatively short spines of ninespine" "
i::sticklebacks do not appear to deter northern pike in Cold-_
B Lake. Hoogland et al (1957) noted that the shorter spinesph’h

- of ninespine sticklebacks compared to those of threespine

e

W\S
%
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sticklebackS'were not as effective in deterring predation by
northern pike as were those of threespine sticklehacks

’ Their experiments were also conducted utilizing small pre—i
dators and it was realized that larger individuals might not
be. 51milarly deterred Frost (1954) found that northern
pike longer than 40.cm ate more threespine sticklebacks than‘_

they did minnows -even/ though the latter were more. abundant.»

The chain pickerel (Esox niqer) was found to prey upon young

bullheads (Ictaluridae) even though they were the least common-

species of forage flSh in Lincoln Pond ‘New York (Raney, e

1942) It appears that small spines are not effective |

RV

:, deterrents, from the point of view of pteventing predation

3 )
upon those species that possess them, against ﬂarge northern _f

TA

~pike and its congeners _f_ ';f". o _ 'h'gi‘f"7 D

. Size selection of prey items by northern pike

/f appears evident from the results of previous studies (Frost
-

)

’\

1954 Lawler, 1965 Popova, 1967 Beyerle and Williams, 1968
\Johnson, 1969 Makowecki, 1973), in which studies larger pike

tendedgto utilize larger ‘prey items (when size was determined

'; by measuring their respective lengths) Hoogland et él (1957) '

I BRI

'ahgested that the shift noted in Frost s study, from a’ diet
dominated by minnows to one dominated by threespine stickle— |

backs with increaSing predator size was ‘due’ to a corresponding

increase in the optimum size of the prey The increase in :azli

predation upon threespine sticklebacks with increasing pre- .
3

'Y

dator siée was evident among 1ength classes up to and including Fff"i

=% T

i . C R i



'.excess of 70 cm and containing food most frequently con—'

76

'“f', J,{» ;. .. : _fw S

50 cm but dropped off in larger fish again perhaps as‘afv”
result of shift in optimum prey size Lawlerd(l965i.found” \
that the numbers of small yellow perch 1n northern pike {
increased to a max1mum value 1n indiv1duals slightly over
35.cm and then decreased The numbers of spottail shiners
and trout perch eaten increased w1th increaSing predator sl
N size(to maXima of approx1mately 45 and 50 cm for northern - |

i pike preying on. these speCies respectively _ Such shifts R

g are perhaps manifest in the diet of northern pike in Cold

Lake where predation upon ninespine sticklebacks increases

with increaSing predator size and reaches a maximum in- the.5;”‘,"

60 cm size class after which the mean number of individuals'o~

. per predator stomach declines.< The few noﬁ&hern pike 1n

| tained food items in excess of 20 cm, in which cases there;<;=;7
yi is a great indrease 1n the length of the prey item relative
. to that of the predator.< "" ‘. o ‘, d
r Johnson (1969) concluded that the relationship

between 1ength of predator and length of prey was 1es§\;;ltlg*
v e

important than that for Jaw width of the predator and  maxi- {;lfh'f”
- mum depth of the prey Nihety—three percent of the northern y,.bn
pike he examined contained prey items, the maximum depth of d:
g which were less than the. jaw width of the predator, 3 6%

| contained prey equal to the predator jaw width and only 2. 7%

3 contained prey with a body depth greater than the jaw width
of the predator The relationship of thp prey depth to the

»
>
S




A

.Jaw width of the predator,.combined With the spiny first B
}tdorsal fln of SunflSh may . account for the reJection of large-A
indiViduals seized by northern pike in the experiments of
Beyerle and Williams (1968) : While body depth of prey items'
may render the prey difficult if not lmpOSSlble, for pre-
dators to swallow, body length alone offers little protection
1against predation by northern pike, for they are occasionally
found w1th relatively long prey protruding beyond their jaws

,(Johnson, 1969 personal observations), the prey being slowly~
m: swallowed as digestion permitted With‘the exception of adult N
-jyellow perch and walleye=»all of the species of fish present ‘
yin Cold Lake appear to have a body form that is readily
f;swallowed by northern pike, yet those occurring in stomachs.
"are, in most cases much smaller than the maximum size that
_the predator is able to swallow.-. | ‘ | : : . ,.‘
o The dominant item in the diet of‘northern prke in
'”_;Coid Lake, the ninespine stickleback is probably the most _‘7 hg
':iabundant and readily available forage fish throughout most L
'of those portions of the study area inhabited by pike.e Large o
o (4 5 - 6 5 cm) ninespi e sticklebacks, particularly ripe
ffemales, were preygg upon disproportionately with respect to‘
‘fyftheir abundance within the species while young of the year e”{

'f.and year old individuals were rarely eaten.' Forage fish fyfljkjft;

i_from one to three cm long may provide a smaller net return S

;‘to the predator in terms of . enérgy expended during their'i

Py capture. It is also possible that large northenn pike are
4 v RS Lo - L



- V,pike Ehan are similar sized schOOling coregonines..{_

~idefense appearing to be its deep body and rapid!growth.

poorly adapted as predators'of extremely small fish
| While they are abundant 'small Whitefish and
vciscc:t are infrequently included in the diet of northern ‘{,‘
pike in cold Lake This ia consistent with the {indings ofyy'
'ALawler (1965), who noted that coregonines were onlyioccaSion— S
'fally eaten by small (30 cm) indiViduals, and Makowecki (1973)
who noted that only 6 5/, of the lake whitefish found in- cor
A’;northern pike stomachs were less than 35 cm long There uere‘
g six and seven alternative prey species utilized by-northern §

'pike in the two lakes studied by Lawler (19657 and Makowecki

‘;(1973) PerhaPS‘solitary prey $uch asfslimy sculpins and

\‘ninespine stickle acks,_ nd aggregated prey such as breeding

'ninespine sticklfbacks are more readily preyed upon by northernf;.

. r\.

rsall

j(1973) concluded after observing northern pike attack s,hoolingfggf
. b._fish that a school of flSh is "Rt an’ exceptionally att'ractive_';_;
‘;‘target for the pike"¢~ Mauck and cOble (1973) found that,in!ff%ihiib

: @ N
*spite of it occurring in schools the gizzard shad (Dorosoma.x-f.wfl

':fcepedianum). was the species most vulnerable to predation '

-.fnorthern pike among those utilized in their study, but this

; herbivorous speCies is perhaps relatively Sluggish its‘*"*"’”

A

"Raney (1942) suggested the disproportionat.tp edat‘on by

'Zchain pickerel on young catfish was due to;the-ease with B

f_wwhich they were captured. This may have cf:tributed to £

L disproportionate utilization of threespine S'i¢kleba°ks

| 3



"'Q*each Throughout the study area yearling pike appear to be

Yo

: observedAby-Frost (1954); .and may, in combination with their,
| rhabundance account for the 1mportance of ninespine stickle—'

backs and slimy sculpins 1n the diet of northern pike 1n
“'Cold Lake. | o “ .

i The increase in the frequency with which slimy
:fysculpins are encountered in northern pike stomachs in mid
-:sand late summer may be due to changes in the behaVior and ”;
f'microhabitat distribution of this forage flSh ' Slimy sculpins
{”are most vulnerable to predation when they are actively
"sforaging and mOVing around, espeCially when they are found
ﬂﬁn rocky areas a1l indivrduals (with one exception)

removed from“northern pike stémachs were mature aduM%s.
J'During their breeding season male slimy sculpins guard the yf?
‘Vigeggs deposited by females under rocks or other suitable.rfyy
'*cover and are thus less likely to be eaten by northern pike._svyl~w
h_hWhile females might not enjoy the same protection, numerouS'l
“~breed1ng ninespine sticklebacks are encountered in the same lyl
?areas and are preyed upon extensively which may serve to thTi”j"

. &
.reduce the predation pressure on sligy sculpins, and indeed

.;on other forage fishes.;i\.p

Two of fourteen post-spawning pike examined near

LA

‘s°fa spawning area in May-Pf 1972 contained one yearling pike

B N ;:

!;rare thus minimizing the opportunity for cannibalism among
’Liithe mempers of this species S | “_ b h; |
ST COho salmon were eaten by northern pike in the.j A

i
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‘_lower reaches of the Medley River in June when the smolts
were present in large schools as they were mOVlng or pre—‘l

l'gparing to move from the river into COld Lake. Only one

bl

.other coho salmon was found in a. pike stomach during the
. remainder of the summer 3 A Single spec1men was also taken '
'b‘_from a pike caught near the Martineau River during the ‘
fwlnter of 1971- 72, | : '

The intenSity of predation as measured by the
l:average number of ninespine sticklebacks per meal may be

. taken as an index of feeding activity as they are at all

LN

'times the most important diet item and are relatively con- )

©

stant in terms of per cent occurrence. Feeding activity
"'appears to be at a maximum in June, decreasing during eachA'
'>SUC03881Ve month Johnson (1966) found that feeding fkﬁ
intensity in northern pike reached a peak in JUne and

decreased throughout the summer. A 81milar June peak in -;‘
actiVity followed by a decline was observed in semi—captive u
l:northern pike in Kakisa Lake N W T (D Christiansen, pers.dvin
‘;Tcomm ). 8 Lawler (1965) and Johnson (1969) suggested thaﬁ’ H
efeeding intensity\ ecreases during the summer on the baﬁis

mzof a high percentage of empty stomachs encountered at that

,ftime however the interpretation of the significance of

-' '}of time, during which digestion hasntaken placeh has élapsedg‘ R
'fﬁ'sincé the organism ingested its last meéd It is most fﬂ“ft]ﬁssfiﬁl

PO R



?sV»its 1ag phase the following day At lower temperatures

important»to know when the.organism-ate‘last the duration
of the digestive process, and when, if ever, the organism

‘will eat again. With an understanding of these events more

8l

accurate conclusions can be drawn Wlth respect to the con- . L

sumptiOn of food of an organism over a period of time
l\ . i
While experimental data concerning these events in

northern pike are 1acking, an hypothesis can be generated lo
l explain the conflicting conclusions with respect to feeding
» intensity, drawn by Johnson (1966) and Lawler (1965) . During
; the summer, empty stomachs encountered in northern pike in.
'Cold Lake were generally flacc1d which indicates that the-“
'fish had recently ingested and digested a meal This is in

7contrast with the condition of the stomachs observed in

fasting, pre spawning salmon, and the centrarchid fishes

'aexamined Ry Keast (1968) that had apparently not fed for some ;""

‘time, the stOmachs of which were. shrunken and drawn far forward
in the body caVity. There appears to be a lag period follow*

dbing digestion of a meal by northern pike that precedes

"-ingestion of the next meal The digestion rate for northern t o

’;'pike at various temperatures ranges from One day at 20 c to B

X
Lo E
.},.‘

{-nine days at 0 c (Popova 1967) If the 1ag period is one ig,?gg,,,

‘:day, at 20 C. the percéntage of empty stomachs would be close'h"

'that had eaten and digested food during one day'would be in

';'1assuming that the lag phase is of the same duration, since



¥ -
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LY
. av .
e

‘ the rate .of digestion is slower the number of stomachs @

containing food Wlll be higher Assuming that the meal size

. \

at different temperatures is constant the amount of food

| consumed over. a given period of time w111 be greatest at

’l

e

' high tEmperatures even though the frequency of empty stomachs

4

is also dreatest at that time (see table l7) The figures

. presented in table 17 represent the results expected if the

feeding sequence of ingestiOn, Qigestion, and post feeding
lag is’ adhered to strictly, and. that constancy of meal size
and duration Of lhg phase is‘maintained at. all temperatures,u‘
Indiv l variations with respect to feeding sequence and

:.i, 5
length of lag phase, along With seasonal variation of these

and meal size w1ll almost certainly alter the figures in (* o

tdble 18 Lbut if these variations are not large they will

merely%dampen or exaggerate the trends expressed and not

’ obliterate them From‘this table it can be ‘seen that during
: the summer at high temperatures the consumption of forage

fish may, ‘as Johnson (1966) observed have been at a: maximum,;

yet the frequency of empty stomachs provides "evidence" for

Ce

L

BE

a reduction in the’ intensity of feeding during this period
as was concluded.by Lawler (1965) and Johnson (1968) Further
study is required to determine the duration of the lag phase
and its variability, both individual and seasonal. _fff'

"- Lawler (1965) and Johnson (1969) reported no

82

differences in the feeding of male and female northern pike.}d_fdfiﬂ

When the sexual dimorphism with respect to size is considered

L
.



" Table 17. Food consumption and frequency ofiemptY‘stgmaéhs :
' - ~at different temperatures by northern pike®:

Digésﬁion Rate_ Frequehcy of Empty . ConSumption - Pemperature
f(Days) - .~ Stomachs' (per cent) 'of]Foodc ' o (eC)

11 .' ‘ ':vfj-~ | 50' 1_,{/_.' ; 3;5: fil;“_; | 20
. i: ,' , g - - “:' :“’,9Q7 3 .L;* '.d )

P 9J

~a Hypothetical‘(strict'feeding'sChedule.éssuwed'andfanly g
' . the.digestion rate changing with temperature change).  ~

}

b prom popva (1967) . o
| ‘ci 'REIB_tiVe-quan‘titi’es.' per unit Eime. o

- 5 R oo

. ~
EER
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however a qualitative difference in the. food of male and

female pike becomes apparent The largest male pike taken

‘84 ..

during thlS study was 715 mm fork length and all other males .

were less than 700 mm IndiV1duals in ‘excess of“700 mm eatu :

L .(\\
jod

fewer ninespine sticklebacks than do smaller northern pike;

and include a different larger species of prey, the burbot;

B
i
¥ e

T
i
S

Cyprinidae-Distribution and"Life Histoﬁ@ Notes

In terms ‘of number of spec1es present Cyprinidae

. .
is the best represented family of fishes in Cold Lake The ‘

seven speCies occurring in Cold Lake do not - appear to be ,»ﬁ;,

ot

Py P

are Shown in. flgures 10 and ll R

The spottail shiner appears to be. very abundant

v
‘gﬁkdespread or abundant. Locality records for these species
W - N R

locally, large schools being encountered near the mouth of e |

the Medley River and near the dock at the town of Cold Lake.‘g

Seining 1W~other areas yielded ﬁew specimens and unlikev

S . &4“

A‘some of the’ other speCies of fish they were seldom observed

"Aggregations observed from the ‘town dock resembled those B
described by Nursall and Pinsent (1969) in Beaver Lake, ,:'
Alberta in that they were associated with juvenile yellow
perch but differiﬁg in the occasional inclusioh of lake

chub and ninespine sticklebacks Many species of fish';e"e

taken Simultaneously in seine hauls at the mouth of “thi
Medley River but due to the tea—colored water it wasv

ible to observe any associations that might have existed

a0 Lo

l'fﬂv :
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o
¢

~there.‘ Spottail shiners are often the most abundant
cyprinids .in northern lakes (Scott and Crossman, l973)

where in large lakes&such as Great Slave Lake they are found
in the shallows (McPhail and Lindsey, 1970) - .In the‘Great

Lakes this specles prefers the shallowest waters (Wells and

House, 1974) generally occurring at depths of seven fathoms. :

’(12.6‘m) or less 'Spottail Shlners prey Selectively upon
-;zooplankters and aquatic insects (McCann, 1959 Smith and’
'Kramer, 1964); During and immediately follow1ng their

1

-_breeding p?riod in early summer arge rndiv1duals were"dv'f'
found to prey upon their own eggs and larvae McPhail and
iLindsey (1970) state that Spottall shiners occa31ona11y |
‘ small fish but do not elaborate Large 1nd1v1duals examined
"throughout the summer in Cold Lake c0ntained invertebratesv
'only | | | |
The emerald shiner was 1nfrequently collected along
'the shore in North Bay and the mouth of the Medley River.
'This speCies lS pelagic and schools offshore often near

e

the surface in the summer (Scott and Crossman 1973) This

-

speCies is subJect to w1de fluctuations 1n numbers and Fuchs
(1967) documented high male mortality after thein» first year
'of life Whether the scarcity of this speCies is real or‘
"merely apparent is not known for Cold Lake The diet of
'emerald shiners includes microcrustacea, midge larvae and
some algae (Fuchs —1967) | | ) |
| The lake chub;is'perhapslthe most,gidespread;cyprinids

(
- i




e

-pike stomach. The rocky areas along the lake mafgin could

Y . S ] e . . Tl
R N )

The adults have relatively small sw1m ‘bladders compared

“with, their young, resulting in their being less buoyant

and adapted for benthic life (Gee and Northcote 1963)
y :
Where the/substrate permlts 1t,4longnose d be forage between

and under the rocks, where they also spen ‘a great deal of

time when they are inactive Such ‘behav or probably renders_l y

:.this species less . susceptible to both predatlon by other

f 5

":fish and sein;ggx”/zdults feed on the most abundant and

available bentthic 1nvertebrates (Gerald 1966)

' The fathead minnow was collected most frequently

.in the Medley River ltS lagoon and mouth but was occaSionally

taken along the lake margin in seines A Single specimen e

-'was tak8n*1n a mlnnow trap near Garnet Eeach from 3 m of

water where another speCimen was obtained from a northern

E

prov1de suitable breeding habitat for this species h0weve o
:breeding 1nd1Viduals were not observed there., Algae form

'an important portion of the diet: in Oth (Coyle, in Scott

and Crossman, 1973) Organic detritus,'chironomid larvae

and zooplankton were eaten by specimens from northern Alberta

,(McPhall“and Lindsey 1970)

: The finescale dace was first noted 1n Cold Lake

-~

in 1971 from COlleCthnS made in and near the Medley River '

mouth It was common 1n the river but not found far from

'1ts mouth in the lake. Additional spec1mens were collected

in the temporary stream flow1ng-from a Small lake to the west

89




!

of Cold Lake into English Bay These speCimens (UniveLSity i
L
/

of Alberta’Museum of Zoology UAMZ cataIOgue numbers 3308 '
3309) constitute the first records of this species from/fge
Churchill River drainage in Canada and were. reported by
Roberts (l973) These records support the conEention of
McPhail and Lindsey (1970)" that the lack q; records from
this area pight be due to lac§ Qf intensive collecting in_
'suitable habitats Few- stomachs of this spec1es have been
examined but its chief food appears to-be insects,'crustacea
‘and zooplankton being less frequently encountered#(McPhail
‘and Lindsey, 1970 Scott and Crossman, 1973) |

C )

\ [
:-Catostomidae—Distribution and Life History Notes
. - Locality records for longnose and white suckers

are shown in figure 12. Both species were encOuntered at

- most locations but not always Simultaneously Longnose

”‘A;suckers were most commonly taken in nets at depths from 3- 13~

m and encountered at a maximum depth of 24 6 m. Most adults o

"taken from less than 3m were caught near the- Cold River,,"
.which differs from most of the shallow areas of the lake

V”'in that it has a strong current and frequently 1ower temper—

ature While this speCies is w1despread and abundant in the

' northern portion of its range it . is less abundant and con~‘

fined to the. deeper areas of lakes in the south (Scott and ﬂ§}_'v

A

‘.Crossman 1973) During the summer it has been associated
_ w1th temperatures of ll ll 6°C in Moosehead Lake, Maine, _

while white suckers were found to be associated with !

to

- 90
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temperatures from 14 ‘1- 18 3°C (Ferguson, 1958) | Longnose
suckers have been taken from depths as: great as 180 m in
tLake Superior (Scott and Croqsman, 1973) " In Cold Lake
'white suckers were most commonly taken in 4 m of water but
?,were taken as deep as 37 m. This spec1es is usually found
in the. tOP 6~10 m of lakes but has beén taken below: 47 m. 1n‘\ }_ "

sGreat Slave Lake (Scott and Crossman,_l973) During the

' _study sub—adults of both speCies were most commonly taken

._in 3 m or less While those recorded at the max1mum depth
» for each specleSIwere mature adults. Large numbers of adults
) K

| of both speCies entered ‘the Medley, and presumably the

Martineau Rivers in late April and early May for the purpose.'

) fpof spawning.. LOngnOSe suckers preceded white suckers into .f

the Medley Rr\er however in mid-May, there appeared to be

'7spawning actiVity‘of 10ngnose suckers along the sand bars

’

;.along the rlver mouth
Ybung of the year suckers were abundant near the

<Medley River mouth 1n late June at which time they were 15 25

mm long. At WaskeSieu Lake Saskatchewan, the fry of white »-.“

o

fand lOngnose suckers migrate to the lake from their natal

'stream from one to two weeks after hatching (Scott and Crossman,:
.-‘1973) At this time white suckers are 10~ 12 mm long and |
blongnose suckers from 12 17 mm 10ng Crifford (1972) found
4-that most downstream movement of white sucker 1arvae in the
iBigoray River Alberta, occurred at night and suggested .

,that it was the result of active swimming. -Young'ofwthe'yearl

F)




| asuckers became densely distributed around the lake margin :

o

w1thin 2 m of the shore and in water less than O 5 m along
sandy beaches or: ln waterkl m deep along rocky shores ' As
:ithe summef progressed and the fry grew larger they moved
}ffurther from shore and were found 1n snhools - Occa51onallyf

,\Q
i
-schools of age.. 1+ suckers were observed alongqthe shore but

they were probably characteristic of slightly deeper water
i Suckers were exceeded 1n net catches by cisco and-,
o whitefish only and accounted for 7 3% of the catch during

the 1971 netting program of this study : White suckers were

h

~ more abdhdant than lOngnose accounting for 6. 4A of the catch

5 .
Young of the year suckers were the most abundant small fish

taken in seines along the lake margin.'~"

The stomachs of adults of both species of suckers
e
were. examined and found to contain exclusively invertebrates <
- 2

There have been no reports of predation on vertebrates (oth—-

' er than flSh eggs) by suckers Suckers may be. important

-_predators of flSh eggs in 001d Lake ,especially those of the

‘native—ealmonids because they are not protected by a redd

8cott ‘and Crossman (1973) revaew the ev1dence for suckexs

as egg predators and conclude that they appear to be overe’

v_rated in thls respect %tkinson (1931) reported predation

\ sby white suckers upon lake trout eggs but Martin (1957)

"-did not consider them to be a serious fish egg predator.;s
‘éaterson (1968) found that/while other flSh including lake'

- trout ate lake trout eggs in Swan ‘Lake, Alberta nine whiteps”




‘suckers taken at'the same time cont.:-ji‘none | White suckers"' %l
- have been Cited as 1mportant predators of logperch eggs =
~ g(Ellls and;Roe 1917) During lake whitefish spawning time,:f

_1"the stomachs of lOQ,white suckers frOm individuals caught -

:f on a spawning bed contained no eggs (Campbell 1935)

‘. | Young of the year suckers were observed to feed at A!=}
or near _the surface, and ‘in mid—water until late in their |

| firsy)summer when they fed. largely upon benthic material A;lﬁ\\f,'
'This change can be attributed to the ontogeny of the mouth :
which -in newly hatched End1v1duals is terminal in p051tioniue.}_
By the time the young sucker has attained a length of 16-18 B |

eu - mm the mouthvb comes inferior. Mid—water and surface feedﬁngi'

| perSists in lnleldUalS in excess of 20‘mm perhaps ow;ng L

to the abundance of plankton available and the 1ncomplete '
development oﬁ the inferior mouth |

Adult suckers were not noted from the stomachs of‘
any piscivorous £ish during the present study : Northern,;e
pike are said to take adult longnose suckers (Scott and
Crossman, 1973) and Lawler (1965) found that large pike in, |

'e Heming Lake ate 1arge white suckers. Adult catostomids are Q{j;:b
. frequently eaten by large pike in- the Red Deer River (personal

observations) In Cold Lake’only yOUng of the year and age

class l+ suckers were eaten by other fish ahd only for the

g.; young of the year walleye were they a major food item. They

NS 4

" ‘may.. form ah important part of the. diet of young of the year

- pike in the Medléy River ox other pike rearing areas. e‘;‘ i



| The Distributlon of Burbot
4 -

Locality records for burbot in Cold Lake are shown

!

in figure 13. | The catch per unit: effort at select depths o

throughout the summer 1s shown in table 18. Catches of

' burbot decreased in ‘the shallow waters as the summer pro-

gressed Net catches indicate that the distribution of this

speCies is clumped Burbot were taken at a maximum depth of

1? 5 ™ at which pOint they appeare to.he abundant Young

' of the year were not collected

3

Discussion _ _
| . With the éxception of water less than 3 m deep _t
burbot were present in all areas of the lake sampled While
ybung of the year may be active in shallow water in daylight
older 1nd1v1duals tend to seek cover and ‘are quiescent during
the daytlme (personal observations) “ In rivers burbot tend
to occupy the max1mum depth poss1ble (Malinin, 1971) Burbot
are active at night or under low light 1ntensit1es ‘with the ' .
exception of mid—summen (Muller 1973) and it may be t:\t\j
older burbot .are senSitive to high light intensities The
decrease in catches of burbot in shallow water may be due 1f'

to reduced act1v1ty in late summer, however burbot may still

be faken in deep water and a seasonal change in depth dis

Fd

2

,buthn may occur,‘ In southern and central Canadian la
A'Qf butbot are. restricted to the hypolimnion during the summer

and have been taken at depths*Of 212 m (Scott and Crossman,
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. burbot while others contalned large - numbers : Level sandy—

1973), but may move 1nto the shallows at’ night.' Burbot in 7 ' ,
Moosehead Lake, Malne were aSSOClated with temperagures . |
from 10. ; - 11\4°C (Ferguson, 1958y "Thesé\temperatures
approxrmate those at Wthh Mlller (1956) obtained maxrmum |
‘ catches of burbot in Cold Lake at depths from 13 7‘- 20 I v“n.; S
'Mlller found th;t-whlle burbot were taken 1n,the deepest e
l.sets, they were far less abundant below 25, 9 m. That burbot
~appeared to be abundant in the deepest\set 97 5 m, during :
the present study may be due to thelr distributaon being |

~c1umped At a glven depth some sets contalned few or no

' bottOmed areas: yielded the smallest catches,while rocky—<? .

L

;bottomed areas and drop offs yielded the largest
| Millers catches were made w1th 5-1/ v stretched

- mes glll-nets and averaged 1. 84 kg while most nets used

ay

ddurlng the present study were smaller and the average sizei”A

of burbot was less than 500 g If n changes in the growth
S, S . <
then the results '

of netting will be blased in favor of smaller burbot the
‘dlStiﬁbutlon of which may differ from that of larger'” ’

| ind1v1duals.* ThlS appears to be so for - the.young of the

iyear ln other lakes:Lwhere they frequent shiﬂlow sandy areas

The distribution of ¥this age class in Cold Lake lS uncertaln,

9 ¢

f but they may be assocrated wi h rocky substrate alpng the' dd~ 4 5

.'bottom and. margln of ‘the lake making their capture by both
. v | |

rpredators and 1chthyologists difficult



ol

The Food of Burbot

Results

The stomach contents Qf 29 burbot are llStEd in
tab¥e 19. Fish were found in less than half of the stomachs
contalnlng food ) In most cases these consisted exclusrvely
of nlnesplne stlcklebacks Seven of eleven burbot stomachs
from 1nd1v1duals taken Ln shallow water contalned fish whlle
| amphlpods domlnated the diet of 1nd1v1duals taken in deep
j_water.' Approxrmately half of the burbot examined contalned

two or more classes of food slmultaneously . Large burbot

’_contalned larger numbers of ninesplne stlcklebacks than d1d
H

small ones but all SlzeS of burbot contalned prey 1tems from‘

within a common size range

Discussionf

These data comblned w1th observatlons from the A
} o
summer of 1971 1ndicate that flSh are less frequently

futlllzed for food by burbot in Cold Lake than in other bodies{

‘of water Flsh is the chlef foodxpf the burbot ‘in Great u
Slave: Lake (Raws0n 1951) andtin Hemlng Lake Manltoba where
_aquatlc 1nvertebrates were found occasiOnally but Only in
'smafl 1nd1v1duals up to a length of 38 1 em (Lawler 1963)
The diet of ‘small burbot up to 500 mm 1ong, consists of

: lnvertebrates for the most part w;th flsh being uncommon,h

'whlle for burbot over 500 mm long, fish is’ almost - the

]exclusrve food (5cott and Crossman 1973) Few burbot'in,

I

oY
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bTéble 19. . The stomach contents of 261 urbot from Col@*Lake.
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' excess of 500 mm were7examined during the pPresent study,-and‘
most speCimens were 400 mm or less in length Although the
sample ﬁlze is small it appears eVident from table 20 that

\

more of the indiViduals iniexcess of 400 mm c0ntained fish

:than did smaller burbot ‘The high 1nc1dence of Pontoporeia

in the diet of smaller burbot ln Cold Lake may be due to’ the
availability of this speCies due to its abundance and the
-anClty of cover, combined w1th the limlted availability of
suffiCiently small forage flSh on- the bottom in the deeper
- waters frequented by burbot | | |

| Lawler (1963) found that of 15 species of fish

present in Heming Lake, only 8 species were preyed upon by
i,burbot, and of these, Only 3 speCies constltuted more. than
2% of the fish ingested During the summer, yellow perch
: itrout—perch and ninespine sticklebacks, in decreasing order
of importance, were the- dominant diet. items of burbot while
northern pike and white suckers which were very abundant |
lwere seldom eaten.' Lawler suggested that the burbot is most
effective preying up0n active swarming fishes, and thus the
"'solitary, less active nature of the pike would render it /
.less susceptible to predatio by burbot._ Suckers -were thought

"not. to be a preferred/food type" It was concluded that
3'burbot appear to prefer some types of forage fish to others-
, regardless of abundance g Another 1nterpretation is possible;':‘»

The apparent selective predation upon certain

forage speCies by burbot may be a product of the distribution N

.
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&
‘band behaVior of the predator and their relatiOnships to those
'.of potential forage fish. . "Burbot evidently feed at night
(McPhail and Lindsey 1970) and there is a noticeable 1ncrease
in their actiVity follow1ng sunset (Malinin 1971) Burbot .
,catches by anglers "stlll flshing"-increase during and after
'_the onset of darkness (pers0nal observations) Malinin'
(1971) demonstrated that olfaction and detection of vibrations“
by means of 1ateral line receptors enable the burbot to hunt o
successfully in complete darkness In cases ‘where potential
.prey SpeCleS are quiescent at night olfactiOn would appear
to be 1mportant for locating prey, and lateral line detection
for "homing in" ‘on prey produced Vibrations resulting from
\ their normal activ1ty or perhaps exc1tatlon elic1ted by the
"presence of the approaching predator.. Emery (1973) found
that fish, in general . 'were more easily approached at night
_rthan in the daytime . Such quiescent behavior in yellow .
;perch has been suggested as’a means of escaping detection by
'predators that rely on’ vibrations, in part for locating their
}:;prey (Hasler and Villemonte 1953) N While such behaVior on»‘°

'the part of yellow perch (and indeed other forage fishes)

W: provrde protection from certain predators such as the

ern pike, it may render them more susceptible to pre— ;‘:
dation by birbot . The three species of fish most frequently
encountered in burbot stomachs by Lawler (1963) are known to 7
rest on the bottom at night (Emery,,1973) Trout perch and yel-'
low perch do thlS in the areas they occupy during the day, |

while nihespine StJCklebaCkS rest on. the bottom after they
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*

move into deeper water at nlght (Emery, 1973); In(Cold Lake-
lthe ninesplne stickleback appears to be the only spec1es |
from this group that occupies areas frequentea by burbot
Small c1sco might be ‘éxpected to OCCUpy areas where they

»would encounter burbot but Emery l973) noted that their
. ‘ o

"\ ,..column‘ Some elements of thlS variable b hav1or-may have Surrvx:
:V1val value w1th respect to predation by burbot and 1ndeed
i might be an adaptive response to such predation Cisco were
_t found to ‘be the most frequently utilized forage fish for
| Wburbot 1n Great Slave Eake (Rawson,'l952) where they were -

‘the most abundant "1arge" fish and constituted 46% of the -

fish netted in the dept range where burbot were most commdh.]

»n a burbot taken from deep water in

N
Cold Lake during the summer and further speC1mens were enk

" A single cisco was found

'_countered in the stomachs of burbot taken during the winter
;when both specres are found in shallow water.f Other foragevh
 fish’ frequently eaten by burbot in Great Slave Lake were also
'very abundant at the depths where burbot were found . o
}.' Ybung of the year northern pike and wbite suckers

-.and small sub~adults of these species are found in shallow

; water in Cold Lake where they are not subject to predation ’
hby burbot and similar ecological separation of‘burbot and |

f these" spec1es in Heming Lake may account for their minor role}f

:in the dlet of burbot there.H,]
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The 51ngle brook stickleback found in a burbot
#tOmach represents the only record of this spec1es 1n the
diet of a flSh 1nHCOld”Lake | . ‘ H ‘ -

- The’ burbot may" be an’ 1mportant predator of flSh “.;f'l
eggs in Cold Lake. Five burbot contained the eggs of either
‘rninespine sticklehecks or slimy sculplns. Burbot are known

to eat large quantities of c1sco eggs (Scott and Crossman
"197.3.).. 7 I R | |
- h Burbot are generally regarded as voracious.carnivores
and have been noted ‘to contain up to 179 fish in a single d
_ind1v1dual (McPhail and Lindsey, 1970 Scott and Crossman
1973) Lawler (1963) stated that burbot stomachs containlng
from 80-100 trout perch or ninespine sticklebacks were not un-7,f
'.common._ The max1mum number of fish noted in a burbot stomach
: from Cold Lake was 17 whlle the mean number was 5. l. The low
gmean value 1s~probably due 1n part to the small Slze of the
ld<;burbot examined and ‘that they frequently contained other

types of food along with flSh

o Brook Stickleback

Brook sticklebacks were»collected at only four
:'ytsites during the present study (see figure 14) Collections
generably cons1sted of one’ or two spécimens the only exceptiontbiu
,;to this being a large number entangled in ghggg_sp. which was, L
;1tse1f ~entangled in a gill—net dragged across the bottom near .

bthe Cold River. ) fh <A..,’;. .; _'s'dln R .,v 7'[*_i'w}é‘f
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"pbe greater than 1nd1cated in his® results.

- proper by a burbot and once in the 1ower reaches of the

106

‘.

. Scott’ and Crossman (1973) describe the usual habitat

of ‘this- spec1es as densely vegetated areas in flowrng water

~ and sWampy margins of beach ponds of larger lakes Such

8

‘ufhabitat-is not characteristic of the greater part of Cold

Lake, occurring only at the locations 1ndicated-ih figure 14,-

three of which S&e tributaries and their mouths The numerous

'specimens collected near the Cold River may have originated
fdfrom the outlet stream or the shallow weedy bay southwest of
it, ind&cated in- figure 14 Brook stlcklebacks may be more f.'b'b
. abundant in’ the shalloW'weedy portions of Long and French |

Bays, and the Martineau River mouth and weedy shoreline f:

'adJacent to it

The diet of brook sticklebasks in Astotin Lake,

'Alberta was studied by RobrnsOn (1972) who noted that this

fspecies 1S almost completely carnivorous preying 1arge1y

upon chironomid larvae, cyclopord nauplii amphipods and

ostracods Cannibalism occurred but was rare.' Scott and

Crossman (1973) note that the eggs and larvae of other fishes -

'are eaten by brook sticklebacks.- At the time of Robinson 's

by a 51ngle species of fish thus the role of the larvae of=7

_lother specres of flSh in the diet of brook sticklebacks may"

e

'study, Astotin Lake was populated 1argely, lf not exclusively, .

Predation on brook sticklebacks by pther fish waS' e

-

™oyt

pynoted only twice during the present study, once in the lake;ruig]t:j
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Medley Rlver by a rainbow trout that contained a single

adult 1nd1v1dual along w1th 34 adult ninesprne sticklebacks

Brook stlcklebacks are preyed upon by a. number of species of ‘

pisc1vorous flSh»but probably not as. a. preferred food item

S
(8cott and Crossman l973) Lawler (1965) found that they

formed a’ small portion of the diet of northern pike in

| Heming Lake, Manitoba while Makowecki (1973) found that in

Seibert Lake Alberta brook sticklebacks ranked second as-,
a forage flSh for the same predator occurring in 8 7% of
those contalning food and averaging 9 specimens per stomach
Brown trout are occasionally found to be gorged with brook
sticklebacks in small streams such as Mud Creek tributary

to the - Clearwater River (personal observations){/igrOOk

trout in the Medley River,'especially during the period from

h August—Aprml, when ninespine sticklebacks are not commonly

found there Due to the apparently limited occurrence of.

brook sticklebacks w1thin the lake proper, its role as both '

a piScivore and a forage fish would seem minimal

SO "Nin.espine 'St'ickleb‘ack .'l

ra

t><sticklebacks might be expected to provide fOrage for rainbow ;




j~to occur at depths of 109 m 1n Lake Superior (Dryer 1966)

: at many locations along the lake margin in May as soon as
;open water ‘was encountered During June and July dense
Kaggregations were present al ng ‘the lake margin within
. d\pths of 0. 5 - 5 m, and w1thin the Medley River upstream
Fss far as the culvert under the Primrose highway ' Thesev
Laggregations COnSlSted almost exclusively of mature ripe\ ' _g
'indiv1duals~and ‘may be thought of as breeding aggregations |
Lresulting from the. concentration of otherwise widespread
-“indiViduals and smaller aggqggations, in suitable breeding
“‘areas‘ During August adults were seldom taken in seine L
ﬂghauls along the shore, apparently hav1ng moved to deeper o

._water. Adults were. taken at depths of 18 9 m in minnow traps

and one adult was removed from the stomach of a lake trout

>

v“taken near the bottom in. 36 6 m of water. h‘,
‘ The vertical distribution of ninespine stickle-;
ffbacks is greater than ‘that of any other characteristically

lsmall speCies of fish 1n Cold Lake. This species is known 7;¥

‘and to at least éo m, usually within 30 cm of'the bottom fn“
Crooked Lake, Indlana (Nelson, 1968) Nelson found that thJ.S ,
'_specres was never taken 1n less ‘than 5 m of water and rarely
from water warmer than l4°c although it was taken at extremes ;ﬁfd
ﬂd of 5° and 25°C.7 Fourteen °C waters are not present except L
..at the surface of Cold Lake until after mid-July, after which

. *adult ninespine sticklebacks are unc0mmon in shallow water. ‘}-,fl'

frAggregations of young of the year. oﬁten accompanied by one o
{ _ o
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]

- ior two adults were observed in 1- 3<m of water\in August

;f The spegimen obtained from the lake trout taken at 36: 6 m
may constitute a valid depth record for ninespine stickle—‘
.backs in Cold Lake but may have been eaten\hy the predator,.

‘in much shallower water

'The-Trouteperch"
. . " /

The trout—perchg in Cold Lake, is known on the
'basis of two specimens collected in September of 1952 (UAMZ
400) Miller (1956) dld not include this in hlS species

list from COld Lake.‘ From discussions w1th M.. Paetz who

4

assisted in the 1952 collection, it appears that this species

at best locally abundant in atypical portions of the f

R

lake, the temporary tributary to English Bay and in the
sheltered water near. the town dock No specimens were
'jcollected ~or found in predator stomachs during the present
'study Elsewhere trout-perch are important forage fish for ‘J'a

_-walleye, pike burbot and 1ake trout (Lawler, 1963; McPhail o

_1and Lindsey 1970 Scott and Crossman 1973)

N
A

SlimV‘Sculpin'..

. . -

The slimy sculpin is the only COttld knOWn to occur

S -in Cold Lake (Paetz and Nelson, 1970) , Miller (1956) reported

"Rice S" sculpin, however all specimens examined from cOld
.'Lake 1n the present study were slimy sculpins.: This species

g was seen or. collected in most areas around the lake shore

.(g,'f
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(figure'lS)'andvin the Medley River. It appeared to be most

abundant in the riffles Wlthln the river, the river mOuth and

" rocky margins along the lake shore. Specimens were occasionally

~seen or collected along sandy shorelines such as at- North Bay

where ‘they were most frequently found under sunken logs

, /
Spec1mens were also found Th suitably sized cracks or holes

~

in sunken logs that were entangled by gill-nets. Only two

vspecimens were taken in minnow traps, and these were frOm

-

‘areas where they were known to be abundant Occasionally

'specimens were taken,in small . (3/4 l 1/2" stretched mesh)

'gill—nets SlimyrSCulpins in Cold Lake occupy a depth range

_.frmno Sm to at least 9 m, the maximum depth at which they

. were taken during the present study In Lake Michigan this
,species is. common from 5. 5 - 82 3m (Scott and Crossman 1973),

:in Lake Superior 1t lS most abundant from 91 4 -.107. 9 m‘

(Dryer,l966) while in Great Bear and Keller Lakes (N W T. )
they were found rn shallow,_rocky areas where they encounter

current or wave action and were only found to a maximum depth

- of. lO m in the 1atter (McPhail and Lindsey;1970) ;:jt{;? ' QW _

- The onset of spawning for this species is’ associated

.with temperatures of 5-lO°C 1n New York (Scott and CrOSSman

'",Lake bht the spawning period may be extended as eggs,,pre-f:
tpsumably of this spec1es, were taken from lake whitefish ‘as

:’late as Ju1y.

, 1973) and occurred as early as May in Great Bear Lake (McPhail

- and Lindsey,l970) Ripe females were found infmid—May at Cold

-
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'The Distribution of Walleye

: after which time they

-_its mouth are perhaps the only areas - that are continuallyi7 _ha

L ‘ N o0 112
- _. .\ . . , . . . : N

e

Early studies of the food of slimy gulpins were - o

_summarized by Koster (1937) Principal food item; were aquatic

1nvertebrates, crustaceans and small. flSh with aquatic' '

'%

'invertebrates accounting for over 50% of the dlet Stomachs
'examined frOm Cold Lake speCimens contained amphipods exclus--"~

-fVely or. w1th a small amount of aquatic lnSeCt larvae. One

4

" large (80 mm) 1ndiv1dual removed from a northern pike’ stomach

¢

had a smaller spec1men partially within its mOuth but 1t is

'5d1ff1cult to attribute this to cannibalism with any, certainty.,

; Slimy sculpins are preyed upon by a number of pre— -

t,

_daceous fishes 1nelud1ng northern pike lake trout’ and burbot

(Scott .and Crossman 1973) In Cold Lake they are 1mportant

“in the diet of northern pike and have also been noted in. wall— :

eye stomachs f N e

Adult walleye appear to be sparsely scattered

throughout moderately deep water during the summer with the

fonly notable concentrations being in and near the mouth of

the Martineau River and the lake shore 1mmediatelyiin front

B S

: of the COld River (see figure 15)' In 1971 and 1972 they ”'IZNE'.

_were taken by anglers:izf&ench and Long Bays until July,'

'} seldom taken, possibly due to

Vertical migration to deeper waters or migration to other?~f'

areas ine the 1ake The Martineau River and the. lake near

- . . | ‘. . . . - . Cr
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Is 4

occupied by adults of this speCies thr0ughout the open water

séagon Spawning occurs in shallow reglOnS -of Long and
¢

annch Bays and in the Martineau River in late April and

eérly May, at wthh time, concentrations of walleye are found

"J\ : -
in«&hes areas ~All adults sampled on and after- May lO

N

l972_ were spent

j%i During 1971 and 1972 young of the year walleye
- were eyident near ‘the shore around much of the lake margin
until Kugust ‘As they grew larger they were found further'
_from the shore and tended to become associated with the bottOm
‘~.rather than occupying all portions of thetwater colunuﬁ
bespec1ally the upper portion, as they did 1nitially/‘ Priegel
(1963) found lnleldualS 3 5 cm fork length or less near the
vsurface.of all areas of Lake Winnebago WlSCOHSln, larger
indiViduals occurring in deeper water Age class l*'walleye o

'were occaSionally encountered immediately off the Medley

River mouth 1n the mouth 1tself and in

’tributary to English Bay, most specimens being ta en near the |
‘;bottom in gill—nets set in 2-3: m of water S ;h,° ' )
| k: échools of adult walleye are said to be - "loose but |
discrete" (Scott-and Crossman 1973) During the pres nt study |
t:adult walleye were most frequently taken singly o!'ggftwos

. although one. lOO yard set,for one night yielded 23 specimens.
They are the only 1arge characteristicallxvpiscivorous

@

“,spec1es in Cold Lake that occurs in schools. ‘Young of the



&
f

year walleye are not found in schools per se but form part
'of a polytypic aggregation of small fishes inciuding\i few

A‘cyprinids,‘and young of the year: lake whitefish white and
.longnose suckers _and yellow perch found along the lake }

. ) s
margin until late summer - S S

Predation by»Walleye, |

- ) No . stomachs of adult walleye were collected during
_the present study but observations of the stOmach contents of
speCimens taken near the Cold River in 1971 1ndicated that
: Sllmy SCulplnS and c1scoes were important food 1tems. |

~ Cisce. - may be expected to be a. dominant item in the diet of

‘ind1v1duals occupying deep water during the summer.~ Two of:

.

' _eleven spent adults taken from a spawning area in mid—May .

contained amphipods the remainder being empty. Forage B

| flsh ‘did not appear to be abundant there at the time. |

Young of the year walleye were obserVed to eat fish

ybat sizes as. small as 30 mm ' Fifty specimens seined during
late June of 1972 were examined and nearly all contained -

- foed in the’ form of . small fish Ten,walleye from 30—39 mmtl_;
'_fork length (x = 34 9) containedvan average of31'3 young‘of

. I.A
“~the year suckers approx1mately 18 20 mm lonP ' Three . of these

- walleye contained a small amount of aquatic insect remains

in addition to the small su&kers Priegel (1963) found that :

‘walleye of less than 75 mm . were predators of 1nvertebrates

those of 10- SO‘mm preying upon Leptodora Diaptomus, and

~



‘ chironOmid larvae. At about 75 mm fish became the dominant
food white suckers being the most frequently eaten species.rl
Young of the year suckers appeared ta dominate the diet of

#ypung of the year walleye until late summer by which t1me
the walleye had attained suff1c1ent size to prey upon other A

fsmali fishes in Cold Lake

The Yéllowkpercn:' | ", — .ff _;'”..‘: SRS
Locality records for yellow perch are shown in figure_f

IS.F Throughout the study area of Cold Lake this species -

appeared to be represented largely, if not exclusively by

age classes 0 and l+ | These young fish probably dispersed |

from/more favorable habitat in the shallow weedy portions

of French and Long Bays the only areas in which adults are ?yk

Vi characteristically found Yellow perch are usually found

at temperatures of l9 20 c (Ferguson. 1958) an/ﬁicPhail and

Lindsey (l970) suggest that the northward extent of their
i range lS limited by temperature This species 1S considered
to be a shallow water inhabitant and is not usually found at
'depths in excess.of 9 2 m (Scott and Crossman 11973)
Ow1ng to ltS great depth and cool water much of COld Lake
appears to be poor habitat for yellow perch They form only
| a small portion of the aggregation of small fishes found
along the lake margin but are more abundant near the Medley \»Fr—\
River mouth A | | |

Invertebrates were the only food items found in the'y
- ;o , o



bsmall (95]mﬁ fork length) specimens examinedv"

- The;Iowa barter | |
| The Iowa darter was collected at only four locations
widuring the present study (see figure l6),vonlm ‘one of which -
was part of the lake proper. The area bounded on the north
~vand west by the town dock at Cold Lake is protected from al
great deal of wave action and contains dense beds of rooted
aquatic plants - Iowa darters inhabit clear, standing or . .
slowly mov1ng bOdleS of water having rooted aquatic veget—
ation (Scott and Crossman,l973) however collections from -
, northwestern Canada have been from the shallows of clear N
'_}sand or mud—bottomed lakes (McPhail and Lindsey,1970) They
‘were ‘abundant at the sites associated with tributaries in |

A

Cold Lake during May and JUne, and frequently observed in

"_-the shallows._ Specimens were difficult to collect by means f

»_and their duration during the winter at Cold Lake result in,

of seining due to their small size, benthic habits and the ‘i
'unevenness of the substrate.'@‘l ' |

..\" Iowa darters eat a broad range of‘benthic aquatic
invertebrates (keast 1968) Keast found that the diversity ; B
and quantity of food taken by this species during the winter - *f-'
';was greatly reduced and concluded that ‘the quantity of food

',taken by Iowa darters during the winter was inadequate to. f

maintain their body weight. The low inshore temperatures

5:it prov1d1ng poor habitat for this species. Iowa darters
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v qollected during this" study were small the‘maximum length
noted being less than 40 mm, Adults in Canadian waters
usually attain lengths of 51- 58 mm (Scott and Crossman,l973)

: and ‘the poor growth exhlblted by thlS species in Cold Lake

'-may be due to poor feeding during the long, cold winter. |

' The small Size and benthic habits of this speCies

,\;///;dnimize its potential as a piscivore, as. fish small enough

4 for it to prey upon are generally larvae SWlmming near the., r
surface, or in midﬂwater | Iowa darters in aquaria were

.fobserved to eat ydung fish, including their own, but there

- appears to be no eVidence for this in nature._f”’

:_ The Loqperch . ‘ | o
| /: A single speCimen of the 1ngerch was taken in a o
seine at the mouth of the_Medley River in August of 1971
.This is the first record of this speCies from Alberta ) _
A(Roberts l973),(and COld Lake is the western limit of the.vk-u
;known range of this species } The same difficulties encount—
rered when collecting Iowa darters may result in underestimating
| the- abundance of thlS species.‘ Logperch tend to occupy off~:'f-
'shore waters in excess of 1 m and are. thus often considered
-to be uncommon by collectors employing seines (Scott and
‘;"Crossman 1973) This species has been taken\at depths of up
;"to 40 'm (131 ') 1n Lake Erie’ (Trautman 1957) ’
| LogperCh feed on invertebrates With midge and

:imayfly larvae and amphipods being important items (Dobie 1959.

: )%7_(< R R N O ST
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*Keast andIWebb 1966) Dobie‘also reports predatlon én a
| young of the year walleye by one of 116 logperch examined
" Known predators of logperch 1nclude lake trout northern
_pike and walleye whlle white suckers and other 1ogperch
are known to eat thelr eggs (Scott and Crossman 1973) Log-
v.perch were not identlfled from the’ stomachs of any piscivorous

' fishes during this study.

1

A




FINAL DISCUSSION AND éONCLUSIONS
Northern pike appear to be the most abundant
characteristically piSCivorous fish in@Cold Lake.’ Thggyeat
:_the greatest variety of forage fishes They probably consume a”

more: fish per year than any other natlve fish both as indi- :
/ o

"'viduals and as a species, however their role as a piscivore

';'is limited to relatively shallow water around the lake margin.
e The lack of information concerning burbot and wall-‘f»

. eye in the shallows of COld Lake reflects, in part their |

<scarc1ty in this region .of the lake during the summer months

\..” ;
'f These specres are probably most abundant in deep water during

this time,_and prey upon the abundant ubiquitous cisco. The .

_role of the burbot and walleye adults in ‘the predator-prey

";i~relationsh1ps within the shallow, nshore regions during the

summer is minor when compared to that of other species. .
| Adult yellow perch appear to be restricted to the \;;-'
yweedy, shallow areas in French and Long Bays and are not
"important predators of fish throughout most of COld Lake. :
"7;While the young are distributed along the lake margin around
“much of the lake, they feed upon invertebrates and not other
. ‘lfishes.j :.'“ l. .i'7'5f3‘ﬁ::r\5 ..}:;::Lrp‘;'r- fr__ | S
| | While lake trout do not appear to be abundant in ,;,f“
dt Cold Lake they are probably the major fish predator of the |
‘,cisco.' Lake trout appear to be the only characteristically
}F-piscivorous flsh to occupy the pelagic region of the lake
't::as do the cisco._ As a result of reduction in the numbers of
. _"}' »

20
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'la&e trout in Cold Lake due to the actlvities of man, pre: "
dation upon ClSCO is probably greatly reduced from its former"
'level Coho salmon did notaappear to utilize this spec1e54:f‘i
k to’ the degree that' ‘was initially expected and owing to the
T-low temperatures encountered in the hypolimnion of Cold Lake
.would probably do so only in the upper portion of the waters’
,occupied by cisto. The predator prey relationship between,“ ”
rivthe lake trout and the cisco should be restored by the con~ fﬂ
tinuation of introductions of young lake trout peJhaps in. |
..greater numbers than at present No other predator-prey
combination occupies as much of the available habitat in _-‘
:Cold Lake as that oﬁ lake trout and cisco R

The lake whitefish and ClSCO are.not character~'T

.istically piSC1vorous fisyes but are sufficiently numerous

_ and widespread w1thin the lake to prOVide a s{gnificant

”"source of predation on small fishes even if only a small

.fp;are either uncommon or of restricted distributiOn and thus

portion of their respective populations preys upon fish.
’d'During the period from 1ate May to July lake whitefish eat
:'Zlarge numbers of ninespine sticklebacks and their eggs and
tperhaps those of other speCies. e | o

',r Many of the pogential forage species in COld Lake

‘_ are not readily available to some, or all of the piscivorous rioff’

‘ _species. Most of the cyprinids are: restricted to tributariesi‘yy”
gor the lake margin near their mouths. The distribution of

”young of- the year 1ake trout burbot and all age classes of T

\., - .



Vtrout perch is uncertaln. The young of the year lake trout

":may be expected to occupy deep water, as. they have been notedk'

122

:'to move rapidly into’deepiwater, cooler than 10°C during the o

-.first year of their life (Rupp and Deroche 1960) At this

fime they would be exposed to- predation by add;t lake

‘burbot, and perhaps walleye,.although cannibalism amonl~1ake

;trout appears to be common only in the absence of other forage

,_fish and does not always occur in these srtuations.' Young

burbot are not ev1dent in shallow water as they are in othergg

e 1akes ‘but may be present in water ‘of moderate depth
"especially ln rock—bottomed areas such as those where burbot

'of age class 2+ are locally abundant.‘ The status of. the

'trout—perch in Cold Lake lS uncertain. = f_bfV‘t gf}
. '.J'"’

The presumed distribution of the young of the yearl

o_out;~“'

) cisco appears to be unique in that, on the basis of negativeyj;ffff-'

’eVidence it is within the limnetic region of the lake where

' there are few pisc1vorous fishes other than scattered lake ,f\

-trout f Predation by fishes on young cisco appears to be at

"a very 1ow level and may result in high survival, OVer-"“'

'crowding, and may be manifest ln the stunted growth exhibited e

by cisco in COld Lake. Young of the year lake whitefish are

.i_ﬁsegregated from older age Classes of Whltefish during their ﬁj&f’“

}tfirst summer at least as they spend the first few months of

'd:their life close to the lake margin, perhaps as the resuIt of _A

lgtemperature preference, and which also results in their segre-'v?.f.*

";;,gation from predators.



The early hatching time of lake whitefish results
vin their Outgrow1ng the first pisc1vorous fish w1th which

lthey are assoc1ated the young of the year of - yellow perch

ice recedes from the shore ‘they are the. most abundant . L

species in a narrow (l m) ‘band along sandy shores,:such as,

-that along North Bayt Occasional ninespine sticklebacks

: 2T
"~ and rarely, slimy sculpins or cyprinids may be found here

‘also. Ninespine sticklebacks and slimy sculpins were found

to prey upon young of the year lake whitefish in aquaria,';’

. and walleye. Soon after hatching 1n May shortly after the

but there\is no evidence that they do so. along the margin of

lCold Lake . In mid to late JUne this aggregation is enlarged
fvby the addition of young of the year walleye,.and in late |
| dJune by young of the year suckers both presumably having
k hatched in the Martineau and Medley Rivers. Lake whitefish

are larger than the walleye at. this time.; Walleye as small

‘;as 30 mm begin to prey upon the sucker larvae in the aggre—~:¢°
,gfgation.‘ ThlS aggregation persists along the shore until 1ate~

"_.July, the young walleye continuing to: prey upon the young o

123

suckers. PredatiOn upon suckers by walleye during the first tf—q

':year of their 1ives is’ likely a major factor in the early

'mortality of suckers in Cold Lake. There appears to be much f fid;»‘

‘f'less predation upon thl older age classes of suckers by

L4

All of the fishes in this aggre-'g

piscivorous fishes here

l:gation appear to be segr_gated from other piscivorous fishes -

i"until late in their first

\-,

'ummer by which time they have uff




-

- moved into water One or more m~deeplfurther from shore. -

, ' Ninespine sticklebacks are eaten by lake whitefish
o

cisco, lake trout rainbow trout, coho salmon, northern pike,u'

124

burbot,oand probably walleye and yellow perch They appear to

| be the chief forage flSh in the diets of all the pisc1vorous
- fishes 1n the shallow portions of the lake at least Ripe fe—

_male ninespine sticklebacks are found in greater numbers than

nmales in the stomachs of pisc1vorous fishes in Cold Lake and

<

. outnumbered males in northern(pike stomachs by greater than '

'three to one._In lake trout this ratio Was in excess of four-

hteen to one Females may be preyed upon selectively because.:ﬂ"

Athey are’ larger than males and perhaps w1thin this prey spe-f
Fgcies only the largest speCimens approach the optimum prey s1zé?

‘for ‘these largefﬂy' '; Alternatively, the large, egg- .

,laden females al ifore conspicuous and less capable

"of fleeing the pﬁ ;‘than are the males or non—spawning

ﬁ; that the native piscivores prey
k-, \\
Af.adults. In the absence of other

individuals. Qltpﬂ
sources of predatid
-:backs, it'wouid’api
older age classes is reduced which is f

ﬂ

most unusual' The life history of this important forage fish

is hJ.gh while that

'ﬁ.p,in Cold Lake requires further study to understand how, in the Qj;'5

.,face of excessive predation upon the breeding females, this

f species is able to maintain itself in relatively high numbers,.-lt

‘and to determine the true nature of survivorship in each '71‘

;or mortality of young ninespine stickle-_,,”

,7 that surv1vorship in young,age classes {}
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.age_group.
| | Coho salmon were unique among‘the pisc1vorous,-
.fishes of Cold Lake .for a number of. reasons. No other large
_fish, including'the cdregonids, appeared to utilize aerial “
l_food or surface drift to the extent that coho salmon did
.: While cisco, and less frequently, lake whitefish were'
-';observed to take.food/frOm the surface none were encountered
with more: than the occaSLOnal invertebrate so derived 1nv |
their stomachs‘ and this may be considered only a minor
‘portion of - their diets._ Aerial food was not - encountered in ip
,tthe StOmaCh of any characteristically pisc1vorous fishes. :
In thlS regafd coho salmon utilized a source of food virtually
untapped by the native fishes.f ‘By preying upon adult caddis
"flleS,llt might be said that coho salmon compete indirectly f
;with species that prey on the larvae of " caddis flies such |
’as the lake WhlteflSh.s It seems unlikely that the depre- -
dations of coho salmOn upon adult caddis flies would cauSe
any measurable reduction in the recruitment of these insectsi‘_’
~Coho salmon also eat alloéhthonous material in the form of .
‘terrestrial invertebrates espec1allx during their first and
- second years, which results in a decrease in the amount of

"autochthonous material consumedt-»

COhO salmOn ate more Juvenile lake whitefish than

o

'-1the combined total of all other pisc1vorous fishes examined

’

",}during this study. The shallow water distrihution of coho

salmon and their ability to prey successfully upon schooling
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.(j

:" fishes, such as the young lake whitefish results inlpre—
détion upon the latter species by coho salmon as the young

';whitefish move further from the shore during the 1ast half

‘of their first summer of life The presence of large numbers d‘
of coho salmon might have a detrimental effect upon the
recruitment of thlS commerCially valuable pe ies, as they
' represent a source of predation unmatched by the native
,piscivorous fishes | . o ‘ | ‘
~>ﬁ'tf The incIu51on of 1arge numbers of young of the

. year. ninespine sticklebacks is also unusual in the diet of
native pisc1vorous fishes Ninespine sticklebacks are
preyed upon extensiVely by the native piscivorou\\fi\hes
'but it is generally'the larger individuals that are taken.f {
'hThis may be the result of size selective predation, larger

B spredators such as lake. trout and northern pike being morpho-

e 1ogica11y equipped to handle prey items more efficiently if
'~they are above a certain (undetermined) size and/or tending '”;
to prey on those items that give them thé greatest return o
hrelative to the energy expended in feeding. The swimming

ﬂ-ability of ripe, swollen female ninespine sticklebacks is ,1
“likely reduced thus making them an attractive target for
.predators Coho salmon appear to include fish in their

diet -as soon as they are large enough to. capture and swallow
ithemasuccessfully., Coho salmon begin to include adults in 33

vtheir diet, shortly before the young of the year are avail-

' able,'and perhaps the salmon too, prey selectively on large
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young of the year 1ndiv1duals as newly hatched individuals

.ﬁere not\encountered in salmon stomachs. Coho salmOn appear '

N\

to gorge themselves by repeatedly attacking aggr gations of

' young of the year ninespine sticklebacks.- he Yow rate of.

”r7predation upon young of the year ninespine sticklebacks by

\ T

: the native piSCiVOrous”fishes may result in more young §Ur—
_viving to adulthood at which time they are preyed upon gy ‘
lake trout northern pike, burbot and occaSionally coregonids.- 2
rdThe numbers of ninespine sticklebacks eaten by individual
~coho salmon 1s probably far greater than those for lake trout

- and northern pike in spite of the greater average Size of"

the latter SpeCleS While lake trout appear to prey exclus—.'
ively upon ninespine sticklebacks during the period May~July
and are found to COntaln large numbers of them, the more .

numerous northern pike _although less selective in. their o

feeding,%gonsume more ninespine sticklebacks and may be con-
sidered the maJor predator of thlS species amOng the native .

”pisc1vorous fishes of Cold Lake. o

P

Northern pike appear to be conservative predatorsv
in Cold Lake, eating sufficient food to maintain themselves,

grow slowly, mature and spawn. While their growth, with ”

of

°ythat of ¢oho salmon of the same age during the first year of
ftheir lives it is relatively slower during the second and
»"succeeding years There appears to be a marked contrast

'between ‘the . life history strategies of coho salmon and ‘

E ‘C»':l. N V '. \ '.l ) . hu. o
T

o
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, respect to 1ength attained, approximates or may ‘even exceed %ﬁ"~.'

.}‘-
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‘northern'pike -.Coho salmon and the other species of

Onchorhynchus feed VOraCiously and grow rapidly durinq the

gsaltwater phase of their lives | " This may be of advantage '
.in that larger females can produce more and/or larger eggs,
: and are less restricted in the Size of substrate material
'fthey are able EE utilize when digging their redds. Large.
individuals of both sexes are better equipped for stemming
currents and negotiating rapids in a shorter period of time
than are Smaller5 otherWise Similar fishes and also have
"gréater energy reserves for sustaining migratiOn. Living
: “within a Single body of water throughout their lives northern
“'pike need. not make lengthy migrations, stem strong currents,~»h~
*and store energy for migrations such as those undertaken by
' salmon._ Large . Size is also adaptive for northern pike for -
feeding and reproduction however; Larger predators are
ggenerally able to handle larger prey and this may result in
:5a greater return to the predator than expending a greater
‘A'$;i$mount of energy to capture an equivalent amount of nutrients.f'
_.from a large number of small prey items. The importance of

~

‘large size may be reflected in the sexual dimorphism exhibited
& :

in the growth of northern pike adults females being larger
than males, and as with other species, able to lay more and/or
1arger eggs than if the- females were- small Rapid growth
'-;'however does not appear to be of - great advantage and may be h
o a. disadvantage in that it would require a higher rate of |

predation and pos51bly a reduction in the pyey population B



. 129
g

- .
available to the predator In the’%onfines‘of a relatively
small body of water such a strategy may be regarded as imprush - (k
dent Most fresh water pisc1vorous fishes appear to have a
life history and growth strategy 31milar to that of the |
northern plke in that growth is relatively slow and adults
may spawn a number of times That -of the Pacific salmons o
,may be regarded as a spec1alization that is made pOSSible
by, and at a selectiVe advantage for, their anadrOmous way
‘of life. . | | N
It.appears that over winter survival of coho salmon"

- was poor, perhaps as a result of their activity being limited
by the unusually cold (for Pacific salmon) water temperaturesi
Reduced Swimmlng speed would render them less effective as ”j» F~‘
plSClVOreS and at the same time they would more readily fall
prey to native fishes, notably the northern pike. The size_l'~'
T; and condition of coho salmon caught early in the open water.d:
.season reflects ‘poor feeding during the winter and the:e is
1ittle or no growth during the period from November to June.‘ -

' By feeding vorac1ously upon the abundant aerial :
food and ninespine sticklebacks coho salmon grew rapidly :
during the period from June to August or early September° -
.The preCOClOus maturation of some male salmon from each

v

introduction may also be indicative of favorable feeding and
grow1ng conditions.,_~v 1 - d L g |
Due- to the differential handling of each intro-‘

duction, lt is difficult to attribute any differences in



s

feedlng, growth beheV1or and survlval of each to racial

dlfferences between the stocks of salmon introduced

.“_
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v:.stlcklebacks

:-by introduced coho salmon in terms of numbers, volume and ;.if"

i SUMMARY

'The pisc1v0rous fishes of‘Cold Lake all prey upon nine—
hspine sticklebacks |
.;Ninesplne sticklebacks are the principal food of northern

"pike throughout the year and of lake trout during early

summer .

/‘Northern pike and lake trout are the principal predators .“

of ninespine sticklebaeks among the native piscivorous

g fishes of Cold Lake.

During early summer some lake whitefish eat ninespine

A%m

‘The natlve piscivorous fishes prey upon adult ninespine
sticklebacks and rarely utilize the young of the year of
ithis forage speCies.

'Ninespine sticklebacks are the forage fish most utilized

_'frequency of occurrence in stomachs cOntaining food

’,COho salmon eat a11 age classes of nineSPine StiCklebacks;?i'
v_and were the only piscivorous fish found to prey upon

~young of the year lake whitefish.,

\

Introduced coho salmon were able to utilize the abundant

fvforage fishes as well as invertebrates and grew rapidly

‘__during the summer months (see figure 17), Qf m:»f”
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ﬂj;,contatning food are. 1nc1uded._,m'.

. Cc = Cisco ~'% R
:cb‘éiguiﬁgev .
fuLw ~ Lake whitefish

| p = Pungitius o '»_ R o A

2

Spat1a1 overlap of flSh species in shallow water permlttlng
, predator prey relatlonshlps durlng May, June July,,August”

"and September may ‘be summarlzed as follows-e'

" Predator © mMay o June  guly ‘August  September L

‘Coho salmon - 2.7 P x. 8 :Pe - ‘ P;ﬁR(Y‘d5Y)*v_P,LWsC

Northern pike |- P "f:?;C!Co o P,C,Covf: : P,Co P,Co

‘Lake trout  Jp'2z P p g e

I y

- Walleye . .- "-JQ"»'TQlCatla-lv;Cat,"-;, C?t S S

ly-omy) -

y—o—y = young of the year

Only those prey species occurring in at least 5% of the stomachs
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. APPENDIX I
SUBMERGENT AND EMERGENT ROOTED AQUATIC PLANT SPECIES
T | FOUND AT COLD LAKE, ALBERTAa '

‘Submergent

Potamoqetpn vaginatus e _ 'A'V . . -,..‘ <

P. richardsoni-

' P,.praelonqus-

Chara sp.’

‘Myriophyllum exalbescens . " _ L

' Ranunculus eguatilis..,

Fontinalis sp.

Eleocharis acikularis o

'P. Filiformis

'Ceratohhyllum'demersum N

;2.‘pec£inatus.-“,,ﬂ o 7*_f e,
P. gramiheus :

§parqanlum fluctuans A' SR f‘:;7;y :

A Callitriche hermaphroditica o o o

'Elodea cenadensis.

Emergent,

o Scirpus valldus

143

'..tha 1at1folia : .fﬂ _ﬁﬂ; ”; e SR o x&f* R

| areg spp |
'.guisetum fluv1atilis ,f

Gallup, D. N., Dept of ZOOl., U of A Un blished data

"A Survey of Alberta Lakes" Identified by . Weisgerber._:'“f;

-
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APPENDIX II
 PISCIVOROUS W_ATERE‘OWL OBSERVED AT COLD LAKE

Q

Common loon (Gav1a immer)

Red—necked grebe (Podiceps griseqena)
“uHorned grebe (p.. auritus) ‘
: _Eared grebe (P casgicus)

' ’:Western grebe (Aechmophorus occidentalis)

Pled-bllled grebe (Podllvmbus-podiceps)

.White pelican (Pelecanus ervthnorh‘ chus)

auritus)

Double—crested cormorant (Phal

‘Great blue heron (Ardea herodias)

Amerlcan bittern (Botaurus lentiq nosus) ",'ﬂ '?_;f}p 

‘-:COmmon merganser (Merggs merganser)

Red—breasted merganser (Mergus serrator) H_gf"_"_wc

'? Ba1d eagle (Hallaeetus eucocephalus)

OSprey (Pandlon haliaetus)

'Herrlng gull (Larus arqentatus)

e_Californla gull (L californicus)

f}Rlng—bllled gull (L. delawaren is)

._;Common tern (Sterna hlﬁﬂhdq)

”v“Belted klngflsher (Meqaceryle alcYOn)




