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ABSTPåCT

Exploitation history, population characteristics, and

biological features of burbot and lake trout v/ere examined

ir 
Lake AthapaPuskow, 540 35rN' 1010 35tw, I"lanitoba, during

1977 and 1978.

Lake trout and burbot had similar depth distributions and

vrere the only large predators found frequently in the

hypolimnion. Intermittent commercial- fishing for lake trout

since 1931 and the development of an intense sport fishery

which continues to the present has resulted in a decline in

relative abundance and a relatively smal1 mean size of lake

trout, and an increase in relative abundance and decrease in

mean size of the unexploited burbot.

Growth rates of Lake Athapapuskow lake trout v¡ere similar

to those of other otolith aged lake trout populations'

However, they were in better condition' compl-eted maturation

at a younger âgêr and showed a lower proportion of mature

non-spawning females than most other Iake trout populations.

In contrast, Lake Athapapuskow burbot showed slower growth

than any other burbot populations for which I had data and

vrere in poor condition and matured at a late age in

comparison to other populations. ReLative abundance of

burbot in Lake Athapapuskow vras high in comparison to other
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Iakes. These anomaties in the population characteristics

Lake Athapapuskow burbot and lake trout hrere considered

responses to exploitation of Iake trout and consequent

increase in burbot abundance.

Faster growth of older burbot and lake trout' better

condition of older lake trout' greater weight of burbot

caught per unit of effort, and lower burbot mortality rates

vrere observed in the middle and north basins than in the

less eutrophic south basin. These interbasin differences in

the population characteristics of burbot and lake trout were

attributed primarily to the more abundant food supplyr âs

indicated by cisco catch per unit effort values, in the

middle and north basins than in the south basin'
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INTRODUCTION

The sympatric occurrence of burbot and Iake trout is

common within their North American range. Adul-ts of these

species often have similar diets and depth distributions

(Rawson 195I; Hackney L973; Van Oosten and Deason 1938).

Larkin (1956) stated that as a consequence of the compara-

tively few opportunities for specialization in freshwater

fish communities, many species tolerate a wide variety of

habitats, show flexible feeding habits, and share many

resources of their environment with other species. Since

burbot and lake trout have similar niches it is expected

that changes in the population characteristics of either

would be reftected by changes in the population characteris-

tics of the other.

Hackney and l'linns (l-974) predicted that because of the

overlap in diet and distribution of burbot and lake trout in

Lake Opeongo, exploitation of one species would result in an

increase in abundance of the other. It has been suggested

that an apparent increase in burbot abundance in Lake

Athapapuskov/ may be related to a decline in lake trout

abundance caused by angling. Knowledge of the status of

burbot and l-ake trout and their interrefationships is needed

for management of the l-ake trout fishing of this lake.
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In Lake Athapapuskow, burbot and lake trout are the only

Iarge predators found in the hypolimnion during the open

water season. In addition, Lake Athapapuskow lake trout

have been exploited by commercial and sports fisheries while

burbot have been relatively unexpLoited, and hence, have

probably responded to changes in the lake trout population

vrithout the complicating effects of exploitation on their

o!.Jn populations. AIso, there are historical data on the

exploitationr EêIative abundance, and mean size of both

species. These features make Lake Athapapuskow an especial-

ly appropriate system in which to study the interactions of

burbot and lake trout.

The purposes of this studY v¡ere:

1. to describe growth, mortality, maturi ty, length-

compositiontweight relationships, age and length

diet, depth distribution, and trends in

relative abundance of burbot and lake

Athapapuskow;

2. to relate these observations to the life history of

burbot and the role of burbot in the Lake Athapapus-

3.

kow fish communitY;

to describe the response of burbot to

exploitation, and the effects of exploi

burbot on the lake trout population andi

to relate burbot and lake trout population

istics to differences between lake basins

and fish communitY structure.

mean size and

trout in Lake

Iake trout
tation and

character-

in trophy
4.



MATERIALS AND METHODS

StudY Sit,e

Lake Athapapuskow is located at 540 35'N, ]010 35'Wrin

northern tlanitoba. The lake is divided into three basins

which are referred to as the south, middle, and north basin

(Fig. 1). Mink Narrows connects the south basin witrr the

middle basin. Physical parameters of each basin and the

narror^¡s are presented in Table I.

Three water channels connect the south basin with Mink

Narrows. The western channel is 3.5 m wide and between 2.5

and 3.0 deep. The eastern channel is 7.0 m wide and

between 1.0 and I.5 m deep. The centre channel- is 7.0 m

wide and 2.0 n deep. OnIy one channel connects lt'link Narrows

to the middle basin. It is 32.0 m wide, 90.0 m long, and

4.0 m deep. The two channels connecting the middle basin to

the north basin are both 46.0 m wide and 5.0 m deep'

Waterflow is from north to south. The majority of

inflowing water is supplied by Schist, Mistik, and Pineroot

Creeks. Outflowing water leaves the lake through the Goose

River.

Lake Athapapuskow Iies on the transition between

Precambrian and Ordovician rock. The south shore of the

south basin is Ordovician, marked by dolomitic limestone.

3-



Figure I. Contour map of Lake Athapapuskow.
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Figure 2 Gillnetting stations (1 to 15), successful
poisoning àites(p), and unsuccessful poisoning
sites (U) in Lake AthaPaPuskow.
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Table I. Physical characteristics of Lake Athapapuskow.

Max. Depth (m)

Mean Depth (rn)

Surface Area (km2¡

contour Surface Area as km2

and t Total Surface Area
0-9m
9-l-8 m

L8-27 m

27-36 m

36-46 m

46-55 m

55-64 m

64-72 m

Total Dissolved Solids (ng/I)
Þlorphoedaphic Index (metric)

South

7L.7
16.0

IB7. B

)km- S

75.I 39. 9

42.8 22.7
25 .3 13. 4

26.6 14.1
10.6 5.6
4.4 2.3
2.4 I.3
0.6 0. 3

258b

lt. 7

Basins

Data is compiled from Schlick (1973a).

Data is compiled from Kliewer (f969).
Total surface areas and contour surface areas
contours were recorded uslng an echo-sounder
Mean depth was calculated according to l,letzel

MiddIe

40. 3

14. 3

39. 3

')km' t
16. 3 4L.4
8.2 20. I
9. 3 23.1
5.4 13.7
0.4 0.9

North

23 .0
8.0

19.0

.,

km' t
II.2 58.8
7.L 37.5
0.7 3.7

Mink

Narrows

30 .2
7.3
8.2

t
km' t
5.7 69 .8
2.I 25.I
0.3 3.6
0.1 1-6

3044

2I .3

were determined
by R. O. Schlick

(1915) .

20oa

25.0
265b

36. 3

by
in

planimetry.
L972.



Secchi Disc Readings and rature and Oxygen Profileg

7

The remainder of the lake basins are mostly Precambrian'

marked by granites and other varieties of igneous rock

(Davies et aI. 1962). The lake bottom is primarily nud and

the shorelines are usually rocky although there are severaf

Iarge andy beaches. Depth contours are irregular (Fiq. 1)

and there are many shallow rocky reefs, especially in the

south basin.

In Ig78 each basin was sampled eight times between May 27

and September 7 at stations 2' , 4' , and 6 (24 m) ' Secchi

disc readings and oxygen and temperature profiles, taken

with a Y.s.I. membrane probe, were recorded. oxygen and

temperature profiles taken within a basin at stations other

than 2t , 4t , and 6, v¡ere consistent with profiles of the

station regularly sampled in that basin'

Thermal stratification of the water column had started by

early June and thermoclines were weII established by early

July in alt basins(Figs. 3, 4t and 5). Hypolimnetic and

epilimnetic temperatures at any given date were warmest in

the north basin and coolest in the south basin. Thermal

stratification was most pronounced in the middle basin and

least pronounced in the north basin. Maximum thermocline

depth was achieved by late August in alI basins and was

deepest in the south basin and shallowest in the north

basin.



8

South basin oxygen profiles (Fig.8) were orthograde anô

north basin profiles developed into a clinograde shape as

the season progressed (Fig.6 ) . I'liddle basin prof iles were

intermedíate to those of the other basins but approached a

clinograde state by Iate August 1Fig.7). waters of aIl

strata of the south basin had the highest oxygen content of

alt three basins and were always saturated or slightly

supersaturated. The epilimnion of the middle basin was also

saturated or slightly supersaturatedr âs was its hypolimn-

ion, until early JuIy. Hypolimnetic waters of the middle

basin dropped from 85 percent saturation in the bottom

strata and 55 percent saturation in the upper strata, bY

late August. Waters of the north basin contained the least

amount of dissolved oxygen of the three basins. By late

August north basin epilimnetic waters vJere saturated '

Hypolimnetic waters of the north basin were almost devoid of

oxygen by early August. Bottom sediments of this basin had

a sulphur smell indicating that they were anaerobic '

Sedinents of the mi ddle and south bas ins r¡,ere nearly

odorless and lighter in colour. Although oxygen profiles

were not taken at regular intervals in the north basin

during Lg77, periodic oxygen determinations in the hypolim-

nion of this basin v¡ere an indication that oxygen regimes

were similar to those in 1978.

Metalimnetic oxygen maxima

oxygen, in excess of normallY

( an increase in dissolved

observed concentrations, in



the metalimnion) were observed in early JuIy in the middle

and north basins.

Mean secchi disc values for stations 2t, 4', and 6 (24 m)

vrere 5.98 , 4.35, and 3 . 65 m respectivley '

,Fish SamPling

Gillnets
GilInets trrere strung together in a series of panels of

varying mesh sizes. Gaps of 3 m were placed between panels

to prevent "leading". Large fish may l-ead along a small

mesh net until they are captured by a larger mesh net (Anon'

in Ham1ey 1975).

In Ig77, gillnet gangs, I37 m long, were composed of six

22.8 m panels. Stretched mesh sizes of the panels v/ere 2.5,

5.1, 7.6, 10.8 , l2.L, and 13.3 cm. Longer gangs (229 m)

were composed of five 45.8 m panels of stretched mesh sizes

5.I, 7.6, t0.B I 12.I, and 13.3 cm. Except for the 2'5 cm

monofilament mesh, all meshes were made of braided nylon'

In 1978 only 137 m gangs were used. They were composed

of six 22.8 m panels of stretched mesh sizes 5.1, 7.6, 8.9'

10.8, 12.!, and 13.3 cm. In the secOnd fishing season the

2.5 cm mesh was omitted due to its inefficiency and the 8.9

cm mesh was added to obtain a better sample of intermediate

sized fish.
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Figure 3. Temperature Profiles
Athapapuskow.

in the north basin of Lake
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Figure 4. Temperature Profiles
AthapaPuskow.

in the middte basin of Lake
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Figure 5. Temperature Profiles
Athapapuskow.

in the south basin of Lake
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Figure 6. oxygen profiles in the north basin of Lake
AthaPaPuskow.
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Figure 7. Oxygen profiles
AthapaPuskow.

in the middle basin of Lake
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Figure 8. Oxygen profiles
Athapapuskow.

in the south basin of Lake
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ra1 and Spatial Descriptio¡ of Gillnet Fishin

t6

In Ig77 f i f teen stations '¡rere repeatedly sampled between

June 4 and September 10 (Fig. 2). The number of stations

altotted to each basin was roughly proportional to its

surface area aS a fraction of total lake surface area.

Stations were positioned within basíns so that each

identifiable geographic division of a basin would be

sampled. Stations 1 to 6 were sampled six times each at

both 9.0 m and 18.5 m depths. Stations 7 (18.5 m), B (2I'4

m), g (29.0 m), 10 (18.5 m), I1 (36.6 m), 12 (70'2 m), 13

(57 .2 m) , L4 (45. B m) , and 15 ( IB.5 m) vrere samPled

intermittently, J. to 3 times each, between JuIy I1 and

September 10.

AIt depths sampled at stations I to 6 were marked with

floats so that depth, direction of set, and location would

be identical between sampling dates. Stations 7 to 15 were

not marked, therefore, Some variance in location and depth

is expected between sampling dates at any given station.

For the purpose of collection of small sized fish, the 2.5

cm mesh gillnet was set alone in depths between 2 and 3 m on

mud, sand, and rock bottoms, and on rocky reefs. These sets

srere restricted to the south basin.

In 1978 stations I to 4 were sampled in order to

concentrate fishing effort in the middle and south basins.

Relatively good catches in waters )18.5 m in 1977 instigat-

ed the addition of a deeper sampling location to each
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station. The deeper locations are labelled 1t, 2', 3t, and

4t (Fig. 2) and roughly correspond to the deepest waters in

the vicinity of each station. Their respective depths are

33.5, 48.5, 36.5, and 39.5 m. Stations were marked by

floats. Each of 3 depths at stations 1 to 4 was sampled

four times between June 6 and September 6. Stations 1 (9

and 18.5 m)r 3 (9 m), and 4 (18.5 m) were sampled beneath

the ice between April 28 and May t with the 229 m gillnet

gangs used in L977

AIl gillnets were set on the bottom. An echo sounder was

run during setting to ensure that all net panels were set at

the same depth, and that depths were similar between

sampling periods. Gangs set in 8 m of water were inspected

using s.c.u.B.A. gear. All panels hung well and did not sag

or float from the bottom. Gillnets were set in the evening

and picked up the following day. The mean set duration vras

16 hours.

Rotenone

Rotenone was used to obtain juvenile burbot from

shorelines and creek mouths. Poisoning locations are

tabelled P and u (Fig. 21. Approximately 250 ml of poison

(brand name nChem Fish Synergized", from the Blue Spruce

Co., New Jersey) was used at each location.

With the exception of the l{istik Creek site ' areas

labelled P were small bays, 25 to 50 n in width' character-
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Lzed by boulder bottoms and an absence of submerged and

emergent vegetation. Boulder size varied greatly but was

usually between 10 and 30 cm in greatest dimension.

With the exceptions of the Pineroot Creek site and the

site on the large point on the southwest shore of the south

basin, areas labelled U were characterized by sand bottoms

and emergent vegetation.

Fish poisoning was done in IgTB between August 28 and

September 4 in I to 3 m of water. Rotenone was poured into

a plastic bag weighted with a lead sinker. After a I cm2

hole was cut in the bag it was secured by a line and allowed

to sink to the bottom. Poison was then dispersed by towing

the bag over the bottom in a zíg zag pattern towards shore '

Fish were collected from deeper areas when they surfaced and

from between rocks and debris along the shoreline. AlI

burbot Seen were collected. Of other species poisoned, only

a small sample of each was collected for identification.

Mistik Creeek was poisoned on September I' 1977. This

site had a section of riffles 40 m long, 30 m wider and 5 cm

to I m deep, followed by a pool 2 m deep. Bottom substrate

consisted of 10 to 30 cm boulders but vJaS more uneven than

Iittoral lake boulder bottoms. Both submerged and emergent

vegetation were present. A 0.6 cm mesh seine net was placed

across the pool and rotenone was poured into the head of the

riffles 50 m upstream.
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pineroot Creek $/as poisoned on ApriI 26 and August 31 in

Ig77. This site had a mud bottom and a thick growth of

submergeci and emergent vegetation. l'Jater depth was between

I.0 and 1.5 m. A 0.6 cm mesh seine was placed across the

creek mouth and rotenone was poured into the creek 200 m

upstream.

The site tabelLed u (Fiq. 2) on the southwest shore of

the south k¡asin was poisoned on August 25, 1978. Poisoning

was clone in 3 to 9 m of water. l'1o vegetation was present '

The bottom was extremely irreguJ-ar and cornposed of larcie

slabs of limestone which varied from 0.5 to 3 m in diameter'

At a depth af approximately 9 m the limestone bottom was

replaced by silt. l'rith the use of s.c.u.B.A. qear and a

plastic bag with a hose attachment, rotenone $¡as dispersed

over the bottom and into cavities and crevices.

Fish Measurements

For all fish captured in gillnets, total length of burbot

only, fork length, weight, sex' species identification' mesh

size, station, station depth, ancl capture clate, \dere

recordecl. Three species of ciscoes, Coregonus reigharcli ' C.

hoyi, and 9. artedii, encountered in Lake Athapapuskow in

this study and in a previous study (cl.arke 1969 ) ' \^rere

treatecl as a single category. In¡ith the exception of burbott

fish collected with rotenone were identified only.



Gillnet caught fish > 0.40 kg in weight were weighed on

10 kg spring scale accurate to + 0.05 k9. Fish weighing

0.4okq were weighed on a t xg spring scale accurate to

0.005 kg. Fish lengths v¿ere measured to within + l-.0 mm.

Stomachs were removed from all burbot and lake trout and

gonads from gillnet caught burbot and lake trout in L977.

Stomachs and gonads were stored in l0t formalin, and later

transferred to 308 isopropyl aIcohol.

Burbot poisoned on shorelines were preserved intact in

the same manner aS were stomachs and gonads of the gillnet-

ted fish. Total lengthr w€ight, gonad weight, and sex were

determined after preservation. weighing of poisoned burbot

and of gonads from aIt fish was done on a tripLe beam

balance, accurately to + Ig. Total length was measured to

within + I mm.

Otoliths were removed from all lake trout and burbot for

aging.

Flaturity and Sex Determination

MaIe burbot and lake trout v¡ere identified as mature when

their gonads were white and triangular in cross section'

Female burbot and lake trout were identified as mature when

their gonads contained eggs visible to the unaided eye and

were round in cross section. Mature female burbot had

ovaries which vrere a Iight pink colour and slightly

transluscent. l"lature f emale trout had ovaries which were

orange in col-our and oPaque.

20
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Burbot and lake trout were identified aS immature when

their gonads lay close under the swimm bladder' v'ere ribbon

like in appearance r and flat or oval in cross section '

Gonads of immature fish were usualty clear or transl-uscent'

Eggs coutd not be seen with the unaided eye in immature

female gonads.

For immature fish, it was sometimes not possible to

determine sex using gonad shape or colour' In these

instances gonacìs were sguashed between glass sLides and

examined for the presence of egg cel-ls. llale gonad squashes

vJere granular in texture whereas females showed oocytes'

squashes were examined with the aid of an olympus compouncì

light microscope under magnification up to 400X' âs

required.

Gonad weiqhts, expressed as percentage of totaÌ bocìy

vreight, were used to veri f y maturity deterrninations because

there vras little overlap between the relative gonad weights

of mature ancl immature f ish. seasonal gona<] developement

lras studied by plotting gonad weight expressed as percentage

of total body weight versus date of capture. separate plots

vJere macle for each sex and rnaturity status within each sex '

The above method of studying seasonal gonacì development has

been used by LeCren (1951) for perch and by llanson and

vtickwire (1967) and Martin (1970) for lake trout.



Diet AnalYsis
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Burbot diet was analysed numerically and volumetrically'

For the former, the number of stomachs in which one or more

of a given food item was found was expressed as a percentage

of non empty stomachs. For the latter, food items of each

identifiable taxon in the diet were blotted dry on paper

towels and displacement of each taxon was measured in a

graduated cylinder. VoLume of each taxon was expressed as

percentage of the total volume of all stomach contents.

volumetric analysis is best for assessing the energetic and

or nutritional significance of diet items while numerical

analysis is best fOr comparing diets between different

groups of fish (windell and Bowen in Bagenal' I97B).

Otolith Reading and Age Determination

otoliths were removed from lake trout and burbot within a

few hours after capture and stored dry in envelopes. In

preparation for readirg, the lateral faces of otoliths v¡ere

ground on number 600 grit carborundum. To enhance clarity'

especially in the area of the nucleus, otoliths htere ground

to the depth of the nucleus. The nucleus $ras the most

opaque area and ring deposition patterns in the first few

years were less distinct than rings representative of later

growth seasons. Each annulus was composed of a hyaline and

opaque ring. The interpretation of the robust burbot

otolith was greatly improved through grinding'
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Lake trout otoliths were ground intact but burbot

otolithswerebrokenthroughthenucleusalongthedorso-

vertral axis before grinding (Fig' 9)' Since the lateral

faceoftheburbototolithisconcave,grindingitintact

wouldremoveitsanteriorandposteriortips.otolithswere
placed, ground side upwards' in a drop slide filled with

benzylbenzoateandviewedundertransmittedlightwithan
Olympus compound Iight microscope at t0X and 100x maqnifica-

tion. Several independent readings of each otolith were

madetoobtainaconsistentannulicount.Ifaconsistent
countcouldnotbeobtainedthefishvJasnotaged.From54l
pairs of lake trout otoliths and 1103 pairs of burbot

otolithsexamined,agewasdeterminedfor4gBlaketroutand
1082 burbot.

Allototithannulicountsweremadeonthelateralface

oftheotolithalongtheanterio-posterioraxisonaradius
which extended from the nucleus to the posterior tip'

Annulusdepositiononthisradiuswasusuallyclearbutwhen

itwasnot'annulicountsweremadeontheradiusextending
from the nucleus to the anterior tip' When otoliths were

particularly difficult to read the entire lateral face !üas

used to obtain an annuli count'

In lake trout the first 2 ot 3 annuli showed almost no

evidence of a hyarine ring and. appeared to be composed of

opaque material only' The opaque nucleus and first pair of

were counted as the first annulus'
hYaline and oPaque rrngs

:iì
liì

1iìì::i::,:iì.:iï
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Each successive pair of hyaline ancl opaque rings was counted

aS one annulus. Burbot otoliths vrere interpreted after Chen

(I969) and Hackney (1973). Further information on otoLith

aging and the deposition of hyaline and opaque rings in

burbot otoliths is given in Appendix A'

Statistical AnaIYsis

Statisticat comparisons were done under the assumption

that significant exchange of fish occurred between the north

and middle basins but not between the micldl-e and south

basins. Therefore, fish were grouped, before analysis, into

south group (fish collected in the south basin) and north

group (f ish cotlected in the micldle and north basins ) .

Burbot cotlectecl in Flistik Creek were analysed as a third

group because it was not certain what fish stock they

represented. A detailecl account of the above assumption is

presented in the Discussion. AtJ. computations were clone

with Biomedical Computer Programs Statistical Packag€s' P

series (Dixon and Brown L979\.

Growth

GrowthofburbotandlaketroutinLakeAthapapuskowwas
examined using population grorvth rates. These rates are

obtained by comparing the mean size of surviving fish at

successive ages (BagenaI and Tesch in Bagenal 1978; Ricker

1975) and were presented in this study as plots of mean
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Figure 9. Diagramatic presentation of the
and ventral view (B) of a burbot
planes of breaking ( transverse )

( sagittal ) .

lateral view (A)
otolith showing

and grinding
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length versus age. Population growth rates give the rate of

growth as shown by a population affected by mortality,

migration, etc.r âs opposed to true growth rates which are

growth rates of individual fish determined by back calcula-

tions (Bagena1 and Tesch in Bagenal 1978)' As population

growth rates are most commonly used for presenting burbot

and lake trout growth they were also used in this study.

Bagenal and Tesch ( in Bagenal L97e) stated that when

properly carried out this is the most satisfactory method of

presenting growth rates based on age-length data. An account

of the assumptions required for the use of population growth

rates in this study is presented in Appendix C'

statistical comparisons of length versus age regressions

between sexes within basins and between basins were done

using analysis of covariance (ANCOVA) on transformed data'

Aptness of age-length data to analysis by linear regression

was determined graphically using residual plots according to

Neter and vlasserman (1974). They state that a linear model

isappropriateiftheresidualstendtofallwithina
horizontal band centred around 0, displaying no systematic

tendency to be positive or negative. Residual plots of

untransformed burbot and lake trout age-Iength data

indicated that for both species the relationship between age

and length was not linear because residuals varied in a

systematic fashion between being positive and negative.

Therefore, al-I age-length data were Iinearized by transfor-

mation prior to analYsis.
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Burbot

After ages and lengths were transformed to their natural

logarithms (Ln) residual plots indicated that analysis by

linear regression was appropriate. ANCOVA was then used to

compare regressions of Ln length versus Ln age between sexes

within basins and between basins for fish at ages 0 to 28'

For untransformed data, plots of mean length versus age and

nt' tests (ut" tests were used for comparison between basins

of mean lengths at each age) indicated that growth rates

vrere similar between basins for fish at ages 0 to I0 but

different for fish at ages L0 to 28. Conseguently' regres-

sions of Ln length versus Ln age for each of the above age

groups were analysed in absence of the other group. ANCOVA

was used to compare regressions of Ln length versus Ln age

between sexes within basins and between basins for fish at

ages 10 to 28. For fish at ages 0 to I0, ANCOVA was used to

compare regressions of Ln length versus Ln age between sexes

within basins. After data for sexes vrere combined' ANcovA

could not be used to compare regressions of Ln length versus

Ln age between basins for fish at ages 0 to 10 because

slopes of these regressions vrere significantly different.

ANCOVA was uSed tO Compare regressions of Ln length

versus Ln age between sexes of burbot collected in Mistik

Creek. After data for SexeS were combined regressions were

compared among burbot from Mistik Creek and alt basins' Ages

0 to 7 were used for these comparisons because the l"listik

Creek sample only contained burbot of these ages'
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Lake Trout

After lake trout ages were transformed to their recipro-

cals residual plots indicated that a linear model was

appropriate for analysing regressions of Iength versus

I/age. ANCOVA was then used tO compare regressions of length

versus l/age between Sexes within basins and between basins

for fish at ages 4 to 45. For untransformed data, plots of

mean length versus age indicated that growth v/as similar

between basins for fish at ages 4 to 14 but different for

fish at ages 14 to 45. Consequently' growth of each of the

above age groups was compared between sexes within basins

and between basins in absence of the other group. For fish

at ages 4 to 14, residual plots indicated that transforma-

tion of ages and lengths to their natural Iogarithms was

required before linear regression could be considered an

appropriate analysis model. ANCOVA was then used to compare

regressions of Ln length versus Ln age between Sexes within

basins and between basins for fish at ages 4 to 14. For fish

at ages 14 to 45, residual plots indicated that transforma-

tion of length to its natural logarithm was required before

Linear regression could be considered an appropriate

analysis mode1. ANCOVA was then used to compare regressions

of Ln length versus age between sexes within basins for fish

at ages 14 to 45. The use of ANCOVA for comparison between

basins of regressions of Ln }ength versus age vJas not

possible for the above age group because slopes of these

regressions were significantly different.
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Lenqth-Weiqht RelationshiPs

Length-weight retationships of both species were

determined and compared by using analysis of covariance on

plots of log Iength versus log weight according to LeCren

( tg51 ) . Comparisons hrere made between sexes, basins, and

years. No attempts were made to analyse seasonaf change in

length-weight relationships. In addition to comparisons

using all age groups, separate comparisons of length-weight

relationships h¡ere made between Sexes within basins and

between basins for age groups 0 to 10 and 10 to 28 for

burbot and for age groups 4 to 14 and l4 to 45 for lake

trout. These comparisons were made because age-length data

suggested a between basin divergence in the growth of burbot

at age 10 and of lake trout at age 14. Therefore, a

corresponding analysis of Iength-weight relationships at

these ages was warranted.

Mortality Rates

Instantaneous mortality rates (Z) of l-ake trout and

burbot \.tere calculated according to Ricker ( 1975 ) as the

descending slope of the natural logarithm of the frequency

of age N versus age N. Instantaneous mortality rates of

lake trout, south basin burbot, and middle and north basin

burbot, were calculated using frequencies of ages 9 to 45,

1I to 22, and 15 to 27 respectively. After determining z,

survival rates (S) and total annual- mortality rates (A) of
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the above three groups were calcul'ated from the following

equation presented by Ricker (19?5): I - À = S = {='

where e is a constant equal to 2.7IB2B'

Comparisons of Z between sexes, basins, and years were

done with a test for the equality of slopes accordinç¡ to

Neter and wasserman ( 1974 ) . When mortal ity, growth, and

length-weight regressions of burbot and lake trout were

cornpared between basins, sexes, and years within each

species, the equality of error variances of compared

regressions was tested according to Neter ancl iJasserrnan

(I974), page I65



RESULTS

Gillnet SelectivitY

comparisons of Iake trout and burbot length frequency

distributions among mesh sizes indicated that for both

species the various mesh sizes were selective for different

length classes of fish (Figs. I0r lt, 12, and 13)'The poor

representation of smalI length classes of burbot and lake

trout in alt mesh sizes is d feature of catch data derived

from gillnets and is due to the inefficiency of gillnets in

collecting small fish. Hamley (1975) reviewed the evidence

that large mesh sizes are more efficient than smaller.

Giltnet samples of burbot from the south basin contained

fish between I and 74 cm in tOtal length whereas those from

the middle and north basins contained fish between 38 and 80

cm in total length. south basin catches contained relative-

Iy greater numbers of small fish of which the greatest

proportion were captured in mesh sizes 5 ' 1 to 10 ' B cm

whereas rniddle and north basin catches contained relatively

greaternumbersoflargefishofwhichthegreatest

proportion were captured in mesh sizes 7.6 to 13.3 cm (Figs'

I0 and II). The selectivity of different mesh sizes for

various length classes of burbot is illustrated by: I) the

size frequency histograms of fish caught in various mesh

3I -
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sízes in both basins, which show a relatively large and

consistent shift to the right with increasing mesh size

(Figs. 10 and 11), and 2) the high squared correlation

coefficients for regressions of total length of burbot

versus mesh size (Table II). The fact that burbot were

usually either girthed or giIled, rather than tangled,

probably contributed to the size selectivity of most gillnet

mesh sizes used. The main exception was the tangling of

large burbot by their maxillae and teeth in 2.5 and 5.1 cm

mesh gillnets in the middle and north basins (Fig. 10).

samples of lake trout caught in giJ.lnets in the south

basin contained fish between 14 and 92 cm in fork length

whereas those in the middle and north basins contained fish

between 29 and 80 cm in fork length. The large range of lake

trout length classes caught in all mesh sizes, the relative-

ly small increase in mean lengths of tength frequency

histograms as mesh size increases, and the absence of strong

modal length classes in these histograms indicates that, in

aII basins, mesh size was not very selective for lake trout

length (Figs. 12 and 13). Squared correlation coefficients

for regressions of lake trout length versus mesh size were

highest in the south basin because a distinct group of lake

trout between 20 and 32 cm lOng were caught in the 5. I cm

mesh gillnet in this basin (Table II, Fig'13)'Lake trout

of this length range !ùere infrequently collected in mesh

sizes other than 5.1 CIIìr were almost absent from middle and
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north basin catches, and were present in south basin catches

in Ig78 on1y. Squared correlation coefficients for regres-

sions of lake trout length versus mesh size also indicated

that mesh size was not very selective for fish length in the

niddle and north basins. when the 5.I cm mesh was excluded

from calculations, nesh size vras poorly correl-ated with

length in the south basin but the squared correlation

coefficient remained unchanged for north and middle basin

catches. Lake trout were often entangled in the gillnets by

their maxillae and teeth, which probably reduced the

selectivity of mesh size for fish Iength. Johnson (I972,

Lg76) also found that various mesh sizes were unselective

for lengths of lake trout from several Northwest Territories

populations.

There is some indication.that Iength frequency histograms

of lake trout captured in the south basin are bimodal (Fig'

].2). Similar patterns of selectivity curves have also been

found for other trout species. Ricker (I942) found a

trimodal pattern in gillnet selectivity curves for cutthroat

trout (SaImo clarki) and dolly varden (Salvelinus malma) in

cultus Lake. HamIey, in his 1975 review, stated that

multimodal selectivity curves may be expected when captures

are concentrated at body discontinuities such as maxillae or

operculae, as well as the widest part of the body. l'lodes of

Iarge length classes in figure 13 may represent Iake trout

which rtere entangled whereas modes of small length cl-asses
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rnay represent girthed fish. An aLternative explanation of

the multinodal histograms in Figure 13 is that the poor

representation of length classes between the modes

(approximately 44 to 50 cm) may reflect a relatively low

abundance of these sizes of fish in Lake Athapapuskow.

MethOd of capture, entanglement or girthing, was not

recorded, therefore it waS not possible to determine which

of the above explanations was appropriate. Approximately the

Same range of gillnet mesh sizes, used to sample other lake

trout populations IKeI]er Lake (Johnson I972)¡ Nonacho Lake'

Lac 1a Martre, l(aze Lake, Whitefish Lake, DismaI Lake'

wholdaia Lake, Ir,laguse Lake, Beverly Lake, vâi1lant Lake

(Johnson I976)¡ Lac la Ronge (Rawson 1961)l $rere efficient

at collecting fish between approximately 44 and 50 cm in

length. Poor representation of these length classes in Lake

Athapapuskow samples may reflect a relatively low abundance

of these length classes in the population. Length frequency

histograms of fish caught in the niddle and north basins did

not show muttimodality (Fig. I2l. This may be due to the

small sample size of lake trOut taken in these basins.

Gear selectivity for sex þras tested using chi square

analysis. The ratio of males to females collected within

each basin did not differ significantly from one to one for

lake trout, 9i11net caught burbot, and rotenone-poisoned

burbot (TabJ-e III). This indicated that both sexes of lake

trout and burbot were equally vulnerable to sampling.
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Figure I0 Length frequency distributions of burbot caught
ir, éillnets of given mesh sizes (cm) in the
rni¿ãte and north basins of Lake Athapapuskow.
Mean length is indicated by a vertical line'
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..

Figure 11. Length frequency distributions of burbot caught
in gillnets of given mesh sizes (cm) in the
-ouÉh basin of iake Athapapuskow. l'lean length is
indicated by a vertical line.
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Figure 12. Length frequency distributions of lake
caught in gillnets of given mesh sizes
the middle and north basins of Lake
Athapapuskow. Mean length is indícated
vertical line.
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Figure 12 Length frequency distributions of lake
caught in gillnets of given mesh sizes
the middle and north basins of Lake
Athapapuskow. Mean length is indicated
vertical line.
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Figure 13. Length frequency distributions of Iake trout
caught in gillnets of given mesh sizes (cm) in
the south basin of Lake Athapapuskow. Mean
length is indicated by a vertical line.



Table rI Sguared correlation coefficients (r2l
length of fish captured in mesh sizes
8.9, I0.8, L2.1, and 13.3 cm.

Basins

Middle and North

South

Middle and North

South

Lake Trout

Lake Trout

Burbot

Burbot

for regressions of mesh size on

(stretched measure) 2.5, S.I,7.6,

2r- values

except 5. I cm

0.L2

0. 20

0. 34

0 .47

0.L2

0.08

(f,)

\o



Table III.Chi-square analysis of Èhe male to female ratio of burbot and lake trout collected in Lake AthaPaPuskow.

Species

Lota lota north and middle

south

Bas in

Salvelinus
namaycush

Ho: proportion of males =1f,$, eroeortion of fenates = ,|$
reject Ho if ¡2 Z x2 o.05, I = 3.84.

Gear

north and ¡niddle

south

gi llnets

rotenone

gi I lnets

rotenone

gí 1 lnets

gi I lnets

Undetermrned MaIes

Sex

Total Number

IO

2

I

0

152

56

266

34

78

173

f emales

1l

39

153

55

282

43

75

177

Percentages
MãTes ----Fema1es

49.8

50.4

48.5

44.2

51.0

49 .4

50. 2

49.6

51.5

55.8

49.0

50 .6

x2

0.0r

0.02

0.93

2.to

0.12

0.09

È
O
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Population Characteristics

Burbot Length Frequency Distributions

Gillnet Caught Burbot. A pronounced difference between

basins in J-ength frequency distributions was observed (Fig.

14). Length frequency histograms of fish caught in the south

basin were more sharply peaked than were those of fish

caught in the niddle and north basins. The strongest

representation of smaller size cLasses was observed in the

south basin and of larger size classes in the middle and

north basins. Mean length of burbot in the middle and north

basins (57.0 cm) vras signif icantly greater ( Ot= .05, I'tn 
=

17.9I) than mean length in the south basin (46.0 cm). The

length frequency histogram of burbot caught in the south

basin was slightly skewed to the right and the length

frequency histogram of burbot caught in the middle and north

basins v/as approximately normal in shape (Fig. I4).

There was a greater overlap between J-ength frequency

distributions of gillnet caught and rotenone-poisoned burbot

in the south basin than in the middle and north basins.

Rotenone-poisoned Burbot., Juvenile burbot sampled by

rotenone poisoning vrere Smallest in the middle and north

basins (mean length = 15.6 cm) . Mean length of burbot

sampled in the south basin (l-7.9 cm) was larger than that of

burbot sampled in the middle and north basins r and the

largest mean length htas observed in the Mistik Creek sample
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(mean length = 22.0 cm). The differences in mean lengths

among aIt samples vtere signif icant (nt'' tests aL çt$ = .05 ) .

Size distributions of burbot collected in lr'listik Creek and

the niddle and north basins were more sharply peaked than

that of burbot collected in the south basin (Figs. t4 and

rs).

Burbot Age Frequency Distributions

Gitlnet Caught Burbot. A pronounced difference between

basins in age frequency distributions was oberved (Fig. 16).

The age frequency histogram of burbot caught in the south

basin was more sharply peaked than was the histogram for

burbot caught in the middle and north basins. Mean age of

burbot from the middle and north basins (I5.3 years) was

significantly greater (ut" = 13.6f, Ot = .05) than mean age

of burbot from the south basin (11.8 yrs). Both age

frequency distributions vrere approximately normal but

appeared to be skewed slightly to the right.

As in length frequency distributions, more overlap was

observed between age classes of rotenone-poisoned and

gillnet caught burbot in the south basin than in the middle

and north basins.

Rotenone-poisoned Burbot. AIt age frequency distribu-

tions of poisoned burbot were approximately normal in shape

(Figs. 15 and I6). Mistik Creek and south basin distribu-
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tions appeared to be slightly skewed to the right. Mean age

(3.1 yrs ) of burbot f rom the middle and north basins r./as

signif icantly less than the mean age ( 4 . 0 yrs ) of l*4i stik

Creek burbot ("t" = 3-79, Ú = .05) and the mean age (3.8

yrs) of burbot from the south basin ("t" = 4.10, oL = .05).

There waS no significant difference between mean ages of

burbot from l'listik Creek and the south basin ("t" test,&=

.0s ) .

take Trout Age and Length Frequency Distributions

The length frequency histogram of lake trout caught in

the south basin was more sharply peaked than that of lake

trout caught in the middle and north basins (Fig. 17). The

strong representation of 2I to 33 cm lake trout observed in

south basin catches htas not Seen in middle and north basin

catches. Lake trout mean length in the middle and north

basins (52.8 cm) vüas significantly greater ("tu = 4.52, o0 =

.05) than mean length in the south basin (48-2 cm).

Age frequency histograms of l-ake trout are given for the

south bas in and middl-e and north basins ( Fig. 18 ) . There is

great variation within each histograrn in year class

strength. Both histograms are strongly skewed to the right

and have relatively poor representation of year classes 15

to 20. The south basin also has a relatively poor represen-

tation of year classes 27 to 29. Strong representation of

year classes 4 to 6 ( the 2L to 33 cm size group described



above ) was

significant

south basin

yrs).
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observed in the south basin. There was no

difference between mean age of lake trout in the

(14.8 yrs) and middle and north basins (14'9

Lenqth-Weight RelationshiPs

When alI ages of burbot collected were represented in the

analysis there were no significant differences in length-

weight regressions between the different years in which fish

were caught or between Sexes in the niddle and north basins'

For fish caught in the south basin, there were no signifi-

,ant differences in length-weight regressions between years.

After data for Ig77 and 1978 vrere combined the female

length-weight regression was significantly greater than that

for males in the south basin ("F" = 10.31, QL= .05). The

regression equations are as follows:

middle and north basins: Log v'l = 3.0024 Log L'2.1990,

south basin male: Log W = 2.9720 Log L - 2'108I,

south basin female: Log W = 3.0294 Log L - 2.2589.

l,lales from the south basin had an ad justed mean weight which

was significantly greater than that of middle and north

basin burbot ( "F"

regression of south basin females had a significantly

greater slope than the regression of middle and north basin

fish ("F'= 7.83, ú=.05).

:':ìl:ìì

rìl:
,..ìlrrì

:::l:
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Figure L4. Length frequency histograrns of
the south basin and middle and
Lake Athapapuskow.

burbot caught in
north basins of
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Figure 15. Age and length
poisoned burbot

frequency histograms
from Mistik Creek.

of rotenone-
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Figure 16. Age frequency histograms of
south basin and middle and
Athapapuskow.

burbot caught in the
north basins of Lake
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Figure 17. Length frequencY histograms of
in tne south basin and middle
of Lake AthaPaPuskow.

lake trout caught
and north basins
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Figure IB. Age frequency histograms of
the south basin and middle
Lake Athapapuskow.

lake trout caught in
and north basins of
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For fish at ages 0 to I0, there vrere no significant

differences in length-weight relationships between sexes

within basins, between basinsr oE between years. In the

south basin , for ages 10 to 28, female length-weight

regressions had a significantly greater slope than male

regressions (nFu = 5.69, cl, = .05). In the middle and north

basins, for fish at ages 10 to 28, there were no significant

differences between Ìength-weight regressions of males and

femaLes. For this age group, the slopes of length-weight

regressions of south basin males and females were both

significantly greater than the regression slope of fish

caught in the middle and north basins (at Q{, = .05, I'Frr

values were 10.10 and 8.33 for males and females respective-

ly). When length-weight relationships of other burbot

populations were compared to those of Lake Athapapuskow

burbot a regression equation was calculated combining data

for all basins, both sexes, and both years as follows:

Log W = 3.0099 Log L - 2.2015.

Vùhen age cl-asses of aII lake trout collected were

represented in the analysis there were no significant
differences in length-weight regressions between sexes

within basins or between years. When data for each sex and

both years were combined, the regression slope for lake

trout from the middle and north basins was significantly
greater than that for south basin fish ("F' = 19.65,



Length-weight regression equations

5I

are as&= .05).

follows:

rniddle and north basins: Log w = 3.4382 Log L - 2.6540,

south basin: Log W = 3.2267 Log L - 2.3014.

For ages 4 to 14 there were no significant differences in

length-weight regressions between SexeS within basins '
between basins t oE between years. For ages 14 to 45 -here

were no significant differences in length-weight regressions

between sexes within basins or between years but when data

for each Sex and both years were combined adjusted mean

weights were significantty greater for fish in the middle

and north basins than for fish in the south basin ("Fu =

6.22, x = .05). When length-weight relationships of other

lake trout populations were compared to those of Lake

Athapapuskow lake trout a regression equation was calculated

combining data for all basins, each sex' and both years as

follows:

Log W = 3.2738 Log L - 2.3775.

For burbot and lake trout, there were no statistically

significant differences between error variances of compared

Iength-weight regressions ( c¡=.05).
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Growth

For burbot, ANCOVA indicated that there !'¡ere no signif icant

differences between Sexes within basins or between basins in

adjusted mean lengths for fish at ages 0 to 28 (ANCOVA).

Divergence of mean length versus age plots at age I0 and

significant differences between basins in mean Iength at

ages >IO (nt" tests at & =.05) indicated that there was a

difference between basins in growth of burbotrbeginning at

age 10 (Fig. 19). ANCOVA indicated that for ages 10 to 28,

middle and north basin burbot were significantly longer at

any given age than south basin burbot ( " F" = I02.9, Q'(J =

.05 ) . For ages 0 to 10, slope of the plot of Ln length

versus Ln age of south basin burbot vüas significantly

greater than that of middle and north basin burbot ("Fn =

L7.2Br c¡t = .05 ) . ANCOVA indicated that there were no

significant differences between sexes in growth of burbot

collected in Mistik Creek. ANCOVA indicated that the growth

of lr'listik Creek burbot ( Fig. 20) did not signif icantly

differ from the growth of south basin or middle and north

basin burbot for fish at ages 0 to 7.

For lake trout, ANCOVA indicated that there were no

significant differences in growth between sexes within each

basin. After data for sexes v¡ere combined, the slope of the

plot of length versus l/age of lake trout from the middle

and north basins s¡as significantly greater than that of lake

trout from the south basin (nF" = 44.40, Q! = .05). Trends
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in interbasin differences in growth of older fish dispÌayed

by burbot ( Fig. 19 ) Ì./ere also noted f or l-ake trout (Fig.

ZI). Lake trout age-length relationships start to differ

between basins at approximately age 14. Therefore, â9€

groups 4 to 14 and 14 to 45 were analysed separately in

absence of the other group. The division of ages into two

groups at age 14 was somewhat subjective as confidence

intervals for mean lengths at various ages were relatively

large and exhibited overlap between basins. This division

is partly justified by the abruptness and consistency of the

divergence of mean length versus age plots and by the

significant differences between basins in mean lengths at

ages 23 and 27 (Fig. 2l-). ANCOVA indicated that for fish at

ages 4 to t4 there were no significant differences in growth

between sexes within each basin or between basins. For fish
at ages I4 to 45, ANCOVA indicated that there \,rrere no

significant differences in growth between sexes within
basins. After data for sexes in this age group were

combined, the slope of the plot of Ln length versus age for
middle and north basin lake trout was significantly greater

than that of south basin lake trout ("F" = 7.11t d-=.05).
To use ANCOVA for comparison between basins of adjusted

mean lengths of older aged take trout (14+) it was necessary

to find age groups for which growth plot slopes did not

differ between basins. Slopes of plots of Ln length versus

age were significantly different between basins for lake

trout at ages 14 to 45 (see above), 15 to 45 ("F" = 6.58r.



:l

a

54

o()= .05), and 16 to 45 ('F' = 4.6g¡ &=.05), therefore,
ANcovA could not be used for interbasin comparisons of
adjusted mean lengths for these age groups. However, ANCovA

vJas used for comparison of adjusted mean lengths between

basins for lake trout at ages r7 to 4s because, for these

ages, there was no significant difference between basins in
the sJ-opes of the regression of Ln length versus age.

ANcovA indicated that the adjusted mean length of lake trout
at ages 17 to 45 v/as significantly greater for fish caught

in the middle and north basins than it was for fish caught

in the south basin ("F" = 56.53, (r. = .05). small sample

sizes and large variances in length at age N made 'trr tests
ineffective for interbasin comparisons of mean rake trout
length Iengths at various ages.

For burbot and lake trout there vrere no statistically
significant differences between error variances of compared

growth regressions ( OG=.05 ) .

Mortality Rates

The terms z, s, and A will be used in this section and

are defined by Ricker (1975) as follows:
rnstantaneous rate of mortality (z) z The naturaL

logarithm (with sign changed) of the survivar rate. The

ratio of number of deaths per unit of time to popuration
abundance during that time, if alr deceased fish v¡ere to be

immediately replaced so that the population does not change.
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There were no significant differences in lake trout

instantaneous mortality rates between sexes within basins,

between basins r oE between years.

For burbot and lake trout there were no significant

differences between error variances of compared mortality

regressions ( oc =.05 ) .

Maturity

Age and length at which 100 percent of the sampled burbot

$rere mature coul-d not be accurately determined because

sample sizes were small at ages and lengths where maturity

occurred (Tables IV, V, Vf, and VII). Almost all immature

burbot were collected on shorel-ines using rotenone and all
mature burbot were collected with gillnets in the main

bodies of the lake basins. rn all basins most of the burbot

collected were mature by age seven. Only five immature fish
older than age seven v¡ere caught. rn the south basin a1l

burbot J-arger than the 33 to 36 cm length class were mature.

In the middle and north basins alt burbot larger than the 39

to 42 cm length class were mature.

Percentages of mature lake trout in each age intervat and

length class are presented in tables VIII and IX respective-
ly. Lake trout older than age 14 and larger than 57 cm were

always mature, therefore, data for these fish v¡ere not

presented in the above tables. The exact age or length

class at which 100 percent maturity occurred was not easily
deterrnined due to smalI sample sizes of these cl-asses.
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Ficture 19. I'lean lengths at given ages of burbot
cauqht in Lake Àthapapuskow. Half of a 95
percent confidence interval is given for age
classes represented by more than two fish. S
indicates that mean lenqths of fish at a
given age are significantly different
between basins (r't11 tests, oc = .05).
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Figure 20 Mean lengths at given ages of burbot caught in
Mistik Creek. Confidence intervals are given for
age classes represented by more than two fish.
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Figure 2I. Mean lengths at given ages of Iake
trout caught in Lake Athapapuskow. Ilalf of a
95 percent confidence interval is given for
age classes represented by more than two
fish. S indicates that mean lengths of fish
at a given age are significantly different
between basins ( rrtrr tests , ú = .05 ).
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Figure 22. Catch curves for burbot caught in Lake
Athapapuskow. Regression lines are fitted to
the descending right hand Iimbs of the curves
(regression slopes = Z).
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Lake Lrout of both sexes in the 51 to 54 cm and larger

size groups were always mature. ÀI1 males caught in the

rniddle and north basins $rere mature at ages > 12 whereas alI

males caught in the south basin v¡ere mature at ages ) I1.

All femal-es caught in the middle and north basins were

mature at ages ¿ 14 whereas atl females caught in the south

basin were mature at ages

maturation occurred approximately four to five years prior

to the age at which 100 percent of the sampled fish were

mature, ât lengths of about 45 to 48 cm.

Seasonal Gonad Development

Gonads of immature lake trout showed no trends in weight

increase as the summer progressed (Fig. 24). Ovary weight of

mature female lake trout increased rapidly throughout the

summer ( Fig. 25) .

Five mature female lake trout which wetre above the size

and age of maturity observed for this popuJ-ation' sampled

between August 13 and 23, 1978, had abnormally low ovary

weights (Fig. 25) and small egg diameters. Egg diameters

were approximately 1.0 to 1.5 mm whereas other mature

females sampled during this period contained eggs of about 3

mm in diameter. Abnormally small relative ovary weights and

egg diameters are an indication that the above mature

females would not have spawned during the year in which they

were collected. Their ages and fork lengths were , 12 years



Table IV. Catch frequencies at given ages of maturê and immature burbot
caught in the south basin of Lake Athapapuskow'

Age
(Years )

0

I
2

3

4

5

6

7

I
9

l0
11

L2

13

L4

15

I6
L7

18

t9
20

2L

22

Rotenone
<3.5 Meters (Shore Lines)

Immature Mature

,i:.aiii!l:ä.i)

6

29

22

I4
5

I

Gi I lnets
9 Meters

Immature Mature

Gi I lnets
>18.5 Meters

Immature Mature

I
1

I

I
t
I
2

2

t

7

9

25

49

70

93

75

76

53

38

2T

5

5

3

2

2

Or
UJ
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Table V. Catch frequencies at given aoes of mature and irmature burbot cauglìt
in tlìe rniddtc and north basins oF Lalie ¡\chaPaPuskow.

Rotenone

Àge < 3.5 Meters (Shore Lines)
(Years) Inunature Mature

0

I

3

4

5

6

7

I
9

10

tt
L2

I3
l4
t5
I6
T7

I8
l9
20

2L

22

23

24

25

26

27

28

3

7

26

33

25

I2
3

ci I Inets
9 MeÈers

lñimature Mature

Gi I Inets
>18.5 Meters

Irunature Mature

2

2

I
I
I
2

I

t
4

L7

II
22

25

2l
25

29

26

27

27

25

7

9

IO

5

2

2

I
t
2

Oì

'Þ
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Table VI, Catch frequencies at, given length
caught in the south basin of Lake

Length Rotenone
Interval 13.5 Meters (Shore Lines)

(c¡4) rmmature Mature

:a t.: | ::t:tl:t. I t:) t;.:r t:.

6

9

L2

15

18

2t
24

27

30

33

36

39

42

45

48

5l-

54

57

60

63

66

69

72

75

78

-9
-L2
-15
-18
-2r
-24
-27
-30
- 33

-36
-39
-42
-45
- 48

- 5r
-54
-57
- 60

- 63

-66
-69
-72
-75
- 78

- 8t

2

19

I4
24

16

T

1

int.ervals of mature and immature burbot
Athapapusko\r.

Gi llnets
9 Meters

Immature Mature

Gillnets
>18.5 Meters

ïmrnature Mature

1

6

4

3

11

58

114

L02
65

42

51

26

13

10

5

2

1

Oì
(tl



lable vrr. Catch frequencies at
cauqht in the middle

Length Rotenone
Interval < 3.5 Meters (Shore Lines)

(CM) Immature Mature

6- 9

9-12
L2-L5
15-18
18-21
2L-24
24-27
27-30
30 - 33

33-36
36-39
39-42
42-45
45 - 48

48-51
sl-54
54-57
57-60
60 - 63

63 - 66

66-69
69-72
72-15
75 - '18

78 - 81

given length intervals of mature and inmature burbot
and north basins of Laì--e Athapapuskow.

a)i,:..:ta. :.t:.:,:t i : :t.:.1,

l¡,iíli;:;:,ttl
l:ll):;ltlrtl'.|:/,

4

7

37

34

14

6

7

I

;:li'::l:¡t':l

:::,:'.attltt,l

tilL:i,l'tii

:l;tlill.l,

'.ltLl:;tl]!r
attitltiìÍ¡1
t:t n'!ltt:,t

Gi IInets
9 Meters

Immature Mature

'.L..i,.'',ii-)
'.ll:llilt:...1!|.1::ll

a;lttt:t,.tt;:t,
.::t:1'att):):!::,tt

'r ll;lÌ.llÍl.l :¡,:,tt:t :
:

t:;litli,:ätl'U

¡iì::,!ll!:tt..:a,ti! ì:!.
. .i

I

Gi 1 Inets
>18.5 Meters

fmmature Mature

1

3

I

4

4

2

t

l4
20

19

T7

20

34

39

36

44

28

T7

6

4

5

O|
Or



Table VIII. percentage of maturc fish in the totãl catch of each age class of lal:e trout caught
in Lake AthaPapuskow.

Age Males
(Years) N Immat. Mat. t Mat.

4

5

6

7

I

9

l0

I1

L2

13

l4

North and Middle Basins

11
22

tl
64

96

51

100
83

0

0

0

2

3

4

l0

5

3

Females

Immat. Mat. t Mat.

0

0

0

33.3

33.3

80.0

t00.0

62.5

r00.0

440

660

t0 9 I

752

2Il

936

sl4

404

South BasÍn
MaIes

Imnat. Mat. t Mat. N

''llitl/|:,

l:i:,r:::|,

330

880

660
660

t5 l0 5

r8 9 9

844

404

808

927
707

n

0

r0. 0

28.6

50. 0

66.'l

80.0

100.0

I

0

0

0

0

1t t

50. 0

50.0

100.0

100.0

77.8

100.0

Females

Inmat. Mat. t Mat.

4

5

4

tl

T2

13

I2

1I

7

16

40

50
40

11 0

120

13 0

66

110

34

0 16

0

0

0

0

0

0

50.0

90. 9

57 .l

100.0

o\{



Table IX. Percentage of nature fish
in Lake ÀthapaPuskow.

Length North and Middle Baslns

Interval Males Females

(CM) N Immat. Mat' t Mat. N Immat. Mat' t Mat'

r5-18

18-2L

2r-24

24-27

27- 30

30-33

33-36

35- 39

39- 42

42- 45

45-48

48-51

51-54

54-57

in the total catch of each length interval of lake trout caught

200

100
400

200

400

642

15510

s05

0

0

0

0

0

33.3

66.7

100. 0

110

330

330

880
770

761

202

826

606

Males
N Inmat. Mat.

tr0
000
220

330
770

550
440

660

t3 t2 r

440

2t7L4

19316

t4 0 14

0

0

0

0

0

14. 3

100.0

75.0

r00.0

South Basin
FenaLes

B Mat. N lflunat. Mat. t Mat.

0

0

0

0

0

0

0

0

7.7

0

66.7

84.2

100.0

2

7

4

2

0

I

13

I

I6

l2

20

20
70

40

20

00

80

t3 0

80
16 0

2r0

0 20

0

0

0

0

0

0

0

0

0

83.3

100. 0

Ot
co
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and 49.6 cIIìr 14 years and 49.7 clllr 27 years and 56.5 cIIìr 31

years and 62.7 CIIIr and 38 yearS and 54.5 cm. These "non

spawners' were close to the age at which maturity occurred

or they were relatively old. Three mature female lake trout

exhibited abnormally large relative gonad weights. Their

ages and f ork lengths were , 26 years and 59.9 CIIì r 26 years

and 6I.5 cIIìr and 22 years and 54.5 cm. They were relatively

01d but not as oId as the 3 oldest "non spawnersrr. Data

(Fig. 25) indicates that the majority of mature female lake

trout would have spawned during the year in which they were

col lected .

Relative testes weights of mature male lake trout

increased at a lower rate than relative ovary weights of

mature females and did not increase in weight after early

August (Fig. 25). At aII sampling periods male gonads

constituted a much smaller proportion of body weight and

were rel-atively more variable in weight than female gonads.

Gonad weights (expressed as percentage body weight) of

burbot remained unchanged aS the Sampling season progressed

and, therefore, were not presented graphically. However'

relative gonad weights differed between mature and immature

fish, Mean burbot gonad weights expressed as percent

bodyweight + 95 percent confidence intervals were 0.36 +

0.04 for mature maLes,0.23 + 0.11 for immature males' 0.83

1 O.I2 for mature females, and 0.44 + 0.16 for immature

females. It appeared that burbot gonad development was
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negligible from the time at which spav/ning was completed to

at least early September. The najority of synthesis of

gonadal products must, therefore, occur after early

September and prior to spawning time (ear1y spring).

Although relative gonad v¡eight was not used as a

criterion for assigning maturity status the limited overlap

between relative gonad weightS of mature and immature lake

trout (Figs. 24 and 25) and burbot supports the validity of

maturity status assignments based on visual examination of

gonads ( see Methods ) .

Mean Weights of Burbot and Lake Trout

Mean weights of burbot captured by gillnets appear to

have decreased between 1971 and t978 (Table X). This

decrease is most pronounced in the south basin between 1976

and 1978.

Mean weights of lake trout captured by gillnets were

relativety stable between I971 and 1978 (Table X). Mean

weights of lake trout from the south basin and from aIl-

basins combined !Íere lowest in 1978. Low 1978 mean weights

of lake trout v.tere caused by a distinct group of small lake

trout captured in 5.1 cm mesh gillnets in the south basin

during t97B (Fig. I3).

The mean weight of burbot captured by gillnets in L977

and 1978 was significantty greater ("tu = l-8.40' Q, = .05 )

in the middle and north basins (I.27 kg) than in the south
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Figure 24. RelationshiP between date and
weight of immature female and
caught in Lake AthaPaPuskow.

relative gonad
male lake trout
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Figure 25 Relationship between date and relative gonad
weight of mature female and male lake trout
caught in Lake AthaPaPuskow.
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basin (0.65 fg). The mean weight of lake trout captured in

I977 and 1978 vtas significantly greater ( "t" = 4.93, cl' =

.05) in the middle and north basins (2.19 kg) than in the

south basin (1.62 fg).

Abundance Estimates of Burbot and Lake Trout

The relative density of burbot and numerical percentage

of burbot in the total catch r,/ere higher in L977 and I97B

than in I971, but relative biomass has remained fairly

constant (Table XI).

All lake trout abundance estimates v¡ere higher in I97L

than they were in I977 and I978. Abundance estimates of

lake trout appear abnormally low for I977. Sampling effort

in the middle and north basins constituted 3I, 44, and 32

percent of the sampling effort utilized in I97I, 1977, and

1978 respectively. Lake trout were more abundant in the

south basin than in the middle and north basins. Therefore,

low l-977 lake trout abundance estimates (Tab1e XI) may be

explained by the greater sampling effort employed in the

niddle and north basins in L977 than in I97l and 1978.

Combined relative density of all species appeared to

increase between 1971 and 1978 (Table XI) and h'as greatest

in the middle and north basis (Table XII).
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Lake Trout Harvests

A commercial gillnet fishery operated on Lake Athapapus-

kow from 1931 to 1943 and in 1956 and 1957 (Schlick,1973a).

Lake trout catches and catch per license for each year of

commercial fishing are presented in Figure 26. Catch and

catch per license were calculated from commercial fishery

records presented by schlick 11973a). Year class frequen-

cies or relative year class strengths given in Figure 26

were derived from lake trout sampled in this study. For

example, if a 17 year otd lake trout was captured in l-977 it

was assumed to have hatched in 1960 and was subsequently

assigned to the 1960 Year c1ass.

Catch per license was stable for the first two years of

fishirg, declined in 1933, and rose to its highest value in

1934 ( 3300 kg). Between 1934 and 1940 catch per license

remained relatively stable and total catch steadily

increased. After 1940 catch and catch per license dropped

rapidJ.y and by 1943 the fishery experienced its lowest catch

per license value. It is unlikety that a wartime decrease

in fishing effort per license could account for low catches

during I940 to lg43 because the weight of whitefish caught

per license increased during this period. This indicated

that fishing effort per Iicense did not decrease during 1940

to I943. For lake trout, catch per license values in 1956

and Lg57 vrere low, although the total catch was high ( 15000

kg in 1956 and 32700 kq in 1957). This indicated that lake
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trout abundance had not increased appreciably since 1943

even though the fishery was closed from 1944 to 1955.

The Iarge variance of the frequencies of year cfasses

obscured interpretation of trends in relative year cfass

strength. A decline in year cl-ass strength vras expected as

age increased because of mortality (Fig. 26). The represen-

tation of 1958 through 1962 year class was abnormally smal-l

in all basins. This period of poor year class representa-

tion r,yas preceded by a period ( I956 and L957 ) characterized

by high commercial yields and a low abundance suggested by

Iow catch per license values.

Mean annuaf commercial harvest of lake trout from Lake

Athapapuskow was 19650 kg/yt (SchIick' 1973a). A creel

census indicated that the I975 annuaL angler harvest was

41900 kg/yr (Sigurdson and scaife, 1975a). Surface area of

Lake Athapapuskow is 26596 ha. Therefore, mean annual

commercial harvest per hectare was:

19650
= 0 .7 4 kg/ha/yr ,

26596

and the 1975 estimate of angler harvest per hectare was:

41900
------ = l.5B kg/ha/yr.
26596



Table X. Mean weights by year, of lake trout and burbot caught in gillnets in

Lake Àthapapuskow, Sample sizes are given in parenthesis.

Year S- Basin

t:;ú|;¡iii,:t*¡¡lü¡iißi:,',*¡ttt¡¡!tr¡iliitt:::tt :
'.,t) :,.::,a, I lt :.i a': t :.) t) : lt,). Ì t,.

l

r97l - (-)

1975 - (47)

L976 1. 05 (64 )

L977 0.69 (332)

L978 0.61_ (2241

M. and N. Basins AII Basins

Burbot

Data for L97¡., ¡.975 and 1976 are from Schlick (I973a), Sigurdson and Scaife (1975b),

and fùright (1976) respectively.

- (- )

- (261

L.42 ( 31 )

1.41 (16e)

1.r0 (146)

Mean Weight (kg)

1. 1 3 (r25t

1.oo (73)

1.17 (9s)

0.93 (s0r)

0.80 (370)

:a:,:l
t,

S. Basin

- (- )

- (33)

r.64 (43)

r.78 (r.79)

r.4e (2ro)

Lake Trout

M. and N. Basins Àll Basins

- (- )

- (3)

3.07 (3)

2.20 (11s)

2.16 (49)

2.00 (2541

2.L6 (36)

L.7 4 (46 )

r.9s (294)

1.6r (259)

\¡
Or
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Figure 26. CommerciaL gillnet catch per license,
class frequencies of lake trout from
Athapapuskow. Year class frequencies
determined from fish sampled in 1977

and year
Lake
are

and 1978.
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Other Biological Characteristics

Diets of Burbot and Lake Trout

Table XIII best illustrates diet preference of burbot as

values presented for each taxon are a measure of frequency

of feeding on that taxon. Table XIV best illustrates the

energetic or nutritional significance of each taxon found in

the burbot diet. Sampling at shorelines and Mistik Creek

was limited to the Iast week in August in each year'

therefore, it may be expected that the results for diet of

burbot from these two areas will be biased by the failure of

the short sampling period to represent seasonal fluctuations

in diet taxa availability. Almost aIl burbot caught in the

main bodies of the lake basins were sexually mature and all

burbot caught at shorelines and Mistic Creek hrere sexually

immature, therefore, further discussion in this section will
be in reference to the diets of mature and immature fish.

Orconectes virilis and Mysis rel_icta were the most

frequently eaten invertebrates by mature burbot (Table XIII)

whereas the former was the most frequently eaten inverte-

brate by immature burbot caught on lake shorelines. AlI

mature burbot which had fed on O. virilis were captured at a

depth of about 9 meters. The sculpin component of the

immature burbot diet consisted entirely of Cottus cognatus

whereas mature burbot fed more frequently on Myoxocephalus

thompsoni than on the former species. Other well represent-

ed taxa in the diets of immature burbot were Ephemeroptera



Table Xt . Abundance estimates by year (expressed as numerical percentage of the catch,

relative density, and relative biomass) of burbot, lake trout, and all

species caught in gillnets in Lake Athapapuskow.

Total Number Caught L25

Numerical t of Catch 5.32

Total Weight Caught (kS) 313

Number of Effort Units 57

c.P.U.E.t E*pr.""ed as:

Relative Density (fish/u.E.) 2.L9

Relative Biomass (kglu. E. ) 5. 49

t97r L971 r97B

" cut.h per unit of effort eguals number or weight of
fished overnight.
Data for 1971 are from Schlick (1973a) .

Burbot

501 370

10. 45 11. 89

468 296

99 62

5. 06 5 .97

4.72 4.77

Lake Trout

19 71

257 294 259

10.93 6.13 8.82

513 57 3 413

57 99 62

4.51 2.97 4.L7

9.00 2.91 6.66

I917 1978

AII Species

1971 L977 1978

2351 4796 3r]-2

100 100 100

s7 99 62

4L.25 48.44 50.19

fish caught in 137 m. of gillnet

{
(o



Table XII. Relative Density (fish/U.E.) andrelaLive biomass (kS/u,8.) of fish caught
in gillnets in Lake Athapapuskow.

Total number of meters
of gillnets fished

Approximate nu¡nber of
gangs fished

Species

Coregonus clupeaformis
coregonus sp. (cisco)
Salvelinus namaycush
Esox lucius
Catostomus catostomus
Catostomus commersoni

Lota lota

South Basin

l3 , 419

98

Number

Caught

I6 4I
139

389

29

328

655

556

196

189

4200

Weight
Caught (kSl

632

366

Perca
Stizostedion vitreum
all species combined

Salvelinus namaycush

Lota lota

f luviati li s

North and MiddIe Basins

Relative
Dens i ty

16.74

r.42
3.97
0. 30

3. 35

6.68
s.68
2. 00

1.93
42 .86

Relative
Biomass

6 .44
3.73

8,664

63

Number

Caught

r783

495

164

102

0

438

315

I43
259

3708

Weight
caught (kS)

359

399

t.) ::)::l t a :,all i|t t,
.:'.ìi 

l:'. : l.tl:..t:':.at

one unit of effort equals 137 m of giì.rnet fished overnight.

'll::t¡tit::rl

ll:
:!,i

li.i

',i:i:tl:!:ti:li)
tAlilLtlti:liì
'tl:,1:r..i,:rtl::ttt,

Relative
Density

28. 30

7.86
2.59
L.62
0.00
6.95
4.98
2 .27
4. rt

58. 86

Relative
Biomass

5. 70

6.33

co
O
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and Trichoptera nymphs, HyaIlela SP., Rhinicthys cataractae'

Etheostoma nigrum, and unidentified cyprinids. Immature

burbot caught in t'li stik Creek f ed most f requently on black

f1y l-arvae ( Simuliidae ) and Odonata Iarvae. Fish were

poorly represented in their diets.

Immature burbot fed more frequently on a wider variety of

invertebrates than did mature burbot but, mature burbot fed

more frequently on a wider variety of fish. With the

exception of 9. viril is r rto taxon waS well represented in

the diets of both mature and immature burbot. There was no

apparent overlap between sizes of O. virilis eaten by mature

and immature burbot.

Volumetric representation of rish in the burbot diet

exceeded that of invertebrates for all burbot sampled (Tab1e

XVI ). The exception was Mistik Creek burbot for which

invertebrates represented the greatest volume of the diet.

The greatest percentage volumes of taxa in the diets of

mature burbot $¡ere represented by ciscOes ' Coregonus

clupeaformis, M. thompsoni, and O. virilis. g. cognatus, R.

cataractae, Perca fluviatilis, and O. virilis constituted by

volume the majority of the diet of immature burbot. O.

virilis was the only taxon for which strong volumetric

representation was noted in both mature and immature burbot

diets. Cannibalisrn was rare. Of the 974 burbot stomachs

examined only one contained another burbot.
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Although l-ake trout stomachs were not analysed, four lake

trout collected at various depths, locations ' and dates from

the south basin each had the caudal fin of a burbot

protruding from its mouth. AIl lake trout v¡ere relatively

large (6I.0, 63.0' 64.0, and 7L.4 cm). Total lengths of the

nearly undigested burbot (38.4' 40.0, 40.7, and 44.0 cm)

approximated the most common lengths of burbot collected by

gillnets in the south basin.

Since I did not sample lake trout stomachs' burbot may

have been common in lake trout diets ' but have gone

unnoticed when they were fully swallowed.

Depth Distributions of Burbot and Lake Trout

Fishing effort was equal among depths and fishing periods

within a basin but !Ías three times greater in the south

basin than in the middle basin, because fish were collected

from three stations in the south basin and from only one

station in the middte basin. Comparisons between basins of

absolute numbers of fish collected at a given depth or

fishing period have, therefore, not been justified.

Figures 27 , 28, and 29 were based on 1978 data because

inconsistencies in temporaÌ and spatial distribution of

fishing effort in 1977 made comparisons of fish distribu-

tions between different depths and fishing periods invalid.

Burbot in the south basin lrÍere most abundant at alI

fishing periods at depths > 33.5 m and were also abundant in
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the 18.5 m depth samples from JuIy IB onward (Fig- 27l'. In

the middle basin, burbot. vrere most abunclant in 18.5 m or >

33.5 m sampling depths depending on the fishinq period.

Burbot occurred in shallow waters ( 9.0 m) infrequentlYr

usually in late June, in both basins.

Lake trout were most abundant at the sampling depth of

18.5 m in the south basin between June 27 and July 2 (Fiq.

28). Lake trout abundance was similar between depths of

18.5 and ) 33.5 m for the remainder of the season, although

it became slightly greater at)_33.5 m depths between July 1B

and July 25 and between August 4 and August 2I. þ¡ith the

exception of the earliest sampling period when they appeared

equally distributed among alt sampling depths, almost all

micidle basin lake trout were collected from Ì8.5 m depths

(Fig. 28'). Lake trout occurred in shallow waters infre-

guently in both basins, usually in late June.

Pronounced differences between depth distributions of

burbot and lake trout occurred in the south basin between

June 27 ancl July 2. At this time burbot were concentrated

at à 33.5 m and lake trout were concentrated at 18.5 m. In

the middle basin burbot were reLatively abundant at > 33.5

m but lake trout were rarely collected at this depth (Fiqs.

27 and 2Bl.

Depth distributions of

in both basins but burbot

Lake trout vrere most

burbot and lake trout were similar

were most abundant at 2 33.5 m and

abundant at 18.5 m ( Fiq . 29) .
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Table XIII. Burbot diet taxa exPressed as Percentage frequency of
occurrence in stornachs containing food.

Item

Lake
Athapapuskow

SN

üistik LakeAthapapuskow
Creek Shorelines

TNTN

Total number of stomachs: 100

Empty stomachs: 44

No. of stomachs with food: 56

F ish
C_gresonus_ sp. (Ciscoes) 9.75
Coregonus clupeaformis 0.91
Unidentified coregonids t.8I
Myoxocephalus thompsoni 9.52
Cottus cosnatus 1,59
Stizostedion vitreum 0.23
Perca fluviatilis 0.23
CatosÈomus catostomus 0.23
Lota lota 0.23
Punqitius pungitius 4. 31

Percopsis omiscomaycus 0.23
Percina caprodes
Rhinichthys cataractae
NotroÞis hudsonius
Unidentif ied cyprinids
Etheostoma nigru¡n
Unidentified fish 35. 83

Invertebrates
orconectes virilis
HyaIeIIa sp.
Mvsis relicta
Àmphipoda

Cladocera
Ostracoda
S imul i idae
Diptera
Plecoptera
Neuroptera
Ephemeroptera
Trichoptera
Odonata
Unidentified Insects
Hirudinea
Oligochaeta
Gastropoda
Pori fe ra

788 100

347 11

4¡lI 89

43

4

8

42

7

1

1

I
I

I9
I

3.13
3.13

r58

49

IO

55

4

3.I3

81.25
6

3

I7

21.88
L 6.25

3.r3
I

17 3 18. 75

35

4

32

I00 t86
30 56

70 130

iLl:.:Ìiìrlt

::.1

II.TI
2 .2't

L2.47
0-91

1. 36

0.68
3.85

0.23

I
t

27.69 36

3.08 4

0.77 r
0.77 1

2.3r 3

1.54 2

3.08 4

3.85 5

3.85 5

23.08 30

8.46 11

2. 31 3

o.77 r

0.77 r
2.3r 3

11.54 15

7.69 r0

9.23 12

r.54 2

0.77 r

26

7

2

0.23

Misc. (including fish eggs, 39.23
debris )

26 .15 34
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TaÞIe xIv. Burbot diet taxa expressed as pelcentage of total volume (m1) of all
stomach contents.

Lake
ÀthaÞaÞuskort

tvo]. N

Ittistik
Creek

t vol. N

Lake Àthapapuskow
shorel i nes

t vol- NItem

Total number of stomachs: 100

E¡npty stomachs: 44

Nunber of stomachs exannined: 56

Total volume of stomachs: 100

Fish

788

347

44t
2873.15

t00
I1
89

100 49.50

186

56

r30
r02.6

35

9

32

r00
30

70

100

.ii
:i
r'iìì

l:ìì':.l:¡

coregonus sP. (Ciscoes)

coregonus cluÞeaformis
Unidentif ied coregonids
Mvoxocephalus thomÞsoni

cottus coqnatus
StÍzostedion vitretrm
Perca fluviatilis
Catostomus catostomus
Lôta lota
Pu¡qitius punqitius
PercoÞs i s çrniSCCnAY-Cl¡E-

Percina @9E-
Rhinichthvs cat aractae
NotroÞis hudsonius
Unidentif ied cyprinids
Etheostorîa nigrum
Unidentified fish

Inve rtebrates
orconectes virilis
HvaIeIIa sp.
Mvsis relicta
Àmphipoda

cladocera
Ostracoda
Simuliidae
Diptera
Plecoptera
Neuroptera
Ephemeroptera
Trichoptera
Odonata
Unidentified insects
Hirudinea
Oligochaeta
Gastropoda
Por i fera

Misc. (including fish e99s,
unidentified debris)

30.17 866.75
1.97 229.00
4.02 r15. 50

4.79 I37.60
0.72 20.70
0. 45 L3, 00

0.28 9.00
1.04 30.00
2.26 65.00
r. 15 33.00
0.19 5.50

23.84 685.00

16. 89 485.20
0.08 2.40
r. 95 56. 40

0. 14 4. 00

o.o2 0.60

P

0.07 2.20

0. 03 0. 80

P

3.92 I12.50

58.97 60.50

3.22 3.30

0.10 0. l0
3.02 3.I0

6.53 6 ,70

0.59 0 .60

1.95 2.00

]. 75 1.80

1.36 1.40

12.04 12.35

0.68 0. 70

P

0.49 0.50

0.75 L.00

0.39 0.40

c.78 0 .80

o.Zg 0.30
P

3.43 1.70
t.4t 0.70

0.20 0.10

85.15 42.15

7 .47 3. 70

1.21 0.40

P

I.51 0.75

Pr
P

6.97 7.05

i
when diet taxa were Present but Èoo small for volumetric tneasurement

they Írere expressed as P,
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Differences between species in depth distribution were most

pronounced in the middle basin. Few lake trout and many

burbot l^¡ere collected at 2 33.5 m in this basin. Dif f erenc-

es between basins in depth distributions of either species

were most pronounced for Iake trout aS this species was

abundant at > 33.5 m in the south basin and rarely collected

at this depth in the middle basin.

WhiIe mature burbot seldom occurred at depths less than

18.5 m, immature burbot were restricted to shorelines and

the nouths of creeks (Tables IV, V, VI' and VII).

Collections of rotenone-poisoned fish contained burbot

only when rock and boulder bottom shorelines v¡ere sampJ-ed.

Poisoned Shorelines at which burbot vùere collected are

labelled P and poisoned shorel-ines which did not yield

burbot are labelled U (Fig. 2\. All P sites were character-

ized by rock and boulder bottoms and all U sites, with the

exception of the site near the large point on the southwest

shore of the south basin, which is described in methods,

vrere characterized by sand and/or mud bottoms.

Lake trout vrere never present in collections of rotenone-

poisoned fish from shoretines or the mouths of creeks. Lake

trout would be Susceptible to rotenone, therefore, their

absence from these collections indicates that they were not

in this habitat during the sampling period.

Table XV gives the abundance of eight species at 9.0 and

18.5 m sampling depths in the north basin (station 6) in
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L977. After July 2I, whitefish, l-ake trout, and burbot

abundance decreased markedly in IB.5 m amples. Since a

corresponding increase in abundance after July 2L at 9.0 m

!ùas observed for whitefish but not for lake trout and

burbot, the latter two species probably l-eft the basin.

Conmunity Structure

Gillnet catches were composed predominantly of benthic

feeders (Lake whitefish, Iongnose sucker, and white sucker)

and deepwater predators (burbot and lake trout). Shallow

water predators (yellow perch, walleye, and northern pike)

were poorly represented in gillnet catches. Yellow perch'

trout-perch, spottail shiner, sculpín, lake chub, and cisco

$¡ere under-represented in gillnet catches as they !'/ere Iess

susceptible to capture by gillnets and were captured by only

one or two of the smallest mesh sizes (Table XVI). Lake

chub and longnose sucker vlere welI represented in south

basin cathces but absent from middle and north basin

catches. Relative abundance of most species exhibited

appreciabte variation between years (Table XVI). Variance

between I977 and 1978 relative abundance estimates can be

attributed to differences in mesh sizes used in gillnet

gangs and to spatial and temporal differences of sampling

between years (see methods).

Gillnet catches at depths

predominantly of lake trout, burbot, lake whitefish' cisco,
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and longnose sucker. Catches at 9 m were composed predomi-

nantly of yellov¡ perch, waIleye, northern pike, cisco' and

white sucker.

Lake whitefish, cisco, wal1eye, and northern pike were

most dense in the middle and north basins whereas lake trout

were most dense in the south basin. The rel-ative density of

burbot ltas similar between basins but the relative biomass

of burbot was greatest in the middle and north basins (Table

xrr).
collections of rotenone-poisoned físh made along

shorelines in the middle basin were composed of burbot'

logperch, trout-perch' yeIlow perch, spottail shiner' slimy

sculpin, white sucker, and longnose dace. In the south basin

these collections hlere composed of burbot, trout-perch,

ye1]ow perch, sliny sculpin, white suckerr longnose dace,

longnose sucker, johnny darter, and lake chub.

Quantitative assessment of shoreline communities was not

attempted. UsuaIly in excess of I00 individuals of each

species were poisoned and often several hundred were seen in

the poisoned area. Longnose sucker, Iake chub, and johnny

darter were absent from atI shorelines poisoned in the

middle basin. Spottail shiner and logperch were absent from

aIl shorelines poisoned in the south basin. Vlith the

exception of spottail shiner, yellow perch, and lake chub'

aIl species collected on shorelines were primarily benthic

foragers.
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Figure 27. Capture frequency of
four fishing periods

burbot at three dePths and
in Lake Athapapuskow, I978.
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Figure 28. Capture
and four
1978.

frequency of lake
fishing periods

trout at three depths
in Lake Athapapuskow,
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Figure 29. Capture frequency of
three dePths in Lake

burbot and lake trout
Athapapuskow, I978.
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Table XV. Gillnet catch in the north basin of Lake Athapapuskow (station 6) in 1977.

Depth

June 25

JuIY 11

9 JuIy 2I
metres Àugust 5

August 20

SePt. I

Sampling
Date

Lake

Burbot Trout

June 26

JuIy ll
18.5 July 2l

metres Àugust 5

August 20

SePt. I

0

0

0

0

0

0

I
1

0

0

0

6

Whitefish Cisco

t/:i,l;'t,1ll:li

4

5

6

I
2L

9

4

3

I
I
0

0

I
B

L2

7

0

0

23

5

16

3

6

9

lì¡hite Northern
Sucker Pike

9

5

I0
2t

6

II

II
45

25

L2

I
0

I
25

30

24

0

l4

4

0

2

0

2

0

Pickerel Perch

0

0

I
0

0

0

2

l,
4

l3
4

2

0

I
0

0

0

I

I
0

3

25

2

46

0

0

3

0

0

0

0

0

0

0

0

0

\o
N)



Table XVr. Total num.ber caught and numerical percentage of total catcl¡

caught in giltnets in Lake ÀthaPaPuskow'

Lota lota
Salvelinus
-@
Coregonus
-@t*::

South
Basin

Coregonus sP.

Total 1977

Catostomus
--com¡nersoni 396

".ãiliG--@g 173

Esox lucius 14

Stizostedion-ry 73

Perca-EieÈrie 1e0

Myoxocephalus--Eñõ-'.p""'''- 2

Cottus--@sE 3

Couesi.us

-prruqÞe-us 
6 s

Percopsis
omiscomaycus B

Notropi s
hudsonius

Total 2272

Middle and North South ¡4i-ddl-e

Basin Basin Basin

332

L79

732

105

169

1r5

r0r5

466

3r6

82

209

143

-:-

I

I
2524

ToraI 1978

22\

2LO

909

34

2s9

155

15

1Ì6

6

I92B

146

49

168

29

L22

20

50

IIB4

south Middle and North South Middle
Basin Basin Basin Basin

(relative abundance) of each species

* L9'77

14 .6

7.9

32.2

4.6

L7 .4

7.6
0.6

3.2

8.4

0.09

0.1

2.9

0.4

100

6.7

4.6

40.2

tB.5

L2.5

3.2

8.3

5.7

0.4

0.3
100

r 1978

ll.6

I0.9

47 ,r

I.8

t3.4

8.0
0.8

6.0

0.3

;;;

L2.3

4.I

64.9

2.4

I0.3

L.7

4.2

100

\o(,
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DISCUSSION

Gillnet SçlectivitY

The selection for different sizes of fish by gillnets of

Various mesh sizes may affect estimates of population

characteristics that imply random sampling (Hamley 1975)'

Hamley (1975) defines selection as any process that causes

the probability of capture to vary with the characteristics

of the fish. He defines selectivity as a quantitative

expression of selection which traditionally means selection

by size. He classified methods of estimating sel-ectivity

into five basic types. These arei I) direct estimates' 2)

indirect estimates, 3) the determination of selectivity by

inference from girth measurements or 4 ) from mortality

estimates, and 5) the comparison of size distributions of

fish caught in each mesh size. Direct estimates are made by

comparing size distributions of gillnet catches with size

distributions of a known population. Thesg estimates could

not be made in this study because the actual size distribu-

tions of the sampled populations vJere not known. Data were

available for indirect estimates of selectivity but these

estimates were not calculated because they aSSume that the

selectivity curves for all mesh sizes have the same shapes

and heights. This assumption was first made by Baranov

ììì:]
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( 19r4 ) . Hamley ( 1975 ) stated that criticism of this

assumption was first made by Ricker (1949) who observed that

the youngest fish (the most abundant in the population) were

not the most abundant in giltnet catches. Recent work has

refuted Baranovrs assumption of geometric similarity among

selectivity curves of various mesh sizes (Regier et aI.

1969; Hamley and Regier 1973; Hamley L972) . These authors

found that larger mesh sizes caught fish of a size for which

they were selective more efficiently than small-er mesh

sizes caught fish of a size for which they were selective.

fnference of selectivity from girth measurements assumes

that a fish will be caught if its head girth is smaller but

maximum girth larger than the mesh perimeter. If other

means of capture are ignored, maximum and head girth

measurements can be used to predict selectivity before any

gillnet fishing is done (Hamley 1975). Lake Athapapuskow

Iake trout, however, were often caught by entanglement, not

girthing. In any case, head and maximum girth measurements

vrere not made in this study. HamIey (1975) stated that

estimates of fishing mortality can be used to estimate gear

selectivity (DeLury 1947; Hamley I972) if calculations are

done separately for each size class of fish. He stated that

uhis method assumes that catchability remains constant

during sampling. Its disadvantages are the difficulty of

obtaining adequate sample sizes and satisfying the above

assumption. This method is applicable when a closed
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population is fished intensively so that catch per unit of

effort decreases as the population is reduced. This method

could not be used in estimating selectivity in Lake

Athapapuskow because Samp]e sizeS were too smaIl. Also,

since sampling vras not intensive it was unlikely that it

v¡ould have any measureable affect on the population size of

burbot or lake trout in Lake Athapapuskow. Consequently'

gillnet selectivity in this study was examined by comparing

size distributions of fish captured in various mesh sizes

(Figs. 10, Il, 12, and I3). Ham1ey (1975) cautions that

this nethod gives only a rough idea of selectivity because

the catch of fish in a }ength class depends on the abundance

of that length class and on the selectivity of each mesh

size for that length c1ass. Since actual Iength class

abundances of burbot and lake trout in Lake Athapapuskow are

unknownr âS are the vulnerabilities of these length classes

to gillnets of various mesh sizes, inferences on gillnet

selectivity based on the heights of length frequency

histograms in figures 10, 11, 12, and 13 cannot be made.

Gillnet selectivity most seriously misrepresented the

abundances of length classes smaller than the modal Iength

classes of histograms in figures 14 and L7. It was expected

that these small fish would be more abundant than larger

fish, however, the above histograms indicated they $rere less

abundant. The abundance of length classes greater Lhan or

equal to modal length classes of these histograms will not

trì
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represent the abundance of these larger classes in the

population if there are differences among these classes in

vulnerabilitY to the gear.

As gillnets are not very selective for lake trout' with

the exception of lake trout between 20 and 32 cm in length,

the relative abundances of length classes greater than or

equal to modal classes in figure 17 probably approximates

the abundance of these length classes in the sampled

population. The retative abundance of the distinct group of

small lake trout ( 20 to 32 cm) probably greatly underesti-

mates the abundance of this size range in the sampled

population because they were caught almost exclusively in

the 5.1 cm mesh gilJ-net in I978 in the south basin whereas

other size classes v¡ere caught in several mesh sizes and in

all basins (Figs. 12,13, and 17) in both years. For lake

trout, the modal length classes are between 5l and 60 cm in

the south basin and between 57 and 63 cm in the middle and

north basins (Fig. 17). The plots of mean length versus age

(Fig. 2L) become asymptotic at these lengths in the

respective basins. Therefore, these length intervals would

be expected to encompass a greater range of ages, and by

implication, include more fish at or above these lengths

than below them. The fact that growth becomes asymptotic at

the length class which is represented by a strong modal size

group in each basin further supports the contention that the

gillnet catches at and beyond these size classes approximate
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the abundance of these size groups in the Lake. An

analagous conclusion can not be drawn for burbot because

their growth is almost linear. Faster growth of burbot in

the middte and north basins (Fig. 19), however, would infer

that gillnet samples from these basins will contain

relatively greater numbers of larger fish than samples from

the south basin. This is, indeed, the case (Fig. 14).

Therefore, gitlnet samples of burbot are probably reliable

indicators of relative abundances of length classes in the

sampled populations.

Comparisons between basins of population characteristics

derived from gillnet samples are probably valid because

identical mesh sizes were fished in alI basins at similar

dates and depths, and a large range of fish sizes were

caught in aII basins. A1so, there was considerable overlap

between basins in the range of ages and sizes of fish

caught. Therefore, it seems unlikely that selectivity

varied between basins.

Gillnet selectivity can bias estimates of population

characteristics other than size and age distributions of

sampled fish. Ricker (1975) stated that, if sampling is

more effective for fish of intermediate size, it will select

more of the larger members of younger age groups and more of

the smaller members of older age groups . Íf, in Lake

Athapapuskow, gillnets select for intermediate sized fish'

the growth of younger fish wiII be overestimated and the
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growth of older fish wiII be underestimated. It was not

possibte to determine if gillnets were selective for

intermediate sized fish, therefore, conclusions on the

effects of gillnet selectivity on estimates of population

growth rates of lake trout and burbot can not be made.

Mortality rate estimates can also be affected by the

selectivity of gillnets for fish size because this rate can

be size dependent (Ricker 1969' 1975). The larger fish in a

year class often have a different, usually greater'

mortality rate than the smaller fish (Ricker 1975).

Comparisons of mortality rates of burbot between basins ma!r

therefore, be criticized because younger age groups were

used to calculate mortality rates in the south basin (ages

1I to 22) than in the middle and north basins (ages 15 to

28). These comparisons are justified in part, bY the high

squared correlation coefficient values of regressions used

to calculate these estimates and by the large overlap

between basins in ages used to calcul-ate mortality rates

(Fig. 22).

Ricker ( 1975 ) stated that if larger fish are more

vulnerabl-e to a given gear than smaller fish, older fish

will be over represented in the catch and estimates of

mortality wilI be too sma1I. It vras not possible to

determine if there were differences in vulnerability to

gillnets among age classes used to calculate burbot

rnortality rates. Thereforer Do conclusions can be made
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about the effects of gillnet sel-ectivity on estimates of

burbot mortality rates. As discussed Iater, the validity of

estimates of Iake trout mortality rates in Lake Athapapuskow

is doubtfull even if the effects of gillnet selectivity on

these rates are ignored. Therefore, it is not necessary to

consider the effects of gear selectivity on estimates of

rnortality rates f or this species.

Basin Trophy

Ryder (f965) devel-oped a morphoedaphic index (M.E.r. ),

based on mean depth and total dissolved solids ' as an

estimate for the potential fish production of north-temper-

ate lakes. He proposed that a M.E.I. of about 6.6 appeared

to separate oligotrophic from eutrophic 1akes. He stated

that the index range for mesotrophic lakes was narrow and

probably did not exceed 1.4 units. Ryder (I972) cl-assified

11 lakes as oligotrophic in which the M.E.I. varied from 0.4

for Lake Superior to 11.7 for Lac l-a Ronge. The morphoe-

daphic indexes of the south, middle, and north basins of

Lake Athapapuskow are 11.7, 2I.3, and 25.0 respectively.

These indexes indicate that the south basin is less

eutrophic and has a lower potential for fish production than

the middle and north basins. I excluded Schlickrs (1973a)

total dissolved solid values for Schist Creek when calculat-

ing the I'l.E.I. of the middte and north basins. Schist Creek

is a relatively small isolated area not representative of
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any major lake basin (Fig. 1). It had comparatively high

total dissolved solid levels (376 ng/I), possibly due to the

effluent it receives from the town of FIin Flon.

Oxygen prof iles were consistent with M.E.I. val-ues

because they also indicated that the south basin ri'ras less

eutrophic than the middle and north basins. Oxygen profiles

of the south basin of Lake Athapapuskow were orthograde

(Fig. B) whereas those of the middle and north basins were

clinograde (Fig. 7). Oxygen profiles termed orthograde

(after Aberg and Rodhe 1942) are rareJ-y found in dimictic

lakes and are characteristic of extremely unproductive Iakes

or moderately oligotrophic lakes during the very early

stages of summer stratification (Vletzel 1975; Ruttner I953;

Hutchinson 1957). Oxygen profiles termed clinograde (after

Aberg and Rodhe 1942) | are characteristic of eutrophic

lakes (WetzeL L975¡ Ruttner 1953; Hutchinson 1957), and

vrere observed in the middle and north basins ( Figs. 6 and

7).

Greater relative densities of whitefish, cisco, northern

pike, white sucker, perch, and walleye and a greater

relative biomass of burbot in the middle and north basins

than in the south basin (Tabte XII) indicated that the

M.E.I. of each basin was a valid indicator of that basinrs

potential for fish production. Sinilarly, Martin ( 1966 )

found that the yield of lake trout from Happy IsIe '
Merchants, Redrock, and Opeongo Lakes in Algonquin Park'
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Ontario, was directly proportional to the M.E.I. val-ues of

these Iakes. However, the relative density and biomass of

lake trout was greatest in the south basin (Table XII) even

though the M.E.I. of this basin was lower than those of the

middle and north basins. This discrepancy may be due to

more intense exploitation of lake trout in the middle and

north basins than in the south basin ( see Discussion:

Evidence for Overfishing of Lake Athapapuskow Lake Trout).

A greater removal of fish in the middle and north basins

could reduce relative density and biomass estimates to below

what would be expected based on the M.E.I. values.

Fish Exchange Between Basins,

Prior to data analysis it vras assumed that negligible
exchange of fish occurred between the south and middle

basins and substantial exchange occurred between the middle

and north basins. Several observations suggest that pooling

of data from the middle and north basins is just.ified.

These are: I) the decline in catch of lake trout and burbot

after mid Juty in nets set at I8.5 m in the north basin, 2)

the l-ack of any correlated increase in catch in nets set in

shallower depths at this time suggesting that burbot and

lake trout left this basin, rather than moving to shallower

water (TabIe XV) , and 3 ) the establishment of anoxic

conditions in the hypolimnion in the north basin at this
time (Fig. 6 ) . All of these, and the existence of two
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relatively large deep connections between the north and

middle basins suggested that burbot a.nd Iake trout moved

from the north basin to the middle basin when the hypolimn-

ion of the north basin became anoxic. If fish moved from

the north to the middle basin an increase in catch per unit

of effort in the middle basin may have been expected at this

time, but was not observed. Although this movement probably

occurred, it may not have been reflected by an increase in

catch per unit of effort in the middle basin because the

number of fish which moved into the niddle basin was

relatively smaII in comparison to the number of fish which

v¡ere in the middle basin prior to this movement. This

explanation is supported by the following facts. Al-most aIl

burbot and lake trout were caught in habitat

depth (Figs. 27, 28, and 29) and there is 22 times more

habitat ) 18.5 m in depth in the middle basin than in the

north basin (15.1 ha in the middle basin versus 0.7 ha in

the north basin (Îab1e I). ff densities of resident fish

v¡ere similar between basins before movement, the addition of

the proportionally smaller number of fish from the north

basin to the niddte basin would have made too small a

difference in the density of fish in the middle basin to be

detected in gillnet catches.

Exchange of fish between the south and niddle basíns is

likely impeded by the almost complete separation of these

basins. In srarm seasons the shallowness of water passages
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between these basins may inhibit the movement of col-dwater

fish because of a thermal barrier. Ice (approximately 1.2 m

thick) may restrict or block these passages in winter.

Franzin and Clayton (L977) studied the frequencies of

alleles of genes governing electrophoretic phenotypes of

lake whitefish muscle glycerol-3-phosphate dehydrogenase

(G-3-PDH) and lactate dehydrogenase ( LDH) . Based on

differences between allele frequencies of whitefish caught

in the south and middle basins it is unlikely that signifi-

cant exchange of whitefish occurs between these basins (W'G'

Franzin, pers. comm. ) . Kl-iewer ( 1969 ) f ound signif icant

differences between the south and middle basins in whitefish

gillraker numbers, length, and spacing.

The presence in the south basin and absence in the middle

and north bsins of lake chub, longnose Sucker, and johnny

darters, and the presence in the middle and north basins and

absence in the south basin of spottail shiners and logperch '
suggests that there is litt]e movement of most fish species

between the south and middle basins.

Consistently observed significant differences between

south basin and middle and north basin burbot and lake trout

morphologies (Appendix B, Table II) and population charac-

teristics further substantiates the assumption thãt

negligible exchange of these species occurs between the

south basin and middle and north basins.
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Depth Distribu

Asstatedinresults,matureburbotseldomoccurredat

depths less than 18 ' 5 m whereas immature burbot were

restrictedtoshorelinesandthemouthsofcreeks(Tab}es
IV, V, VI, and VII)' Because immature burbot were less

Susceptibletocapturebygillnets,theirrarityinhabitats

otherthanshorelinesnaybeduetosamplingerror.l"lature

burbot were probably susceptible to collection by poisoning

becauseseveralverylargeimmatureburbotwerecollectedin
this manner. Therefore, the absence of mature burbot from

shorelinecol]ectionsindicatedthattheyprobablydidnot
inhabittheseareas.Thisisfurthersupportedbythelower

abundance of mature burbot in the 9 ' 0 m depth gillnet

samplesthaninthe}18.5mgillnetsamples(TablesIV,V'

VI, and VII).

Althoughimmatureburbotlverenotverysusceptibleto

capture by gillnets the number captured by gillnets at 9'0

and

abundantageclassesl¡¡erewellrepresentedindeepwater.

Therapiddeclineinrepresentationofburbotgreaterthan
approximately20.ocminlengthinshorelinecatchesandthe
poor representation of burbot between Iengths of 20 '0 and

40.0cmatallsarnplingsitescoupledwiththeobservations
thatallsouthbasinburbotvJerematureatlengths>36.0cm
qndâIlniddleandnorthbasinburbotwerematureatlengths
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the shoreline habitat prior to maturity, matured in areas

between shorel ines and approximately lB . 5 IIì ¡ and inhabi ted

waters z IB.5 m after rnaturity. The occurrence of small

immature burbot in the shallow shoreline habitat has been

noted in several populations. Johnson (1975) reported that

burbot taken in warm sha110w water in Great Bear Lake $'ere

less than 200 mm in 1en9th. Hanson and Quadri ( 1980 )

captured young-of-the-year burbot on the shorelines of

islands in the ottawa River. In Heming Lake young-of-the-

year burbot were poisoned on shorelines ( Lawler 1963 ) '

Hackney (1973) stated that in Lakes opeongo and Lavieil-Ie

young burbot probably begin joining the offshore community

of adult burbot by the end of their second summer.

The concentration of adult burbot into deep cool habitat

during summer has been noted not only in Lake Athapapuskow

(Fiqs. 27 and 29) but also in Great Slave Lake (Rawson

1g51) , Lake I-lichigan (Pearse 1921) , and Lake Nipissinq

(Harkness and FrY 1940).

As noted among burbot from Lake Athapapuskowr câfillibalism

is extremely rare in lacustrine burbot populations (Hackney

1g73; Lawler I963; Hewson 1955; Clemens 195Iai Bailey L972¡

McCrimmonandDevittIg54;VanoostenandDeason193E).

This may be due to differences. in distribution of young and

adul ts

young

notes

. This relationship may change during winter when

and adults inhabit similar depths (Hackney 1973)' He

thatinSomefluvialpopulations(YukonandTanana
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Rivers, chen 1969) in water with temperatures that do not

stratifY, cannibalism is common.

Burbot condition and Temperature Preferences

Based on the assumption that heavier fish are in better

condition than lighter fish at a given length, the condition

of burbot and lake trout from Lake Athapapuskow was compared

to the condition of fish from other areas. For these

comparisons, equations for the regression of 1og weight

versus 1og tength were used to calculate weights of 45 cm

burbot and 55 cm lake trout (Tables XVII and XVIII)' The

above lengths approximated the midpoint "f the data ranges

from all areas considered. Errors involved with comparison

of fish weights estimated for lengths which were not close

to the midpoint of all data ranges would be extreme because;

I) weights estimated from length-weight regressions wi11, in

part, be determined by regression slopes and regression

slopes varied among populations, 2) slopes of length-weight

regressions wi11, in part, be determined by the range of

data from which these regressions were derived and data

ranges varied among poputations, and 3 ) for length-weight

regressions, the variance in weight at a given length is

characteristically greatest at the limits of the data range'

Estimated weights of 45 cm burbot were greatest in large

Iakes at atI latitudes (Erie¡ Winnipeg, Superior, Simcoe'

and Lake of the Woods ) and smaller lakes which occur north
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of 4501¡ latitude (opeongo, Saint-Louis, and Deux-lvlontagnes).

Estimated burbot weights were least in small lakes south of

450¡¡ Latitude (Ring, ocean, TraiI, and Boysen), in popula-

tions which occur near Lhe northern Iimits of the North

American range of burbot ( Interior Alaska and Great Slave

Lake), and in rivers (Grand Riviere in Quebec and the upper

Tanana and Yukon River drainages in interior Alaska) (Tab]e

xvlrr).
Since Lake Athapapuskow is both large and north of 450 l¡

latitude, it would be expected that the estimated weight of

45 cm burbot from this lake would be relatively high, as are

those from northern l-akes and large southern lakes.

Instead, it is less than those of 1I other populations and

similar to the estimated weights of 45 cm burbot from small

lakes south of 450 l¡ l-atitude, rivers, and populations near

the northern lirnits of the North American range of burbot.

(Table XVII ) .

The condition of adult burbot may be more directly

related to lake temperature regimes rather than to lake size

and latitude since in the range of burbot, Iarge Iakes at

all latitudes and smaller northern lakes wiIl have relative-

Iy colder habitats within them than do rivers and smaIl

southern lakes. The absence of burbot populations south of

400n latitude (Scott and Crossman Ig73; Lee et al.1980) nay

be due to their preference for a cold water habitat in which

adults appear to be in good condition.
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Chen (1969) stated that the condition of winter prespa'dn-

ing burbot was better than that of summer burbot. Miller

(1970a) reported that condition factors of Ocean Lake burbot

were lowest in summer and fall and $tere possibly due to

higher water temperature at these times. He found that

burbot condition was best in winter, even after spawning'

He noted that during the summer burbot v¡ere trapped most

successfuJ.ly at night at the mouths of drainage inlets where

water temperaturs were 2.20 to 6.I10 C cooler than the Iake

water. Kennedy ( 1940 ) trapped burbot migrating from a

rapidly warming shallow lake into a cooler deeper ]ake in

spring and early summer. Robins and Deubler (I955) state

that, ât the southern periphery of its range, burbot

survival is dependent on the availability of cooL' deep

lakes or headwater creeks and springs. They reported that

burbot distribution in the Susquehanna River was restricted

to cooler tributaries in the uppermost reaches of the river.

Unlike adults, juvenile burbot are usually found in warm

shallow water. Crossman et al. (I953) found that under

laboratory conditions yearling burbot preferred a tempera-

ture of 2Io C. In Lake Athapapuskow, mature burbot v¡ere

caught in deep water at temperatures which never exceeded I2o

C and were most often between 40 and Bt C whereas immature

burbot hrere caught in shallow water at temperatures between

I50and 2r0 c. Crady (rg76) reported that in oneida Lake, a

l-ake situated on the southern periphery of the burbot range
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in which summer temperatures often exceed 24o C, there was a

disproportionateJ-y great abundance of farval burbot in

relation to adults. He states that the great abundance of

the young which are more tolerant to high temperatures than

adults, may contribute to the persistence of this cold-water

species in eutrophic environments.

Burbot Growth

In general, burbot from populations north of 530 N

Iatitude grow more slow1y than burbot from more southern

populations ( Figs. 30, 31 , 32, and 33 ) . Slow growing

southern populations !./ere f rom Ring and Trail lakes, both

with surface areas less than 60 har and from streams (Torrey

Creek, upper reaches of the Susquehanna River) situated on

the southern periphery of this speciesr range. Slow growth

of these populations and of northern popuJ-ations may be

related to water temperature extremes to which chey are

sub jected .

Lake Athapapuskow burbot grew more slowly than burbot

from all other populations for which I had growth data.

This may be due to the apparent increase in abundance of

burbot in Lake Athapapuskow if an increase in abundance has

resulted in an increase in intraspecific competition for

food. Unfortunately, the little information on burbot

abundance in other populations makes it difficult to

comparatively assess the abundance of burbot in Lake



TableXVII. Length-weight relationships of 17 burbot PoPulations.

Location

Lake Eri.e
Lake Winnipeg (SouÈh)

Lake winnipeg (North)
Lac saint-Louis
Lake Superior
Lake of the Woods

Lake Simcoe
Lake Opeongo

Lac des Deux-Montagnes
creat slave Lake
Ring Lake
Lake Athapapuskow
Ocean Lake

La Grande Riviere
Trail Lake
fnterior ÀLaska
Boysen Reservoir

North
Lat.

A2o Blo
5zo 47o

5zo 41o

4so 73o

47o 87o

49o g4o

44o 7go

45o zgo

d5o 74o

6to rt3o
4 30 1o9o

54o lolo
43o lo8o
53o 77o

43o logo
630-660 r4to-l4go

4 30 lo8o

West

Long. Method of Calculation

graph i ca I ly *

LogW=2.65LogL-3.0706
Logw=3.l8LogL-3.7695
Log f.l = 2.45 Log L - 3.67
Log w = 2.82335 Log L - 3.35697

Log f{ = 2.7484 Log L - 4.468
graphica I Iy r

Log w = 3.0119 Log L - 5.1737
LogW=2.56LogL-3.99
Log ¡{ = 2.51 r.,og L - 3.86328

Logw=3.00ILogL-3.622
Log w = 3.0099 Log L - 2.2OI5
Logw=2.7LSLogL-3.273
LogW= 2.94Log L- 5.06
Log w = 2.8934 Log L - 3.412
Log w = 2.95521 Log L - 2.I834t
Logw=2.688LogL-3.391

Vlhen equaÈions tere not given in the original paper, weight at length was calculated by fitting the best line to Plots of
log weight on log length.
Erie (clemens 195lbt, winnipeg (Hewson 1955), Simcoe (McCrimmon and Devitt, 1954), Opeongo (Hackney 1973), Superior
(Bailey 1972), Ring, Ocean, TraiI, Boysen (Miller 19?0a, L970b), saint-Louis, Lacrande Riviere, Deux-Montagnes (Magnin

and Fradette 19771 , Lake of the woods (Muth and Smith 1974), Great Slave (Bond and Turnbull 1973), fnÈerior Àlaska
(Chen 1969)

:i,i,,tl¡r;1;;,¡rr*
' : : : l aa | | :' tt:.:, )t :l L r L)

Uni ts
l.leight Length

r.o ;"
lb in
gr mm

lb in

gr nm

gr nm

9r fnm

lb in
9r cm

tb in
9r rnm

Ib in
gr cm

Ib in

Calculated weight
in grams at

832
784

720

677

667

666

658

657

634

626

604

595

593

550

528
504

4r2

Data
I

range

27-67
4r-7 9

37-82
24-64

8-7 4

2-82
33-85

34-7 3

20- 56

21-68
2-87
6- 81

20-92
28-'ì2

2-67
9-97
7- 96

H
H
H



IT2

Athapapuskow. However' relative abundance estimates can be

used as the basis for some comparisons. fn several northern

Saskatchewan lakes (Reindeer, Ile a la Crosse, Lac Ia Ronget

Amisk, Great Slave, Athabascar Cree (Rawson L957); MacKay,

Hebden (Koshinsky 1965); Wollaston (Rawson 1959); Black

(Johnson 1971); Little Bear (Johnson 1963) the percentage of

burbot in the total catch of aII species or relative

abundance of burbot, ranged between 0.5 and 5.5 percent.

The relative abundance of burbot in Lake Athapapuskow was

10.45 percent in 1977 and 11.89 percent in 1978.

Burbot Maturity

Studies on the maturity of burbot have yielded varied and

often conflicting results. Male burbot matured at smaller

sizes than females in Lake Superior (Bailey L972), Ring Lake

(Bjorn I940), and Lake Erie (CIemens 195lb). However,

Hewson ( I955 ) found that in Lake Winnipeg femaLe burbot

could mature at a younger age than males. Size and age at

maturity were not compared between sexes for Lake Athapapus-

kow burbot because samples of sizes and ages at which

maturity occurred $rere too smal1.

Maturity was reported to be associated more with age than

with size in burbot from Ring Lake, Trail Lake, and Boysen

Reservoir ( Miller 1970b ) but Hewson ( 1955 ) stated that

maturit.y of Lake Winnipeg burbot v¡as more closely associated

with size rather than with age. Chen (1969) noted that
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Figure 30. Growth of burbot
and four populations
Sources: Interior
Hemi ng Lake ( Lavrl er
( Bond I97 4) ; Grand
Fradette I977 ) .

from Lake $thapapuskow
north of 530N rãtitude.
Alaska ( Chen 19 69 ) ;
1963); Great Slave Lake

Riviere (Magnin and
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Figure 31. Growth of burbot from Lake $thapapuskow
and nine populations south of 530¡¡ latitude.
Sources: Boysen Reservoir, Torrey Creek 'Ring Lake (Mi11er 1970a, 1970b); Lac Saint-
Louis (Magnin and Fradette I977 ) ¡ Lake
Ilinnipeg (Hewson 1955); Lake Simcoe
(McCrimmon amd Devitt 1954); Lake Opeongo
(Hackney 1973); Susquehanna River (Robins
ancl Deubler 1955).
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Fiqure 32- Growth of burbot from Lake -Athapapuskowand six populations south of 490 N latitude.Sources: Trail Lake, Ocean Lake (Miller
I970a , 19 70b ) ; Lac des Deux ltontagnes(l'lagnin ancj Fradette 1977 ) ; Lake Superior(Bailelr I972)¡ Lake of the Woods (Muth andSmith I974\; Lake Erie (Clemens l95Ib).
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Figure 33. Plots of mean length versus age for
burbot from J,ake Athapapuskow, populations
north of 53" N latitude, and populations
south of 530 ¡l latitude. Mean lenqths for
each of the Iatter two groups are derived
from pooled mean lengths of all populations
in that group. Sources: see figures 30, 31,
and 32.
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there is a tendency for burbot in high latitudes to mature

at later ages than those in low latitudes.

Burbot mature at ages ranging from I year in Lake

Superior (Baitey Ig72) to 6 or 7 years in the Tanana River

(Chen 1969) and Vilyui River (KiriIov 1962). Size at onset

of sexual maturity ranges from 155 mm in Torrey Creek

(l,litler 1970a) to between 560 and 630 mm in the Vilyui River

( Kirilov Ig62\ . Burbot in Lake Athapapuskow mature at a

relatively late age ( 6 to 7 years ) . Lengths at which

maturity occurs (between 330 and 360 mm in the south basin

and 390 and 420 mm in the middte and north basins) are

intermediate in the range of lengths at which burbot from

other populations mature. Late maturity of Lake Athapapus-

kow burbot may be a response of this population to its

increasing abundance (Tabl-e XI ) and apparently high

abundance when compared to the abundances of burbot

populations from northern Saskatchewan.

Lake Trout Condition

Lake trout condition vJaS compared among populations in

the same manner as burbot condition. For the 16 populations

of lake trout examined' estimated weight of 55 cm lake trout

from Lake Athapapuskovt was greater than the estimated

weights of 55 cm lake trout from 10 other populations (Table

XVIII). The relatively high weight of 55 cm lake trout from

Lake Athapapuskow may be a consequence of exploitation since
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removal of lake trout would decrease intraspecific competi-

tion for food. There appeared to be no simple relationship

between lake trout condition and the latitudes at which they

occurred (Table XVIII).

Lake Trout MaturitY

Healey (1978a) reported that mean sizes and ages at which

maturity first occurred, ât which 50 percent of the fish

were mature, and at which 90 percent of the fish were mature

as 450 mm and 12 years, 502 mm and 16.8 years, and 578 mm

and 19 years for female lake trout from populations north of

600 u latitude, and 4gO mm and 7.7 years, 507 mm and 9.4

years, and 595 mm and 11.5 years for female lake trout from

more Southern populations. For the same maturity groups

given above, he listed mean sizes and ages at maturity as

482 mm and 6.6 years, 512 mm and 8.0 yearsr and 610 mm and

8.6 years for femate lake trout from exploited populations '

and 443 mm and 10.3 years, 502 mm and J-2.8 years, and 536 mm

and 14.6 years f or f emal-e l-ake trout f rom unexploited

populations. He only considered female maturation because

males are more difficult to assign to a particular stage of

maturity. He concluded that populations of lake trout north

of 600 N latitude matured at smaller sizes and older ages

than more southern populations, and unexploited populations

of lake trout may mature at smaller sizes and older ages

than exploited populations. He cautions that the validity



Table XVIII. Length - weight relationships of 16 Lake Trout populations'

Swan Lake 52o

Lac La Ronge 55o

Lake opeongo (1955-6f) 450

Lake Superior (siscowetsl 47o

Lake Athabasca 59o

Lake Athapapuskow 54o

Lake Tahoe 39o

fieller Lake 630

Great Bear Lake 650

Kaminuriak Lake 620

Hottah Lake 650

Lake opeongo (f937-1949) 450

Lake Superior 47o

Namaycush Lake 7oo

Cold Stream Pond 44o

Great Slave Lake 610

LocatÍon
North
Lat.

West
Long.

ll50
r 040

?8-
870

1090

1010

1200

r2to
1200

950

11 80

780

870

1o 80

7oo

ll30

Method of Calculâtion

t
lvhen equations were not given in the original paper, weight at lengLh was calculated by fitting the best line to plots of

log weight on log Iength.
Athabasca (Rawson Lg47l , La Ronge (Rawson 1961), Tahoe (Hanson and wickwire 1967), opeongo (Martin 1970) , superior

(Eschmeyer and phillips 1965), Kaninuríak (Bond I9?5). Keller (Johnson Ig72l, Great Bear. Great Slave (Falk et al' 1973)'

Hottah (wong and Whillans 1973), cold Stream Pond (DeRoche and Bond 1955), Namaychush (Johnson 1976), swan (Paterson I968)'

graph i ca I ly r

graph ica I 1y r

Log w = 3.37522 Log L - 2.65266

Logw=3.l87LogL-3.890
graph i ca I Iy *

Logw= 1.2738 LogL- 2.37-15

graph ica I lY *

Log t{ = 2.892I Log L - 1.7288

Log w = ?.152 Loq L - 4.2487

Log w = 3.1883 Log L - 5.4478

Logw=3.09LogL-5.1960
Log w = 3.09839 Log L - 2.37848

LogW=3.I9ILogL-3.765
Log w = 2.6L33 Log L - 1.3878
graph ica I ly *

Log W = 3.448 Log L - 6.3070

Units
weight Length

oz

tb

gf

9r
gt
gr
9r
oz

Ib
gr

9r

calculated weight
in grams ab Date range

55 cm in cm

IN

IN

2700

2242

2L9l
2I05
2r0r
2090

2055

20r6
I962
19 47

r869
1758

t536
r446
t422
1386

cm

cm

fnm

fm
fnm

in
in
cm

IM

t5- 76

20 - L02

32 - 65

30- 86

49- 72

15- 92

43 - 89

7-100
2r - lr2
22- 61

t8 - 98

32 - 65

10 - 104

5-100
40 - 7r
t3 - 98

F
ts
\0
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Figure 34. Growth curves of
populations. Sources:
(Dubois and Lagueux 1968)
Lake Tasiat ( Power 1978 )
(Bond 1975); Great Bear
Lakes ( Falk et al. 1973 ) .

seven Lake Trout
Lake tíi stass ini

; Clearwater Lake,
; Kaminuriak LaI',e

and Great SIave
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of his conclusions are weakened by the observation that all

unexploited populations of lake trout for which data are

available are from north of 600 N Iatitude.

maturity means are derived from scale ages and therefore

cannot be compared to maturation ages of Lake Athapapuskow

lake trout. A disagreement between lake trout ages derived

from scales and otoliths was demonstrated by Dubois and

Lagueux (1968). They stated that male and female lake trout

from Lake Mistassini that were aged by scales matured at 5

and 7 years respectively and, when aged by otoliths, ât 7

and 9 years respectively. In comparison to other popula-

tions for which otolith age data are available, the age at

onset of maturity of Lake Athapapuskow lake trout is

similar, but fish mature faster and, therefore, are 100

percent mature at relatively young ages (Table XIX). When

compared to Healey's mean lake trout sizes at maturation the

size at onset of maturity of Lake Athapapuskow lake trout

(450 to 480 mm) was similar to that of other populations but

the size above which 100 percent of the population was

His age at

in Lake Opeongo'

fishing pressure

statement that

on the average

stated that lake

according to the

mature ( 5I0 to 540 mm) was relatively small

Fry (in Falk et aI. I973) found that

lake trout size at maturation decreased as

increased. This contradicts HealeY I s

unexptoited Iake trout populations are

smaller at maturity. Falk et aI. (1973)

trout maturation dates appear to fluctuate



density of the population

age of maturation. They

there are many old fish

itself by suppression of

time.

I22

occurring at ages in excess of the

stated that in populations where

the population aPPears to limit

maturity for a longer period of

As a result of changes in the diet of lake trout from

Lake Opeongo, due to the introduction of cisco, Martin

(1970) reported that fish matured at larger sizes and older

ages. This ßây, in part, account for the observation that

lake trout in the middl-e and north basins of Lake Athapapus-

kow, where cisco density is greater than in the south basin,

mature one year later than south basin lake trout.

In Lake Athapapuskow the relatively young age and small

size above which 100 percent of the lake trout population is

mature would allow a large proportion of the population to

be mature and, therefore, increase its reproductive

potential. This enhancement of the reproductive potential

of Lake Athapapuskow lake trout may imply that smaLl size

and young age at maturity are consequences of exploitation.

Healey (1978b) showed that the fecundity and, therefore' the

reproductive potential of lake trout from four lakes

increased as exploitation increased.

Intermittent spawning is a feature of many Iake trout

populations. In the foJ-lowing lakes the percentage of

mature female lake trout which spawned in any one year was

33 percent in Keller (Johnson I972), 36 percent in Great
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Bear (l"!i1Ier and Kennedy 1948 ) , 50 percent in Great Slave

(Kennedy 1954), 83.4 percent between 1937 and I945 and 98

percent between 1955 and 1965 in Lake Opeongo (Martin 1970),

and 92 percent in Lac la Ronge (Rawson 1961). Dubois and

Lagueux ( 1968 ) reported that in Lake Mistassini mature

female lake trout probably Spawn once every two years. In

Kaminuriak Lake 67 percent of mature femaLes older than 25

years spawned in any one year (Bond 1975 ) . In Lake

Athapapuskow trends in seasonal increase in weight of female

gonads (Fig.25) and egg size suggested that very few mature

females did not spawn in 1977. Hea]ey (I978a) stated that

intermittent spawning is most common in unexploited Iake

trout populations that are north of 600 N latitude but also

occurs in some southern populations.

In Lake Athapapuskow the high proportion of mature

females which spawn in any one year may be a response to

exploitation and would increase the reproductive potential

of the population.

,Interbasin Differences in P?p:¡13ti9i-çltarac

Interbasin difference in population characteristics of

burbot and lake trout may be related to differences in

trophic state between basins. Slower growth of older burbot

and take trout in the south basin than in the middle and

north basins may be attributed to the greater abundance of

burbot and lake trout food (ciscoes) in the middle and north
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basins. The growth rate of adult lake trout increased in

Lake Opeongo after ciscoes were introduced into this lake

(Martin 1970). Greater abundance of cisco in the middle and

north basins than in the south basin is indicated by cisco

catch per unit effort which is more than five times greater

in these basins than in the south basin (TabIe XII). The

trophic state of the south basin would likety limit the

abundance of burbot and lake trout food to a greater degree

than would the more eutrophic state of the middl-e and north

bas ins . It is notable that the greatest interbasin

difference in catch per unit effort is for ciscoes, which'

as plankton feeders, are trophically closer to the primary

producer level than are piscivorous species. Ciscoes were

the dominant item in the diet of adult gillnet caught burbot

in Lake Athapapuskow. They constituted 30.17 percent by

volume of their diet (Table XIV). According to Sigurdson

and Scaife (1975b), ciscoes were the most frequently found

taxon in the stomachs of Lake Athapapuskow lake trout and

burbot. Ciscoes are the dominant item in the diet of adult

lake trout in most cases (Þlartin 1970; Clemens et al. L923¡

Clemens et al. 1924; Dymond 1928 i Hacker 1956; Rawson 1961;

Dryer et aI. 1965). Vthen compared to piscivorous lake

trout, planktonivorous lake trout grow more slowly, do not

reach aS great a size or â9€r and mature at a smaller size

and younger age (Martin 1966).



lable xIx. Àge in years at sexual maturity of lake trout from five lakes. Alt ages are determined from otoliths.
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F
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Mlddle and North

',,1
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M
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l3
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and Great Slave Lakes.
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Interbasin differences in growth of burbot and lake trout

were most evident among older, mature fish and first

occurred at approximately age L4 for lake trout and age 10

for burbot (Figs. 19 and 2L). The absence of interbasin

differences in growth of young burbot ( < 10 yr. ) may be due

to an abundance of benthic, littoral fauna in all basins.

No observations of juvenile lake trout diets were made, but

the similar growth pattern suggests that their growth may

also have been limited to a lesser extent by food abundance

than was the growth of adul-t lake trout.
Prey of sma1l burbot collected on shorelines and in

Mistik Creek was sometimes taxonomically similar but always

much smaller in s ize than prey of larger burbot and \,/as

therefore probably at a lower trophic level than the prey of
larger burbot. Feeding regimes of young and old burbot

differed because habitat of young burbot vras predominantly

littoral whereas older burbot v¡ere mainly in profundal

habitats (Tab1es IV, V, VI, and VII). The similaríty
between basins of younger burbot and l-ake trout length-

weight relationships and the interbasin differences in
Iength-weight relationships of older burbot and lake trout
supports the suggestion that feeding regimes of older fish
differ between basins more than do feeding regimes of
younger fish. Growth rates of younger, smaller lake trout
and burbot may be more independent of basin trophy than

growth rates of older fish. Therefore, interbasin differ-
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ences in trophic state will be manifested mostly by

interbasin differences in growth of older fish'

The greater abundance of cisco in the middle and north

basins than in the south basin may explain why older lake

trout are heavier at any given length in the middle and

north basins than in the south basin. Martin (1970) stated

that the length-weight relationship of adult lake trout in

Lake Opeongo improved after the introduction of cisco into

this lake. Trends in length-weight relationships of burbot

are opposite to those of lake trout, such that older burbot

are heavier at any given length in the south basin than in

the middle and north basins. Factors other than basin

trophy and food abundance must influence length-weight

relationships, as Seen from the contradictory correlations

between burbot and lake trout length-weight relationships

with interbasin differences in trophic state and the

relative abundance of cisco. Better condition of burbot in

the south basin than in the middle and north basins may be

related to greater intraspecific competition for food in the

middle and north basins since their relative biomass in

these basins is almost two times greater than in the south

basin (Table XII ) . Given that Iake trout are heavilY

exploited in Lake Athapapuskow it is doubtful that their

length-weight relationships are influenced by intraspecific

competition for food to the extent that they are in burbot'
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Interbasin differences in lake trout and burbot popula-

tion growth rates (Figs. 19 and 2]-) l.tere probably not due to

temperature differences since hypolimnions of the middle and

south basins, where these species were mainly found (Figs.

27, 28, and 291, had similar temperature regimes (Figs. 4

and 5). Although hypolimnetic temperatures of the north

basin were considerably v¡armer (Fig. 3 ) f ish v¡ere sampled in

this basin only during I977, and they apparently disappeared

from the hypolimnion by mid JuJ-y (Table XV) due to anoxic

conditions in that year. There are not sufficient data to

compare growth of north basin fish with growth of fish from

other basins. Pooling of the small numbers of north basin

fish with the middle basin sample probably does not

significantly affect the growth rates.

The greater relative abundance of older and larger burbot

in the middle and north basins than in south basinr âs

indicated by gillnet catches (Figs. 14 and 16)' is probably

a result of lower nortality rates and faster growth of

burbot in the middle and north basins.

Length frequency distributions of lake trout were similar

between basins except that in the south basin there was a

stronger representation of modal Iength classes, and a

distinct group of smaller fish (Fig. 17). Stronger

representation of rnodal length classes in the south basin is

attributed to the growth of south basin lake trout because

it is at lengths in these modal classes (approximately 50 to
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60 cm) that growth of south basin lake trout approaches an

asymptote (Fig. 2I ) . The distinct group of smaIl l-ake

trout caught in the south basin and absence of a similar

group of fish caught in north and niddle basins (Fig. 17)

may be due to asynchronouS recruitment between basinsr or

recruitment failure in the middle and north basins.

It is difficult to separate the effects of basin trophy

and exploitation on the population characteristics of lake

trout. Heavy exploitation will probably mask relationships

between these characteristics and basin trophy. Therefore'

proposed relationships between interbasin differences in

trophic state and population characteristics of lake trout

are obscure. Burbot in Lake Athapapuskow are essentially

unexploited (Schlick 1973b; Sigurdson and Scaife 1975a),

therefore, their population characteristics probably reflect

differences in basin trophy.

Evidence for Overfishing of Lake Athapapuskow Lake Trout

Lake Trout Yields

Healey (1978a) calculated yields for five hypothetical

lake trout populations. Hypothetical populations were

assigned ranges of mortal-ity and growth rates exhibited by

known populations. He felt that the calculated yields were

unrealistic because the distribution of biomass among age

classes in Iake trout populations is poorly understood.

When combined with information on population density'

::.t,

:',:i.

::i..:
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productivity, and permissable total mortality he suggested

that sustainable lake trout yields would range from 0.2

kg/ha/yr for populations with a 1ow standing stock of mature

fish and slow growth to a maximum of 0.5 kq/ha/yt for

populations with a large standing stock of mature fish and

rapid growth. He concluded that under ordinary circumstan-

ces yields would not tikely exceed 0.5 kg/ha/yr in any lake.

He listed the foltowing known stable yields, which agree

with his calculated Iimit. Prior to the introduction of the

lamprey, stable yieJ.ds of the Great Lakes ranged from 0.24

kg/ha/yr from Lake Superior to 0.58 kg/ha/yt from Lake

Michigan. Lawrie and Rahrer (I972) suggested that constant

traditional yields from Lake Superior may not have repre-

sented lake trout stability if stock after stock was

depleted as fishermen moved to different areas of the lake.

In Lake Athabasca yietds averaged 0.28 kg/ha/yr between 1930

and 1960. Yields in Lake Opeongo and Lac Ia Ronge averaged

0.33 and 0.45 kg/ha/yr respectively. HeaIey also indicated

that overfishing may occur when yields are lower than 0.5

kg/ha/yr. The Great Slave Lake lake trout popuJ-ation began

to fail after ten years of yields ranging from 0.37 to 0.67

kg/ha/yr during which a yield of 0.5 kg/ha/yr was exceeded

in Lg49 only (Keleher L972; Bond and Turnbull 1973 ) .

Hartman (I972) states that lake trout from the deep

oligotrophic eastern basin of Lake Erie v¡ere overexploited

by annual catches exceeding 40000 kg in the late lB00's and
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few have been taken in this Iake since the mid 1930's.

Smith (L972) Iisted the highest recorded yield of lake trout

from Lake Erie as 0.25 kg/ha/yr and from Lake Ontario as

0.26 kg/ha/yr. Christie (I972) attributes the collapse of

lake trout stocks in Lake Ontario at the turn of the century

to overfishing.

In Lake Athapapuskowr ârr average commercial lake trout

harvest of 0.74 kg/ha/yr or a total of 19700 kg/yr for a 15

year period (Schlick 1973a) and estimated angler (sport

fishing) harvests of 1.58 kg/ha/yr or a total of 41900 kg/yr

(Sigurdson and Scaife 1-975a) are in great excess of any

proposed sustainable yield and also exceed yields which were

high enough to overfish any other population for which data

exists. Sigurdson and Scaife (1975a) censused 2874/16304 =

17.6 percent and 8280/4J-900 = 19.B percent of the estimated

total annual number of anglers and estimated total annual

harvest of lake trout respectively. The census was intenset

therefore, the total annual- harvest estimate is realistic.

Sigurdson and Scaife estimated total annual number of

anglers from their own studies and Hoolers (1970) data on

the outdoor recreational use of Lake Athapapuskow.

Estimates of total annual lake trout harvests taken by three

categories of anglers (campground = 22850 kg' lodge = 18100

kg, cottage = 950 kg) h'ere calculated as the product of mean

weight of angled lake trout, mean number of fish caught per

angler, and estimated total annual number of angJ-ers.
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Using Healeyrs estimate of 0.5 kg/ha/yr as the largest

likeIy sustainable yield, Lake Athapapuskow could support

removal of no more than 25596 ha x 0.5 kg/ha/yr = 13300

kg/yr, and, in fact, probably could not support a yield that

high since the growth rate is slow compared with other

populations (Fig. 34).

The Commercial and Sport Fishery

An abrupt decline in lake trout catch per license,

beginning in 194I, followed nine years of commercial

exploitation (Fig. 26). In 1943, the commercial fishery
experienced its lowest catch per J-icense and was cl-osed from

L944 to 1955. When the commercial fishery $/as reopened in

1956 and 1957r low catch per Iicense suggested that lake

trout abundance had not appreciably increased since the

closure.

Healey (1978a) estimated that densities of mature lake

trout are small, generally less than one fish per hectare.

Heavy exploitation and consequent removal of a large

proportion of mature lake trout from Lake Athapapuskow may

decrease spawning success to the extent that periods of

heavy exploitation are subsequently reflected by poor year

class strengths due to the removal of potential spawners.

Since lake trout are slow growing and have nulti-aged

spawning populations, it may take many years for recruitment

to replace aIl ages of spa$¡ners removed by exploitation.

!i
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The poor representation of year classes between approximate-

ly 1958 and 1962 may be due to removal of spawners during

the period of commercial fishing in 1956 and 1957. The

effect of the 1956-57 fishery on spawner density may have

been even more serious because large total- catches ( 15000

and 3?700 kg in 1956 and Ig57 respectively) were taken when

catch per license values suggested low lake trout abundance

(Fig. 26). Also, the unknown effects of the sport fishery

harvest must be added to the effects of commercial fishing

on lake trout.

Johnson (I972t I976) suggested that, in northern lake

trout populations, the pool of prerecruitment fish is

limited. In Healey's (1978a) description of the decline of

the western population of lake trout in Great Slave Lake he

stated that the breeding population may have been destroyed

before it could be replaced by immature fish if intensive

exploitation occurred at a time when immature fish v¡ere very

scarce.

It is expected that a significant proportion of angled

lake trout were immature because a low percentage of fish

h'ere released after capture (TabIe xX) and mean length of

angled lake trout (51.4 and 51.6 cm in 1968 and 1975

respectively) were in the smallest size class (51 to 54 cm)

in which 100 percent of the fish were mature (Table IX).

The above lengths of angled lake trout were estimated using

the length-weight equation of Lake Athapapuskow lake trout
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given in Tabl-e XIX and mean weights of angled lake trout

given in Table XX. It is concluded that the distribution of

lengths of angled Iake trout around their means would

probably be composed of a significant proportion of immature

fish. In Lake Athapapuskow the duration and frequency of

periods of poor Iake trout recruitment will J-ikely increase

íf. the replacement of harvested mature fish is prevented by

the synchronous harvest of immature fish.

Creel census data for 1968 and 1975 indicates that Iake

trout abundance is declining (Tab1e XX). The decrease

between 1968 and 1975 in numerical percentage of Lake trout

in the angled catch may indicate a decrease in lake trout

abundance as suggested by Sigurdson and Scaife (1975b) or a

shift in angler focus to other species. The latter

expl-anation may also refLect a decrease in Iake trout

abundance as it is expected that anglers would pursue other

species if the quality of lake trout fishing declined. The

increase in number of lake trout caught per angler hour

between 1968 and l-975 suggests that angJ-ers did not shift to

other species, but rather continued to fish for lake trout

while catching an increasing proportion of other èpecies.

It should be noted that angling techniques for trout changed

between 1968 and L975¡ leading to a marked improvement in

efficiency of catching lake trout.

It is probable that the middle and north basins of Lake

Athapapuskow have been more heavily exploited than the south
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basin. Access is better and there is more cottage and

resort development near these basins. Strong winds are more

likely to prevent fishermen utitizing the larger south

basin. In an aerial survey conducted between June 26 and

September 16, 1968, 89 angling parties on the middl-e and

north basins and 118 on the South basin were counted

(Schlick f973b). Therefore, 43 percent of the observed

fishing effort was on the middle and north basins, which

constitute ony 23 percent of the total Surface area of the

Iake (TabIe I ) . Differences in fishing effort between

basins may explain why there are fewer age classes (Fig.

1B), lower catch per unit effort (TabIe xII), and lower

relative abundance (Tab1e XVI) of l-ake trout in the middle

and north basins than in the south basin.

Effects of E¿_ploitation on the Population Characteristics of
Lake Trout

The estimated annual total mortality rate of Lake

Athapapusko\"/ lake trout was 9 percent. This is much lower

than the range of 17 to 92 percent for 26 lake trout

populations given by Healey 11979a). Healey states that

these rates wilI be too high because age estimates were

based on Scale reading which tends to underage Lake trout as

demonstrated by Dubois and Lagueux (1968) for lake trout

f rom Lake l'listassini , Quebec. I calculated total annual

mortaJ-ity rates of lake trout, from age frequency histograms

given by Dubois and Lagueux (I968)' and found that rates
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Table Xx. Summary of data on lake trout angling in
Lake Athapapuskow in 1958 and 1975.

Year
1968 L975

no. lake trout caught
per angler hour

numerical * of lake
trout in angler catch

numerical t of angled
lake trout released

mean wej-ght (kg) of
Iake trout caught

number of lake trout
censused

estimated annual
angler harvest (kg)

0.14

57.03

5.6

1.68

288

0.18

35.38

L2.9

1.70

487I

41900

Data was

and 1975

obtained by creel census in 1968 (Schlick, 1973b)
(Sigurdson and Scaife, 1975a).
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based on scale age and otolith age data were 23 and 14

percent respectively. The 14 percent mortality rate of Lake

Mistassini lake trout indicated that the mortality rate of

Lake Athapapuskow lake trout may be similar to those of

other populations, rather than much Iower.

Heavy exploitation of Lake Athapapuskow lake trout can be

taken in an argument against the validity of the low

estimated mortality rate of these fish. When calculating

mortalíty rate as the slope of the natural logarithm of the

frequency of age N versus age N it is assumed that recruit-

ment is constant from year to year and that survival rate

does not change with age. Deeply concave and multimodal age

frequency histograms (Fig. 18) indicate that survival rate

increases with age and that recruitment is not constant from

year to year and perhaps is cyclical. In Lake Opeongo

(Martin and Fry 1973) and in Great Slave Lake (Kennedy 1954)

statistically significant year to year changes in lake trout

instantaneous mortality rates were found. Martin and Fry

reported that in Lake Opeongo there appears to be roughly an

eight year cycle of strong and weak year classes. Healey

(1978a) stated that sources of error in estimating lake

trout mortality rates weaken one t s confidence in the

accuracy of these estimates.

Mortality rates calculated from catch curves are

generally expected to increase with exploitation because as

older fish are harvested the proportion of younger fish
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increases resulting in an increase in slope of the descend-

ing right hand limb of the curve. The calculated mortality

rate would not increase with exploitation if all age classes

in the descending right hand Iimb of the catch curve were

exploited in proportion to their abundance. If younger fish

were exploited at a proportionally greater intensity than

oLder fish, calculated mortality rates would decrease even

though true mortality rates may be increasing. This may

explain the low estimated nortality of Lake Athapapuskow

lake trout sincer âs mentioned earLier, mean size of angled

Iake trout in this lake is small-. Angling in Lake Athapa-

puskow may have simply resulted in a lowering of the lake

trout catch curve ( Fig. 23) , leaving the descending slope of

the curve the same or even Ìess, causing a falsely low

mortality estimate.

Mean weights of gillnet caught lake trout $¡ere the same

in 1971 and Lg77 (Table X). The lower mean weight observed

in 1978 was probably due to the relatively greater sampling

effort in the south basin in which mean size of lake trout

is smaller (Tab1e X), growth is slower (Fig. 2I), and a

large group of young fish reached recruitment size for the

2.5 cm mesh gillnet in that year (Fig. 13).

Keleher (1972) showed that during a 20 year period on

Great Slave lake the mean weight of commerciaJ-Iy caught lake

trout declined from 4.5 kg in the western basin and 3.2 kg

in the eastern basin to 3.4 and 2.5 kg in the western and
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eastern basins respectively. He noted that lake trout size

appeared to decline continually and not approach a steady

state. fn Lake Athapapuskow mean weights of angled lake

trout were similar in studies conducted during 1968 (1.68

kg) and 1975 (1.70 rg).

Johnson (1976) listed mean lengths of gillnet caught lake

trout from 19 Northwest Territories Lakes as ranging from

515 to 759 mm. Rawson (196]) reported mean lengths ranging

from 586 to 604 mm for Lac Ia Ronge lake trout in various

years and Falk et a]. (1973) reported that mean lengths and

weights of lake trout from two Great SIave Lake fishing

lodges were 687 mm and 5.83 kg, and 561 mm and 2.45 kg.

They also gave mean lengths and weights of lake trout from

three Great Bear Lake lodges of 732 mm and 4.67 kg' 675 mm

and 3.62 kg, and 620 mm and 2.72 kg. By comparison, the

observed mean length and weight of south basin Lake

Athapapuskow lake trout (482 mm and L.62 kg) are small-er

than any of the above values. Mean sizes of middle and

north basin lake trout (528 mm and 2.I9 kg) exceed only

Johnsonrs two lowest length values.

The small average size of angled and gillnet caught lake

trout from Lake Athapapuskow is IikeJ.y the result of

exploitation but may be partly explained by the small size

at which curves from lake trout growth data become asymptot-

ic ( Figs . 2l and 34 ) . Although growth in older trout is

slow, particularly in the south basin of Lake Athapapuskow,
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growth of north basin fish is similar to that observed in

other lakes (Fig. 34) in which mean size is greater.

The difference between lake trout abundance estimates for

1977 and 1978 is explained by the difference between years

in the distribution of sampJ.ing ef fort among the l-ake basins

(see Results: Abundance Estimates of Burbot and Lake Trout).

It is concluded that the best estimate of lake trout

abundance for this study lies somewhere between I977 and

L978 vaLues and, therefore, indicates a decline from I97I

values (Table XI). This decl-ine is undoubtably a conse-

guence of exploitation.
As stated earlier, the relatively good condition of lake

trout in Lake Athapapuskow, the early age at which 100

percent of the sampled fish are mature, and the low

percentage of mature females with underdeveloped gonads

which indicated that they would not spalvn, âI1 may be

consequences of exploitation. AJ-so, periods of poor

recruitment can be related to the commercial fishery (see

Discussion: Evidence for Overfishing of Lake Athapapuskow

Lake Trout).

Burbot and Lake Trout Interactions

In Lake Athapapuskow, intensive lake trout exploitation

may have caused an increase in burbot abundance because of

the similarities in habitat and food requirements of these

two species. If such a correlated change in abundance has
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occurred these species must share a linited resource.

Hackney ( 1973 ) and Hackney and Minns (I97 4 ) described

competition for food between lake trout and burbot in the

south arm of Lake Opeongo by means of a simulation model of

þiomass dynamics and food consumption which predicted an

increase in lake trout yields as burbot fishing rates

increase.

In Lake Athapapuskow, all estimates of lake trout

:abundance have declined between the 197I study and my

,Lg/7-Ig7B study. At the same time, the catch per unit

effort and relative abundance of burbot have increased ' but

,the relative biomass of burbot has remained approximately

the same (Table XI). Relative biomass may remain constant

.v¡hile catch per unit effort increases if mean weight of

,burbot decreases (Table X). The constant reLative biomass

of burbot, coupled with increasing catch per unit effort and

.ielative abundance of this species, and the continuing

.decLine in lake trout abundance due to fishing pressure aIl
,l.irnply that burbot abundance and biomass are not at present

,.:limited by interaction with Iake trout, but rather' that

.burbot growth, and hence biomass' are probably limited by

,intraspecific competition for food. The limitation of

:burbot growth and biomass by intraspecific competition for

food is also indicated by the fact that in the niddle and
.li:
::::.'

.'..ùOrth basins, where the abundance of the dominant item

.:::'

.:Tèiscoes) in the diet of burbot is much greater than in the



I

:i:

I42

south basin, burbot growth is faster (Fig. f9) and they have

a greater relative biomass (Table XII). Exploitation of

burbot would probably not result in an increase in lake

trout abundance in Lake Athapapuskow since lake trout

abundance appears to be limited primarily by exploitation.

If as suggested, the slow growth of Lake Athapapuskow burbot

(Figs. 30, 31, 32, and 33) and their decreasing mean size

have resulted in a stable burbot biomass when the number of

burbot caught per unit of effort has been increasitg, their

exploitation may initially not result in a decrease in

biomass if responses to this exploitation and consequent

decrease in density are an accelerated growth rate and an

increase in mean size.

Although historical changes in the abundance of burbot

and lake trout in Lake Athapapuskow indicated that they

share resources there is also evidence which suggests that

their niches do not totally overlap. Both lake trout and

burbot vJere uncommon at shallow depths, but became more

common in the 18.5 and

continued to increase in abundance in the

even in the middle basin where at that depth Iake trout

rarely occurred. In the south basin, lake trout vJere

somewhat less abundant at )- 33.5 m than 18.5 m (Figs' 27,

28, and 29). In the niddle basin, the large difference in

abundance between burbot and lake trout at > 33.5 m may be

the result of an apparently greater tolerance of low oxygen
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concentrations by burbot, such aS those found in deep waters

of the middle basin (Fig . 7') . Cameron ( 1973 ) gives evidence

that burbot blood has a high oxygen affinity. Additionally'

body form, apparent differences in swimming ability' and

observation of the tendency for burbot to be caught near the

lead Iine in gillnets more frequentty than lake trout, all

indicate that burbot are probably more sedentary and spend

more time near the bottom, while lake trout are more active

swimmers and occur often in midwater.

Evidence presented in this study indicates that the

decline in abundance of lake trout in Lake Athapapuskow is

due to exploitation and not to an increase in the abundance

of burbot. The exploitation of lake trout is reflected in

the population characteristics of burbot because these

species share resources in the lake. Although the abundance

of burbot has increased, they have simply responded to the

decline in lake trout densitY.

If this lake is to be maintained as a lake trout sport

fishery the harvest of lake trout must be severely restrict-

ed. If this is not possible because of social or economic

reasons the harvest of lake trout may be reduced indirectly

by switching the emphasis of the sport fishery to walleye'

northern piker or a stocked salmonid.

Sampling of lake trout and burbot in Lake Athapapuskow

should be continued because it would allow the predictions

of this study to be tested. Data generated from this
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Appendix A

AGE DETERI.IINATION OF BURBOT AND LAKE TROUT

Burbot

If otoliths are used for aging fish it must be shown that

the frequency of annular markings is a product of fish age

only. Otoliths of temperate zone fish show a pattern of

alternating clear or hyaline rings, which contain crystaline

calcium carbonate embedded in an organic matrix' and opaque

rings, which contain much more organic matter than hyaline

rings (PannelIa Lg/4). Pannella (197I' I974) has shown that

these alternating bands are deposited seasonally. Also,

finer rings exist on otoliths of a wide variety of fish

species and are correlated with daily growth increments

(Taubert and Coble Ig77; Scott 1973; Brothers et aI. I976¡

Ralston Ig76; Struhsaker and Uchiyama I976; and Pannella

1971, r974).

otoliths are best for age determination of burbot because

burbot scales are minute, embedded, and lack annuli, and

annular marks on burbot opercular bones are difficult to

interpret (Chen, I969). McCrimmon and Devitt (1954) found

ototiths to be the most workable and accurate means of

burbot age determination. AIl previous burbot studies have

used otoliths as the primary aging structures. Burbot
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sagittae (the largest and most commonly used otoliths for
aging) used in this study were up to 15 mm long and usually
had weIl marked annuli.

There is some variance between burbot popu]ations in the
timing of hyaline and opaque ring deposition in otoliths.
Hyaline rings are laid down in summer on the otoliths of
burbot from Lake opeongo (Martin 1941 ) , the Erbe River
(Koops 1959, and Mul-ler 1960), the oder River (Murrer 1960),

and southwestern Lake Superior (Bailey LgTZ). Clemens

(1951) states that in Lake Erie hyaline bands are deposited
on burbot otoliths between June and March. Tanana River
burbot probably deposit hyarine bands on their otoliths in
April and May (Chen, 1969). Muth and Smith (Ig74) reported
that burbot from Lake of the woods deposited hyarine bands

on their otoliths between early summer and November. opaque

rings were laid down in winter on otoriths of burbot from

the Erbe and oder Rivers (Muller 1960) and southwestern Lake

superior (Bail-ey r972). opaque bands are deposited on the
otoliths of burbot from, the susquehanna River between Late
winter and May (Robins and Deubler 1955), the yukon River
between late June and early september (chen 1969), ocean

Lake in February, March, and Aprir (Miller rgTo), and the
Elbe River between September and May (Koops 1959).

There is also variance between age and size cLasses

within burbot populations in the timing of the deposition of
hyaline and opaque rings on otoliths. chen (1969) found
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that between late June and early September burbot from the

Yukon River which were greater than 300 mm in J.ength had

hyaline otolith margins but had opaque margins when l-ess

than 300 mm in length. Burbot captured during January and

February in Lake Simcoe had hyaline otolith margins when

they v¡ere older than 3 years whereas younger burbot had

opaque otol-ith margins (t'lcCrimmon and Devitt 1954). Hackney

(1973) reported that hyaline otolith margins were noted in

ol-der burbot from Lake Lavieille but not in young-of-the-

year burbot even as late as October. The first few hyaline

rings in otoliths of burbot from interior Alaska are more or

less opaque and, therefore, difficult to distinguish from

opaque material- (Chen 1969 ) .

In otoliths of Lake Athapapuskow burbot a marginal

hyaline band was apparent in early June. Its width was

maximum at the end of the sampling period in early Septem-

ber. Unlike other year classes, the otoliths of young-of-

the-year burbot were entirely opaque. If the first hyaline

zone of burbot otoliths is not deposited until the second

summer the boundary between the first hyaline zone and

second opaque zone marks the end of a growth period

consisting of the first and second summers and first winter.

Each Successive pair of hyaline and opaque bands represents

a 12 month growth period. In this study, and in studies

conducted by Chen (1969) and Hackney (1973), the above

boundary v¡as used to specify one year o1d fish when, in

fact, they were one year plus one summer o1d.

]
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Lake Trout

Most of the early studies of lake trout used scales for

aging but in recent studies (Power 1978; Bond I975; FaLk et

a1. I973) aginq has usually been cione with otoliths. Doubt

has been cast on the validity of scale ages especiaJ-Ly for

long lived and slow growing fish such as lake trout. Dubois

and Lagueux (1968) found that after lake trout had maturecl

otoliths continued to register annuli whereas scales did

not. Their findings may explain lthy lake trout ages

determined from scales usually indicate that fish are fast

growing, short lived, and have linear growth whereas l-ake

trout ages determined from otoliths usually indicate that

fish are slow growing, long lived, and have growth which

becornes asymptotic with increasing age. Scott and Crossman

(1973) stated that lake trout age determination using scales

is ciifficult for ages over eight years. Otoliths were used

to age lake trout in this study. Lake Athapapuskow lake

trout growth was compared only to populations for which ages

v¡ere determined from otoliths (Fig. 34).
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Appendix B

BURBOT TAXONOMY AND INTERBASIN COÈ1PARISONS OF
BURBOT AND LAKE TROUT MORPHOLOGIES

Introduction

l,torphological measurements were taken primarily as

indirect indicators of interbasin exchange of lake trout and

burbot in Lake Athapapuskow. Burbot morphol-ogical measure-

ments were also taken for bearing on the validity of

assigning burbot to a subspecific rank. Hubbs and Schultz

(1941), Chen (1969), and Pivnicka (1970) have recognized

subspecies of burbot based largely on geographic variation

in the caudal peduncle ratio, while Lindsey ( 1956 ) and

LawLer (I963) feel that this variation is clinal- and does

not justify the recognition of separate subspecies.

Materials and Methods

In 1978 caudal peduncle height and length (Hubbs and

Schultz 1941) was measured on 335 gillnet caught burbot, of

which head lengths (Scott and Crossman I973) and interorbi-

tal widths (Pivnicka 1970) were also measured on 229 of

them. Caudal peduncle height and length was measured on IB9

poisoned burbot. Interorbital width and head length (Scott

and Crossman Lg73) was measured on 228 lake trout.

1s9
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Measurements on gillnet caught burbot and lake trout were

taken with a compass and read to + I.0 mm accuracy on a

ruler. Measurements on poisoned burbot were taken with a

dial caliper accurate to + 0.05 mm. Burbot total length and

lake trout fork length (Scott and Crossman I973) were key

morphological meaSurements because they were used in the

analysis of growth, and the relationships between length and

morphological character variation.
The relationships between total length and the following

morphological character ratios were examined for burbot

using regressions of total length versus ratios of, head

J-ength to total length, interorbital width to head length'

peduncle length to total length, peduncle height to peduncle

length, and peduncle height to total Iength. The rel-ation-

ships between fork length and the following morphological

character ratios were examined for lake trout using

regressions of fork length versus ratios of, head length to

fork length, interorbital width to head length, and

interorbital width to fork tength. For burbot and lake

trout, the significance of the slopes of the above regres-

sions was tested using analysis of regression.

Comparison of mean character ratios between basins was

done using analysis of covariance because length frequency

distributions of burbot and lake trout differed between

basins and analysis of regression indícated that character

ratios v¡ere significantly dependent on length. Regressions
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of head length versus total length, interorbital width

versus head length' peduncle length versus total length'

peduncleheightverSuspedunclelength,andpeduncleheiqht

versus total length, were compared between basins for

burbot. Regressions of head length versus fork length'

interorbitalwidthversusheadlength'andinterorbital
width versus fork length, were compared between basins for

Iake trout.

Ch a rac ter

for each basi

morPhologies.

ratio means 1

n but not used

95 Percent

for between

C. I. were calculated

basin comParisons of

Resu 1 ts

There htas a signif icant 1 inear relationship between

morphological character ratios and length for the majority

of characters stuclied (TabIe I)' MiddIe and north basin

fish showed fewer significant regressions than did south

basin fish. Smaller sample sizes undoubtabì'y weakened

statisticalconfidencesofmiddteandnorthbasinregreS-

s ions .



Table r. ttorphological varíation i.n relation to burboÈ totar length and lake trout fork lengthrof fish collected in the

middle and north (M + N) and south (S) basins of Lake Àthapapuskow. For each regression line Y = ratio and

x = total length or fork length in cm'

species

Lota
lota head length. to

total length

interorbital width
to head length

peduncle length
to total length

Peduncle height
to peduncle length

Peduncle height
to total length

Salvelinus
namavcush head length to

fork length

interorbital width
to head Iength

interorbital width
to fork length

Ratio -Basins

M+N
S

M+N
s

M+N
s

M+N
S

M+N
s

Ratio versus Length

Regression

Y=.01656X+19.919
Y=.00339x+21.075

Y =-.0I983X + 29.304
Y=.05955x+24.37L
y=0.1292x+8.019
y=0.274Lx+7.45L

Y =-.14I01X + 73.424
Y =-.I6270X + 77.066

Y =-.00317X + 5.869
y=.00675x+5.724

* indicates a significant regression at Û = '05

M+N
s

M+N
s

M+N
s

0. 16

0.03

-0.09
0.24

0.33
0.52

-0, 34

-0.35

-0. l2
0.24

0.03
0.I8

0 .25
0.15

0 .27
0. 30

F statistic

Y=
Y=

Y=
Y=

Y=
Y=

2 .22

0. 09

0. 79

8.85*

29.00i
103.65r

32.45r
37.39r

3. 3l
17.60r

0.03
5.75*

2.06
3.93r

2.36
I7.67r

.0I2t6X + 24.L42

.02897X + 22.43L

.06342X + 26.334

.03002x + 28.269

.01936X + 6.282

.0I7t3X + 6.244

Ratio Mean + 95t C.I.
(x 100 )

20.8 + 2.0
2I.2 + 2.0

29.2 + 4.O

27.2 + 2.0

8.5 + 2.0
8.5 + 0.8

6,8. 3 + 9.8
70.8 + 7.8

5.8 + 0.7
6.0 + 0.5

24.7 + 2.0
23.8 + 2.0

29.3 + 4.2
29.7 + 3.9

7.2 + 2.O

7.0 + 0.8

H
Or
N)

1



Table II. Comparison of morphologies of burbot ancl lake trout from the middle and north
(M+N) and south (S) basins of Lake Athapapuskow.

Species

Lota head length on

lota total length

interorbital width
on head length

peduncle length
on total length

peduncle height
on Peduncle length

peduncle height
on total length

Salvelinus head length on

4a&eyçt¡S¡ fork length

interorbital width
on head length

interorbital width
on fork length

Regression
YonX

Bas ins

M+N
S

M+N
s

M+N
S

Analysis of Covariance
Adjusted Mean Slope F Statistic
(adj. x in cm) adj. X SloPe

10. 308

r0.542

2.947
- 

2 .847

3.253
3 .252

2.L48
2.269

2. 151

2 .261

11.63
IL.22

3. 30

3. 35

3.40
3.33

M+N
S

*- indicates a significant difference between basins of adjusted means or slopes

at a = .05.

M+N
S

M+N
S

M+N
S

M+N
S

':::1,:

:,:i¡

0.216
0.2I4

o.268
0.293

0.089
0.092

0.612
0.647

0.056
0.061

0 .247
0 .256

o.260
0. 300

0.081
0 .012

1r.19* 0.12

t4.73* 3. 33

0.00 4.58*

35.43 6.90*

55.54 34.93*

5.41* 0.22

1.43 9.20*

1.54 0.20

F
Ot
L¡)

'-1
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For almost all characters examined, there vJas a signifi-

cant difference between basins for the regressions of

character Y variables versus character x variabl-es (Table

II).Asiqnificantdifferencebetweenbasinsinadjusted

meansindicatedthatcharacterYvaluesweredifferent
between basins at any given character x value' A siqnifi-

cantdifferencebetweenbasinsinsJ-opesofYversuSX
indicated that the rate of change of character Y values as

character x values increased was different between basins'

character ratios are presented in the literature as

means, therefore, character ratio means 1 95 percent C'I'

werecalcu].ated(TableI)forLakeAthapapuskowburbotand

Lake trout for comparison with other populations'

Thesignificantinterbasindifferencesinburbotand]-ake
troutmorphologies(TableII),indicatedthatlittle

exchange of. these species occurs between the south basin and

middle and north basins of Lake Athapapuskow'

Burbot Taxonomy

Burbot are distributed across northern Eurasia and North

America, inctuding AIaska and the Pacific slope (tlcPhaiI and

Lindsey1970;ScottandCrossmanlgT3).Thekeycharacter

usedinclistinguishingsubspeciesofburbothasbeenthe

Interbasin ComPari
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ratio of caudal peduncle length to caudal peduncle height.

Based largely on this ratio, Hubbs and Schultz (I941)

recognized Lota l-ota leptura in northwestern North American

and Lota lota macuLosa in the southeast. Lindsey (1956) and

Lawler (1963) noted that this ratio increased towards the

north and west but felt that it vras a clinal variation and

did not justify the recognition of two subspecies. They

proposed that at1 burbot should be referred to as Lota lota.

chen ( 1969 ) and Pivnicka ( 1970 ) suggested that trends in

burbot caudal peduncle ratios were not clinal and recognízed

two subspecies in North America. Chen called the northwest

form Lota lota leptura and Pivnicka called this form Lota

Iota lota white both authors referred to the southeast form

as Lota lota Iacustris" Caudal peduncle ratios of the

northwest form are about I.7 to 1.95 and fot the southeast

form, about 1.3 to L.4 (Chen 1969). A large boundary zone

between the two proposed subspecies is characterized by

intermediate peduncle ratios and Iies between approximately

100 and 130 W longitude. Caudal peduncle ratios (f.46 in

the middle and north basins and I.41 in the south basin)

place Lake Athapapuskow forms in Lota Ìota lacustris if this

subspecies is va1id.

Hubbs and Schultz (I94I) found no apparent variation in

burbot caudal pedunc]-e ratios due to age and Chen (I969)

found litt1e relationship between the caudal peduncle ratio

and standard length, Sex, and vertebral number. In Lake
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Athapapuskow the burbot caudal peduncle ratio was signifi-

cantly correlated with length (Table I ) . Relationships

between the caudal peduncle ratio and J-ength may not have

been observed in populations other than those in Lake

Athapapuskow because samples from these populations are

usually smalI and/or rarely contain younger fish. If the

variation of the caudal peduncle ratior âs illustrated by

the 95 percent confidence intervals in table I I and the

correlation of this ratio with length are characteristic of

other populations they may be highly significant for

interpretation of the taxonomic val-idity of burbot subspe-

cies.

Other morphometric characters of Lake Athapapuskow burbot

( head Length, interorbital width, peduncle length, and

peduncle height) were not interpreted as being characteris-

tic of a subspecies because there are no we1I marked

geographical- trends in the variations of these characters.
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Appendix C

POPULATION GROWTH RÀTES OF BURBOT AND LAKE TROUT

Population growth rates are obtained by comparing the

mean size of surviving fish at successive ages (BagenaI and

Tesch in Bagenal I978; Ricker 1975). The use of popuation

growth rates to estimate rate of increase in size from year

to year assumes that there is little difference between year

classes in respect to rate of growth and that the fish are a

random sample of the age cl-asses involved (Ricker 1975).

The former assumption can be tested by comparing sizes of

fish at the same age sampled in two or more successive years

(Ricker 1975).

In this study the use of population grovith rates for the

analysis of burbot and lake trout growth and the pooling of

1977 and I978 data prior to analysis is justified because

plots of mean length versus age are similar between years

( Figs. I, 2, 3, and 4 ) .
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Figure 1. llean lengths at given age.s of burbot
caught in the middle and north basins of
Lake Athapapuskow in L977 and t978. Half of
a 95 percent confidence interval is given
for age classes represented by more than two
fish.
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Figure 2. Mean Iengths at given ag.es of burbot
caught in the south basin of Lake
Athapapuskow in L977 and 1978. Half of a 95
percent confidence intervat is given for age
classes represented by more than tv¡o fish'
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Figure 3. Mean lengths at given ages of lake trout
caught in the middle and north basins of
Lake Athapapuskow in 1977 and L978. Half of
a 95 percent confidence interval is qiven
for age classes represented by more than two
fish.
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Fiqure 4. Mean lengths at given ages of lake trout
caught in the south basin of Lake
Athapapuskow in 1977 and 1978. Half of a 95
percent confidence interval is given for age
classes represented by more than two fish.
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Appendix D

AGE-LENGTH DATA FOR BURBOT ÀND LAKE TROUT

Tables I, II, and III summarize age-Iength data of Lake

Athapapuskow burbot and lake trout and are presented for a

more direct examination of the grovrth of these Species and

for comparison with growth in other populations.
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Table I, Mean length (cm) at age (years) plus or minus 958

confidence intervals, of burbot from Lake
Àthapapuskow.

South Basi-n Middle + North Basins

Age N Mean 95t C - I. N l4ean 95u c. r.
3

7

26

35

25

T2

2

7

I7
t2
23

27

22

26

30

26

27

27

25

7

9

1I
5

2

2

1

1
I

7

29

24

15

13

I2
26

49

7I
95

75
't6

53

38

2t
5

5

3

2

0

I
2

3

4

5

6

7

I
9

IO

LL

I2
13

14

15

16

rt
18

t9
20

2I
22

23

24

25

¿ó

27

28

12. 0 1. ts
16.0 0.87
18. 3 1.13
22.0 I . 8l
27.9 3.69
33. 3 4.34
39 . 6 I.76
42.0 0. 83

42.8 0.84
44.3 0.76
45.0 0.94
48.9 r.t5
52.L 1.61
51.7 2.38
53. 8 2.92
62.t 10.89
59 .7 2.35
61.9 11.46
62.0 73.06

60.35 60.3s

7.5
9.9

13.0
15.1
18. s

20.0
26.9
38.7
40.9
43.6
43.3
46 .5
52.9
54 .1
56.3
57 .3
58.9
61.4
63.8
64.8
64.8
59.1
68.1
68.2
63.7
70.9
66.0
66.5
72.3

I.12
t.28
0.59
0.62
I .26
) )<

10.46
6.99
2.53
I.7 4

1.87
2.22
2.II
2.'tr
2 .33
2.02
I.94
1.70
1.81
2.66
2.96
4 .37
3.97
6.90

90.85
113.08

0.64
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lable II. Mean length (cm) at age (years) Plus or mj-nus

95t confidence Íntervals, of burbot from
Mistik Creek.

Àge lfean 95t C.r.

I
2

3

5

6

7

2

14

l6

4

3

2

r0.2

20.1

23.2

22.2

27.2

30.2

10.2

1.3

0.8

6.4

3.6

26 .0



Tabte III. Mean length (cm) at age (years) plus or minus 95t confidence intervals, of lake trout from Lake Àthapapuskow.

Àge

t
2

3

I

South Basin

95t C.I. À9e

5

6

7

I
9

10

11

L2

l3
l4
I5
I6
T7

18

l9
20

l0
20

IO

2L

29

32

23

t6
t7
26

I6
L2

5

5

2

IO

I

24 .6
25.9
32. 0

37 .O

4r,6
43.3
46.5
50. 4

5r.l
53. r
53.5
53.9
55 .2
54.9
59 .7
6t .9
55.7

r.88
r.08
4.26
2 .97
1,43
r.62
1. 86

4.00
2.38
1.98
2. 13

l. 82

3 .22
2.00

t0. 80

9 .47
2.35

2T

22

23

24

25

26

27

2S

29

30

3I
32

33

34

35

36

37

38

39

45

I
I
I
9

I
6

4

0

3

6

I
7

2

5

5

0

3

2

I
I

58. I
5't .4

56 .6
56 .7
57.1
58. 3

59. 3

57.9
59. 3

62.1
57 .4
63.5
56 .9
57.9

61.6
6r.8
66.0
58.8

95c C. r.

5 .29
3,53
2.49
2 .92
2.93
4.52
4. r8

6.25
5. 06

4.03
3I .7'1

4 .26
4.6r

L4 .24

3L .2

À9e

I
2

3

4

5

6

7

I
9

t0
tt
L2

13

I4
l5
t6
I7
t8
I9
20

MiddIe and North Basrns

x 95C C. I. À9e N

I
6

I
I6
I7
I

t9
I3
I
I
6

3

0

2

2

29 .6
34 .6
4r.2
42.8
45.7
48.4
<l ,

50.9
57.5
45.0
58.s
62 .1

62.O

64.9

2L6
224
239
243
252
265
2't 3

282
29 I
302
38 I

4.8
2.58
3, 16

3. r8
3.56
2.37
3. 2t
5.93

6.80
I3.9I

50.82
14.61.

63.0 3.78
62.L 3.85
62.9 5.90
60.2 5.51
60.s 6,35
6r.16 5.44
?r.3 8.26
63.2 17. 15

68.2
66,8 28.59
76.5

95t C.r.

ts{{




