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ABSTRACT

Roberge, M.M., G, Low, and C.J., Read., 1986. An
assessment of the commercial fishery and
population structure of walleye in Kakisa
Lake, Northwest Territories, 1977-1985.
Can. Tech. Rep. Fish, Aquat. Sci. 1435: v
+ 59 p.

Biological samples have been taken from
the commercial walleye fishery from Kakisa Lake,
Northwest Territories (NWT) since 1977 (exclud-
ing 1978). Together with information collected
from an experimental gillnetting program in
1978, the status of the walleye stock is asses-
sed and a management strategy is formulated.

Variations in fishing effort since 1946 is
likely the cause of fluctuations in the commer-
cial production of walleye. Factors resulting
in changes in mean length and age from year to
year of the commercial samples, since 1977,
include timing and location of fishing effort
and variability in year class strength, Fluctu-
ations in instantaneous total mortality are con-
sidered to be due to changes in fishing mortali-
ty. The impact on these changes by the domestic
fishery is unknown. Growth rates from year to
year are not significantly different. Recruit-
ment overfishing is not believed to have occur-
red. The minimum mesh size of 108 mm, in use
since 1981, appears to be protecting a Tlarge
fraction of the pre-recruitment segment of the
population.

Despite continued commercial exploitation,
walleye still remains the dominant species in
Kakisa Lake. The size and age of walleye have
decreased since 1946, resulting from the initial
fishing down of the larger, older fish in the
population. Growth rates have not altered
significantly from 1968 to 1978 while age-at-
maturity has not decreased since 1946.

Application of the Beverton and Holt
yield-per-recruit model verified that Kakisa
Lake walleye were not being over-exploited by
the commercial fishery. Optimum fishing mortal-
ity (Fg.1) from 1977 to 1985 ranged from 0.40
to 0.55. Estimates of total allowable catch
(annual) during this period using the Baranov
catch equation ranged from 11 734 kg to 31 904
kg. Considering the history of the fishery, the
annual commercial quota should not exceed 20 000
kg.

Key words: Baranov catch equation; Beverton and
Holt yield-per-recruit; catch curve;
catch statistics; experimental gill-
netting; fishing mortality; Stizo-
stedion vitreum; stock assessment.

RE SUME

Roberge, M.M., G. Low, and C.J. Read. 1986. An
assessment of the commercial fishery and
population structure of walleye in Kakisa
Lake, Northwest Territories, 1977-1985.
Can. Tech. Rep. Fish. Aquat. Sci. 1435: v
+ 59 p.

Des prélévements biologiques sont faits
dans la pécherie commerciale au doré du lac
Kakisa depuis 1977 (sauf en 1978); ces donndes,
ainsi que celles recueillies dans le cadre d'un
programme de péche expérimentale au filet mail-
lant mené en 1978, ont servi & faire une évalu-
ation du stock de doré et 4 formuler une straté-
gie de gestion.

Les fluctuations des quantités de dorés
capturés dans cette péche commerciale sont
vraisemblablement imputables aux variations de
1'effort de péche depuis 1946, Parmi les fac-
teurs qui entrainent des variations d'une année
d@ T'autre depuis 1977 de la longueur moyenne et
de 1'3ge des é&chantillons prélevés dans les
prises commerciales, il y a le moment et
1'endroit ol s'exerce 1'effort de péche ainsi
que la variabilité de 1'abondance de chaque
classe d'dge. On estime que les fluctuations de
la mortalité totale instantande sont attribu-
ables a des changements dans la mortalité due 3
la péche; les répercussions attribuables 3 la
péche de subsistance ne sont pas connues. Les
taux de croissance d'une année a 1‘'autre ne
présentent pas de différences importantes, On
ne croit pas qu'il y ait eu surexploitation des
recrues; la grandeur de maille minimale, en
vigueur depuis 1981, est de 108 mm et i1 semble
qu'elle contribue a protéger une grande partie
des pré-recrues dans la population.

En dépit de 1'exploitation commerciale
ininterrompue, le doré n'en reste pas moins
1'espéce dominante dans 1le lac Kakisa. La
taille et 1'dge du doré ont diminué depuis 1946,
en raisen de la perte des sujets plus gros et
plus dgés de la population, capturés au départ.
Les taux de croissance n'ont pas varié de fagon
significative entre 1968 et 1978 tandis que
1'8ge & la maturité n'a pas diminué depuis 1946.

L'application du modéle de rendement par
recrue de Beverton et Holt a permis d'&tablir
que la péche commerciale n'entraTne aucune
surexploitation du doré du lac Kakisa. La
mortalité optimale due & la péche (Fg.,) de 1977
d 1985 variait de 0,40 & 0,55. Les estimations
du total (annuel) des prises admissibles au
cours de la méme période, obtenues 3 1'aide de
1'équation de Baranov, variaient entre 11 734 et
31 904 kg. Compte tenu des antécédents de cette
pécherie, le contingent annuel de pé&che commer-
ciale ne devrait pas dépasser 20 000 kg.

Mots-clés: é&quation de Baranov; modél de rende-
ment par recrue de Beverton et Holt;
"courbe des prises; péche expéri-
mentale au filet maillant; statis-
tiques des prises; mortalité due 3
la péche; Stizostedion vitreum; &va-
luation des stocks.,







INTRODUCTION

The walleye, Stizostedion vitreum (Mit-
chill), occurs in Canada from central Quebec
through Ontario, the Prairie Provinces, north-
eastern British Columbia and north into the
Northwest Territories (NWT) and is considered to
be the most economically valuable fish species
in Canadian inland waters (Scott and Crossman
1973). In the NWT, waileye (commonly referred
to as pickerel) are confined to the Mackenzie
River drainage reaching their northern limit in
the Mackenzie Delta (Scott and Crossman 1973).
Although the distribution of walleye in the NWT
is limited, it is considered to be an important
commercial and sport fish species.

Information on the biology and harvest of
walleye in the NWT is meager in comparison to
that for walleye from other areas of Canada.
Miller (1947), Rawson (1947, 1951) and Johnson
(1975) provide general information on walleye
from Great Bear and Great Slave lakes. Falk and
Dahlke (1975), Falk et al, (1980) and Bond et
al. (1978) describe the walleye sport fisheries
occurring along the south shore of Great Slave
Lake while Hatfield et al. (1972a,b), Stein et
al. (1973a,b), Jessop et al. (1973, 1974),
Jessop and Lilley (1975) and Lilley (1975) pro-
vide comprehensive biological data on walleye
occurring in the Mackenzie River and its many
tributary streams.

Annual commercial production of walleye in
the NWT has averaged over 40 000 kg (round
weight) since the late 1970's. Over 95% of this
production 1is taken from three lakes: Great
Slave, Kakisa and Tathlina. An average of 44%
of the total walleye production in the NWT comes
from Kakisa Lake atone. Despite the importance
of this fishery, scant information is available
on this exploited walleye population.

In 1946, Kakisa Lake was first surveyed
jointly by the Fisheries Research Board of
Canada and the Department of Fisheries to deter-
mine whether it could support a commercial
fishery for either lake whitefish or walleye
(Kennedy 1962). As a result of the study white-
fish were not recommended for commercial harvest
due to a high infestation rate of the parasite,
Triaenophorus crassus, but commercial fishing
for walleye began on Kakisa Lake in the same
year. Monitoring of the annual harvest however
did not commence until the 1952/53 fishing
season.

In 1968, the Department of Fisheries con-
ducted a gillnetting survey of Kakisa Lake as
part of a study to assess the commercial poten-
tial of various lakes in the NWT and to deter-
mine infestation rates of the parasite, Triaeno-

phorus crassus in lake whitefish (Johnson 1976;

Moshenko 1980). Lamoureux (1973) conducted a
pre-impoundment study of Kakisa Lake and its
surroundings in 1972 to assess the environmental
impact of a proposed hydro-electric development
of lLady Evelyn Falls on the Kakisa River, ap-
proximately 5 km downstream of Kakisa Lake.
Biological sampling of the commercial catch, as
part of the monitoring program, has only taken
place since 1977.

Since the early 1970's fishermen have been
requesting an increase in the annual walleye
quota for Kakisa Lake. 1In response, the Depart-
ment of Fisheries and Oceans (DFO) conducted an
experimental gillnetting program in 1978 in
order to determine whether the stock was capable
of sustaining an increase in the harvest level.
Information collected from this study combined
with the data collected from the monitoring
program is examined in this report. The status
of the Kakisa Lake walleye stock is discussed
and a management strategy, with total allowable
catch (TAC), is recommended.

STUDY AREA

Kakisa Lake forms a part of the Kakisa
River drainage basin (Fig. 1). The river sys-
tem, 496 km long, originates west of the Cameron
Hills and drains an area of 14 900 km? (Environ-
ment Canada 1980). The upper reaches of the
river meander through low muskeg country occa-
sionally flowing over small rapids and riffles.
The water is stained a transparent brown, char-
acteristic of most muskeg drainages. The river
slows and deepens to 3 m before entering the
west end of Tathlina Lake. The river flows out
of the northeast corner of Tathlina Lake and is
interrupted by several rapids dropping 55 meters
in 25 km before entering the south side of
Kakisa Lake.

Kakisa Lake (Fig. 2) is 40 km long and 12
km wide with a surface area of 33 126 ha (Ken-
nedy 1962). The lake reaches a maximum depth of
7 m. Most of the shoreline consists of wave
washed boulder, gravel or sand beach down to
depths of 2-4 m. There is an abrupt change to
silt substrate which characterizes the offshore
bottom. The lake bottom in the sheltered west
end of the lake is composed of black organic
debris (Lamoureux 1973). The Muskeg River, at
the east end of the 1lake, is the only major
tributary (Fig. 2). Several small creeks drain
into the lake along the south and west sides.

The outlet of Kakisa Lake is shallow and
wide with a moderate current and is often choked
with aquatic vegetation by midsummer. The river
again drops 15 m over the Lady Evelyn Falls
located 5 km downstream of the lake. This fall
forms an effective barrier to the upstream
migration of fish from Great Slave Lake (Fig.
2). The river continues as a series of smaller
rapids flowing over a 1limestone bottom and
enters Beaver Lake (Fig. 1) on the upstream end
of the Mackenzie River,

THE FISHERY

The 1946 survey by the Fisheries Research
Board of Canada concluded that Kakisa Lake had
potential for a walleye (pickerel/dore) fishery
but not a Take whitefish (Coregonus clupeaform-
is) fishery since the whitefish were heavily
Tnfested with the parasite, Triaenophorus cras-
sus (Kennedy 1962). A gillnet fishery with an
annual quota of 91 000 kg was established.




Allowable mesh size was 89 mm (stretched mea-
sure). As well an all weather road to Hay River
from the lake was nearing completion which would
ease transportation costs. The quota and mesh
size were based on economic rather than biologi-
cal considerations and the presumption that no
lasting harm could be done to the walleye
stocks. At a later time, adjustments to obtain
maximum sustainable yield could be made once the
fishery was in place.

McGinnes Fisheries Ltd. established the
first commercial fishery on Kakisa Lake in the
late 1940's. Production records for this period
are not available. However, it was reported
that “large" catches of walleye were taken on
the lake for a couple of seasons (Art Delancey,
DFO, Western Region, personal communication).
Records of production began with the 1953
season. At this time the legal mesh size was
increased to 114 mm (stretched measure) and the
annual quota of 91 000 kg remained for the
lake. This was modified for the 1958/59 season
when a six year quota cycle was established with
a total harvest of 89 000 kg. Theoretically,
this harvest was to be taken during the first
two years of the cycle with the lake remaining
closed for the following four years to allow the
walleye stock to recover. This cyclical system
was in place until the 1967/68 season when the
harvest level was again set on an annual basis,
This annual quota was set at 18 700 kg with the
legal mesh size remaining at 114 mm,

In 1977, commercial fishing on Kakisa Lake
was restricted to the residents, upon their
request, of the village of Kakisa Lake, a small
Dene community on the northeast shore of the
lake {Fig. 2). A fisherman was required to live
in the village for six consecutive months to be
eligible for a commercial license to fish the
lake (NWT Fish. Reg. 1985). In 1980, the legal
minimum mesh size was reduced to 108 mm (stret-
ched measure).

Domestic fishing also takes place on
Kakisa lLake. Kennedy (1962) estimated the maxi-
mum annual fish requirements of the Dene in the
area to be less than 9 090 kg (26 000 1bs).
Walleye and suckers were the species generally
taken. Current estimates of the domestic catch
are not available,

METHODS AND MATERIALS
COMMERGIAL FISHERY ASSESSMENT

Commercial production

Monthly summaries of the 1landings of
walleye from Kakisa Lake were compiled from
sales slips by DFO staff in Hay River since
1952, A1l data were recorded in pounds {round
weight) until 1981 when the fishing industry in
the NWT converted to the metric system, effec-
tive June 1981. The landings were recorded by
season, commencing 1 November of one year
through to 31 October of the subsequent year.

Catch per unit of effort (CPE)

Fishery observations were conducted on the
Kakisa Lake commercial walleye fishery in July
1983 as part of the DFQ monitoring program for
inland commercial fisheries in the NWT. Summer
staff were placed on board commercial fishing
vessels to accompany the fishermen. Fishermen
were interviewed for information pertaining to
number of nets set, location and duration of
sets, mesh size, mesh depth, twine size, depth
fished, descriptive features of the fishing
vessel and size of the crew. As the nets were
lifted, observers kept a record of the number of
fish caught and culled per net-gang. CPE was
calculated as number and weight (kg) of fish
caught per 91 m net per 24 h.

Biological evaluation

Sampling: Walleye from the commercial fish-
ery were sampled at the fish plant in Hay River
from 1977 to 1985, except in 1978 when virtually
no commercial fishing took place. Boxes of fish
were randomly selected from the catches of the
various fishermen as they arrived in the plant.
A1l walleye in each of these boxes were sampled
for later biological analysis. At least three
boxes were sampled in order to provide a minimum
sample size of 215 fish.

Walleye were sampled for fork length (%1
mm), weight (¢50 g), and aging structures
(scales). Length was recorded as fork length
when fish were sampled in the round (whole) or
dressed (gutted) forms. Length of fish sampled
in the headless dressed form was recorded and
subsequently converted to fork length by the
application of the following equation:

Fork length = 6.659 + 1,235 (headless
length).

Weight was recorded as round weight when fish
were sampled in the round form. However when
fish were in either the dressed or headliess
dressed form, weight was recorded and subse-
quently converted to round weight by the appli-
cation of one of the following equations:

Round weight
Round weight

1.22 (dressed weight)
-11.105 + 1.235 (headless
dressed weight).

The previous equations were derived from
sampling 215 walleye in 1983 for fork length,
round weight, dressed weight, headless dressed
length and weight and subsequently performing
linear regression analysis on these data.

Scales were removed from the left side of
the walleye from the area just posterior to the
pectoral fin and stored dry in coin envelopes.
Scales were later mounted between two glass
slides and the completed annuli counted on the
}magﬁ produced by an Eberbach microprojector

X60).

Length and age: Length- and age-frequencies
were constructed to display catch composition by
years., Student's t-test and Duncan's multiple
range test were used to determine significant
differences in age and length by year.



Growth: Weight-length relationships were
calcuTated using least squares regression analy-
sis on logarithmic transformations of fork
Tength and round (or converted round) weights.
Samples were initially compared between years
and then pooled and compared with other loca-
tions, The relationship is described by the
following equation:

LogyoW = a + b (Logyol)

where W
L

weight in grams
fork length in millimeters.

Mean fork length at age was plotted from
samples taken in each year and visually
compared, These data  were then pooled and
compared with growth curves from other
locations,

Mortality: Instantaneous total mortality (Z)
was calculated from the least squares regression
line fitted to the descending limb of catch
curves. Catch curves were fitted by eye and
only that portion of the curve that appeared
linear was included in the analysis. Moderate
fluctuations 1in recruitment in different year
classes tend to create an irregular shaped catch
curve. To reduce these irregularities, samples
from successive years were combined (Ricker
1975). Ricker (1975) indicated that the modal
age in the catch curve will commonly lie quite
close to the first year in which recruitment can
be considered effectively complete. Therefore
only the next older and subsequent age groups
from the modal age were used,

Annual survival rate (S) and annual morta-
lity rate (A) were calculated from Z. Instanta-
neous mortality rate (M) was estimated to be
0.34 calculated from the annual natural mortali-
ty (v) which was assumed to be 0.20 (Smith and
Pycha 1961; Shuter and Koonce 1977). Instanta-
neous fishing mortality rate (F) was calculated
from Z = F + M (Ricker 1975).

Rate of exploitation: The rate of exploita-
tion (u) was calculated from the estimate of F
as u = FA/Z7 after Ricker (1975), assuming that
fishing and natural mortality operate concur-
rently.

Yield-per-recruit

The Beverton and Holt (1957) yield-per-
recruit model was applied to aid in the assess-
ment of the commercial fishery in Kakisa Lake
utilizing the data obtained from the commercial
samples of walleye taken in 1977 and 1979 to
1985 (excluding 1981). Yield-per-recruit
analyses were performed using the BEVHOLT and
VONB programs described by Rivard (1980). The
VONB program used the von Bertalanffy growth
equation (Ricker 1975) described as:

Ly = L (1 - e-K(t-to))
where Ly = length at age t
L = mean asymptotic length
K = Brody growth coefficient
tp = hypothetical age at which a fish

would have been zero length if it had
always grown in a manner described by
the equation.

This equation estimates the growth characteris-
tics of the stock required for the Beverton and
Holt model. The BEVHOLT program estimated the
equilibrium yield including estimating popula-
tion numbers and biomass, as well as catch
numbers and weight from a given recruitment
(Rivard 1980).

POPULATION ASSESSMENT

Experimental gillnetting

Experimental gillnetting was conducted in
Kakisa Lake in July 1978 using standard gangs
composed of panels of 47.5 m lengths each of 38,
64, 89, 114 and 139 mm mesh (stretched measure)
nylon gillnets. A detailed description of the
gillnets used is given in Appendix 1. A gap of
3 m was left between each panel to reduce lead-
ing of fish from one mesh size to another. Set
locations were not chosen randomly but corres-
ponded to the areas known to be utilized by
commercial fishermen (Fig. 2). All sets were
made on the bottom. The average set duration
was 24 h., The catch was recorded by mesh size
and by species, Biological samples were taken
for later analysis. Catch per unit effort (CPE)
was estimated as number and weight (g) of fish
caught per 91 m net per 24 h.

Scientific names of all fish species
caught followed Scott and Crossman (1973) as
follows: walleye, Stizostedion vitreum (Mit-
chill); lake whitefish, Coregonus clupeaformis
(Mitchill); lake «cisco, Coregonus artedii
Lesueur; northern pike, Esox lucius (Linnaeus);
white sucker, Catostomus commersoni (Laceépade);
and longnose sucker, Catostomus catostomus
(Forster).

Biological evaluation

Sampling: All fish caught in the gillnets
were sampled for fork length (*1 mm), round
weight (+10 g), sex and stage of maturity. Sex
and relative stage of maturity were determined
by examination of the gonads. Relative stage of
maturity was coded according to the stages
described in Appendix 2. Subsequent to 1978
the maturity codes were rewritten and the codes
assigned to walleye sampled in 1978 were altered
to reflect this change. In this report, maturi-
ty stages coded 2 and 7 were omitted in the
calculation of percent maturity since distinc-
tion between those fish that were virgin and
those that were just resting could not be made
when editing the 1978 codes. In the field it
was also difficult to determine accurate maturi-
ty stages of walleye due to the July sampling
period, i.e. post-spawning period. Gonads of
spent walleye had already rejuvenated and were
found similar in appearance to possible non-
spawning (resting) walleye.

A1l fish caught in the gillnets were
sampled for ageing structures (scales and
fins). Scales were removed from the left side
of the walleye from the area just posterior to
the pectoral fin and from all other species as
described by Hatfield et al. (1972a) and stored
dry in coin envelopes. Scale ages were deter-
mined as described for walleye from the commer-
cial samples. Dorsal fins were removed from a



sample of 95 walleye for comparison with scale
ages. The fins were later embedded in epoxy,
sectioned using a thin-sectioning machine and
mounted on glass slides with a mounting medium
DIATEX and the completed annuli counted using a
disecting microscope (X30). For each fish the
ages determined from fins were then compared to
the ages determined from scales from the same
fish to assess the reliability of aging using
scales.

A qualitative analysis of the food types
consumed by walleye caught from the experimental
gillnets was made by examination of stomach
contents. The food type was identified as being
either fish remains (species unknown), benthic
invertebrates, zooplankton or unidentifiable
remains (Appendix 29).

Length and age: Length- and age-frequency
histograms were constructed to display catch
composition by mesh size and by year.

Growth: Weight-length relationships were
calculated as described for the commercial
walleye samples. Mean fork length at age was
plotted from samples taken in different years
and from different locations and growth rates
were compared visually.

Relative condition factor (K), a measure
of the plumpness of a fish, was determined using
the formula:

W x 10°
: L3
where W = weight in grams
L = fork length in millimeters.

Condition factors were compared between years
(t-test and analysis of variance) where data
were available,

Mortality: Instantaneous total mortality (Z)

was calculated from a least squares regression
line fitted to the descending 1imb of the catch
curve as described for the commercial walleye
samples. Annual survival rate (S) and annual
mortality rate (A) were calculated from Z,

DATA ANALYSIS

Data were analyzed using an Amdahl 5850
computer. Programs from Rivard (1980) were used
for the Beverton and Holt yield-per-recruit
model and Von Bertalanffy growth equation. The
Statistical Analysis System (1982) was used for
regression, t-tests and analysis of variance and
to generate biological data summaries.

RESULTS AND DISCUSSION
COMMERCIAL FISHERY ASSESSMENT

Commercial production

Landings: Commercial landings of walleye
since 1953 have annually averaged approximately

20 100 kg (excluding catches taken during the
six-year quota cycles from 1959 to 1967). Land-
ings of walleye from 1953 to 1985 ranged from a
Tow of 5 095 kg to a high of 72 365 kg {(exclu-
ding 1978 harvest) (Table 1). Prior to 1959 and
the introduction of the six-year quota cycle
system, annual harvest was approximately 21 900
kg. Fluctuations in landings during the 1950's
are believed to be largely a result of effort
rather than walleye abundance. The large catch
taken in 1966 (72 365 kg) is believed to be the
result of an increase in effort due to re-open-
ing the lake to commercial fishing on a six-year
quota cycle after a four year closure. Since
resumption of an annual quota of 18 700 kg in
1968 production has remained relatively constant
(Fig. 3) averaging approximately 19 400 kg annu-
ally. The noticeable harvesting over the allot-
ted quota, in certain years, is primarily a
result of enforcement logistics. Without con-
stant monitoring of every delivery to the fish
plant at Hay River, walleye landings from Kakisa
Lake can often exceed the allowable catch,

The timing of the walleye harvest has
altered since 1979 (Fig. 4). Fishing in 1979
and 1980 was mainly during the months of June,
July and August and in 1981 extended into Sep-
tember and October. Since 1982, on average,
approximately 90% of all walleye harvested were
taken during the month of June from the area
near the mouth of the Kakisa River downstream
from Tathlina Lake (Fig. 2).

Yield: The commercial yield (kg-ha-!) of
walTeye has ranged from 0.15 to 2.18 kg. ha-1
(excluding 1978) (Table 1). Since 1972 ‘the
yield of walleye has remained relatively con-
stant. It has decreased from a cumulative
average of 0.66 kgeha-! in the 1950's (1953 to
1958) to 0.58 kgeha-! in the 1980's (1980 to
1985). If it is assumed that the harvest of
walleye by the domestic fishery on Kakisa Lake:
is <9 000 kg as based on historic information
(Kennedy 1962) then the total y1e1d of walleye
would be placed at <0.93 kg. ha=! in the 1950's
and <0.85 kgeha-! i the 1980's which is in the
upper range for yields reported for other com-
mercial walleye fisheries. In comparison, com-
mercial walleye yields from five lakes in nor-
thern Saskatchewan averaged 0.88 kg/ha (range =
0.4-1.6 kg-ha-!') (Rawson 1957a) and 0.20 kgeha-!
for Lac la Ronge, Saskatchewan (Rawson 1957b).
Koshinsky (1965) estimated an average yield of
0.33 kgeha-! (range 0.04-0.71 kgeha=!) for five
Precambrian lakes near Lac la Ronge. Walleye
yields calculated for seventy (70) 1lakes in
northern Ontario averaged 0.49 kg-ha-! (Adams
and Olver 1977). Adams and Olver (1977) deter-
mined that 1lakes 1in northern Ontario have a
total percid sustainable yield of 1.00-1.25
kg-ha'1 for moderate to intensively fished
lakes.

Catch per unit of effort (CPE)

Fishery observations conducted in June
1983 showed that walleye composed 83% of all
fish caught (Table 2). All other species caught
including northern pike, white sucker and burbot
were culled on the lake. A total of 3 057
walleye were caught using 5 824 m of nets. The



average CPE was 80.0 kg/91 m net/24 h (95.5
fish/91 m net/24 h) (Table 2). In comparison,
Regier et al. (1969) estimated CPE for walleye
from western Lake Erie from 1948-61 to range
from 0.38 to 5.69 kg/91 m net for small mesh
gillnets and from 0.62 to 15.25 kg/91 m net for
Targe mesh gillnets. Ryder's (1968) estimate of
CPE for walleye from Nipigon Bay 1954-65 ranged
from 0.45 to 3.00 kg/91 m net/24 h. The very
high CPE for walleye from Kakisa Lake is attrib-
uted to site specific fishing (Fig. 2). Fisher-
men, during the course of the interviews (21-25
June), set their nets in the area at the mouth
of the Kakisa River leading from Tathlina Lake.
They believed that the walleye spawning run
located upstream in the river was about com-
pleted and the fish were moving back downstream
and congregating in the river mouth in order to
feed, Movement of walleye upstream to spawning
areas and then back downstream subsequent to
spawning is <characteristic of many walleye
populations (Colby et al., 1979; Thorn 1984;
Bodaly 1980). In order to corroborate the high
CPE from the Kakisa Lake commercial fishery, a
net was set by DFO personnel towards the centre
of the lake during this time. The net caught
only two walleye providing a CPE of 1.7 kg/91 m
net/24 h, Therefore the very high CPE for
walleye from Kakisa Lake discussed earlier is
considered to be biased due to the timing and
location of the fishery and cannot be considered
a reliable measure of relative abundance as
described by Ricker (1975).

Biological evaluation

Length and age: Mean length of walleye from
the commercial fishery from 1977 to 1985 ranged
from 378 mm to 410 mm (Table 3) while modal
Tength ranged from 360 mm to 420 mm (Fig. 5).
Analysis of variance indicated a significant
difference (P<0.01) in mean length (F = 18.6, 5
df) between years. Duncan's multiple range test
performed on fork length for the years sampled
indicated a significant difference (P<0.05) for
length of walleye between 1977-80 and 1983-85.
There is a notable decrease in the percent
occurrence since 1982 of walleye at length
intervals <350 mm and an increase at length
intervals 410-450 mm (Table 3).

There was no significant difference
(P>0.05) in the ages of walleye determined using
scales and fins {Appendix 3). Eighty-five
percent of the fish aged had only #0-1 year
difference, Therefore variability 1in aging
walleye from Kakisa Lake using scales is assumed
to be minimal.

Mean age of walleye ranged from 8.6 yr to
10.6 yr (Table 4). Modal age ranged from 9 to
11 yr (Fig. 6). Scale ages for the 1981 walleye
sample were significantly different (P<0.001)
from other years and were not considered in the
biological evaluation of the commercial fish-
ery. This difference is attributed to incorrect
sampling whereby scales were removed from the
lower side of the fish resulting in the removal
of smaller size scales. This resulted in diffi-
culty in identifying individual annuli and in
turn, caused the ages to be underestimated by
3-4 yr based on comparative age at size from
other years,

Analysis of variance indicated a signifi-
cant difference (P<0.01) in mean age (F = 227.8,
5 df) between years. Duncan's multiple range
test performed on age for the years sampled
indicated a significant difference for ages of
walleye between 1977-79 and 1982-85. There is a
noticeable shift in the age distribution since
1982 towards fish older than 11 yr and a concur-
rent decrease 1in fish age 8 yr and younger
(Table 4).

The results of this study indicate a shift
in distribution in the commercial harvest of
walleye from 1977-80 to 1982-85 towards larger
(Fig. 5) and older (Fig. 6) fish. However, it
is interesting to note that the modal length and
in particular the modal age has not significant-
ly increased during this same time period. The
commercial catch from 1977 to 1979 depended
primarily on fish aged 7-9 yr (mode = 9 yr)
while from 1980 to 1985 the catch was composed
of 9-11 age groups (mode = 10 yr). Smith and
Pycha (1961) found that the extreme variation in
contribution of each age group of walleye from
the commercial fishery from Red Lakes in differ-
ent years was the function of both the strength
and growth history of different year classes.
Colby and Nepszy (1981) state that an increase
in mean age can result from lack of recruitment
or increased survival, In Kakisa Lake, the
increase in mean age does not appear to be from
a lack of recruitment since the modal age has
remained relatively stable at 10 yr since 1980.

Strong year classes 1970 and 1971, possi-
bly resulting from the lower harvests taken
prior to and during those years, are apparent
(Fig. 6) and may contribute to the increase in
both the size and age of walleye-from 1977-79 to
1982-85. The poor representation of older fish
(ages 12-15 yr) in 1977 may be related to an
increase in exploitation of walleye during the
late 1950's when harvest levels averaged 27 000
kg (Table 1). Alm (1977) found that one strong
year class in perch populations remains dominant
for several years. In the case of dystrophic
lakes a strong year class may remain predominant
for approximately 15 years while in small eutro-
phic lakes it remains for less than 10 years.
Parsons (1970), Smith (1977), and Smith and
Pycha (1961) noted that fluctuations in year
class strengths contributed to the variable
walleye contributions to the Lake Nipissing
fishery. Busch et al. (1975) demonstrated that
Lake Erie walleye spawning success on lake
shoals was important in determining year class
strength., Ward and Clayton (1975) also found
that the age distribution of walleye from West
Biue Lake was unstable and probably reflected
spawning success. Bodaly (1980), Chevalier
(1977), Derksen (1967), Koonce et al. (1977),
Nelson and Walberg (1977), Olson and Scidmore
(1962), Priegel (1970), and Spangler et al.
(1977) indicate the importance of spring water
levels and flows, water temperature and wind on
walleye spawning success and the effects of
these to the timing of the runs. However,
abiotic factors contributing to variations in
timing of the spawning and post-spawning runs of
walleye from 1977 to 1985 are unknown and there-
fore the extent, if any, of their contributions

to the differences in the size and age composi-
tion of the commercial catch during this same
period is not assessed.



Studies have indicated that the sex ratio
of walleye during the spawning runs varies
(Rawson 1957b; Johnson 1971; Bodaly 1980). Falk
et al. (1980) found that females caught in the
fish weir in Mosquito Creek, NWT tended to be
larger and older than male walleye. Other
studies have shown that males tend to move onto
the spawning grounds first and remain longer
while females stay for shorter periods, probably
just to spawn, and then migrate back out into
the lake (Colby et al. 1979; Eschmeyer 1950;
Rawson 1957b; Payne 1963; Priegel 1970; Bodaly
1980). It has also been found that there is a
large amount of variation in the dispersal of
individual fish away from spawning sites
(Eschmeyer 1950; Eschmeyer and Crowe 1955;
Rawson 1957b; Forney 1963; Bidgood 1967; Bodaly
1980). Therefore the size and age composition
of walleye caught in the commercial fishery may
vary depending upon the timing of the post-
spawning run since the Kakisa Lake fishermen
fish the post-spawning run at the river mouths
(Fig. 2), 1in particular since 1982 when on
average over 90% of the walleye were harvested
during June (Fig. 4). Unfortunately, the sex of
walleye utilized by the commercial fishery are
not able to be determined and therefore varia-
tions in size and age vs sex of the post-
spawning run cannot be assessed.

It has been noted since 1983 that fishing
takes place only in the area around the mouth of
the Kakisa River leading from Tathlina Lake.
Prior to this time it is believed that some
fishing was done around the mouth area of the
Muskeg River and possibly other areas around the
lake. In 1977, the commercial catch consisted
of samples from at least three different fisher-
men of which the mean size and age of walleye
were significantly different. This difference
may be the result of fish being taken from
different areas (i.e., Kakisa and Muskeg
rivers), This may be a contributing factor to
the differences in size and age compositions
noted between 1977-80 and 1982-85.

Another factor often noted to cause
changes in the size and age composition of the
catch is a change in gear, i.e. mesh size,
Prior to 1981 the legal minimum mesh size uti-
lized by the commercial fishery was 114 mm. In
1981, the mesh size was decreased to 108 mm
although, during that year both 108 and 114 mm
meshes were used while subsequently only 108 mm
mesh was utilized. However, with a decrease in
mesh size an increase in mean length and age has
occurred. Johnson (1976) states that size of
fish taken in any mesh is dependent not wholly
on the mesh size to select any particular size
group but on the fish present. This would
therefore indicate that regardless of the
decrease in mesh size, the availability of
smaller and younger fish has decreased.

Growth: Comparison of the weight-length
relationships for walleye by year is shown in
Table 5. Round weights (excluding 1981-82 head-
less dressed weights) were compared by analysis
of variance. Means for all years were not
significantly different (P>0.01),

Mean 1length-at-age of walleye from the
commercial fishery is similar for all years

surveyed. Analysis of variance indicated no
significant difference (P>0.05) in mean length-
at-age (F = 0.33, 5 df).

Colby et al. (1979) suggest that the
growth rate of adult walleye is affected by
temperature and the amount of food consumed.
Food consumption in turn is related to forage
abundance and population density. Moenig (1975)
observed an increase in growth rate with exploi-
tation while Colby et al. (1979) found that
stocks wundergoing heavy exploitation show a
rapid increase in growth and result in a severe
decline in abundance. Since very little change
in growth has occurred from 1977 to 1985 this
suggests that the Kakisa lLake walleye are not
being over-exploited by the commercial fishery
and that temperature and amount of food consumed
appear not to have had a significant effect on
growth during that time period.

The relative condition factor (K) of
walleye is not significantly different (P>0.05)
from 1977 to 1985 ranging from 1.20 to 1.27 for
those fish sampled in the round weight form.
Colby et al. (1979) presents K values for
walleye from various waters ranging from 0.81 to
1.85.  Carlander (1944) indicates a K value
>1.02 to signify that walleye are in excellent
condition. Food availability appears to be the
main factor in determining the condition of
adult walleye (Colby et al. 1979).

Mortality: Total instantaneous mortality
(Z), as derived from catch curves, are presented
in Fig. 7. From 1977 to 1985 Z ranged from 0.64
to 1.19 (Table 6). Colby et al. (1979) found
that Z ranged from 0.14 to 1.83 for walleye in
various lakes but the common rates ranged
between 0.51 and 0.80. Ney (1978) states that
in exploited populations Z ranged as high as
0.85. 1If a constant natural mortality rate (M =
0.34) is assumed then the changes in Z would be
the result of changes in fishing mortality (F).

There is a notable increase in F from 1977
to 1979-80 with a resultant decrease in the
harvest of fish older than 12 yr (Fig. 6). Then
inexplicably in 1982 the catch takes larger-
older fish with a resultant decrease in F.
Throughout this time the commercial harvest
levels have remained relatively constant,
however, the extent, if any, of harvest by the
domestic fishery 1is not known. If domestic
fishing was increased this would have resulted
in an increase in F, Subsequently, a change in
the fishing location and strategy towards the
harvest of Tlarger-older fish would cause a
change 1in mortality rates. As previously
discussed there may be a size-age difference
between fish harvested from the Kakisa and
Muskeg rivers. If the fishermen altered the
locations fished and directed their efforts to
harvesting the larger-older post-spawners, this
may be a reason for the decrease in F since
1982. The decrease in mesh size from 114 mm to
108 mm mesh in 1981 is not believed to cause any
significant change in the size-age composition
of fish being commercially exploited and there-
fore in F.



Yield per recruit

Beverton and Holt (1957) yield-per-recruit
curves for the years 1977 to 1985 (excluding
1978 and 1981) indicate the optimal (Fp,;) and
maximum (Fpax) levels of fishing mortalities
for each year (Fig. 8). Optimum fishing morta-
lity ranged from 0.40 to 0.55. In 1977 calcula-
ted fishing mortality was less than Fg 3.
From 1979 to 1983 fishing mortality exceeded
Fg.1 Subsequently in 1984 and 1985, F was
considerably lower than Fg ;. Maximum fishing
mortality (Fpax) was extremely high in all
years analyzed ranging from 11.6 to 12.6. This
excessively large Fpax indicates that the
yield-per-recruit curves are nearly asymptotic
and that the calculated value of Fpax and the
corresponding derivatives (i.e. Fg_ y) may be
inaccurate (Rivard 1980).

Optimum fishing mortality (Fg,1) values
were substituted into the Baranov catch equation
to calculate conservative estimates of total
allowable catch (Table 7). The annual yields
calculated ranged from 11 734 kg to 31 904 kg
{mean = 19 884 kg). Ricker (1975) identifies
and explains the limitations of the Baranov
catch equation as it applies to the relationship
between equilibrium yield to stock size and rate
of fishing. The equation can be used, at best,
as an approximation of total allowable catch
(Kristofferson et al. 1982). However, factors
affecting the reliability of these estimates
include the significant variability in the
calculated fishing mortalities (F), the possible
inaccuracy of the Fg i values and the unknown
extent of harvest by the domestic fishery.
Estimates of total allowable catch must there-
fore be designed to be conservative and be
based, to a large extent, on the past history of
the fishery in order to ensure the continual
sustainability of the fishery and not just on
mathematical models and equations.

POPULATION ASSESSMENT

Experimental gillnetting

A total of 1 712 fish were caught from the
seven (7) experimental gillnet gang sets in
Kakisa Lake during 1978 (Fig. 2). Walleye
(84.1%), northern pike (6.9%), and lake white-
fish (4.0%) composed 95% of the total catch
(Table 8). Other species included least cisco,
longnose sucker, white sucker and burbot. Over-
all catch per unit of effort (CPE) was 148.7
fish per 91 m of gillnet per 24 h., Compared to
the catch composition in 1946 (Kennedy 1962) and
1968 (Johnson 1976; Moshenko 1980) walleye still
remains the dominant fish species 1in Kakisa
Lake.

Catch per unit effort for walleye in 1978
ranges from 10.4 fish/91 m net/24 h in the 139
mm mesh to 302.8 fish/91 m net/24 h in the 64 mm
mesh (Table 9). Availability of walleye by mesh
size has changed since the start of commercial
fishing in 1946, Comparison of catches in 1946
and 1978 shows an increase in CPE in the 38 and
64 mm mesh and a slight decrease in CPE in the
139 mm mesh from 12.0 fish per unit effort to
10.4 fish per unit effort (Table 9). This is

probably the result of fishing down the number
of larger fish in the stock.

There is a significant difference (P<0.05)
between mean length (Fig. 9) and mean age (Fig.
10) of walleye caught by each mesh size but the
modal length and age vary only slightly.
Johnson (1976) states that this results from
each mesh size having a minimum size of fish
that it retains but no maximum. However, there
is a definite bimodal distribution in the 114 mm
mesh and possibly the 139 mm mesh although the
small sample size in the latter mesh size makes
comparisons difficult. This tends to suggest
that the larger mesh sizes select for Tlarger-
older walleye as well as smaller-younger fish,
however it may be that the larger meshes catch
small fish by hooking the teeth and spines while
the larger-size fish are caught by gilling.
Johnson (1976) however, believed that the size
of fish taken in any mesh size is dependent on
the fish present rather than on the selectivity
of the net to any particular size.

The modal size of walleye caught by each
mesh size has remained remarkably constant over
time. When the 1978 data are grouped into 5 cm
length intervals and compared with that found in
1968 there is little variation between meshes,
in particular the 38-89 mm meshes (Fig. 11).
The skewness towards the left of the Tlength
distribution of walleye taken in the 114 mm mesh
in 1968 and the lack of a bimodal distribution
are probably due to the removal of larger-sized
fish by heavy exploitation by the commercial
fishery in 1966. Therefore, it seems apparent
that the segment of the stock which has been
most affected by commercial exploitation since
the 1960's is the larger-older fish although the
extent is not believed to be extensive.

The 64 mm mesh generally caught greater
than twice as many walleye as did any other mesh
size and had the highest mean biomass (Fig.
12). Mean number of fish and mean biomass
declined rapidly from the 64 mm to the 139 mm
mesh. Frequency of immature walleye were found
to decline with an increase in mesh size (Table
10). The increase in percent frequency in the
114 and 139 mm is not considered significant due
to small sample sizes. Lysack (1980) found the
percent of immature walleye from northern Lake
Winnipeg to decline with increasing mesh size as
well. Unfortunately, no data is available on
the mean number of fish, mean biomass or the
frequency of immature walleye caught in the 108
mm mesh, the gear currently utilized in the
commercial fishery. However, it is assumed that
these missing values would be less than that
found in the 114 mm mesh, but greater than that
for the 89 mm mesh. It is suggested therefore
that the large legal minimum mesh size of 108 mm
used in the Kakisa Lake commercial fishery is
protecting a large pre-recruited fraction of the
stock consisting of small and immature fish.
This large fraction of the total biomass is
required in order to sustain the reproductive
capacity necessary for a sustainable commercial
fishery.

Biological evaluation

Length, age and maturity: Walleye caught by
the experimental gillnets in 1978 ranged from




120 mm to 560 mm fork length (mean = 337 mm)
(Table 11). The larger mean length of males and
females compared to the combined is due, in
part, to unsexed fish as well as to those fish
sexed but classified as maturing and therefore
omitted from the sexed calculations. In compar-
ison, the mean length of walleye in 1946
(Kennedy 1962) and 1968 (Moshenko 1980) was
428-453 mm (mean length group) and 325 mm,
respectively. Modal lengths between 1968 and
1978 were similar, (300-350 mm) while the modal
length of walleye sampled in 1946 was 450 mm
(Fig. 13). The decrease in modal size from 1946
to 1968 is attributed to the fishing down of the
larger and older walleye present prior to the
onset of commercial exploitation.

Mean age of walleye in 1978 was 7.6 yr.
The difference between mean age of males and
females and the combined age is due to the
exclusion in the calculation of unsexed fish and
fish sexed but classified as maturing (Table
12). In comparison the mean age of walleye in
1968 (Moshenko 1980) and 1946 (Kennedy 1962) was
7.1 and 8.4 yr respectively. There was no
change in the modal age of 8 yr between 1946,
1968 and 1978 (Fig. 14). However, there is a
decrease in percentage of older fish from 1946
to 1978. The paucity of older fish in 1968 may
be due to heavy exploitation of that segment of
the population in 1966 when the lake was again
reopened to commercial fishing (Table 1).

Age at maturity varies considerably
between walleye stocks and generally correlates
inversely with growth rate (Colby et al., 1979).
Northern stocks are found to mature later and
over a greater number of years than southern
stocks (Colby et al. 1979) and heavily exploited
stocks mature earlier than lightly or unexploit-
ed stocks (Wolfert 1969; Spangler et al. 1977).
Kennedy {1962) states that most 7 yr old walleye
taken from Kakisa Lake in 1946 were mature. In
1978 walleye were identified as mature as young
as age 4 yr (Table 12) and 166 mm fork length
(Table 11), and were not completely mature until
age 10 yr and 394 mm fork length.

The earlier maturity found in 1946 may be
due to the sampling of the faster growing seg-
ment of the population available prior to
commercial exploitation. Forney (1965) found a
trend toward an earlier maturity within the more
rapidly growing walleye from Oneida Lake, New
York. In comparison, Rawson (1957b) reported
that few walleye in Lac la Ronge, Saskatchewan,
spawnad at age 5 but the majority were mature at
age 8-10 yr.

Scott and Crossman (1973) and Colby et
al. (1979) report that male walleye mature at an
earlier age than females. Male and female
walleye, in 1978, were found to be mature as
young as age 4 yr (Table 12) and at 178 mm and
166 mm, respectively (Table 11). Male walleye
were completely mature at age 10 yr and 384 mm
while female were age 10 yr and 394 mm. In
comparison, Bond et al. (1978) reported that
male walleye do not spawn before reaching age 7
yr and females before age 8 yr in the Hay River,
NWT. During the spawning run of walleye into
the Mosquito Creek, NWT from 1973-78, males were
found to be mature ranging from 6-17 yr and

females from 8-16 yr (Falk et al. 1980).

Growth: The weight-length relationship for
walleye (sexes combined) from Kakisa Lake, 1978
was determined to be:

Tog) oW = -4.518 + 2,831 logyql

There was no significant difference
(P>0.05) between male and female walleye. In
comparison, Colby et al. (1379) found no signi-
ficant difference between the weight-Tength
relationships of males and females in various
other waters studied.

Increases in weight for a given length for
walleye in 1978 were not notably different from
that found for walleye in 1968. No comparison
could be made with those caught in 1946 due to
the differences in the data recording formats.
This lack of a difference in growth between 1968
and 1978 indicates that Kakisa Lake walleye are
not being heavily exploited. Increases in
growth rates have been observed in walleye
stocks undergoing heavy exploitation which ulti-
mately resulted in severe declines in abundance
(Colby et al. 1979; Spangler 1977).

Growth rate for Kakisa Lake walleye is
compared with that of walleye from other lakes
(Fig. 15). Kakisa Lake walleye appear to be
slow growing in this comparison, Their growth
is similar to that found for walleye from
Tathlina Lake, NWT (M. Roberge, DF0D, Western
Region, unpublished data) but Tower than that
found for walleye from Dogface Lake, NWT (M.
Roberge, DFO, Western Region, unpublished data),
Hay River, NWT (Bond et al. 1978) and other
southern populations. The Kakisa Lake growth
rate appears to decline after the walleye reach
approximately 13 yr of age. This low growth
rate is probably related to the northern loca-
tion of Kakisa Lake. Colby et al. (1979) found
that the growth rate of walleye decreases with
increasing latitude, They also found that
growth may be affected by temperature, forage
abundance and population density.

Mean condition factor (K) was 1.15 in
1978; 1.15 for males and 1.14 for females (Table
12).

Mortality: Catch curve analysis indicated a
good fit to the regression line fitted to that
portion of the descending 1limb of the curve
considered, by visual observation, to be Tinear
(Fig. 16). Fluctuations in the descending limb
are probably due to variability in recruitment.
Instantaneous total mortality (Z), calculated
from the slope of the straight line fitted to
the data, was estimated to be 0.80 (Fig. 16).
Annual survival rate (S} is low at 0.45. In
comparison instantaneous mortality rate (Z) was
0.48 in 1946 (Kennedy 1962) and S was 0.62.
Instantaneous mortality rate (Z) was not estima-
ted for 1968 due to the non-representation of
older age classes in the sample. If an instan-
taneous natural mortality (M) is assumed to be
0.34 then the difference in 1946 represents an
instantaneous fishing mortality of 0.14 which
may reflect of exploitation by domestic fishing
which took place prior and subsequent to com-
mencement of commercial fishing.



CONCLUSTIONS

Commercial production of walleye from
Kakisa Lake has fluctuated since the establish-
ment of the fishery in 1946. Unfortunately, no
production records are available for the first
seven years but it is believed that walleye were
readily available. The fluctuations in commer-
cial production from 1953 to 1985, excluding the
harvest taken during the six year quota cycles,
are attributed to variations in fishing effort
rather than changes in abundance.

Since 1977 the monitoring and biological
samples of the commercial fishery have provided
continuous information on the harvest and bio-
Togical status of the exploited segment of the
walleye population. Over-exploitation of this
segment has not been demonstrated to date,
Growth rates have not increased but remain rela-
tively unchanged as does the relative condition
of walleye. Recruitment overfishing 1is not
evident with the modal size and age not having
altered to any great extent over the sampling
period even though the mean size and age have
increased significantly from 1977 to 1985. The
differences from year to year may be due to
changes in the timing and location of fishing
with some influence caused by fluctuations in
year class strength, The impact of abiotic
factors such as water temperature and flow,
etc. on year class strength are not known.
Fluctuations in instantaneous total mortality
are considered due to changes in fishing
mortality if a constant natural mortality is
assumed. These changes may result from changes
in the timing and location of fishing providing
for the harvest of larger-oider fish, The
effects of the gear (mesh size) change on
fishing mortality are not believed to be
significant in this instance. However, a factor
which may have had a significant effect in
bringing about changes in fishing mortality is
the impact by the domestic fishery.
Unfortunately, the extent of this fishery during
this time is unknown and thus the amount of its
influence cannot be assessed.

The commercial exploitation of walleye
since 1946 does not appear to have had an impact
on the fish community at large; walleye still
remained the dominant fish species of Kakisa
Lake in 1978. However, it did result initially
in fishing down the larger-older walleye in the
population. The possible effect of what long-
term heavy exploitation can do is evident in
1968 by the paucity of older fish after a few
years. Growth rates have not altered signifi-
cantly from 1968 to 1978 while age-at-maturity
has not decreased since 1946; these two respon-
ses are indicative that the stock was not sub-
jected to long-term over-exploitation.

Application of the Beverton and Holt
yield-per-recruit model also verified that the
Kakisa Lake walleye were not being over-
exploited from 1977 to 1985, assuming that the
mode] accurately portrays the response of wall-
eye to exploitation. The estimates of total
allowable catch (TAC), calculated using the
Baranov equation and considering the limitations
of the catch equation and the possible inaccura-

cy of the Fgy ; values used, should only be
used as a guideline when determining the TAC.
Setting a high quota, as shown in 1968, can have
serious effects on walleye and may lead to
over-exploitation with a resultant demise of a
valuable fishery in the NWT. Therefore, consid-
ering the past history of the fishery and using
the estimated TAC as a guideline, the commercial
TAC should not exceed 20 000 kg. This TAC is
conservative since an allowance must be made for
the harvest by the domestic fishery which has
not been included in this estimate.

The decrease in mesh size from 114 mm to
108 mm does not appear to have had any signifi-
cant effect on the exploited segment of the
population. Unfortunately, information as to
the frequency of immature walleye caught by the
108 mm mesh is unavailable. Assuming that it
would be Tless than that found for the 114 mm
mesh but greater than that for the 89 mm mesh,
it is believed that the minimum mesh size of 108
mm is protecting a large fraction of the pre-
recruits which is necessary to sustain a long-
term commercial fishery.

MANAGEMENT RECOMMENDATIONS

1. Total allowable commercial catch should not
exceed 20 000 kg assuming that the domestic
catch is <9000 kg.

2. Annual monitoring and biological sampling of
the commercial catch should continue in
order to provide information on the status
of the exploited walleye stock.

3. Annual monitoring of the domestic fishery
should be initiated in order to provide a
current estimate of the domestic harvest,

4, The TAC should be reviewed within five years
and adjustments made pending any observed
changes in fishing strategies and stock
composition.

5. Research into the population dynamics of
walleye 1in its northern range 1is needed
including the effects of exploitation.
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Table 1. Annual catch and yield of walleye from the commercial fishery,
Kakisa Lake, 1953-1985,

1

Season Quota Catch Yield )
: (kg) (kg) (kgeha=")

1953 91 000 16 286 0.49
1954 " 32 563 0.98
1955 " 5 095 0.15
1956 " 29 616 0.89
1957 " 25 884 0.78
1958 " 22 160 0.67
1959 89 0002 32 027 0.97
1960 " 25 414 0.77
1961 " 17 878 0.54
1962 closed - -

1963 closed - -

1964 closed - -

1965 closed - -

1966 89 0003 72 365 2.18
1967 " 27 124 0.82
1968 18 700* 15 741 0.48
1969 " 15 169 0.46
1970 " 14 534 0.44
1971 " 28 851 0.87
1972 " 21 813 0.66
1973 " 21 537 0.65
1974 " 20 155 0.61
1975 " 20 200 0.61
1976 " 17 374 0.52
1977 " 19 745 0.60
1978 " 278 0.01
1979 " 19 808 0.60
1980 " 18 727 0.54
1981 " 18 144 0.55
1982 " 17 501 0.53
1983 " 21 874 0.66
1984 " 19 278 0.58
1985 " 20 443 0.62

Season extends from November 1 of the previous year to October 31 of the
year listed.

Quota based on six year cycle: 2 years open, 4 years closed. In 1961 the
lake was left open in order to allow for harvesting of the remainder of
quota not taken in 1959-60.

Quota based on six-year cycle.

Reverted back to annual quota.
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Table 3. Mean length and length-frequency of walleye from the commercial
fishery, Kakisa Lake, 1977-85.

Percent

Year No. of Mean

Fish Length (mm) <350 360-400 410-450 460-500 >500
1977 460 393 22 47 25 5 1
1978 - - - - - - -
1979 196 378 26 62 11 1 -
1980 111 389 19 58 22 - 2
1981 213 396 13 57 27 1 1
1982 210 398 10 55 33 1 -
1983 210 410 3 45 51 1 -
1984 211 405 2 59 36 3 -
1985 210 409 2 51 2 5 <1

Table 4. Mean age and age frequency of walleye from the commercial fishery,
Kakisa Lake, 1977-85.

Percent

Year  No. of Mean

Fish Age (yr) 5 6 7 8 9 10 11 12 13 14 15
1977 357 8.6 <1 8 22 22 24 1 6 4 1 1 1
1978 - - - - - - .- Lo
1979 177 8.6 - 2 8 33 46 8 2 1 - - -
1980 107 9.5 - - 7 12 29 38 9 1 1 1 1
1981 - - R - - - - - -
1982 201 10.4 - <1 2 10 11 20 34 15 5 -«
1983 201 9.9 - - 215 23 25 20 10 3 <1 -
1984 205 10.6 - - - 12 31 22 16 7 2 -
1985 201 10.6 - <1 - 115 33 3 7 6 2 2
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Table 5. Weight-length relationship, log;o W = a + b(log,4 L), for walleye
from Kakisa Lake, 1977-85.

Year No. Y-intercept Slope Standard
. of (a) (b) Error of b
Fish (Sp)
1977 169 -4.11 2.68 0.06
1979 - - - -
1980 106 -4.38 2.78 0.06
19811 196 -2.14 1.95 0.18
19821 200 -2.87 2.23 0.09
1983 209 -3.94 2.62 0.08
1984 210 -3.37 2.41 0.07
1985 200 -3.43 2.44 0.08

Lconverted lengths and weights.
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Table 9. Catch per unit effort (no. fish/91 m net/24 h) by mesh size of
walleye from Kakisa Lake, 1946 and 1978.

Mesh Size (mm)

Year
38 64 89 114 120 139
1946 (Kennedy 1962)1 6.0 76.0 - - 36.0-64.0 12.0
1978 (this study) 123.8 302.8 163.8 24.3 - 10.4

LAssume an overnight set = 12 h,

Table 10. Percent occurrence of immature male and female walleye in each mesh
size, Kakisa Lake, 1978.

Mesh Size (mm)

Sex
38 64 89 114 139
Male No. 146 311 191 34 11
% Immature 27.4 25.4 13.6 23.5 18.2
Female No. 83 287 156 22 12
% Immature 12.0 11.8 3.8 0.0 25.0
Combined No. 229 598 347 56 23

% Immature 21.8 18.9 9.2 14.3 21.7




20

86€1 09s £69 aviol
0oL €6°0 - G911 v9s l 0oL €6°0 - GL91 ¥9s l - - - - - - 09s
00t LO°1 0 0091 LES 4 oot 90°1 - 0091 Z€S l 0oL L0711 - 0091 0€S L 0€s
00t €6°0 GE SZ€El €28 4 00l €6°0 - 0selL GZS t 0oL ¢Z6°0 - ooelL 0zs l 0Zs
0oLzt B8l BESI 91s Z 0oL oLt - GZS1L 8LG L 0oL sLTy - 0SSl €LS L oLs
0oL 80" - 0set 00s 1 0oL 80°1L - osel 00S L - - - - - - 00s
oot Lot €L 96¢1 S6v L 00l 6071 G6 EEECL L6V € 00L GO'1L Ly 6921 vev 14 o6y
0oL 80°1 ZolL  €zzl v8v ot ool Lot 8i 8821 L8Y 4 0oL L0711 801 902zl 74214 8 o8y
ooL €Ll SL rozZi viv 9 0oL 6171 - SLZl SLv i ooL 2Ll Vi 0611 viv S 0Lv
ool L0711 €9 €401 Sov ol 0oL L0 69 0,401 14%)4 S oot 90"t v9 SLO1L 99¢v S o9y
00t 80°1L roL  SZOolL 9Sv 9 0oL €07t 901 Si6 jel=l4 4 0ot 1ttt 80L 0901l 9sv 14 oSt
0oL L0711 98 Zv6 Sty 9 0oL B8O 99 1 44°] 1447 v 0oL S0°1 €S BEG Ly 4 ovv
0oL ¢v0°1 v6 =3 4] (55544 S 00t 101 =1 sZ8 Sevy 4 0oL 9071 8Z1 8§88 ey € oey
001 60°1 19 oes vev ot oot 6074 €9 £EB SZv 9 001 60°1¢ 89 GZ8 £zy v oy
0] o) S ¢ N B} SS9 €8L viv €l 00l LLtt 6t 28L €iv L 0oL 6071 99 €8L Siv 9 oly
S6 80"t 0L (RYA vov vz 00t 6071 8¢€ SZL Sov o1t 98 vo°iL 60l v89 €0y 8 oov
0oL oL°t ZS 899 |41 6v 001 [} 234 089 v6E 9z 0oL L0711 14°] 5G9 vee € 06¢
86 Sl (84 6¥9 vec LL L6 SLot v Z2s9 141 (84 0oL wviL 6€ 9v9 14:1) 9¢€ ose
L8 Li-t v L8% rLE S6 L6 Lt SE €8S vLE 9y €L (S SS 08s pLE 534 oLe
LL [ 't 14°] ovs £9¢ €€1L 68 €Ll 9§ (R 4°] €£9¢ LL 65 [ " (=1 ovs 1413 09 09¢e
6L il %4 €08 141 (RA¢ v6 cL 1 1534 208 rGE ZS L 14 oy vos rse 98 0Sg
0L STt t44 69t rve vet L8 St°i (34 oLy vve av 19 Sl 124 89v 144 SL ove
€L SL°L 24 8Zyv vee 801 96 it 147 6Ly SEE ov 89 LL0 214 EEY €EEe €9 oge
LS SL°1 S€ L6E vZe 801 98 (S [4> ose vee LE SS L1l 9¢€ 86€ vee 29 0ze
(4=} 14 8¢ 141 vie 08 L9 €Ll 145 LGE SLE 6¢€ ov L1l v 6G¢€ ELE 6€ ote
St LLTL 23] 6Z¢ voe 8L 99 8l°1 v9 SEE S0¢€ (84 9¢€ L1 144 62¢ voe Lz oo¢
6¢ St (81 162 vee 69 [4:] Si°1 (44 962 562 L 62 Ll €e 962 7414 o€ 062
(o] L1l 62 992 v8z 9SG 147 Sici ve €92 1'4:14 vl 85 61°1 S 0Lz €82 9z 082z
veZ il ve vee | 2%4 LY L9 Stoi B8l 9¢€e vie 6 ov it ve o€z vie 0z 0Le
S€E el o1 L02 €92 LE €8 S0° 1 14°] 161 €92 Ll 9t ST B8l 602 €92 Ll 092
9 LL71 61 161 14°14 € 0 Lot vl €81 €62 € 0c 6171 9z S61 vac ot 0se
oz ZLoi gl €91 444 8l 00t L1 S€ St Lve z 0S 60° 1 0z 8S1 vve 9 ove
vi Lzt X4 vSi vee Gl ooL ge2°i - oSt o€z l 0s oLt 14} 44} vee € o€z
0z 1071 (%4 €tl €22 9 0s €670 0 ool tze Z - 68°0 - 001 vee L 0ze
0 vo° L 0 ool €1z 14 - - - - - - 0 1071 - 00l Ste l oLz
6 L9t Z9 Ll voe it 0z el ve Sii 90¢ S 0 8L°2 - 0sZ 802 t ooz
0 oL-t €l [§:] S61 v - - - - - - 0 L1 81 88 961 4 o6t
0s 811 0 SL S8l € 0oL ve'i - S¢L Z81i t - L1l - SL 881 I o8t
0 06°0 0 0S LLL € - - - - - - - 68°0 - 0s 8Ll l oLt
0s L2z 901 &2l L91 4 0ot Le°V - ooz 991 l 0 S0° 1 - 0s B9l 1 091
0 10" 2 - SL SS1 1 - - - - - - - - - - - - 0sl
0 218 - 001 SZi l - - - - - - 0 ZL'S - ool 1A i ozt
1YW A as NY3IW NV3W N 1VW A as NY3W NV3W N LYW A as NVY3W NV3IW N (WW)
% (D)LIHOI3IM  (WWIHIDNI % (9D)IHOIIM  (WW)IHLONIT % (9)LIHOIAM  (WW)HIODNI TYAY3ILNI
Q3INIGNOD S3ITVW34 NERM H19N3T

8261 ‘©@¥eny esiyey ‘sisu|iB |ejuawtiiadxs Ag jyBned aka| em MO 18K 403 |eBAJBIUL y3Bus| Agq ejep |edtBojloLg ‘Ll °iqge,)



21

9L 6°L 6L 39V NVIW

SLTL ZvZ 69%v 8796 LEE €L 6¥Z 61S £€°€S 1S€E Si°1 ZEZ E£6¢Y ZS E€ve NVY3IW

86¢v L8l evZ vlol
0ot (S z0Z vovi 6°9€ €0S L (010 ) YA ¢ I} 901l 0091 S'ZE L¥S Z 0oL st LLL  SZEL Z2°LZ L8y S 91
0oL 6071 iyl 00¢g! 8°L €E6¥ b4 0oL €Lt - oovit - g6v 1 001 vO°t - 0oz1i - L8 I =1}
0oL tvo°t 291 0l€l Z2°'¥Z 10§ S 001 vO°t G9Z £l 6°92 €18 4 0ot vOo°lL t4°] Zvei |°"vZ £6v € i
ooL vO°L €81 €911 0'81L L8BY v 0oL 60° ¢t €6 cLElL 2°6 v6v 4 00l 8670 a8 €101 £°91 69% Z £l
00l L0O°1L Lil 196 GS'6l Bvv 6 0oL B80° L 0s 0001 £€°6 ZSY € 001 90"t oL  2Zv6 9°€Z 9vv 9 Zi
goL st Z9l &zZs8 L°SZ viv S 001 LL°di ZLZ 0s8 LTV LY 4 0oL vi°dt 0Lt 808 v'6lL €LY € Lt
0oL Lt 66 LL9 €°61 06t L1 0oL 9ttt 911 969 L vZ L6E L [a]e ]} [ S R 65 vYv9 €' L8E 14 ot
68 Lol €0l €65 €°€ET ZLE £S 0oL g1t 96 619 6°0Z 6LE vZ 98 vL S0t 9.S g €z 89¢€ Lz 6
ZL Gl Z20L  LOS v €2 ZGE Gsl £6 Gt°1 0oL 825 L°1Z LSE 89 Z9 911 L6 108 £°2Z 0sE L8 8
€S Lot S6 86¢E L 'vZ 9Zt [TA 8L (SO} 6L 86¢ Z2°1Z ogg LY 14°] 911 001 8LlY 6°2¢ 6Z¢ £9 L
1334 SiLTL £8 age 6°92 162 69 L9 {53 S § 201 LOE L°62 LBZ €2 LS 611 08 062 262 062 LE 9
=1} L €L 1zz L°9Z v9Z ov €€ Lot SlLL €€ 8" Ly 89¢ € ov €11 06 Sve 682 S¢LZ 9t 1
Fat 6L°1L 8¢ €Ll Z2°LZ 212 €1l L9 91t vt 6 L Pl 661 £ - 68°0 - 001 - vee l 14

1V A as WAEL QS  NVIW_ N 1V A as NV3IW S NV3W N 1V A as NV3W gS_ NVIW_ N (4A)

% (9)1HDI3M (WW)HL9ONID %. (D)IHDI3M (WW)HLHNIN % (9)LHDI3IM (WN)HLONID 39v

Q3INIEW0D EERL I EFE! S3ITVN
‘s1au | t6 |BjUBWLJ8dXx® uL jyBned ake(iem Joy dnoub abe Aq eiep |edi6ojoig *ZlL 8Lqey

‘8.61

‘eve esixey



ol
™

*9%e7 eSEyeY JO UOL3Ied0| Y3 BULMOYS SDLJ0ILJUD] 3SBMUIJION 3yl JO uoLjsod 3samyinos aya jo dey

"1 614

o9l ol ll o8l o6l
09 i
-] Ex
o ———]
(o]] o o
>
%o
0
/eo
>
R,
Q, G
MU. \.
$ ! % > %
0 0 O o) ", * O »)
asidiajul ” | P° V
- s. Q:w 5 ¢
) \_\Q 9
dm,v,
() 22
=D
ol9=
v
JAVIS 1v3yO




*$931Ls 38ul|Lb (ejuswigadxa
3yl JO uoL3eI0| Byl pue (68-//61) Seade buLysij |eLOJBWWOD 3Y3 buLjotdap aje] esiyey jo dey °2 °biL4

2
wy h M
] ,
w s|iog /
) Y spidoy ~/
& . 2 sajis *
*@o < j9u| 16 |pjuawiiadx3
v B sajis 7
= \ BuIyS!) |DIDIBWIWIOD \\\
JOVITIIA
VSINAVA
@@@004 ;
000v "
o / amio«/
|\7,,w
Y

z .
% INV VSINYA




24

INSTANTANEOUS
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Fig. 4. Monthly percent occurrence of annual commercial harvest from
Kakisa Lake, 1979-85.
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Appendix 1. Length, mesh depth, net depth and twine size of each mesh size
composing the experimental gillnet gang.

Mesh Size Length Meshes Approx. Net Twine
(mm) (m) Deep Depth (m) Size
38 45,7 60 1.9 210/2
64 45,7 36 1.9 210/2
89 45,7 24 1.8 210/3
114 45,7 20 1.9 210/3
139 45,7 16 1.9 210/3
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Appendix 3. Percent agreement of ages determined by using scales and dorsal
fins for walleye from Kakisa Lake, 1978.

Age (yr)
Scales Fins
No. 93 95
Mean age 8.0 8.4
.S.D. 4.33 4.78

Age difference *0 yr - 39%
1 yr - 46%
2 yr - 11%
3 yr - 1%
4 yr - 1%
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