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ABSTRACT Northwest Territories. Can. Tech. Rep. Fish. 
Aquat. Sci. 181: ix + 112 p. 

Chang-Kue, K.T.J., and E.F. Jessop. 1992. 
Coregonid migration studiesat Kukjuktuk Creek, 
a coastal drainage on the Tuktoyaktuk 
Peninsula, Northwest Territories. Can. Tech. 
Rep. Fish. Aquat. Sci. 1811: ix + 112 p. 

A total of over 1 350 000 fishes comprising 
broad whitefish (94.1 %), least cisco (3.9%) and lake 
whitefish (2.0%) were enumerated in upstream and 
downstream runs during 1978 and 1979 at Kukjuktuk 
Creek. This study was the first to establish that 
migration behaviour, migration corridors and spatially 
separated habitats, located in coastal drainages, 
constitute important components in the early life 
history stages of some Mackenzie Delta coregonid 
populations. 

Upstream runs involved immature fish 
proceeding to nursery, feeding and overwintering 
habitats in headwater lakes. About 88% of the broad 
whitefish upstream run in 1979 were 0 + and 1 + year 
old fish; most of this group may remain in lakes for up 
to four years before switching to  complex annual 
migrations between lakes and coastal waters. After 
foraging in lakes for 21-45 days, many immature fish 
(age 4-8 years) return downstream to coastal waters 
although others may remain to overwinter in lakes that 
year. Large, mature broad whitefish were among the 
earliest downstream migrants after a phase of 
residency in lakes. Stream migratory behaviour 
appeared to cease with onset of sexual maturity (age 
7-8 years); older broad whitefish, prevalent in the 
Mackenzie River, were infrequent in the upstream run. 
Tagged downstream migrants were recaptured each 
fall at coastal sites (Whitefish Station and Tuktoyaktuk 
Harbour). Lake and broad whitefish were recaptured 
in subsequent years among spawning runs in the 
Mackenzie Delta, Arctic Red River and in the lower 
Mackenzie River near Fort Good Hope. 

Least cisco and lake whitefish used the 
watershed for similar purposes although the youngest 
least cisco (0-3 years) and lake whitefish (0-5 years) 
were relatively absent in stream migrations. 

Key words: migrations; tagging; anadrornous species; 
broad whitefish; lake whitefish; least 
cisco; Beaufort Sea; Mackenzie Delta; life 
history; overwintering; feeding; nursery 
grounds; fish habitat; tundra lakes; 
coastal waters. 

Un total de plus de 1 350 000 poissons 
comprenant du coregone tschir (94,l p. 1001, du cisco 
sardinelle (3,9 p. 100) et du coregone de lac (2,O p. 
100) ont BtB denombres en 1978 et 1979 dans des 
troncons d'amont et d'aval du ruisseau Kukjuktuk. La 
presente etude a Btd la premiere B 6tablir que le 
comportement migratoire, les corridors de migration et 
des habitats geographiquement distincts, situes dans 
des cours d'eau littoraux, constituent des composantes 
importantes dans les premieres dtapes de vie de 
certaines populations de cor6gonid6s du delta du 
Mackenzie. 

Le troncon d'amont renfermait du poisson 
immature partis A la recherche de sites d'alevinage, de 
fourrage et d'hivernage dans les lacs d'amont. Environ 
88 p. 100 des coregones tschirs du troncon d'amont 
dtaient ages de 0 + et de 1 + ans en 1979; il se peut 
que la plus grande partie de ce groupe ait s6journ6 
dans des lacs pendant une periode atteignant quatre 
annees avant d'entreprendre des migrations annuelles 
complexes entre lacs et eaux littorales. Aprhs avoir 
fourrage dans des lacs pendant 2 1 a 45 jours, nombre 
de poissons imrnatures (ages de 4 B 8 ans) sont 
redescendu vers la cdte, meme si les autres ont pu 
rester pour passer I'hiver dans des lacs cette annee-18. 
De gros coregones tschirs matures ont bt6 parmi les 
premiers B migrer vers I'aval aprhs un sejour dans des 
lacs. La migration dans des cours d'eau a semble 
cesser au moment de la maturite sexuelle (B I'age de 7 
B 8 ans); les coregones tschirs plus vieux, abondants 
dans le Mackenzie, Otaient rares dans le troncon 
d'amont. Les migrants vers I'aval ktiquetes ont 6t6 
recaptures chaque automne dans des sites littoraux 
(station de Whitefish et port de Tuktoyaktuk). Des 
cor6gones de lacs et tschirs ont 6t6 recaptures des 
annees ulterieures dans des sections de frai du delta du 
Mackenzie, de la rivihre Arctic Red et du cours inferieur 
du Mackenzie pres de Fort Good Hope. 

Des ciscos sardinelles et des cort5gones de lac ont 
utilisk le bassin hydrographique B des fins semblables 
meme si les plus jeunes ciscos sardinelles (0-3 ans) et 
coregones de lac (0-5 ans) 6taient relativement absents 
dans les migrations dans des cours d'eau. 

Mots cles: migrat ions;  bt iquetage; esphce 
anadrome; coregone tschir; coregone de 
lac; cisco sardinelle; mer de Beaufort; 
delta du Mackenzie; vie; hivernage; 
fourrage; sites d'alevinage; habitat du 
poisson; lacs de toundra; eaux littorales. 
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INTRODUCTION 

In the decade prior to this study, several 
investigations were made to determine the life 
histories of coregonid fish species in the Mackenzie 
River (Hatfield et al. 1972a, 1972b; Stein et al. 
1973a, 1 973b, 1973c; Jessop et al. 1 974; Jessop 
and Lilley 1975; Percy 1975). While broad 
whitefish, lake whitefish, least cisco, Arctic cisco 
and inconnu were known to inhabit coastal waters 
(Bray 1975; Galbraith and Fraser 1974; Galbraith 
and Hunter 1975; Jones and den Beste 19771, it 
was thought that the inconnu, lake whitefish and 
broad whitefish were more confined to estuarine 
and freshwater habitats in the Mackenzie Delta and 
the lower Mackenzie River. Recapture information 
on coregonids tagged in 1972-1 974 by the Depart- 
ment of Fisheries and Oceans (DFO) provided initial 
clues that the East Channel and proximal coastline 
of the Tuktoyaktuk Peninsula (Fig.1) constituted a 
part of broad whitefish summer habitat. Tagging 
data also suggested that migrations for Mackenzie 
Delta lake whitefish and least cisco extended along 
the coast at least to Tuktoyaktuk Harbour (Jessop 
et al. 1974). While the presence of lake resident 
populations of least cisco and lake whitefish were 
reported for some lake systems in the region (Mann 
1974; deGraff and Machniak 19771, any linkages 
among lake, coastal and Mackenzie Delta popula- 
tions were speculative. It was surmised that the 
freshwater drainages of the north coastal region of 
Tuktoyaktuk Peninsula had an important role in 
providing feeding, spawning and overwintering 
habitats for distinct coastal coregonid populations. 

Despite the fluctuations in economic forecast- 
ing for this region, there is always some proposed 
level of industrial development especially with 
regard to the hydrocarbon reserves that lie beneath 
the Beaufort Sea. Any proposed exploration and 
development plans offer the potential for impacts on 
fish and fish habitats as well as disturbance to fish 
migrations. The escalating offshore exploration 
activities of Dome Petroleum, Esso Resources and 
Gulf Canada by 1978 prompted an initiative by DFO 
to conduct life history studies on fish populations in 
the southern Beaufort Sea coastal area, specifically 
along the north shoreline of the Tuktoyaktuk Penin- 
sula and Richards Island. 

The purpose of this study was to investigate 
the nature and extent of fish migrations in coastal 

streams. A two-way counting fence was used to 
enumerate and examine the fish fauna utilizing a 
representative drainage on Tuktoyaktuk Peninsula. 
Fish were tagged to determine the movement and 
dispersal patterns of fish entering or leaving this 
drainage. This report presents the results of a two- 
year (1 978-1 979) study at Kukjuktuk Creek on the 
Tuktoyaktuk Peninsula and provides an assessment 
of its significance to fish populations in the region. 
The study was one of an initial set of inter-related 
investigations carried out by DFO to expand our 
knowledge of the biology and life history of the 
fishes in the area (Bond 1982; Lawrence et al. 
1984; B.W. Fallis, Department of Fisheries and 
Oceans, 501 University Cres., Winnipeg, personal 
communication). Additional investigations by DFO 
on fishes in Tuktoyaktuk Harbour and tributary 
creeks were conducted by Bond and Erickson 
(1982, 19851, Hopky and Ratynski (1983) and 
Ratynski (1 983). 

DESCRIPTION OF STUDY AREA 

The north side of the Tuktoyaktuk Peninsula 
has a highly indented coastline characterized by 
numerous embayments, inlets and lagoons. The 
largest embayment is Kukjuktuk Bay (N6g040', 
W132O30') located approximately 26 km east of 
Tuktoyaktuk Harbour (Fig. 1). The major drainage 
into Kukjuktuk Bay encompasses an area of 280 
km2 and, like most of the adjacent systems, con- 
sists of a network of lakes and interconnecting 
streams draining towards the north shore of the 
Peninsula (Fig. 2). Kukjuktuk Creek is a single- 
channel, tundra creek that varies from 2 to 6 m in 
width. Its shallow, gravel-bottomed reaches are 
interrupted by occasional scour channels, 1.0 to 1.5 
m deep, and a few wide, silt-bottomed pools. The 
water is yellow-brown in colour with very little 
suspended sediment. Although the normal tidal 
range of 0.5 m measured at Tuktoyaktuk is quite 
narrow (Burns 19731, water levels in the lower 
reaches of the creek can rise substantially due to 
coastal storm surges. 

The study area is part of the physiographic 
region designated as the Pleistocene Coastal Plain 
(Mackay 1963). This area of fluvial and deltaic 
deposits is covered by tundra along the coast with 
scrub tundra farther inland. The terrain is character- 
ized by numerous lake systems, flats, low hills and 



isolated pingoes. Fence construction 

The annual precipitation in the area is low, 
averaging 130 mm at Tuktoyaktuk (Burns 1973). 
Mean daily temperatures at Tuktoyaktuk vary from 
a low of -29.2"C in February to a high of 10.3"C in 
July (Burns 1973). 

Mean date of complete freeze-over of coastal 
waters in the vicinity of Kukjuktuk Bay is October 
15 while the mean date clear of ice is June 30 
(Burns 1973). Salinity in the estuarine waters of 
the Mackenzie Delta may vary both temporally and 
spatially; in Kugmallit Bay the salinity of the water 
can range, on an annual basis, from 0 to at least 
31.4'1, (Barber 1968). A major influence on 
salinities along the coastal shelf area is the warm, 
silt laden discharge of the Mackenzie River. Satel- 
lite photographs clearly show Mackenzie River 
waters flowing in a northeasterly direction along the 
Tuktoyaktuk Peninsula coastline. This freshwater 
plume, a result of interactions with the cold saline 
seawater, prevailing winds, and the earth's 
rotational Coriolis effect, creates an extended 
freshwaterlestuarine environment along this coast 
in summer and winter. 

MATERIALS AND METHODS 

COUNTING FENCE OPERATIONS 

Fence location 

A two-way fish counting fence was installed 
in Kukjuktuk Creek during the open water season of 
1978 and 1979. In 1978, the fence was located 
approximately 2.5 km upstream from Kukjuktuk Bay 
(Fig. 2). The fence was in operation from 16 June 
until 1 1 September 1 978. Flooding of the fence by 
high tides during a prolonged coastal storm in late 
August hindered the counting operation for the rest 
of the season. 

The counting fence was relocated in 1979 to 
a site five kilometers upstream from the coast 
(Fig.2), well above any historic high tide marks. At 
this site Kukjuktuk Creek was 4 m wide and 0.5-0.7 
m deep, with a flat, gravel bottom and even flow. 
This fence was in operation from breakup to 
freezeup (1 3 June to 29 September 1979). 

The fence was constructed to form a tempor- 
ary barrier to allow counting and sampling of migrat- 
ing fish. The trap design and fence installation were 
similar in both years, except as noted. Each trap 
box (1.2 x 2.4 x 1.2 m deep) was framed with 
spruce lumber and covered with welded wire-mesh 
fencing material (2.54 cm mesh size). Upstream 
and downstream traps were secured side by side 
and located in mid-stream. The upstream and 
downstream lead wings, funnelling fish into the 
appropriate trap, were constructed of the same 
metal wire fencing. The wings were supported on 
the downsteam sides by steel fence stakes driven 
into the substrate. Wire mesh skirting along each 
trap bottom and wings was secured and anchored 
to the creek bottom with gravel-filled sandbags. 

In 1979, a supplementary plastic mesh (0.63 
cm square mesh size) was fastened to the upstream 
side of the fence and to the inside of the traps to 
facilitate entrapment of fry or yearlings as well as 
minimizing injury to fish. Another important modifi- 
cation was the inclusion of an adjustable rear 
doorway in the back of each trap to allow the direct 
passage of fish during peak migrations. 

Fence ooeration 

The fence crew, residing at the main base 
camp at Kukjuktuk Bay, commuted daily to the 
fence site in 1978. The traps were monitored 24 
hours a day during peak upstream fish runs; how- 
ever, the traps were only scheduled, at most, for 
twice daily checks for the remainder of the season. 
This situation was problematic as commuting to the 
fence, by boat or on foot, was influenced at times 
by the tides and storm surges. Delays in 
accessability resulted in lost time for processing fish 
through the fence. Several fence washouts, occur- 
ring between shifts, were also not attended to 
immediately. 

The problems encountered in 1978 were 
minimized or avoided in 1979. A full-time fence 
crew was based in a separate field camp at the 
fence site. This permitted continuous (24 
hourslday, 7 dayslweekl monitoring of the fence 
from breakup until freeze-up. Depending on the 
migration rate, traps were checked up to several 
times an hour by a 2-3 person crew to prevent 



crowding of fish in the traps. Fish were taken out 
of each trap, identified and allowed to continue their 
migration in the appropriate direction. Subsamples 
were taken for dissection or examined to collect 
length data. The traps and fence were scrubbed 
frequently to remove debris that could accumulate 
and cause washouts. The wings were dismantled 
on only one occasion for 16 hours on 16-1 7 June 
during a major surge of candle ice and lake macro- 
phytes resulting from breakup in the lakes. 

The downstream trap was closed for 2-3 
weeks during the initial peak upstream runs each 
year and was opened as soon as downstream 
migrations began in mid-July. During periods when 
large surges of upstream migrants were being put 
through, it was necessary to close the downstream 
trap briefly to avoid the premature recapture of 
some upstream migrants falling back temporarily 
because of crowded conditions above the fence. In 
late July 1979, major surges of downstream 
migrants led to instances of severe crowding above 
the fence. The upstream trap was therefore closed 
for 1-5 hours on several occasions to allow the 
crew to process the buildup of downstream 
migrants that would have impeded the upstream run 
still in progress. 

A stream gauge station was situated approxi- 
mately 50 m upstream from the 1979 fence site. 
Stream velocity and discharge were measured at 
1000 hr each day using a Gurley Price current meter 
(No. 622 type AA) and a wading rod. A minimum 
of 5 velocity readings at 0.6 of total depth were 
made across a designated stream transect. 

Temperature and conductivity readings were 
made with a YSI temperature-conductivity meter in 
1978. A Wekslar seven-day recording thermograph 
was used to record water temperatures at the fence 
site in 1979 while fence site air temperatures were 
recorded daily with a Taylor maximum-minimum 
thermometer. 

A depth integrating water sampler was used 
to obtain sample volumes of 300-500 mL in both 
years. The total hardness and alkalinity were 
recorded for one sample using a Hach field test kit 
(Model AI-36B). A Fisher Accumet 150 pH meter 

was used to measure the pH. Another sample was 
filtered for suspended solids. Suspended carbon, 
suspended nitrogen and total suspended solids were 
later determined by the Analytical Chemistry Unit at 
the Freshwater Institute, Winnipeg. An additional 
daily water sample was retained for a conductivity 
reading in our field lab in Tuktoyaktuk during 1979. 

FISH SAMPLING 

Fish were identified by species and counted 
(fish count data) as they were dipnetted out of each 
trap and allowed to proceed in their direction of 
travel. The species keys and descriptions in McPhail 
and Lindsey ( 1 9701, Scott and Crossman ( 1 973) 
and Hart (1973) were used for species identifica- 
tion. During the peak of upstream runs by the large 
size classes in June and July 1979, the hinged rear 
door of the upstream trap was opened to minimize 
handling of fish. Fence personnel became proficient 
in counting and identifying the three coregonid 
species as they emerged through the door to pro- 
ceed over a white-painted plywood board set 20-30 
cm below the water surface. Any previously-tagged 
fish passing through the trap was intercepted with 
a dipnet and examined for recapture data. During 
intense periods of activity however, some tagged 
fish escaped the dipnet or were passed through 
without examination. 

Subsamples of each coregonid species were 
taken daily for length frequency analysis (h 
s a m ~ l ~  data). A fork length measurement ( k 1 mm) 
was taken for each fish and scales were collected 
for ageing from the area below the dorsal fin and 
above the lateral line. The frequency of live sampl- 
ing was curtailed during the earliest part of the 
upstream run when tagging took precedence; 
however, during peak migrations, counting took 
precedence as fish were quickly passed through to 
avoid crowding and unnatural migration delays. 
Between 24 July and 21 August 1979, actual 
counts were not always possible on 18 days 
because of large influxes of small size classes 
( < 200 mm fork length) of upstream migrants. 
After determining the average number of fish taken 
in a dipnetful, an estimated count was made as fish 
were dipnetted out of the upstream trap during peak 
runs. A comparison of estimated counts against 
actual counts over an eight hour shift on 31 August 
showed an accuracy of 97% * 20%. 



Periodically, subsamples of fish were sacri- 
ficed to obtain more detailed biological information 
(bead s a m ~ l ~  data). Fork length ( *  1 mm) and 
weight ( k 2 5  g) were recorded for each fish. 
Weights for juveniles were determined with an 
electronic balance accurate to * 1 g. Gonads were 
examined for determination of sex and maturity. 
The degree of gonad maturity was assigned accord- 
ing to the following scale: 

Female Male Maturity 

0 0 unknown 
1 6 immature 
2 7 maturing 
3 8 mature 
4 9 ripe 
5 10 spent 

Scales were used in determining ages of 
coregonid fishes. Several scales from each speci- 
men were cleaned and mounted between two glass 
slides and the annuli interpreted from the magnified 
image projected in a Leitz Trichinoscope. All dead 
sample fish were aged. A selected sample of 
tagged and live sample fish was also aged and 
included in length-frequency by age group sum- 
maries. 

Fork length data were grouped into 25 mm 
length intervals for analysis. The length-frequency 
distribution of each week's total fork length data 
(live sample + dead sample + tagged fish + 
recaptured fish) was used as a representative 
subsample to calculate the length-frequency dis- 
tribution of the week's total upstream or down- 
stream run. The summation of each week's calcu- 
lated distribution produced the season's overall 
length-frequency distribution for the upstream and 
downstream runs. It was necessary to divide and 
process broad whitefish data into two groups i.e., 
fish equal to or smaller than 200 mm fork length 
and fish greater than 200 mm fork length when it 
became obvious in 1979 that an overwhelmingly 
large proportion of small fish would have over- 
shadowed the distribution pattern of large fish. 
Consequently, the length-frequency distributions are 
depicted and discussed separately for each group. 
To allow some measure of comparison to the 1979 
data, the 1978 data were also divided into these 
two size groups. These two size groups are desig- 
nated as < 200 mm fish and >200 mm fish in this 

report. 

Length-weight and age data were analysed for 
graphic and tabular presentation using the University 
of Manitoba's Amdahl5850 computer. The Statisti- 
cal Analysis Sysyem (SAS 1982) was used to 
generate length, weight, age, sex and maturity 
summaries. Length-weight relationships were 
described by the equation: 

where 
W = weight (g) 
L = fork length (mm) 
a = y-intercept 
b = slope of the regression line 

Condition factor (KI was calculated using the 
formula: 

K = W x 1 0 6  
L3 

where 
W = weight (g) 
L = fork length (mm) 

FISH TAGGING 

Numerous coregonid fishes were marked and 
released in both years of the study. A Dennison 
(Mark Ill tagging gun was used to insert numbered 
FloyTM anchor tags (Type FD-68b) in the area beside 
the dorsal fin and secured between the pterygio- 
phores. Tagging of fish smaller than 250 mm fork 
length was avoided. Subsamples of fish from both 
the upsteam and downstream run were tagged in 
1978 whereas in 1979, most of the tagging was 
done on the upstream run. The fork length and tag 
number was recorded for each fish ( w e d  fish 
data) and a scale sample retained for ageing. 
Tagged fish recaptured in the traps were examined 
to record the fork length and tag number before 
release (reca~tured fish data). Additional recapture 
information was obtained from DFO personnel 
involved in concurrent lake and coastal surveys and 
from subsistence fishermen located in communities 
and traditional fishing campsites along the coast and 
in the Mackenzie Delta. Posters offering a cash 
reward for the return of tags and capture informa- 
tion were displayed in coastal and Mackenzie Delta 
communities. 



In addition to fishes tagged at the fence, 
coregonids captured at the river mouth were tagged 
by the coastal survey crew between 27 June and 
27 July 1979 (Mr. B. Fallis, Department of Fisheries 
and Oceans, Winnipeg, unpublished data). These 
fish were expected to arrive as upstream migrants 
at the counting fence. 

For any specified time period, the sum of the 
fishes individually recorded in the fish count sample, 
live sample, dead sample, tagged sample and 
recaptured sample is referred to as the total number 
or total enumerated in this report. 

RESULTS AND DISCUSSION 

PHYSICAL AND CHEMICAL DATA 

Water chemistry data from Kukjuktuk Creek 
are summarized in Appendix 1. Stream tempera- 
tures during 1978 ranged from 0.9 to 17.3"C. The 
recording thermometer in 1979 showed that the 
daily maximum water temperature was usually 
reached near midnight each day. The warmest 
stream temperature recorded in 1979 was 23°C on 
22 and 24 July; by this time the difference between 
each day's maximum and minimum water tempera- 
tures was as wide as 10 degrees (Fig.31. Stream 
discharge in 1979 (Fig. 3) ranged from a high of 
0.41 m3 sec-' on 1 July to a low of 0.03 m3*sec-' 
on 15 September when a brief cold spell dropped 
stream temperatures temporarily to near zero. 
Otherwise, water flow was relatively stable as 
discharge diminished gradually over the season 
without any other peak flow events. Freeze-up 
began on 29 September and the stream was com- 
pletely frozen to the bottom by 2 October 1979. 

Conductivity of the creek waters ranged from 
66 to 1 55 pS cm-' and pH ranged from 6.8 to 8.8 
in 1978 (Table A l . l ) .  Total suspended solid read- 
ings averaged 11 mg * L', ranging from 2 to 82 
mg L". In 1979, conductivity ranged from 75 to 
230 pS cm-' and ph ranged from 6.9 to 7.8 (Table 
A1.2). Total suspended solid readings, averaging 7 
mg L1, ranged from 1 to 85 mg L' . Most of the 
high readings for total suspended solids cor- 
responded to obvious high turbidity events caused 
by the activity of numerous migrants crowded in 
upstream reaches and in a wide shallow pool 

located 100 m upstream. 

FISH SPECIES AND NUMBERS 

Ten fish species, representing six families, 
were recorded moving through the Kukjuktuk Creek 
fence in 1978 and 1 979 (Table 1 ). In the first year 
of fence operation, 86 384 fish were enumerated in 
the upstream trap and 33 720 in the downstream 
trap (Table 2). The totals were significantly higher 
the following year when 1 118 096 fish were 
passed through the upstream trap and 1 12 062 
through the downstream trap. The 1979 results 
reflected the ability of the modified fence to capture 
fry and small juveniles that had been able to pass 
through the larger mesh of the 1978 counting 
fence. 

Three coregonid species dominated the catch 
in 1978 and 1979. Broad whitefish, Coreaonus 
nasus (Pallas), was the most numerous species in 
both upstream and downstream traps (Table 2) 
followed by least cisco, Coreaonus sardine113 
Valenciennes, and lake whitefish, Coreoonu~clu~ea- 
formis (Mitchill). The overall ratio of the three 
species in 1978 was approximately 8:2: 1 while the 
inclusion of the small size classes in 1979 changed 
the ratio to 74:2:1. Expressed as a percentage, 
broad whitefish made up 74% of the total catch in 
1978 and 96% in 1979. Other species, only 
incidental in their occurrence, included starry floun- 
der, Platichthvs stellatus (Pallas), northern pike, 

lucius Linnaeus, Arctic charr, Salvelinus 
aloinus (Linnaeus), rainbow smelt, Dsmerus mordax 
dentex, and fourhorn sculpin, Mvoxce~halus auadri- 
cornis (Linnaeus). 

The downstream count in 1979 did not 
include schools of juvenile pond smelt, Hv~omesus 
glidus (Pallas), and ninespine stickleback, Punaitiu~ 
punaitius (Linnaeus), that were small enough to drift 
downstream through the counting fence between 
29 August and 30 September. An accurate count 
of these two species was not possible. No 
upstream migration of these two species were 
recorded in the creek despite intensive monitoring 
efforts. Resident populations of these species have 
been reported in the tundra lakes in the drainages of 
Tuktoyaktuk Peninsula by Lawrence et al. (1 984). 



TAGGED FlSH RELEASED 

In 1978, 3 299 upstream migrants and 1 070 
downstream migrants were tagged; the 1979 totals 
were 4 209 upstream and 201 downstream fish 
tagged (Table 3). For both years broad whitefish 
made up 60.6% of the total tagged followed by 
least cisco (24.8%) and lake whitefish (14.7%). 
The tag colours served only to provide instant 
identification on fishes tagged at the counting 
fence. Recapture data came primarily from subsis- 
tence fishermen returning tags to community-based 
Northwest Territories game officers and to Depart- 
ment of Fisheries and Oceans fishery officers. 
Inaccurate recapture dates were suspected for many 
tag returns; therefore, only the month of recapture 
was noted unless actual dates of recapture were 
verified. Original data (release date) on tagged fish 
released at the mouth of Kukjuktuk Creek plus the 
date and location of any recaptures of tagged fish in 
the headwater lakes by the bay and lake survey 
crew (Mr. Bruce Fallis, Department of Fisheries and 
Oceans, Winnipeg, personal communication) con- 
tributed to the migration analysis. All fish recapture 
data are discussed in the appropriate fish species 
sections of this report. 

FlSH LIFE HISTORIES 

The fish counting fence on Kukjuktuk Creek 
provided the first unique opportunity to collect a full 
season's data on the fish fauna in a coastal drainage 
in the southern Beaufort Sea area. The following 
sections provide descriptions of upstream and 
downstream fish migrations that were more com- 
plex than previously realized. The biological data 
collected and the recapture information on tagged 
fish contributed to our interpretation of these 
migrations. Although two years of data were 
collected, the second season's total enumeration 
data are considered more complete and comprehen- 
sive. 

Broad whitefish 

Magnitude and timina of migrations: The total 
count of broad whitefish caught per week in the 
upstream and downstream traps in 1978 and 1979 
are summarized in Fig. 4 and 5 respectively. Daily 
totals are included in Appendix 2. 

The total number of broad whitefish enumer- 
ated in the upstream and downstream trap in 1978 
was 65 209 and 23 291, respectively while the 
upstream and downstream migration in 1979 
totalled 1 097 481 and 85 503, respectively (Table 
2). The downstream total in 1978 comprised only 
37% of the upstream total, thus fewer fish came 
downstream than went upstream. This observation 
suggests that there was either a high mortality rate 
amongst the migrants going into the lakes or that 
other factors were contributing to a large proportion 
remaining in the lakes to overwinter that year. It 
was also possible that data were lost during fence 
washouts and flooding in 1978. However, the 
observations made during the 1979 season, when 
no data was lost to washouts, indicate that, indeed, 
fewer fish returned downstream in the fall than the 
numbers counted going upstream in the spring and 
early summer. 

Upstream migrations in this small tundra 
stream were continuous from ice breakup to freeze- 
up (Appendix 2). The 1979 data provided the best 
chronicle of migration timing. As the fence was 
being installed on the day ice broke away off the 
streambed (14 June), a small school of lake and 
broad whitefish appeared from downstream. The 
upstream migration escalated on 18 June, two days 
after the occurrence of a sudden surge of ice, water 
and lake macrophytes resulting from ice breakup in 
the lakes upstream. Upstream movements and 
numbers increased as discharge and water tempera- 
tures increased. Migrants numbered several hun- 
dreds a day by 20 June 1979 when stream tem- 
peratures reached 9°C. When maximum water 
temperatures reached 20 to 23°C during 14-26 July, 
the daily broad whitefish total ranged from 2 91 2 to 
23 000 (Table A2.2). The peak run of the 
< 200 mm group of fish, occurring on 8-1 6 August, 
contributed to estimated daily totals ranging from 
22 196 to 343 388. Maximum stream tempera- 
tures during this period varied from 19 to 22°C. 
Temperatures began to drop noticeably on 17 
August (Fig. 3) by which time 94% of the upstream 
migrants had already passed through. Stream 
temperatures declined at a steady pace, reaching 
0°C on 29 September 1979. Freeze-up on 2 Octo- 
ber marked the end of the short streamflow period 
of 16 weeks in 1 979. 

Figure 4 and 5 illustrate, on a weekly basis, 
the magnitude of the broad whitefish migrations as 



the season progressed. In 1978, the peak upstream 
migration occurred during the week of 29 June to 5 
July when 55% of the total upstream run passed 
the fence (Fig. 4). In 1979, when the broad 
whitefish were separated into two size classes, the 
peak upstream migration for the > 200 mm fish also 
occurred between 29 June and 5 July 1979 when 
40% of the season's total upstream run passed 
through (Fig. 5). Peak migration for the <200 mm 
fish occurred during 3-1 6 August when 57% of the 
total sample of this size group was counted. 

Downstream migrations of fish in both years 
began in mid-July, about three weeks later than the 
start of the upstream run. Migration activity did not 
cease until freeze-up. In 1978, the peak weekly 
downstream migration (66% of the total) occurred 
during the week of 17 to 23 August 1978 (Fig. 4). 
In 1979, the peak downstream migration of the 
>200 mm size group occurred in two waves 
(Fig. 5); 39% came down between 20 and 26 July 
1979 and 34% between 3 and 16 August 1979 
when stream temperatures were highest (Fig. 3). 
The downstream migration for the <200 mm fish 
peaked several weeks later than the larger fish 
when 69% of that size group came downstream just 
prior to freeze-up on 21-27 September 1979 
(Fig. 5). Some difficulty was encountered in 1979 
when both upstream and downstream migrations 
were occurring simultaneously. As a result, the 
daily total (Table A2.2) on some days was inordi- 
nately low when the upstream trap was shut down 
so that downstream migrants, that had accumulated 
above the fence, could all be processed first. 

Numbers, size and aae of miarants - for the 
season: In 1978, fork lengths were taken from 
3 505 of the broad whitefish upstream migrants and 
1 992 of the downstream migrants while fork 
lengths were recorded in 1979 from 9 212 
upstream fish and 5 744 downstream fish (Appen- 
dix 3). Data records show that the size range of 
upstream migrants was 50 to 567 mm in 1978 and 
50 to 553 mm in 1979; downstream fish ranged 
from 87 to 552 mm in 1978 and from 62 to 557 
mm in 1979. The season's overall length-frequency 
distribution for the upstream and downstream 
migration in 1978 and 1979 are shown in Figures 6 
and 7, respectively. The age and length data for all 
sampled broad whitefish in 1978 are presented in 
Table 4. Table 5, which includes additional age 
data from live sampled and tagged fish, is a sum- 

mary of the length-frequency distribution by age 
group. The same summaries for 1979 are in Tables 
6 and 7. 

The 1 978 season's length-frequency distribu- 
tions displayed unimodal length frequency peaks in 
each size group of fish for both upstream and 
downstream migrants (Fig. 6). For upstream 
migrants <200 mm, the dominant length interval 
was 126-1 50 mm. This was also the case for the 
downstream run. The distribution of fish > 200 mm 
showed a predominance of 351-375 mm fish in the 
upstream run; however, the next size class, 376- 
400 mm, dominated the downstream run. 

Broad whitefish sampled from Kukjuktuk Creek 
in 1978 represented all age groups from young-of- 
year (y-o-y) to age 15 years (Table 4 and 5). Using 
length as an indication of age, the length-frequency 
distribution for the whole season (Fig. 6 )  show that 
the > 200 mm group of migrants in 1978 had a 
strong representation of 5 to 8 year old fish. The 
<200 mm group of fish, which made up a small 
proportion (7.6%) of all broad whitefish enumerated 
in 1978, consisted mostly of 1 year old fish. 

Fence modifications in 1979 resulted in a 
dramatic change in the catch of small size classes of 
broad whitefish. The 1979 total number of 
<200 mm fish made up 88% of the total broad 
whitefish enumerated that year compared to the 
7.7% attained in 1978. The overall length-fre- 
quency distribution data for 1979 (Fig. 7) was more 
likely an accurate representation of the broad 
whitefish migration patterns in Kukjuktuk Creek. 
For fish <200 mm, the distribution was unimodal 
for upstream migrants. The majority of the 
upstream fish were in the 51-75 mm size interval 
whereas most downstream fish were in the 176- 
200 mm size interval. The distribution for upstream 
fish >200 mm was unimodal at the 376-400 mm 
length interval. The downstream distribution 
appeared to be bimodal with the main peak at 376- 
400 mm and a smaller peak at the 276-300 mm 
length interval. 

The ages of broad whitefish in 1979 ranged 
from 0 + to 13 years (Table 6 and 71. The majority 
of the <200 mm fish migrating upstream in 1979 
included not only age 1 + fish as seen in 1978, but 
a significantly greater proportion of age 0 + fish. 
Specifically, 87.8% of the total broad whitefish 



enumerated in the upstream run in 1979 were 
smaller than 150 mm fork length, representing 
mostly 0 + and 1 + fish. This data confirmed that 
these small size ranges were not adequately 
sampled in 1978. The 376-400 mm length interval 
in the upstream migrants (Fig. 7) represented 7-8 
year old fish. Downstream migration for fish 
< 200 mm was composed largely of 1 and 2 year 
olds while the distribution of downstream migrants 
>200 mm show a predominance of 7-8 year old 
fish. 

Upstream migrants outnumbered downstream 
migrants in 1978 at a ratio of 5.6: 1 for < 200 mm 
fish and 2.7: 1 for > 200 mm fish. In the following 
year, the upstream to downstream ratio for < 200 
mm fish was 88.1; however, for the >200 mm, 
more fish were enumerated in the dowstream run 
resulting in a ratio of 0.9:1. The concerted 
upstream migration pattern of the <200 mm fish 
and the subsequent small proportion of these fish 
among the migrants returning to the coast before 
freeze-up was a strong indication that the lakes in 
Kukjuktuk drainage provide major nursery habitat for 
y-o-y and yearlings originating from spawning 
grounds located elsewhere. Residency in the lakes 
showed that coastal watersheds could provide an 
alternative to the coastal bays or Mackenzie Delta 
estuarine sites that were previously thought to be 
the only overwintering areas for coastal whitefish 
populations. 

The small proportion of broad whitefish 
migrants between 201 and 275 mm fork length 
(Fig. 6 and 7) suggests that juvenile fish have a 
tendency to reside in the lakes for 3-5 years before 
undertaking stream migratory behaviour. Immature 
fish become more prominent in migrations when 
they reach the 276-300 mm and 301-325 mm 
length classes (age 4-6 years). Excluding fish 
smaller than 200 mm, the largest group of stream 
migrants in 1979 were between 276 and 425 mm 
fork length, representing ages 4-10 years. The 
dominance of the 351-375 mm and 376-400 mm 
length classes (age 6-8 years) in stream migrations 
indicates that annual migrations between summer 
foraging areas in the lakes and coastal overwintering 
sites become an important feature at this particular 
stage of their life cycle. 

Downstream migrants in 1979 included fish in 
the largest size intervals recorded (451-475, 476- 

500, 501 -525, 526-550, 551 -575 mm). It became 
obvious that migrants seen in the first two weeks of 
the downstream run included fish larger than any 
seen in the upstream run. These fish provided the 
first indication that the watershed contained fish 
that were either lake residents or were previous 
upstream migrants that had overwintered. The 
presence of the largest size intervals among the 
earliest of downstream migrants was also the first 
indication that a group of broad whitefish was 
bypassing a full summer of foraging in the lakes and 
was, instead, commencing a specific migration to 
other destinations. Our data suggested, at this 
stage, that many broad whitefish had established 
residency in the lakes for one or more years before 
migrating out of the lakes again. Attainment of 
maturity and the need to migrate towards spawning 
areas located outside the drainage seemed a likely 
reason for this behaviour . 

Numbers, size and aae of miarants - biweekly: 
The predominant size/age group of broad whitefish 
migrants in Kukjuktuk Creek during 1 978 and 1979 
changed as the season progressed (Fig. 8). In 
general, the dominant modal length interval in each 
biweekly period indicated that the largest fish were 
the first to migrate in midJune, followed by a 
progression of smaller members of the migrant 
population in succeeding weeks. Data for the 1979 
upstream run showed that the largest size fish (401 - 
575 mm) were among the first to appear in the first 
2 weeks after ice breakup; however, the dominant 
length intervals were the 376-400 mm (48%) and 
the 401 -425 mm (26%) fish. As time progressed 
the smaller size intervals appeared: the 301-325 
mm fish by midJuly, the 251-300 mm fish by late 
July and the 201 -225 mm fish by late September. 
Downstream migrants > 200 mm showed a similar 
decrease in modal fork length over the season 
although the peaks were not as distinct. 

The < 200 mm broad whitefish did not appear 
in the upstream migration until early July 1979 
while the first downstream migrants showed up in 
the last week of July (Fig. 5 and 8). The peak 
period for the young-of-year upstream migrants 
occurred between 20 July and 16 August when an 
estimated 456 068 fish in the 51-75 mm length 
interval were enumerated. Towards the end of the 
season, when migrations were expected to end, 
upstream migration of 76-100 mm fish still con- 
tinued until freeze-up. There was a notable increase 



in the downstream run of 176-200 mm fish just 
prior to freeze-up (Fig. 8). Many of these late 
migrants became trapped in ice as the stream froze 
to the bottom between 29 September and 2 Octo- 
ber 1979. This particular mortality factor was also 
observed in June 1978 at another coastal drainage, 
Canyanek Creek, where the junior author observed 
large numbers of small least cisco, pond smelt and 
burbot frozen in the creek ice from the previous 
winter. 

The upstream run of fry and small juveniles 
seen in 1979 was not unique to Kukjuktuk Creek. 
Overnight hoopnets set in August 1979 in three 
similar coastal creeks east of Kukjuktuk Bay by 
Lawrence et al. (1 9841 produced catches of 500 to 
8000 y-o-y in the 51 -75 mm length class. Coastal 
seining surveys by the same authors showed that y- 
o-y broad whitefish, while absent in the spring, 
appeared primarily at Kugmaliit Bay locations by late 
July 1979. The mean fork length reported was 49 
mm IN = 19, range: 33-63 mm). 

The origin of the significant numbers of y-o-y 
broad whitefish was most likely the Mackenzie 
River. Known or suspected spawning sites for 
broad whitefish are located in the mainstem Mac- 
kenzie River and major tributaries like the Peel and 
Arctic Red River (Stein et al. 1973a: Chang-Kue and 
Jessop 1983). The possibility of these y-o-y orig- 
inating in adjacent Tuktoyaktuk Peninsula coastal 
streams seemed remote as no downstream move- 
ment out of other coastal lake-river systems were 
seen by Lawrence et al. (1 984) during their 1978- 
1980 coastal surveys in the region. The 24- 
hourlday monitoring at the 1979 fence recorded 
462 240 upstream migrants versus only 580 down- 
stream migrants in the 1-75 mm size range. Some 
of the small fish showing up in the downstream trap 
during the peak upstream run may have included 
upstream migrants drifting back downstream 
because of crowding or handling stress. If it is 
assumed that these fish had originated from a 
possible lake resident population, then the relatively 
small numbers seem to suggest that this coastal 
drainage made a minor contribution to the overall 
coastal runs of y-o-y and juveniles. 

A comparison of the overall length-frequency 
distributions of > 200 mm fish provided indirect 
evidence linking the coastal broad whitefish to the 
Mackenzie Delta broad whitefish. Figure 9 com- 

pares Kukjuktuk Creek 1979 data with that of a 
large sample (N =882) taken throughout the Delta 
and Arctic; Red River area in 1972 by Stein et al. 
(1 973c). The juxtaposition, using only fish greater 
than 200 mm fork length to allow an equivalent 
level of comparison, is informative. The length- 
frequency distribution in the Delta was skewed 
towards large fish ranging from 440 to 560 mm fork 
length, comprising 73.6% of the fish in the >200 
mm size group. The Delta population of broad 
whitefish was always characterized by a predomi- 
nance of mature fish on spawning runs that begin in 
late July each year (Stein et al. 1973a; Jessop et al. 
1 974; Jessop and Lilley 1975). Extensive fishing 
by Stein et al. (1 973c) with survey gillnet gangs in 
the Delta channels and main stem river showed that 
most broad whitefish in the 200-440 mm size range 
were immature. Only a small sample (N = 42) of fish 
smaller than 200 mm were captured. In addition, 
beach seining in the main channels confirmed that 
broad whitefish fry and small juveniles were scarce 
in comparison to the other coregonid species. It 
was concluded that the y-o-y and immature broad 
whitefish inhabited Delta lakes and secondary 
channels that had not received the same intensity of 
sampling (Stein et al. 1973a, 1973c; Jessop et al. 
1974). 

Data on the y-o-y and the upstream and 
downstream length-frequency distribution of > 200 
mm fish from Kukjuktuk Creek indicate that the 
"missing" length classes of the Mackenzie Delta 
occur in the coastal streams of the Tuktoyaktuk 
Peninsula (Fig. 9). Broad whitefish in the 200 to 
450 mm range were dominant among the creek 
migrants, comprising 99.5% of the upstream run 
and 98.4 % of the downstream run of fish >200 
mm in 1979. 

Length-frequency data of broad whitefish 
taken in the East Channel region of the Mackenzie 
Delta in 1980 by Chang-Kue and Jessop (1 992) 
provided data for a similar comparison (Fig. 10). 
The distribution of the 1 980 Delta sample (N = 569) 
was similar to the 1972 data (Fig. 9) with respect to 
displaying the same skew towards the large size 
classes. Extensive sampling effon in 1980 with 
survey gillnets and beach seines confirmed again 
that broad whitefish fry and juveniles were absent 
in the Delta channels although juveniles of the other 
four coregonids were encountered (Chang-Kue and 
Jessop 1 992). This complementary distribution of 



length classes between these two areas indicates 
that the majority of broad whitefish found in the 
Mackenzie Delta channels are the large, maturing or 
mature adults, whereas the young-of-year, juveniles, 
and' sub-adults are found mainly in the coastal 
drahages or nearshore waters. 

Girowth, sex and maturitv: Broad whitefish in 
Kukjuktuk Creek grew rapidly in fork length up to 
age 4 (Fig. 11), reaching a mean fork length of 
307 * 29 mm (1 978 data). The growth curve for 
the 1978 fish (N = 2 31 0) was similar to the 1 979 
fish! (N =525). In most cases there was no signifi- 
cant difference in growth between males and 
females of the same age in each migratory group of 
fish (Table A4.1, A4.2, A5.1 and A5.2). Since it 
was hypothesized that coastal broad whitefish 
originate from the Mackenzie Delta population, the 
1979 growth curve was compared to the curves 
obtained from previous DFO surveys in the outer 
Della (Percy 19751, the mid-Delta area (Stein et al. 
1973~)  and the Arctic Red River area (Stein et al. 
1913~).  Kukjuktuk Creek's curve was intermediate 
among the 3 curves at least to age 8 after which 
older fish in the Mackenzie Delta and Arctic Red 
River area showed a tendency to be larger in fork 
length (Fig. 12). Broad whitefish originating from 
other nursery and foraging areas may contribute to 
theispawning fish passing through the Aklavik and 
Arcitic Red River area; consequently, the growth 
curbe of fish sampled there may reflect the inclusion 
of fish with different growth rates. 

Sex, maturity and age were determined from 
309 and 288 broad whitefish in 1978 and 1979 
respectively (Table 8). Almost all of the sample in 
1978 were immature except for a 7 year and a 12 
year old female. Sexually maturing males and 
females were seen in 5% and 7% of the fish exam- 
ined in 1979. In total, 16 fish were considered 
mature with the majority (1 0 fish) occurring in the 
eadv downstream migrants. The minimum age at 
maturity for both males and females was 7 years, 
corresponding to fish at mean length 377 * 22 mm 
(Table 6). While fish larger than 350 mm comprised 
54% of the upstream run, this same group made up 
a larger percentage (67%) of the downstream run 
(Fig. 7) whose destinations were surmised to be 
either overwintering or spawning areas. Supporting 
evidence was sought from mark and recapture data 
(see: Tagging data). 

As described previously, the downstream run 
also had a greater proportion of large fish when 
compared to the upstream run (Fig. 7). These large 
fish, seen among the earliest downstream migrants, 
were in prime condition in terms of weight and fat 
reserves and were thought to constitute part of the 
earliest spawning migrants seen each August in the 
Mackenzie Delta. Maturity data for the earliest 
downstream migrants were incomplete since few of 
these fish were sacrificed for dissection during the 
busy July period when counting and tagging took 
precedence. There was an opportunity to specifi- 
cally determine what proportion of the largest size 
classes were mature during a return visit to the site 
on 25-26 July 1985 when early downstream 
migrants, delayed by 2 weeks of cold weather, were 
collected by the authors for a Western Arctic fish 
collection (Reist 1987). Of 50 fish examined (fork 
length range: 332-509 mm), 16 fish were >450 
mm. Gonad examination showed that 3 of 9 males 
and 6 of 7 females were mature; thus 50% of these 
large downstream migrants were mature. 

Summer use of Kukjuktuk Creek by post- 
spawning fish from the Mackenzie River was not 
evident. Since most spawning fish examined by 
Stein et al. (1 973c) were larger than 450 mm, the 
possible return of large post-spawning fish to 
coastal creeks for summer feeding was expected. 
Such large broad whitefish, however, were a minor- 
ity among Kukjuktuk Creek upstream migrants as 
only 31 5 of 67 81 9 upstream migrants in 1979 
were larger than 450 mm. In addition, no spent 
gonads were observed among the large fish dis- 
sected in 1 978 and 1979 at Kukjuktuk Creek. The 
behaviour of the larger and older post-spawning fish 
in terms of their foraging migrations is yet to be 
determined. 

The 1980 study in the Mackenzie Delta also 
established that the minimum age at maturity for 
broad whitefish, determined from spawning fish 
sampled in November (Table 91, was 7 years. This 
age corresponded to fish at mean fork length 
355 i 30 mm (Chang-Kue and Jessop 1992) . Fish 
larger than 350 mm made up 97% of all broad 
whitefish ( > 200 mm) taken in 1 980 in the Delta 
and only 4 fish smaller than 200 mm were encoun- 
tered. These observations indicate further that the 
Mackenzie Delta channels function mainly as migra- 
tory corridors between spawning habitats in the 
Mackenzie River and nursery, feeding and over- 



wintering habitats located in suitable Delta lakes or 
in coastal watersheds. 

The overall length-weight relationship for 
broad whitefish in Kukjuktuk Creek in 1979 (pooled 
upstream and downstream sample; N = 1379, range 
57-557 mm) is described by the equation: 

SD, = 0.025 

Separate calculations for male and female broad 
whitefish from the upstream and downstream runs 
for each year produced different values for slopes 
and intercepts (Table 10). Analysis of covariance 
between males and females showed a significant 
difference (P<0.05) between the intercepts of the 
regressions in 1978 and between the slopes 
(Pc0.05) of the regressions in 1979 for down- 
stream fish. Analysis between males or between 
females in upstream and downstream runs also 
produced several cases of significant difference 
between the intercepts or the slopes. There was 
only one case, upstream versus downstream males 
in 1979, where a significant difference existed for 
both slope and intercept. What was most obvious 
in 1979 was the greater robustness of downstream 
migrants. 

The condition factors (K) by age data for 
downstream migrants were higher than the readings 
for upstream migrants. In 1979 the range of mean 
K factors for age 7 and older fish (N =46) in the 
upstream migration was 1.1 5 to 1.30 (Table A4.3). 
The age 7 and older downstream migrants (N = 102) 
had a mean K factor range of 1.40 to 1.50 (Table 
A4.4). Most fall downstream migrants were obvi- 
ously heavier in appearance than upstream migrants 
and dissections confirmed that these broad 
whitefish had accumulated significant amounts of 
body fat. 

m i n a  data - miorations within Kukiuktuk 
drainam: By the end of the counting fence oper- 
ations in October 1979, a total of 5 316 broad 
whitefish had been tagged and released over the 
two years; 4 267 were upstream and 1 049 were 
downstream migrants (Table 3). Recaptures at the 
fence in 1978 were either tagged upstream 
migrants returning through the downstream trap or 
tagged downstream migrants returning upstream 

before freeze-up. Recaptures in 1979 involved fish 
in several categories: 

- fish tagged in 1978, returning upstream to 
feed after overwintering outside the drainage, 

- fish tagged in 1978, returning downstream 
after a year's residency in the lakes, 

- fish tag~ed as upstream migrants in 1979, 
returning downstream after one summer of 
feeding in the lakes, 

- fish tagged as downstream migrants in 1979, 
returning upstream in 1979, 

- fish tagged in 1979 at Kukjuktuk Creek mouth 
prior to their upstream migration. 

Forty broad whitefish tagged at the mouth of 
Kukjuktuk Creek in late June and early July 1979 
were recaptured in the watershed. Thirty-three of 
these fish, examined as they passed through the 
upstream trap, took 2-21 days to reach the counting 
fence (Table 11 1. Most fish (85.5%) took less than 
12 days. Fifteen of the 33 were recaptured again 
in the downstream trap 21-70 days later, showing 
that the foraging period in the headwaters averaged 
30 days. Eighteen of this group of 33 did not return 
downstream indicating, as did the season's total 
enumerations, that a proportion of upstream 
migrants did not return downstream before freeze 
up. The numbers show, assuming no mortality, that 
up to 45% of upstream migrants from this selected 
group of tagged fish may have remained and over- 
wintered in the lakes that winter. Seven fish that 
escaped inspection in the upstream run returned 
through the downstream trap after spending 25-45 
days in the drainage. 

Nineteen tagged broad whitefish from the 
fence site were recaptured in 1979 at several lake 
and stream locations in the drainage (Table 12). 
Two fish tagged as upstream migrants in 1978 were 
recorded and released as they returned upstream in 
late June 1979. Both fish were likely part of the 
downstream run that had escaped detection in 
1978. One was recaptured 3 1 days later in Lake 10 
while the other fish was taken seven days later in 
Lake 1 2 (Fig. 2). Another three upstream migrants 
from 1978 were also recaptured in Lakes 10 and 
1 1. Since these were their first recapture record, 
these three fish were possible examples of fish that 
had overwintered in the lakes. The remaining 14 
fish were upstream migrants in 1979. Six were 
recaptured in Lakes 10, 1 1 and 12; one fish showed 



it took as little as five days for migrants to 
Lake 10, the fourth upstream lake in one 
of lakes (Fig. 2). The other eight fish were 

recorded and released from hoopnets set in 
connecting lakes 7 to 8, 8 to 10 and 10 

2, Loc. KL090, KL091 and KL092, 
Finally, seven of the latter re-released 

as downstream migrants 
2 August 1979. 

Tagged upstream migrants that returned 

and 100 days in 1979 (Table 
migrants exhibiting this 

(67%) spent 36-55 
to the coast. Of 

Tag returns within the same year also pro- 
vid d an estimate of what proportion of fish took up 
res ency in the lakes (Table 13). Of 1 845 
up ream migrants tagged at the fence in 1978, 
on1 186 returned, indicating that 90% remained in 
the lakes that winter. This estimate's accuracy was 
do btful because tagged fish in the downstream run 
ma have escaped enumeration during times when 
the fence was not fully operational in 1978. The 
19 9 data showed that of 2 422 tagged upstream 
mi rants, 1 694 returned to the coast; this result 
ga an estimate of retention in the headwaters of 
30 fl , without considering tag loss or natural mortal- 
ity . 

A total of 198 broad whitefish (1 1 % of the 
1 845 upstream migrants tagged in 1978) 

after spending 336-425 days 

Only four broad whitefish downstream 
ants were recaptured as upstream migrants 

within the same season (Table 15). The short time 
span ( 5  15 days) between release and recapture 
suggests that these fish were simply upstream 
migrants that had dropped downstream temporarily 
past the fence before returning upstream. 

Several factors may affect the return by fish 
to the same stream in consecutive years. Removal 
from the migratory population may arise from 
subsistence harvesting along the coast and the 
Mackenzie River. Mortality from spawning and 
post-spawning activities may also take its toll. 
Juvenile and immature fish may suffer mortality if 
an overwintering site proves to be only marginal as 
the winter progresses. In addition, the presence of 
several similar coastal drainages both east and west 
of Kukjuktuk Creek provides alternate foraging sites 
for the immature migrants each year. A high ten- 
dency for homing to one particular foraging water- 
shed would be disadvantageous to the year-to-year 
survival of the immature segment of the population. 
Changes in annual precipitation, watershed runoff or 
streamflow may diminish overwintering conditions 
or limit access to lakes. 

Taaaina data - miarations outside Kukiuktuk 
drainaae: A total of 183 tagged broad whitefish 
from Kukjuktuk Creek were recaptured at distant 
locations. Most recaptures came from the subsis- 
tence fishery, all of which are located west of the 
Kukjuktuk drainage. As a result, recapture location 
data reflect known traditional fishing sites in the 
vicinity of seasonal hunting and fishing camps. 

During a two-year study at Freshwater Creek, 
another coastal system that flows into Tuktoyaktuk 
Harbour (Fig. 13, Loc. FWlOO), Bond and Erickson 
(1985) recaptured seven broad whitefish that had 
been released at Kukjuktuk Creek. The first fish, 
recaptured on 9 September 1981, had been tagged 
as an upstream migrant at Kukjuktuk Creek on 1 
August 1978 (359 mm, age 6 yr). The other six, 
tagged in 1979, were caught at the Freshwater 
Creek counting fence either as upstream migrants in 
June 1982 or downstream migrants in late Septem- 
ber 1982. 

Subsistence fishermen at two coastal sites 
were the main source of coastal recaptures of 
Kukjuktuk Creek broad whitefish. The most intense 
fishery occurs at the west entrance of Tuktoyaktuk 
Harbour (Fig. 13, Loc. TH100) where 145 recap- 



tures were reported between 1978 and 1984. 
Some fish were caught as early as June although 
the majoriw were taken in August and September 
each year when the annual fall runs of whitefish are 
harvested by residents of Tuktoyaktuk. Summer 
residents at East Whitefish Station (Loc. EWlOOl 
were the source of 14 tag returns taken during the 
months of July and August in 1978, 1979, 1980 
and 1982. Some of the tag recaptures in 1978 and 
1979 showed that migration of broad whitefish 
from Kukjuktuk Creek to these two coastal sites 
was accomplished within a week. 

Tag returns in the Mackenzie Delta and the 
lower Mackenzie River totalled 14. The first tag 
return in the Mackenzie Delta occurred in 1978 
when a downstream migrant, released on 9 August 
1978 at Kukjuktuk Creek (449 mm, age 8 yr), was 
recaptured about 130 km upstream in the Arctic 
Red River in September/October 1 978 (Fig. 13, Loc. 
ARI 01 ). Six additional fish were taken in the Arctic 
Red River mouth (Loc. AR100) between 1980- 
1982, two as early as 21 July and the rest as late 
as 20 October. 

Five of the above group of 14 recaptured fish 
were taken in the Delta: two in the East Channel, 
two in the Middle Channel, and one in the West 
Channel. One of the East Channel fish, taken at 
Lucas Point (Fig. 13, Loc. EC102) on 3 August 
1979, was originally tagged as an upstream fish at 
K u k j u k t u k  Creek o n  2 J u l y  1 9 7 8  
(424 mm, age 7 yr); it had been recorded returning 
to the creek on 30 June 1979 before coming back 
downstream on 25 July 1979. Its recapture 
showed that migration into the Delta was accom- 
plished within 9 days. The second East Channel 
fish, recaptured on 1 November 1 980 (Loc. EC1 001, 
had been tagged as an upstream fish on 21 June 
1979 and recaptured once before as a downstream 
migrant on 27 July 1979. The one West Channel 
fish, recaptured on 12 September 1980 at location 
WC100, was originally tagged going upstream at 
Kukjuktuk Creek on 2 July 1978 (41 6 mm, age 
7 yr). The first Middle Channel fish was recaptured 
in August 1979 at Horseshoe Bend (Loc. MCIOO), 
a known pre-spawning aggregation site; this fish 
was originally tagged on 20 June 1979 and had 
been recorded coming downstream on 25 July 
1979. The second Middle Channel fish, taken in the 
first week of July 1983 at location MC101, was 
also an upstream fish tagged on 20 June 1979 and 

recorded coming downstream on 20 July 1979. 

The most distant recapture location for broad 
whitefish was recorded in 1982 when two fish were 
taken in the Mackenzie River near Fort Good Hope 
(Fig. 131. The first fish, released at Kukjuktuk Creek 
on 1 July 1978 (362 mm, age 6 yr), was recaptured 
4 years later at the Ramparts Rapids (Loc. FG101) 
on 20 September 1982. The second fish, tagged as 
a downstream migrant on 18 June 1978 was 
recaptured on 20 September 1982 at location 
FG100. Both sites were identified by local residents 
as areas in the main stem Mackenzie River where 
pre-spawning aggregations of whitefish occur 
annually (Chang-Kue and Jessop 1983). 

Three broad whitefish from the upstream runs 
at Kukjuktuk Creek were recaptured at the mouth of 
the Peel River, the first major west side tributary to 
the Mackenzie River (Loc. PR100). The first fish, 
released on 21 June 1979, had been recaptured 
once before coming downstream at Kukjuktuk Creek 
on 26 July 1979 before its final recapture in Sep- 
temberloctober 1981 . Another fish recaptured at 
the same site in September 1984 was originally 
released on 6 August 1978 (375 mm, age 8 yr) and 
recaptured once before as an upstream fish the next 
year on 2 July 1979. The third fish, released on 23 
June 1979, was recaptured on 7 September 1982 
at the same site. 

The preceding tagged fish data provided 
enough information to establish not only a positive 
link between the Mackenzie River and the southern 
Beaufort Sea coastal area, but also'a link between 
coastal streams. As discussed in the previous 
section, tagged broad whitefish returning to Kuk- 
juktuk Creek indicated an estimate of 10% fidelity 
to the stream. This low value suggested that fish 
could utilize alternate but similar drainages to fulfill 
their summer feeding requirements. Bond and 
Erickson (1 982, 1985) studied similar seasonal 
coregonid migrations in two other coastal creeks 
flowing into Tuktoyaktuk Harbour and their observa- 
tion of Kukjuktuk tagged fish among the upstream 
and downstream migrations at Freshwater Creek in 
1981 and 1982 confirmed an exchange of broad 
whitefish between coastal drainages. 

Tagged broad whitefish leaving Kukjuktuk 
Creek reached two possible overwintering areas at 
Tuktoyaktuk and East Whitefish Station within a 



week. Each site is located at the entrance of the 
two largest coastal embayments between Kukjuktuk 
Creek and the Mackenzie Delta viz., Tuktoyaktuk 
Harbour and Whitefish Bay. These two bays and 
the deep waters of the lower East Channel between 
Tununuk Point and Kugmallit Bay appear to offer 
suitable overwintering habitat for the juvenile and 
non-spawning adult broad whitefish that leave the 
coastal drainages after a summer of foraging in the 
lakes. 

The ages of all tagged Kukjuktuk broad 
whitefish at the time of recapture in the Mackenzie 
River were older than the minimum age of maturity 
(7 years). The one tagged fish, providing evidence 
in 1978 that downstream migrants can reach 
spawning areas later that fall, was 8 years old. 
Other fish recaptured at various sites in the Mac- 
kenzie system ranged in age from 8 to 14 years at 
the time of recapture. 

We do not have any data to dismiss the 
possibility that migrations of broad whitefish from 
Kukjuktuk Creek may also proceed along the coast 
east of Kukjuktuk Creek. The coastal surveys of 
Lawrence et al. (1 984) showed that other drainages 
east and west of Kukjuktuk Creek supported similar 
migratory whitefish populations and it is expected 
that some interchange of immature fish between 
Kukjuktuk Creek and the streams further east also 
occurs for the summer feeding migrations. Less 
sheltered coastal bays and greater distance from a 
major river offering spawning and overwintering 
habitats suggest that the most favourable migration 
direction for spawning fish and for overwintering 
juveniles emerging from coastal streams in the late 
summer and fall is westwards .towards the Mac- 
kenzie Delta. 

Overwintering: The broad whitefish movements 
within Kukjuktuk Creek indicated the presence of 
overwintering habitat in the upstream lake system. 
Overwintering areas for the group of juvenile coastal 
migrants that apparently forego inland lakes are 
believed to be selected coastal sites in Kugmallit 
Bay (Percy 1975, Lawrence et al. 1984) and Tuk- 
toyaktuk Harbour (Bond 1982). Post-spawning 
broad whitefish in the Mackenzie River appear to 
return to the lower Delta channels to overwinter 
(Stein et al. 1973a, 1973b; Jessop et al 1974). 
The lower reach of the East Channel from Tununuk 
Point to Kugmallit Bay is an ideal area since con- 

stant winter flows and a deep sub-ice channel (up to 
30 m deep) ensure suitable conditions for winter 
refuge for fish from both delta and coastal areas. 

Lake whitefish 

Maonitude and timino of miarations: The total 
run of lake whitefish in 1978 consisted of 7 070 
upstream and 3 476 downstream migrants while the 
1979 run consisted bf 6 575 upstream and 9 393 
downstream fish (Table 2). The weekly total 
number of lake whitefish caught in the upstream 
and downstream traps in 1978 and 1979 are 
summarized in Fig. 14 and 15, respectively. Daily 
totals are included in Appendix 2. 

Upstream migrations of lake whitefish began 
immediately after ice brea.k-up in both years and 
continued throughout the summer into the fall. The 
daily numbers of upstream migrants in 1978 began 
to increase after 28 June, reaching a high of 1 449 
fish on 3 July (Table A2.1). The most intense 
upstream migrations occurred during the week of 29 
June to 5 July when 72% and of the total upstream 
migrants came through (Fig. 14). This upstream 
migration rate diminished after that week and had 
essentially ended by 9 August just as the down- 
stream migration began to increase, starting from a 
few fish per day to a peak of 1002 fish on 19 
August (Table A2.1). The peak weekly downstream 
migration of lake whitefish occured during 17 to 23 
August, when the majority (72%) of the season's 
downstream migrants passed the fence. Lake 
whitefish downstream migrations had essentially 
ceased by the last week of August 1978 (Fig. 14). 

Upstream migration in 1979 began on 1 8 June 
with the daily totals increasing to a peak of 900 
lake whitefish on 30 June (Table A2.2). The most 
intense week of migration occurred during 22 June 
to 5 July when 77% of the total upstream run came 
through (Fig. 15). Daily maximum water tempera- 
tures reached 17°C by 30 June. During this period 
the stream discharge reached the highest levels 
(0.37 to 0.41 m0sec-'1. As discharge decreased, 
the number of upstream migrants decreased, 
dropping to less than six per day by 20 July. The 
end date of this upstream run was two weeks 
earlier than the previous year with the daily total 
remaining at less than six fish per day until freezeup 
in late September 1979. The downstream lake 
whitefish run in 1979 began to escalate on 17 July, 



three days before the upstream run ended. Major 
peaks occurred on 24 July and on 9 August when 
827 and 538 fish were enumerated in the 'down- 
stream trap; the peak weekly total occurred on 20- 
26 July when 34% of the run came through (Fig. 
15). Although this downstream run peaked earlier 
than the previous year, it was more protracted over 
the following three weeks during which an addi- 
tional 49% of the total run came down. 

Numbers.size and aae of miarants - for the sea- 
m: During 1978, fork lengths were taken from 
527 of the upstream migrants and 214 of the 
downstream migrants (Table A3.3). In 1979, 1 280 
and 1 167 fish were measured from the upstream 
and downstream runs, respectively (Table A3.4). 
Data records show that the size range of upstream 
migrants was 153-450 mm in 1978 and 98-487 
mm in 1979. Downstream migrants ranged from 
228 to 447 mm in 1978 and from 59 to 560 mm in 
1979. 

The resulting overall length-frequency distribu- 
tions of the migrations in 1978 and 1979 are shown 
in Fig. 16 and 17, respectively. Unlike the broad 
whitefish, lake whitefish in the <200 mm size 
group did not occur in overwhelming numbers. The 
relatively sparse number seen in 1978 (N = 15 or 
0.1 4% of all lake whitefish) was also observed in 
1 979 (N = 530 or 3.4% of all the total migrants). 
For fish > 200 mm, a total of 7 043 lake whitefish 
was taken in the upstream trap in 1978 and 3 476 
in the downstream trap. In 1979, 6 444 lake 
whitefish passed upstream; however, a greater 
number, 8 953, came downstream. This difference 
in the upstream to downstream ratio between the 
consecutive years may reflect some undetermined 
pattern or natural variation; however, the loss of 
data during fence flooding may have resulted in an 
inaccurate count in 1978. The 1979 downstream 
count immediately suggested the presence of lake 
whitefish that had spent one or more years in the 
lakes prior to leaving the lakes in 1979. 

The 1978 length-frequency distribution for the 
upstream run of lake whitefish displayed a unimodal 
distribution that peaked at the 376-400 mm length 
interval (Fig. 16). The downstream run was also 
unimodal with the peak encompassing both 376- 
400 mm and 401-425 mm fish. Most of the 
upstream migrants (96%) were in the 301 -425 mm 
size group while 93% of the downstream fish were 

in a larger (351-450 mm) size range. These dis- 
tributions also indicated that the downstream run 
had larger fish in the 426-500 mm size range not 
seen in the upstream run. Lake whitefish smaller 
than 275 mm contributed only 1.4% of the total 
upstream run. 

The overall length-frequency distributions for 
the 1979 upstream and downstream runs also 
showed unimodal peaks at the 376-400 mm length 
interval (Fig. 1 7). Upstream migrants in the 301 -425 
mm size group comprised 90% of the total run 
while 92% of the downstream run were 326-450 
mm fish. Lake whitefish smaller than 275 mm 
contributed 4% of the total upstream run. In 
contrast to 1978, a greater number of downstream 
migrants in the 350-450 length group in 1979 
showed that lake whitefish, presumed to be lake 
residents from previous years, were contributing 
significantly to the downstream run. This observa- 
tion indicated that upstream lakes in the Kukjuktuk 
drainage provided habitat for both seasonal and long 
term resident population of lake whitefish, similar to 
the situation for the broad whitefish. 

The ages of lake whitefish in Kukjuktuk Creek 
in 1 978 ranged from 2 to 1 5 years (Tables 16 and 
17). Using length as an indication of age, the 
length-frequency distribution for the 1978 season 
(Fig. 16) indicate that lake whitefish migrants were 
mostly 7-1 4 year old fish with ages 10-1 3 domi- 
nant. Young-of-year and small juveniles were 
virtually absent. Age data from 1979 confirmed the 
presence of 1-2 year old juveniles (Tables 18 and 
1 9) although some of the unaged small fish (51 -1 00 
mm size class) counted in the traps (Fig. 17) most 
likely included 0 + fish. The length-frequency 
distribution for the 1979 season show that 7-13 
year old fish were involved in the upstream and 
downstream migrations with ages 8-13 dominant 
(Fig. 17). For both years, lake whitefish y-o-y and 
immature fish up to age 5-6 years constituted a 
minor proportion of the migrations. 

Numbers and size of miarants - biweeklv: Bi- 
weekly length-frequency data for lake whitefish 
show that the modal size interval in each time 
period shifted gradually from the largest to the 
smaller size classes as the season progressed (Fig. 
18). The modal length interval in the 1978 
upstream run began with the 376-400 mm fish 
during the first (1 5-28 June) and second (29 June- 



12 July) biweekly period. As the migration rate 
began to decrease during the 13-26 July period, the 
mode dropped to the 351 -375 mm size interval. By 
the end of the upstream run in August, all the 
smaller length intervals appeared, with the 251 -275 
mm length interval being dominant. The modal 
length interval in the downstream run was 376-400 
mm during the start (27 July - 9 August) and the 
main period of migration ( 10-23 August) although 
the 401-425 mm group was almost similar in 
magnitude. By the last week of August, the lake 
whitefish migration had essentially ended. 

The 1979 fence operation allowed an addi- 
tional four weeks of observations that carried 
through into September (Fig. 18). The largest lake 
whitefish were among the first to appear during 15- 
28 June 1979 when the 376-400 mm and 401 -425 
mm length intervals comprised 65% of the upstream 
run for that period. During the following biweekly 
period these two size groups only made up 30.7% 
of upstream migrants as the smaller size intervals 
(301-325, 326-350 and 351-375 mm) began to 
appear, contributing 59%. By 13-26 July the 
smaller size intervals below 250 mm appeared as 
well, contributing to the run for the rest of the 
season. 

There was no obvious change in the modal 
length intervals with time periods for the 1979 
downstream run (Fig. 1 8). The 376-400 mm length 
interval dominated each biweekly period until 20 
September. The smaller length interval below 275 
mm appeared during the 10-23 August period and, 
by the last biweekly period, the run was comprised 
of mainly 101 -1 25 mm and 126-1 50 mm fish. 
Compared to the broad whitefish, the lake whitefish 
had a shorter migration season which lasted only 4- 
5 weeks. In addition, any stepwise change in modal 
length classes with time was not as distinct as that 
displayed by broad whitefish. 

The preceding data showed that young-of-year 
and juvenile whitefish, unlike the broad whitefish, 
did not migrate in significant numbers into Kuk- 
juktuk Creek. Most of the small fish seen in 1979 
were taken in the downstream trap and most likely 
originated from a resident population. The coastal 
surveys by Lawrence et al. (1984) found that lake 
whitefish in the southern Beaufort coastal area were 
between 1 and 16 years old with a notable scarcity 
of young-of-year. Bond and Erickson (1 985) also 

reported that relatively small numbers of lake 
whitefish younger than age 4 years were seen 
migrating up Freshwater Creek. Assuming that lake 
whitefish migrants originated in the Mackenzie 
River, such observations suggested that nursery 
areas for lake whitefish were located closer to the 
Delta, particularly the extensive network of Delta 
lakes and channels as concluded in previous studies 
(Stein et al. 1 973a, 1 973c). 

Additional data collected in the Delta since 
1979 reaffirmed the greater importance of the Delta 
to the early life history stages of lake whitefish. 
After emerging from upstream spawning sites in the 
Mackenzie River, lake whitefish y-o-y are found in 
the Delta channels throughout the rest of the open 
water period. Lake whitefish in the 20 to 160 mm 
size group was the second most abundant, after 
least cisco, of the coregonid fryJjuveniles caught in 
beach seines in the East Channel area (Chang-Kue 
and Jessop 1992). Taylor et al. (1 982) estimated 
that lake whitefish was the third most abundant 
(8.2%) among four species of coregonid y-o-y found 
in Delta lakes that are connected to the main Delta 
channels during the full, open water period. In 
contrast, their estimate for 0 + broad whitefish was 
only 0.2% while least cisco and Arctic cisco con- 
tributed 77.5% and 14.2%, respectively. 

Coastal bays adjacent to the Delta appear to 
be important summer feeding habitats for the next 
older group of juvenile lake whitefish. Hopky and 
Ratynski (1 983) reported that juvenile lake whitefish 
in the 150 to 250 mm length group comprised over 
90% of lake whitefish taken in trapnets in Tuktoy- 
aktuk Harbour in 1981. After a period of coastal 
feeding and overwintering near the Mackenzie 
estuarine areas for 3-5 years, it appears that the 
lake whitefish enter another life history stage that 
involve migrations to more distant points and into 
tundra lakes for a wider spectrum of feeding and 
overwintering habitats. Lake whitefish larger than 
225 mm fork length, representing fish age 4 years 
and older, comprised 98% of the upstream and 
95% of the downstream rbn at Kukjuktuk Creek in 
1979. Bond and Erickson (1 985) also observed this 
situation at Freshwater Creek where the majority of 
lake whitefish migrants (89% of upstream and 98% 
of downstream) were between 225 and 449 mm 
fork length. 

Growth, sex and maturiw The observed growth 



rate for lake whitefish from Kukjuktuk Cfeek (Fig. 
19) was similar for both years, showing a,!gradual, 
even growth in length after the first year. These 
curves were similar to that of coastal fishes sampled 
in 1978-1 980 by Lawrence et al. (1 984). The 1979 
curve for Kukjuktuk Creek matched the one for lake 
whitefish migrants seen in Freshwater Creek (Bond 
and Erickson 1985). Kukjuktuk fish show similar 
growth rate to outer Delta whitefish (Percy 1975) 
(Fig. 20); however, lake whitefish taken in the Delta 
and Arctic Red River have a faster growth rate. It 
is believed that other stocks of lake whitefish, 
originating from different summer foraging areas, 
contribute to the major spawning runs seen in the 
upper Delta. 

Out of a sample of 179 lake whitefish sexed 
and aged in 1978, only one mature fish, a 12 year 
old female, was seen (Table 20). The female to 
male sex ratio was 1 : 0.9. The following year 11 
(9%) mature males and 17 (17%) mature females 
were identified among 227 fish; of these fish 5 
males and 4 females were upstream migrants. The 
female to male sex ratio was 1: 1.3. Maturity data 
for the early run of large downstream migrants were 
incomplete since few fish were sacrificed for dissec- 
tions during the busy July period. Although the 
presence of a self-sustaining lake resident popula- 
tion in the Kukjuktuk drainage was not unlikely, it 
was not known if any of the upstream migrating 
lake whitefish spawn in the Kukjuktuk drainage. 
The minimum age at maturity for Kukjuktuk Creek 
lake whitefish was 8 years and 7 years for males 
and females, respectively. 

Gillnet surveys in the east side Mackenzie 
Delta in 1980 showed an age at maturity of 10 
years for both sexes (Chang-Kue and Jessop 1992). 
An early winter survey in the Peel River, Arctic Red 
River and Delta channels in November 1980, when 
ripe gonads could be examined, indicated the age at 
maturity was 1 0 years for both sexes (Table 21 1. A 
fall survey in 1981 in the upper Delta established 
that spawning migrants were mainly 8-1 5 year old 
with minimun age at maturity of 7 and 8 for male 
and females, respectively (Chang-Kue and Jessop 
1992). 

In terms of fork length at age 10 years, the 
data at Kukjuktuk Creek indicate that lake whitefish 
may achieve first maturity at 350 mm. The 
strongest biweekly downstream component 

observed in' 1978 and 1979 were fish greater than 
376 mm fork length; in 1979 these fish accounted 
for 67% of the total downstream run by 6 Septem- 
ber 1979 (Fig. 18). Although maturity data were 
lacking, the size range and downstream timing of 
the largest size classes suggest that the lake 
whitefish downstream migrants were likely contri- 
butors to the annual spawning migrations in the 
Mackenzie Delta. 

The length-weight relationship for lake 
whitefish in Kukjuktuk Creek in 1979 (pooled 
upstream and downstream fish; N = 479, range 73- 
461 mm) was described by the equation: 

SD, = 0.034 

Separate calculations for male and female lake 
whitefish from the upstream and downstream runs 
for each year produced different values for slopes 
and intercepts (Table 22). Analysis of covariance 
between males and females show significant differ- 
ence (P < 0.051 between the intercepts for the 1 978 
upstream run and between the slopes for the down- 
stream run in 1979. Analysis between males and 
between females in the upstream vs downstream 
runs produced several cases of significant differ- 
ences between intercepts for 1978 fish and 
between slopes for 1978 and 1979 fish. The 
results suggest that the small sample of down- 
stream fish in 1978 were in poorer condition than 
upstream fish with regard to size and weight. The 
data collected in 1979 showed that the downstream 
females were in significantly better condition than 
the upstream females with regard to weight. 
Dissections of these downstream migrants showed 
extensive fat reserves in the body cavity, providing 
tangible evidence that these immature and sub-adult 
fishes had foraged successfully during their stay in 
the lakes. 

m i n ~  data - miarations within Kukiuktuk 
drainam: Two lake whitefish, tagged at the creek 
mouth in 1979, were recaptured in the drainage. 
The first, tagged on 8 July 1979, passed through 
the upstream trap 5 days later but did not return 
downstream. The second fish escaped upstream 
detection; however, it had spent 33 days in the 
drainage when recaptured in the downstream trap 
on 3 August 1979 (Table 1 1 ). 



In the two summers spent at Kukjuktuk Creek, 
a total of 1 287 lake whitefish were tagged and 
released at the fence sites; 1 21 8 were upstream 
migrants and only 69 were downstream fish (Table 
3). The lake survey crew recaptured only two of 
the tagged whitefish in the lakes (Table 12). Both 
were caught on 10 July 1979, 14-22 days after 
tagging, in lake 12, the second upstream lake in the 
system (Fig. 2). 

Tagged upstream migrants that returned 
downstream later in the same season indicated that 
lake whitefish stayed in the lakes for as long as 65 
days in 1978 and 100 days in 1979 (Table 13). Of 
70 upstream migrants exhibiting this behaviour in 
1978, the majority (64%) spent 36-50 days in the 
watershed before returning to the coast. Of 504 
upstream migrants exhibiting this behaviour in 
1979, the majority (75%) stayed 26-50 days before 
leaving the watershed. 

Tag returns within the same year provided an 
estimate of the percentage of upstream lake 
whitefish migrants that stayed to overwinter in the 
lakes (Table 13). In 1 978, only 70 of 387 tagged 
upstream migrants returned downstream, suggest- 
ing that 82% of the run stayed to overwinter. 
However, the 1979 tag data showed that 504 of 
826 tagged upstream migrants returned down- 
stream, indicating 29% of this group stayed to 
overwinter. The length-frequency distribution data 
suggested that the downstream run included large 
fish that had overwintered in the system from 
previous years. Tag recaptures verified this obser- 
vation since 40 of the upstream whitefish, tagged 
in 1978, were recaptured only for the first time 
coming downstream in 1979 after spending 361- 
41 5 days in the headwaters. (Table 141. 

From the small sample of lake whitefish that 
was tagged going downstream in 1978 (N=24), 
five returned upstream in 1979 (Table 141, indicat- 
ing a migration fidelity of 21 % to Kukjuktuk Creek 
between two consecutive years. 

Four lake whitefish downstream migrants in 
1979 returned upstream within 1 5 days. The short 
time span between release and recapture suggested 
that these fish were only upstream migrants that 
had dropped downstream temporarily past the fence 
before returning upstream. 

Taaoino data - miorations outside Kukiuktuk 
d m :  A total of 36 tagged lake whitefish from 
the Kukjuktuk Creek fence were recaptured by 
subsistence fishermen. 

In 1978, two fish were recaptured in Tuktoy- 
aktuk Harbour (Fig. 13, Loc. TH100) in July and 
September; both had been tagged in the upstream 
run earlier in the summer. A third fish, released on 
19 August 1978 at the downstream trap (401 mm 
fork length), was recaptured in OctoberfNovember 
at Tununuk Point (Loc. EC101) in the Mackenzie 
Delta's East Channel. This fish provided the first 
recapture evidence linking coastal lake whitefish 
with Mackenzie Delta lake whitefish. 

The largest number of tag returns came in 
1979 when 24 lake whitefish were recaptured. 
Twenty-one were taken in Tuktoyaktuk Harbour by 
local fishermen in July and August; these fish were 
age 9-1 4 years and ranged from 31 5 to 428 mm in 
fork length. Five of these were tagged in 1978 and 
the rest were tagged in 1979 in the upstream run. 
Most of the fish had also been recorded coming 
through the downstream trap between 20 July and 
20 August 1979. 

Subsistence fishermen at East Whitefish 
Station (Loc. EW100) returned two tags in 1979. 
One fish, released at the fence on 3 July 1978 (390 
mm fork length), was recaptured on 8 September 
1979. The second fish had a multiple recapture 
history. It was among the first group of fish that 
appeared at ice breakup at the counting fence site 
where it was tagged and released on 14 June 1979 
(406 mm fork length), the day before the fence was 
completed. After drifting downstream on release, 
this fish returned through the upstream trap two 
weeks later on 1 July. After foraging in the lakes 
for a month, it returned downstream on 30 July 
1979 and was recaptured 7 days later at East 
Whitefish Station (Loc. EWlOO), located about 65 
km west of Kukjuktuk Creek. 

The last fish recaptured in 1979 was taken in 
the East Channel near lnuvik (Loc EC100) on 14 
November 1979. Since this fish had been tagged in 
the upstream run on 19 June 1979 (404 mm fork 
length), it provided further evidence that lake 
whitefish, migrating out of Kukjuktuk Creek, reach 
the Mackenzie Delta by the fall of the same season. 



Three tag returns in 1980 came from fish 
recaptured in Tuktoyaktuk Harbour between early 
July and early September. All had been tagged 
when moving upstream on Kukjuktuk Creek in June 
1979 and recaptured and released again as they 
returned downstream on 23, 29 July and 8 Septem- 
ber 1979. Three other tagged lake whitefish were 
recaptured at East Whitefish Station in August 
1980. One fish was tagged 29 June 1978 (410 
mm) as a downstream migrant and recaptured going 
downstream on 23 July 1979 before its final recap- 
ture. The other 2 fish (407 and 410 mm) were 
tagged among the upstream and downstream 
migrants in June 1979 at the fence. 

A single tag return in 1981 came from one 
fish recaptured in the Mackenzie River. This fish, 
first tagged in the upstream trap on 26 June 1979 
and measuring 369 mm, came downstream a month 
later on 24 July 1979 before it was recaptured two 
years later at Arctic Red River (Loc. AR102) in 
SeptemberIOctober 1981. The presence of ripe and 
spent lake whitefish at Arctic Red River led Stein et 
al. (1 973c) to conclude that spawning areas were 
located in several backeddies on both banks of the 
main stem Mackenzie River around the town of 
Arctic Red River. On 8-9 October 1983, we visited 
the area and caught 97 spawning lake whitefish in 
a gillnet set overnight at a backeddy known locally 
as Nazon's Eddy, located on the east bank of the 
Mackenzie River and across from Arctic Red River. 
A subsample of 27 fish (420-510 mm fork length) 
consisted of 26 males and one female all of which 
had gonads in ripe condition (unpublished data). 

Finally, two tag returns in 1982 were also 
taken in the Mackenzie system. The first fish, 
recaptured on 8-9 October 1982 at a site upstream 
on the Arctic Red River (Fig. 13; loc AR101), was 
first tagged as an upstream migrant (395 mm , age 
13 years1 at Kukjuktuk Creek on 22 June 1978. 
This fish came downstream on 18 August 1978 and 
was again recorded as a downstream migrant on 21 
July 1979 before its final recapture at a time and 
location consistent with lake whitefish in the middle 
of a spawning run in the Arctic Red River. The 
second fish, recaptured in the East Channel (Loc. 
EC1011, was an upstream migrant (404 mm) at 
Kukjuktuk Creek tagged on 16 June 1979 and 
recorded coming downstream on 31 July 1979. Its 
location and recapture date, 26 October 1982, 
suggested that this fish was overwintering in the 

East Channel, a most probable downstream destina- 
tion for post-spawning fish. 

Overwinterinp: Lake whitefish movements within 
Kukjuktuk Creek indicate that overwintering habitat 
exists in the upstream lake system. Overwintering 
areas for the immature coastal migrants that forego 
inland lakes are believed to be selected coastal sites 
in Kugmallit Bay (Percy 1975; Lawrence et al. 
1984) and Tuktoyaktuk Harbour (Bond 1982). Post 
spawning lake whitefish in the Mackenzie River 
appear to return to the lower Delta channels to 
overwinter (Stein et al. 1973a, 1973c; Jessop et al. 
1974). Coastal overwintering sites east of Kuk- 
juktuk Creek are unknown. 

The lower reach of the Mackenzie Delta's East 
Channel from Tununuk Point to Kugmallit Bay is 
thought to be the optimum overwintering area in the 
region since constant winter flows and a deep sub- 
ice channel ensures suitable conditions. Chang-Kue 
and Jessop (1 992) report that catch-per-unit-of- 
effort peaks in July, August and September in the 
East Channel suggested discrete groups of lake 
whitefish moving into the area. Mature fish com- 
prised part of the July and August catches after 
which mainly immature and non-spawning fish were 
prevalent, suggesting that mature fish had con- 
tinued upstream towards spawning areas. The 
sources of these immature and non-spawning adult 
fish are most likely the downstream migrants 
coming from coastal drainages like Kukjuktuk Creek 
and from east side Delta tributaries such as Pete's 
Creek and Holmes Creek. 

Least c i s c ~  

Two forms of least cisco occur in the Mac- 
kenzie River and southern Beaufort Sea area. The 
most common is the anadromous form seen in the 
fall on spawning runs in the lower Mackenzie River 
and Delta (Hatfield et al. 1971 a, Stein et al. 1973c, 
Jessop et al. 1974, Percy 1975, Chang-Kue and 
Jessop 1992). This migratory form is easily distin- 
guishable from the other Mackenzie coregonid 
species by it protruding lower jaw, scales that 
slough off easily on handling and relatively small 
size. A non-migratory form of least cisco that 
inhabits freshwater lakes can be identified externally 
by its less protruding lower jaw, resulting in a 
terminal mouth. It also has scales that, in compari- 
son, are not readily lost in handling and it has a 



darker pigmentation in the dorsal area and ventral 
fins. Lawrence et al. (1 984) encountered these two 
forms during their three-year coastal and lake 
surveys in the Richards Island and Tuktoyaktuk 
Peninsula area. They reported that the lake spawn- 
ing variety, believed to migrate within their home 
freshwater drainage, was not caught at any of their 
coastal sampling sites. 

During 1978 and through the early part of the 
1979 season, only the familiar anadromous form of 
least cisco was identified in both upstream and 
downstream migrations at Kukjuktuk Creek. A few 
lake resident form of least cisco were detected in 
the upstream run in mid-August 1979, when the 
reduced numbers of stream migrants allowed closer 
examination of fishes. Pyloric caecae counts and 
lateral line scale counts confirmed our identification. 
Although a few more were seen mainly in the 
upstream run, it was not known if many others had 
been missed during the earlier peak periods of 
upstream and downstream migrations. All least 
cisco data were combined for analysis in this report 
with the understanding that the majority of the 
sample consisted of the anadromous type. 

Maanitude and timina of miaration: The total run 
of least cisco in 1978 consisted of 14 102 
upstream and 6 951 downstream migrants while the 
1 979 run had 14 037 upstream and 17 164 down- 
stream migrants (Table 2). The weekly total num- 
bers of least cisco caught in the upstream and 
downstream traps in 1978 and 1979 are summar- 
ized in Fig. 21 and 22, respectively. Daily totals are 
listed in Appendix 2. 

The upstream migration of least cisco in 1978 
began on 28 June, ten days later than the other 
coregonid runs (Table A2.1). Peaks in the daily 
totals occurred on 3 July and 17 July when 433 
and 2 01 1 least cisco passed through. The most 
intense upstream migration occurred during the 
week of 13-19 July, when 50% of the season's 
upstream run came up (Fig. 21). The run slowed 
down over the next two weeks when an additional 
28% of the total migrants came through. Like 
broad whitefish, the least cisco upstream migration 
was still in progress when the fence operation 
ceased in mid-September. The downstream run 
commenced on 20 June, matching the other species 
in timing. Daily totals increased gradually to a peak 
of 2 002 fish on 20 August. This number contrib- 

uted to the peak weekly downstream total during 
the week of 17-23 August, when 71 % of the total 
run came down (Fig.2 1 1. After a total of 921 on 2 1 
August, migration activity dropped abruptly to an 
average of 17 fish per day over the remaining 3 
weeks. 

The least cisco upstream migration in 1979 
also began a few days later than the broad and lake 
whitefish runs (Table A2.2). As stream tempera- 
tures increased so too did the daily total, reaching 
the maximum recorded run of 1 050 and 1 305 
cisco on 14 and 15 July, respectively, when the 
maximum temperature reached 21 "C. The main run 
occurred over three consecutive weekly periods, 
beginning on 29 June, when 2 1 %, 1 9% and 36% 
of the season's migrants came up (Fig. 22). The 
upstream run then declined rapidly by 20 July, as it 
did in 1978, reaching a daily count of only 44 fish 
by 22 July 1979, the day when the warmest stream 
temperature of 23°C was reached. The least cisco 
peak differed this year from the other coregonid 
species by occurring later than the lake whitefish 
peak (30 June) and earlier than the >200 mm 
broad whitefish (21 July). The upstream migration 
continued at an average rate of 33 fishlday for the 
rest of the season. 

The least cisco downstream migration in 1979 
began on 17 July and escalated as rapidly as the 
upstream run's decline. Peak downstream totals 
showed two main waves of fish: one on 25 July 
(1 120 fish) when stream temperatures were the 
warmest and another on 10 August (1 51 0 fish) 
when temperatures rose to 21 "C again after falling 
to 13OC the previous week during a cold spell. The 
peak downstream weekly total occurred during the 
week of 20-26 July when 36% of the total run 
came down (Fig. 22). The downstream run was 
protracted over the following 3 weeks when an 
additional 44% of the total run came down. 

Numbers. size and aae of miarants - for t h ~  
season: During 1978, the fork length of 1 693 
upstream and 571 downstream least cisco migrants 
were recorded (Table A3.5). The sample in 1979 
was 2 988 upstream and 1 903 downstream fish 
(Table A3.6). Data records show that the size 
range for upstream migrants was 25-41 5 mm in 
1978 and 60-425 mm in 1979. Downstream 
migrants ranged from 175 to 404 in 1 978 and from 
64 to 432 in 1979. 



The overall length-frequency distribution of the 
upstream and downstream migrations for each year 
are shown in Fig. 23 and 24. Like broad whitefish, 
the data for the least cisco was separated into two 
groups to examine if significant migration patterns 
occurred with the smaller (<200 mm) fishes. As 
with lake whitefish, these small fish did not over- 
whelm the total run and represented only a small 
proportion (0.8%) of all least cisco seen in 1978 
(Fig. 23). Similarly, the <200 mm fish comprised 
only 4% of all least cisco in 1979 despite the closer 
surveillance at the traps (Fig.24). 

The 1978 overall length-frequency distribu- 
tions for least cisco were unimodal for both 
upstream and downstream runs (Fig. 23). Fish at 
length intervals 276-300 and 301 -325 mm contrib- 
uted to 30% and 28% of the total upstream run; 
the same length intervals comprised 29% and 34% 
of the total downstream run. Upstream migrants 
were mostly (79.5%) fish larger than 275 mm; 
similarly 84.6% of the downstream fish were larger 
than 275 mm. 

In 1979, the only noteworthy feature among 
the smaller sized migrants (<200 mm) was the 
dominance of 76-100 mm fish in the downstream 
run (Fig. 24). The 276-300, 301 -325 and 326-350 
mm size intervals contributed to most of the fish in 
both the upstream (63%) and the downstream 
(57%) runs. Least cisco differed from the other 
coregonids in not having a disproportionate number 
of the fish in the larger size classes in its down- 
stream run. 

The age of least cisco in Kukjuktuk Creek in 
1978 ranged from 2 to 10 years (Tables 23 and 241 
although a small group of live sampled upstream 
migrants smaller than 100 mm fork length (Fig. 23) 
most likely included 0 + and 1 year old fish. The 
sample of downstream migrants aged in 1979 
included 1 to 11 year old fish (Tables 25 and 26). 
Using length as an indicator of age, the length- 
frequency distribution for 1978 (Fig. 23) indicate 
that migrants were mostly 4 to 9 years old with 
ages 5 to 7 years dominant. Age derived from the 
1979 length distribution (Fig. 24) also confirmed the 
relative absence of least cisco less than 3 years old. 
Migrants were mostly 3 to 8 years old with ages 4 
to 7 years dominant. The 76-1 00 mm and 100-1 25 
mm length classes in the 1979 downstream run 
suggested that some 0 + to 2 year old fish had their 

origins in the lakes and not from outside drainages. 

 umbers and size of miurants - biweeklv: When 
the calculated length-frequency distribution for least. 
cisco was separated into biweekly periods (Fig. 251, 
the modal length interval showed slight variations 
over time. The largest individuals, especially the 
326-350 mm fish, were the first to migrate 
upstream in early July 1978. By 13-26 July the 
276-300 mm length interval dominated the run 
while the 301-325 mm length interval was a close 
second. Although the distribution began to include 
smaller fishes (76-1 50 mm) by 10-23 August, the 
dominant size interval class reverted to the 301 -325 
mm group and remained so for the rest of the 
season. The downstream run's distribution pattern 
for each period essentially mirrored that of the 
upstream run. 

Similar observations were made in 1979. A 
group of large fish, dominated by the 326-350 mm 
length interval, comprised the first batch of least 
cisco upstream migrants in late June (Fig. 25). 
During the next two periods, which included the 
time when migration rates were highest, the 301- 
325 mm length interval was dominant. These were 
replaced by 276-300 mm fish during 13 to 26 July. 
By 10-23 August, the trend toward smaller length 
intervals was reversed as the slower-paced 
upstream run was dominated by 301-325 mm fish 
for the rest of the season. The downstream run for 
3 periods during 13 July - 23 August was domi- 
nated by smaller fish (276-300 mm). By September 
1979, there was a strong representation of small 
fish in the 76-100 mm and 101-125 mm length 
intervals. These size ranges of downstream 
migrants, with their presumed origins in the 
headwaters, had not been observed in 1978. 

The least cisco in Kukjuktuk Creek were 
similar to the lake whitefish with respect to the 
small numbers of young-of-year and age 1-2 year 
old juveniles in the upstream run, suggesting that 
this coastal drainage was not a prime nursery area 
for least cisco. Previous studies in the Delta con- 
cluded that the large numbers of least cisco that 
migrate annually into the Mackenzie Delta come 
from summer feeding grounds in the outer Delta and 
coastal areas (Stein et al. 1 972a, 1972c; Jessop et 
al. 1 974: Percy 1975: Mann 1975). After emerging 
from spawning sites in the Mackenzie system, the 
y-o-y least cisco inhabit the channel and lakes of the 



Mackenzie Delta during the spring flood. Least 
cisco are the most abundant of the coregonid 
species found in the Delta channels and the pres- 
ence of juvenile fish in the earlier surveys led to the 
conclusion that main channels functioned as nursery 
areas (Jessop et al. 1974). More recent work in the 
lower east Delta in 1980 showed that least cisco, 
most of which were y-o-y, constituted 43% of the 
total coregonid beach seine catch (Chang-Kue and 
Jessop 1992). Taylor et al. (1 982) reported the 
presence of least cisco in several representative 
Delta lakes of the type that have access channels to 
main Delta channels in the ice-free period. Their 
estimates in 1981 showed that least cisco com- 
prised 72% of the total summer population of O +  
and 1 year old coregonids. 

The presence of least cisco y-o-y later in the 
summer along the coastal zone indicates that least 
cisco may have an active migratory component to 
the coast as well. Although absent in spring and 
early summer surveys, least cisco y-o-y became 
abundant in mid-summer seine surveys conducted 
by Lawrence et al. (1 984) along the Richards Island 
and the Kugmallit Bay coastline. Bond (1982) also 
observed a large migration of y-o-y (65-94 mm 
range) entering Tuktoyaktuk Harbour in 1980 in 
midJuly; their subsequent decline in catch-per-unit 
effort suggested a dispersal further along the coast 
and possibly up coastal streams. The first appear- 
ance of 0 + and 1 + fish (51 -1 00 mm interval) at 
Kukjuktuk Creek in mid-August of each year corrob- 
orates these observations; however, the numbers of 
fish that were less than 100 mm fork length made 
up a minor proportion (0.14%) of the total upstream 
run. On the other hand, the high proportion of this 
size group in the least cisco upstream migrants 
enumerated by Bond and Erickson (1 985) at Fresh- 
water Creek in 1982 suggests that coastal drain- 
ages closer to the Delta may have an important role 
as nursery areas for the y-o-y fish. Few of these 
upstream migrants returned to the coast by the end 
of the season. 

Numerous factors such as spawning success, 
incubation success, Mackenzie River seasonal 
discharge patterns and year-to-year variations in 
prevailing winds and temperature conditions may 
influence the migration success of least cisco along 
the Beaufort Sea coast. This success perhaps may 
be measured by the numbers of y-o-y making 
upstream migrations in more distant streams in any 

given year. It could be surmised that streams closer 
to the Mackenzie Delta offer the safest refuge for 
young-of-the-year. After residing in lakes for for 1-3 
years, least cisco may return to the coast to join a 
coastal migratory group of fish that possess the 
strength and energy reserves to range further along 
the coast and use additional streams, such as 
Kukjuktuk Creek, for feeding and overwintering. 

Growth. sex and maturitv: The growth rate for 
least cisco from Kukjuktuk Creek (Fig. 26) was 
similar for 1978 and 1979. Fish grow rapidly in 
fork length up to age 4 years, reaching an average 
size of 262 * 25.5 mm (1 979 data) before continu- 
ing at a moderate growth rate for age 4 to 10 years. 
There were several instances where the average 
size between the sexes was significantly different at 
some ages (Table 23, 25, A4.9, A4.11 and A4.12). 
In all cases, females were larger than males. 
Compared to earlier Mackenzie Delta fish data (Fig. 
271, the Kukjuktuk Creek least cisco demonstrated 
a faster growth rate than those collected in the 
Aklaviklwest Delta area, the Arctic Red River area 
(Stein et at. ( 1 9 7 2 ~ )  and the outer Delta (Percy 
19751. Coastal collections taken closer in time to 
this study include Tuktoyaktuk Harbour (Bond 
19821, Freshwater Creek (Bond and Erickson 1982) 
and the coastal stations in the Richards 
Island/ruktoyaktuk Peninsula (Lawrence et al. 
1984). Inspection of the growth curves from these 
areas showed that all three lie between the Arctic 
Red River and Kukjuktuk Creek curves shown in Fig. 
27. The Kukjuktuk Creek fish growth curve was 
almost identical to the growth curve for the lake 
resident form of least cisco collected in the Tuktoy- 
aktuk Peninsula lakes by Lawrence et al. (1 984). In 
general, Lawrence et al. (1 984) found that the lake- 
caught least cisco were significantly larger than 
those caught on the coast in 1978 and 1980; 
however, no similar significance difference in 
growth was found in his 1979 survey data. 

The growth curve for Kukjuktuk least cisco 
may be difficult to interpret since it may be a 
composite of two types of least cisco the ratio of 
which is unknown. An interesting aspect from this 
least cisco study, however, was the observation 
that the lake resident form of least cisco was not 
fully confined to the lakes and that a coastal migra- 
tory component existed. In subsequent Tuktoy- 
aktuk Peninsula stream studies, Bond and Erickson 
(1 982, 1985) also encountered both forms in their 



counting fence operations at two streams draining 
into Tuktoyaktuk Harbour, viz. Mayogiak and Fresh- 
water Creek. 

The preceding growth comparisons all 
involved scale aged fish so that the inherent discrep- 
ancies associated with otolith and scale age for the 
same fish were avoided. Both Mann (1974) and 
Bond and Erickson (1985) found that ages from 
both structures agreed for the younger age groups; 
however, scale ages may underestimate age for the 
older fish especially after age 4 years. 

From a total sample of 333 least cisco sexed 
and aged in 1978, 43% of the females and 36% of 
the males were mature (Table 271. The female to 
male sex ratio was 1 :0.7 . The age at maturity for 
both sexes was 5 years. In the following year, the 
youngest mature male and female were age 4 years 
among a total sample of 31 6 fish. With a female to 
male sex ratio of 1:0.6, 32% of the female and 
26% of the males were mature. In concurrent 
coastal studies, the youngest mature least cisco 
was age 5 years along the coast (Lawrence et al. 
19841, 5-6 years for Tuktoyaktuk Harbour and 4 
years for the stream migrants in Freshwater Creek 
(Bond and Erickson 1985). Age 5 years was the 
minimum age of maturity reported for migratory 
least cisco in the earlier Delta surveys (Stein et al. 
1973c; Percy 1975). In the East Channel area, 
mature males ranged in age from 4 to 8 years and 
females from 5 to 8 years (Chang-Kue and Jessop 
1992). 

While the two least cisco forms were seen in 
both the upstream and downstream traps during late 
August and September, it became apparent that 
mature and ripe females of the lake resident form 
were only observed in the upstream run while 
maturetripe females in the downstream run were the 
anadromous variety. Since the upstream run of ripe 
lake type least cisco in the fall indicated that spawn- 
ing was occurring in the lake system, it was likely 
that some of these fish had come down from the 
lakes earlier in the season and were returning 
upstream after a summer of feeding in the Mac- 
kenzie estuary, along the coast, or in some other 
drainage. Some tagging data, discussed in a section 
that follows, may support this speculation. While 
migrations of the lake-resident type of least cisco 
may have involved only Kukjuktuk's resident popula- 
tion, we cannot dismiss the possibility that migra- 

tions of the lake-resident types may occur between 
adjacent drainages. 

The length-weight relationship for least cisco 
in Kukjuktuk Creek in 1979 (pooled upstream and 
downstream fish: N = 576, range 75-392 mm fork 
length) was described by the equation: 

Log,, W = 3.207(log,, L) - 5.52 

SD, = 0.063 

Separate calculations for male and female 
least cisco for the upstream and downstream runs 
for each year produced different values for slopes 
and intercepts (Table 28). Analysis of covariance 
between males and females showed significant 
difference between intercepts and slopes in all 
cases. Analysis between males and between 
females in the upstream and downstream runs 
showed instances of significant differences between 
the slopes and intercepts for females in 1978 and 
between intercepts for males in 1978. The signifi- 
cance and interpretation of the data is not clear 
because of the unknown mix of the two forms of 
least cisco that occurred at Kukjuktuk Creek. 

Taaaina data - miarations within Kukiuktuk 
drainaa~: A total of 2 023 upstream migrants and 
153 downstream least cisco migrants were tagged 
and released at Kukjuktuk Creek in 1978 and 1979 
(Table 31. Five fish were also tagged in the estuary 
between 25 June and 10 July 1979. Potential 
recapture sites during the study were the fence 
sites, Kukjuktuk Bay and the upstream lakes 
sampled by the lake survey crew. 

Three least cisco tagged in 1979 at the mouth 
of Kukjuktuk Creek were recaptured (Table 1 1 ). All 
were recaptured at the upstream trap 4-1 9 days 
after release. The lake survey crew, using survey 
gillnets and stream hoopnets, recaptured only four 
of the upstream migrants released at the fence site 
(Table 12). One fish was taken in Lake 10 and 
another in the stream connecting lake 10 and 11 
(Fig. 2, Loc KL092) ten days after release. The 
other two were recaptured in Lake 18 on 17 Sep- 
tember 1979, 24-25 days after release. No least 
cisco tagged in 1978 were recaptured in the lake 
surveys. 



Tagged upstream migrants that returned 
downstream later in the same season indicated that 
least cisco may spend up to 95 days in the lake 
system before leaving the watershed (Table 13). 
The distribution of 5-day time intervals spent in the 
headwaters seemed to indicate 2 modes each year. 
Of 1 45 upstream migrants exhibiting this behaviour 
in 1978, 41 % stayed up to 15 days and 38% 
stayed from 26 to 40 days. Of 282 upstream 
migrants exhibiting this behaviour in 1979, 37% 
stayed less than 15 days and 35% stayed for 21 -35 
days. One explanation for the short stay demon- 
strated by some fish each year was handling stress. 
Least cisco did not recover from the tagging pro- 
cedure as well as broad and lake whitefish. Many 
tagged fish returned downstream in an apparent 
weak condition and appeared unable to continue 
upstream, especially during peak migrations when 
crowding in the reach above the fence occurred. 
These fish made up the bulk of the recorded down- 
stream migrants. The peak length of time spent on 
the one season's feeding foray by least cisco was 
shorter than the lake and broad whitefish by about 
1 5 days in 1978 and 5 days in 1979. 

The recaptures, in 1979, of tagged fish from 
1978 showed that least cisco could survive the 
stress of the tagging procedure (Table 14). The 
first-time recapture of 51 fish in the downstream 
trap in 1979 indicated that some of the 1978 
upstream migrants had overwintered for one winter 
before returning to the coast. Some of these even 
spent their second summer of feeding in the lakes 
before returning downstream 386-400 days after 
their release at the upstream trap in 1978. 

Another set of tag returns involved the recap- 
ture, in the upstream trap for the first time, of a 
group of least cisco that was tagged in the down- 
stream run in 1 978 (Table 14). The return of 16 
least cisco out of 143 released showed that there 
was a migration fidelity of 1 1 % for Kukjuktuk Creek 
between two consecutive years. 

A final set of tag returns showed that some 
least cisco tagged going downstream did indeed 
return upstream later in the summer (Table 15). 
Eleven of 143 least cisco tagged in 1978 returned 
upstream after spending from 5 to 31 days either in 
the lower reaches of Kukjuktuk Creek or in adjacent 
coastal waters. Data records show that these fish 
had been tagged in late July or mid-August and 

were recaptured returning in August or mid-Septem- 
ber, respectively. Ranging in age from 4 to 8 years, 
these ciscoes averaged 31 5 mm in fork length 
(range: 267 to 355 mm). Only one of 10 down- 
stream migrants tagged in 1979 (312 mm fork 
length) returned upstream after 48 days. While the 
records did not distinguish what particular form of 
least cisco were tagged in either year, it is possible 
that these individuals may have been the lake 
resident type of least cisco that had gone to the 
coast on a summer feeding migration. Mature 
spawning least cisco seen in the upstream run in 
late August 1979 were only the lake resident type. 
Data records show that the fork lengths of 9 of 
these 12 fall returnees were greater than 301 mm, 
consistent with the 301-325 mm size interval of 
least cisco that reappeared in mid-August in both 
1978 and 1979 (Fig. 25). 

Taaaina data - miarations outside Kukiuktuk 
drainaae: Only two least cisco from Kukjuktuk 
Creek have been recaptured by the subsistence 
fishery in Tuktoyaktuk Harbour. Both fish, tagged 
in 1978, were recaptured in July 1 979. 

A single least cisco recaptured on 25 July 
1978 by a domestic fisherman at East Whitefish 
Station (Fig. 13, Loc. EW100) did not originate from 
Kukjuktuk Creek. Records show that this fish was 
tagged and released on 28 June 1978 at the out- 
flow of a headwater lake in Canyanek Creek (Fig. 
131, another coastal drainage west of Tuktoyaktuk 
Harbour (M. Lawrence, unpublished data). It is 
thought that the migratory path of this fish may be 
representative of least cisco from other coastal 
drainages. The low recapture rate of least cisco 
may reflect a high mortality rate among tagged fish 
returning to the coast. The most likely reason, 
however, is the use of large mesh gillnets by subsis- 
tence fishermen to catch the larger coregonid 
species; consequently, few least cisco are taken in 
the local fishery. 

There has been no record of recaptures in the 
Delta to provide direct evidence that some of the 
least cisco migrations in the Delta originate from the 
coastal populations; however, the eventual destina- 
tion of mature individuals of the anadromous form 
of least cisco from Tuktoyaktuk Peninsula streams 
is believed to be the Mackenzie River. Females in 
an advanced state of maturity were observed in the 
downstream run at Kukjuktuk Creek in mid-August 



and none were seen going upstream. It seems likely 
that these mature fish were spawning least cisco 
moving toward the Delta. 

Fish in the 276-350 mm length group domi- 
nated the downstream migrants at Kukjuktuk Creek 
from mid-July to mid-August (Fig. 25). Chang-Kue 
and Jessop (1 992) observed that gillnet catch-per- 
unit-of-effort for least cisco in the East Channel 
locations in 1980 increased by a factor of 2 to 23 
times in September after a period of low catches in 
July and August. This timing of an influx of least 
cisco into the Mackenzie Delta seemed to follow the 
timing of mature least cisco leaving coastal streams 
as observed at Kukjuktuk Creek. Almost all (97%) 
of the least cisco captured in the upper Delta in 
September-October 1981 were 251 -325 mm in fork 
length with the 276-300 mm length interval ac- 
counting for 62% of the sample. The percentage of 
least cisco with maturing gonads was greatest 
during the month of August in the lower East 
Channel and it was thought that these fall migrants 
eventually reach sites in the upper Delta and lower 
Mackenzie River. Almost all of the least cisco 
encountered in the upper Delta in September and 
October 1 981 by Chang-Kue and Jessop (1 992) 
were mature, spawning fish. 

Overwintering: The tagging program established 
that least cisco overwintered in lakes of the Kuk- 
juktuk drainage. Immature least cisco leaving 
Kukjuktuk Creek were most likely migrating to over- 
wintering areas on the coast. Least cisco have been 
taken under the ice in coastal areas near Hendrick- 
son Island (Percy 1975) and Tibjak Point (Galbraith 
and Hunter 1975). Under-ice catches in sheltered 
coastal bays have also been made at Mallik Bay 
(Percy 1975) and at Tuktoyaktuk Harbour (Bond 
1982). The lower East Channel of the Delta would 
also offer suitable overwintering conditions because 
of the constant winter flows and deep sub-ice 
channel. The high proportion of immature fish 
accompanying the presence of mature fish into this 
area in September provided evidence for Chang-Kue 
and Jessop (1992) to conclude that the lower 
section of East Channel, from Tununuk Point to 
Kugmallit Bay, is a significant overwintering area for 
least cisco. Although no data are available, it 
appears likely that post-spawning least cisco return 
downstream in the late fall to use the same over- 
wintering sites as the non-spawning members of the 
population. 

SUMMARY 

Kukjuktuk Creek has an important role in the 
life cycle of broad whitefish, least cisco and lake 
whitefish populations. The most obvious function 
appears to be its use as a migratory corridor 
between coastal waters and inland tundra lakes. 
While each species displays its own unique 
upstream and downstream migration pattern over 
the short streamflow period, the overall purposes 
are similar. Upstream migration activity appears to 
be related to specific age groups proceeding to 
areas within the network of lakes offering nursery, 
summer feeding and overwintering habitats. Down- 
stream migrations involve a return of a large group 
of immature fish to overwintering areas outside the 
lakes while another group, consisting of mature fish, 
migrate further to spawning grounds. Except for 
the appearance of some mature lake resident form 
of least cisco among fall upstream migrants, there 
is no evidence of any major spawning migrations 
going up Kukjuktuk Creek. 

Kukjuktuk Creek coregonids appear to orig- 
inate from the populations of broad whitefish, lake 
whitefish and least cisco in the Mackenzie Delta. 
Schools of these species are most prominent during 
annual spawning migrations in the lower Mackenzie 
River and its major tributaries. While the size and 
age composition of these mature fish were well 
documented in earlier Delta studies, data on the fry 
and immature segments of the populations were 
lacking until we began to study the coastal fishes. 
The large numbers of migrants in Kukjuktuk Creek 
as well as data on migration timing, length-fre- 
quency, age composition and tagging collectively 
provided evidence to link coregonid populations in 
this coastal drainage with those in the lower Mac- 
kenzie River. This study revealed the important role 
of distant habitats, migration routes and migration 
behaviour to the non-spawning segments of some 
Mackenzie Delta coregonid populations. 

BROAD WHITEFISH 

Broad whitefish is by far the most important 
stream migratory fish species, comprising 94.2% of 
the total migratory fish count over the two-year 
study. By early June the oldest and largest 
upstream migrants appear to have migrated under 
the ice to the mouth of Kukjuktuk Creek from 



overwintering areas located in the outer Delta and 
coastal bays. These fish are among the first 
upstream migrants at stream ice-out. As the sum- 
mer proceeds, progressively smaller size ranges of 
immature and juvenile broad whitefish arrive on their 
way to the upstream network of lakes. After 
foraging in the lakes during the short summer 
season, many leave the lakes and migrate down the 
stream to return to the coast by late summer; some 
fish however, may skip this return migration and 
stay the winter in the lakes. A similar but less 
pronounced change in size range with time occurs 
in the downstream run. 

Fish smaller than 200 mm, representing mainly 
0 + and 1 year old fish, may comprise up to 88% of 
the upstream run. After being flushed from the 
spawning grounds into Kugmallit Bay by the spring 
freshet, y-o-y broad whitefish appear in Kukjuktuk 
Creek by midJuly from which time they dominate 
the upstream run until late August. The Mackenzie 
Delta channels do not appear to be important 
nursery habitat for this species since fry and year- 
lings are virtually absent; some fry, however, do 
inhabit Delta lakes in the summer. The yearlings 
that accompany the y-o-y fish at Kukjuktuk Creek 
are most likely the proportion of the previous year's 
fry that used such alternate nursery habitats before 
appearing in coastal streams in their second year. 
The retention of these fry and yearling fish in the 
Kukjuktuk lakes at the end of the streamflow period 
indicate that this coastal drainage is a significant 
nursery and overwintering habitat for broad 
whitefish. 

Broad whitefish fry appear to take up resi- 
dency in the lakes for up to 5 years although some 
migrate out as early as age 2 years. Excluding fish 
smaller than 200 mm, the largest group of stream 
migrants are 4 to 10 year old fish (276-425 mml, 
suggesting that after age 3 or 4, broad whitefish 
behaviour include annual migrations between over- 
wintering sites in the nearshore coastal areas and 
summer feeding areas in the lakes. Coastal over- 
wintering sites for immature Kukjuktuk Creek broad 
whitefish include Tuktoyaktuk Harbour, Whitefish 
Bay and the East Channel of the Mackenzie Delta. 
Broad whitefish at the age of first maturity (7-8 
years) are among the earliest downstream migrants 
undertaking the more distant migrations to spawn- 
ing areas in the Mackenzie River. The latter group 
also include some adult fish that were residents in 

the lakes for one or more years before leaving the 
system on a spawning migration. 

The migration behaviour of mature broad 
whitefish from a coastal drainage appears to be as 
'follows. After one or more seasons of feeding in 
the lakes, mature broad whitefish migrate out of the 
lakes in mid-July. They migrate westwards along 
the nearshore zone towards the Mackenzie Delta, 
bypassing overwintering bays used by immature fish 
and reaching the lower East Channel in about a 
week. Sites well upstream in the East Channel may 
be reached within two weeks as migrants proceed 
through this main access channel into the Delta; 
such fishes are among the earliest groups of 
migrants going through the main Delta Channels 
during August and September. The large numbers 
seen in September and October in major channel 
backeddies, such as Horseshoe Bend in the Middle 
Channel, are thought to represent mature fish 
holding in pre-spawning aggregation sites before 
spawning. While some broad whitefish may pause 
in the Delta, others may proceed further upstream 
toward more distant aggregation and spawning 
sites. By late October or early November, broad 
whitefish may be in the vicinity of their spawning 
grounds in the mainstem Mackenzie or major tribu- 
taries. The Arctic Red River, Peel River and the 
main stem Mackenzie River at Fort Good Hope and 
Ramparts Rapids are known migration destinations 
of spawning fish from Kukjuktuk Creek. 

LAKE WHITEFISH 

Lake whitefish is the third most abundant 
species (1.9%) in the migrations at Kukjuktuk 
Creek. Upstream migrations begin at the same time 
as broad whitefish but are shorter in duration, 
lasting only 4-5 weeks. In marked contrast to the 
broad whitefish, only older juveniles and adult fish 
from age 7 to 14 years (301-475 mm) are promi- 
nent in the upstream run. The largest fish are the 
first to appear, followed by smaller length classes as 
the season progresses. A proportion of each 
season's run spend one summer in the lakes while 
the rest take up lake residency for at least one year. 
The return migration of such residents to the coast 
in subsequent years can create a larger downstream 
run. The downstream run begins as the upstream 
run ends. Immature migrants overwinter in coastal 
bays and outer Delta areas such as the lower East 



Channel while the mature fish migrate into the Delta 
where they contribute to spawning runs in the lower. 
Mackenzie River and Arctic Red River. 

Coastal drainages are not as important to lake 
whitefish young-of-year and juveniles up to age 6 
1 < 275 mm fork length) since they amount to--less 
than 4% of the upstream count of lake whitef i i . .  
Nursery habitats and foraging areas for fry and small; 
juveniles (20-1 60 mm) are located in Mackenzie 
Delta lakes and main Delta channels. Yearlings and 
juveniles (1 50-250 mm) are common in large adjac:' 
ent coastal bays such as Tuktoyaktuk Harbour. 
where both summer feeding and suitable over-* 
wintering conditions occur. 

LEAST ClSCO 

Least cisco is the second most abundant 
species (3.9%) in the migrations at Kukjuktuk 
Creek. Both the anadromous and lake-residm 
variety of least cisco are present in the upstream' 
and downstream migrations. 

Upstream migration of least cisco begin 5-1 0 
days later than the other coregonids with th8 ' 
majority of the run lasting 4-5 weeks. Like lake 
whitefish, only older juveniles and adult fish from 
age 4 to 9 (200-425 mm) are involved in the migra-s. 
tions. The largest fish migrate first, followed by the- 
smaller length classes as the season progresses. 
Some upstream migrants stay only one season i n  
the lakes while others take up residency and may! 
return as downstream migrants the following year. 
Downstream migration also begins as the upstream 
run ends. Juvenile least cisco return to overwinter- 
ing areas in adjacent coastal bays and the lower 
East Channel of the Mackenzie Delta. Many down- 
stream migrants, in obvious mature spawning 
condition, most likely contribute to the fall spawning 
migrations in the Mackenzie Delta. A small concur- 
rent upstream migration of mature lake-resident type 
cisco also occurs in August at Kukjuktuk Creek. -' 

.- . 

Least cisco are similar to lake whitefish Hiith 
respect to the limited use of Kukjuktuk Creek by 
y-o-y and small juveniles up to age 3 years (< 200 
mm fork length). Delta lakes and main chnnel 
areas in the lower Delta are prime nursery areas for 
y-o-y and yearling cisco although y-o-y do app&rr in 
coastal waters by mid-summer. These smatl fish 

then appear-to dominate the upstream run of least 
cisco during August and September in some 
streams, such as Freshwater Creek, which are 
characterized by their close proximity to the Mac- 
kenzie Delta. 

COASTAL DRAINAGES 

Kukjuktuk Creek proved to be a suitable 
choice for a fish fence operation to determine the 
role of a southern Beaufort Sea freshwater system 
in the life history of coastal coregonids. Kukjuktuk 
Creek, which provides a stream corridor to habitats 
in the network of accessible headwater lakes and 
ponds, probably represents the general situation 
occurring in several other Tuktoyaktuk Peninsula 
drainages between Whitefish Bay in the west and 
McKinley Bay in the east. 

The tagging data on the return migration 
between 1978 and 1979 show that migration 
fidelity to Kukjuktuk Creek varied: 10% for broad 
whitefish, 21 % for lake whitefish and 1 1 % for least 
cisco. The availability of adjacent drainages prob- 
ably contributes to the low percentages and can be 
viewed as an important advantage by allowing the 
distribution of migratory members of each species 
over a wide area encompassing several watersheds. 
A coastal population will not be seriously compro- 
mised if migration opportunities become altered by 
natural events such as climatic variations or physical 
barriers brought on by coastal or watershed 
erosional processes. 

The migration strategy of using distant habi- 
tats adds further advantages for a fish species. 
Access to the networks of lakes and ponds on 
Tuktoyaktuk Peninsula significantly increases the 
area of feeding habitats. While the network of 
Delta lakes may seem more accessible, the annual 
flooding in the numerous delta lakes by the turbid 
Mackenzie River spring freshet may render them 
less productive in comparison to the peninsula lakes 
because of low light penetration and siltation. 
Lakes in the tundra watersheds may therefore have 
an advantage with respect to primary production. 
However, investigations by Fee et al. (1 988) found 
that differences in phytoplankton productivity were 
not significant during their study to support such a 
conclusion. The lack of additional mid-season flood 
events of the type experienced in the Delta may be 



a factor providing some advantage to tundra lakes. 
The relative stable conditions may support optimum 
foraging conditions over the short summer for the 
smallest planktivorous whitefish as well as the 
older, benthivorous whitefish. Competition with 
other coregonid species is minimized for the fry and 
small juvenile broad whitefish by their apparent 
greater ability to inhabit tundra lakes within their 
first year. 

The presence of overwintering habitats in the 
deeper lakes of the Tuktoyaktuk Peninsula increases 
the probability for fish survival. Optimum growth 
may be realized for the early year classes of fish 
since no energy is expended in annual long distance 
migrations. These same lakes also appear to pro- 
vide alternate overwintering areas for the older 
juveniles and sub-adults that do not return to 
coastal overwintering sites. Such partitioning of the 
population over several sites ensures better survival 
over the winter and a greater chance for population 
members to prevail should a catastrophic event 
occur in one area or along a narrow stream migra- 
tion corridor. 

The lack of predators in key habitats would 
ensure better survival for coregonid populations. 
Although tundra lakes do harbour predatory fish 
such as burbot and northern pike, it is thought that 
their population density may be considerably less 
than those in the Delta lakes and secondary chan- 
nels where pike are most conspicuous. Taylor et al. 
(1982) believed that these two predators may be 
the major limiting factor to the production of small 
coregonids in Delta lakes. They estimated that pike 
consumed from 4 to 54 times more fish biomass 
than what actually escaped from Delta lakes into 
the main Delta channels at the end of the growing 
season. 

While all these factors may contribute to the 
integrity and survival of coastal coregonid popula- 
tions, the migration corridors linking habitats may 
make the coastal broad whitefish population ex- 
tremely vulnerable with respect to impacts by 
industrial developments. The most sensitive link in 
the life history use patterns of fish in the Kukjuktuk 
drainage is the creek itself. Any blockage of a 
small, seemingly minor tundra streams as a result of 
a road or pipeline crossings may disrupt several life 
history stages of fish, as no alternate route is 
available for the migrations. The routing of such 

linear facilities along the peninsula to McKinley Bay, 
a possible scenario for regional hydrocarbon devel- 
opment, may compound the possible impacts since 
several drainages will have to be crossed. On a 
larger scale, the reduction or timing of the Mac- 
kenzie River discharge pattern as a result of a major 
or cumulative series of hydroelectric developments 
in the upper Mackenzie drainage may disrupt the 
timing and extent of the coastal freshwater migra- 
tory corridor. Access along the coastline would be 
limited, thereby reducing opportunities to use 
coastal drainages by the non-reproductive segments 
of broad whitefish, lake whitefish and least cisco 
populations. 

We have no appreciation of the variations in 
the number of migrants or migration timing since 
our interpretations and conclusions were based on 
a small time window of only two years on Kukjuktuk 
Creek. The data on retention of fish in the system 
may be influenced greatly by a variety of events 
occurring in the headwater lakes. Variations in 
summer rainfall, run-off and resulting inter-lake 
creek flows may isolate fish in certain lakes and 
prevent an exit to the coast for that year. Mortality 
due to entrapment in shallow foraging lakes or in 
shallow creeks may be significant in certain years. 
Although there is a strong behavioural component in 
the migrations, such natural variations in the 
regional climatic and physical environment might 
have a major influence on migration into a particular 
watershed and the degree of fish interchange 
among several watersheds. 

RECOMMENDATIONS 

There is still a need to acquire additional 
knowledge on coastal fish populations and their 
habitats even though our current understanding of 
the habitat types located over a wide geographic 
area has been enhanced. Although subsequent 
studies at other coastal streams have reaffirmed our 
conclusions on migrations and coastal watersheds, 
there are still many aspects of coastal fish popula- 
tions that have not been addressed. Lawrence et al. 
(1 984) provided a series of recommendations for 
further research to address the variety of data gaps 
on fish species, populations and habitat use in other 
areas of the southern Beaufort Sea. The underlying 
aim was to collect information on a large scale to 



address industrial development projects affecting 
many habitats and many drainages. 

On a smaller scale, it would be more prudent to 
direct any further research towards the entire 
Kukjuktuk drainage and to approach it as a represen- 
tative coastal system in a long term scientific study. 
Aspects such as fish utilization patterns in its lakes, 
winter survival plus natural variations in climate, 
streamflow, fish migration and population structure 
are unknown. The annual fall migrations of corego- 
nids, especially the broad whitefish, are historically 
harvested by a succession of subsistence fishermen 
from Tuktoyaktuk to Fort Good Hope. With the 
current downtrend on hydrocarbon exploration and 
development, the emphasis on data needed to 
facilitate assessment of industrial development 
impacts has shifted towards data needed to address 
aspects of subsistence harvests and a potential 
commercial fishery. 

Any research effort in this Southern Beaufort 
region must incorporate both a harvest and a fish 
status component. There is a need to document 
accurately the annual coastal and Delta subsistence 
harvests in terms of effort and comprehensive catch 
data on species taken, maturity, age and length 
composition. The fish status component should be 
a concurrent program aimed at monitoring the 
migrant populations at Kukjuktuk Creek and at least 
one other coastal stream. Ongoing and long term 
information on the status of the coastal fish in 
relation to environmental influences and fish har- 
vests will contribute to the formulation of fish 
management strategies in the region. 
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Table 1. L i s t  o f  f i s h  species captured a t  Kukjuktuk Creek i n  1978 and 1979. 

Family and s c i e n t i f i c  name Common name Code 

Salmonidae 

 oreg go nus c Zupeaformis ( M i  t c h i 1 1 ) Lake w h i t e f i s h  

Coregonus nasus ( Pa 1 1 as ) Broad w h i t e f i s h  

Coregonus sardineZZa Valenciennes Least  c i s c o  

SatveZinus atpinus (Linnaeus) A r c t i c  char  

Osmeri dae 

Hypomesus 02idu.s (Pal 1 as) 

Osmerus mordax den;tex 

Esoci dae 

Esox Zucius Linnaeus 

Co t t i dae  

Pond smel t  

Rainbow smel t  

Nor thern  p i k e  

MyoxocephaZus quadricomis ( L i  nnaeus) Fourhorn scu l  p i  n 

Gasteroste idae 

Pungitius pungitius ( ~ i  nnaeus ) Ni  nespi  ne s t i  c k l  eback 

P l  euronect idae 

PZatichthys steZZatus (Pal 1 as) S t a r r y  f 1 ounder 

L KWT 

BDWT 

LSCS 

CHAR 

PDSM 

RNSM 

NRPK 

FHSC 

NSSB 

STFL 



Table 2. Total number of each fSsh species counted a t  the K u k j u k t u k  Creek 
counting fence in 1978 and 1979. 

- - - -- - - - - 

Number of Fish 

1978 1979 

Species Upstream Downstream Upstream Downstream 
Trap Trap Trap Trap 

Broad whi te f i  sh 

Lake whi te f i  sh 

Least cisco 

Starry flounder 1 2 3 0 

Northern pike 0 0 0 1 

Arctic char 

Ninespine stickleback 

Pond smel t 0 0 0 a 

Rainbow smelt 1 0 0 0 

Fourhorn sculpin 1 0 0 0 

TOTAL 86 384 33 720 1 118 097 112 061 

a no accurate count - too small for  capture in traps 



Table 3, Total nuhers  of broad whftefish, lake whi te f ish and least  cisco tagged and released a t  the Kukjuktuk Creek upstream and downstream 
t rap  i n  1978 and 1979. 

Long Yellow Tags Short Yellow Taqs Long Green Tags Lonq Oranqe Taps L iqh t  Blue Taqs Total Total 

1978 1979 1978 1979 1978 1979 1979 1978 1979 1978 1979 - ----- 1978 - - - -  
U D  U D  U D U D  U D  U D  U D U D  U D  U D  U O U D  U 0 

Sroad 209 0 426 0 1636 0 1700 0 D 821 0 167 0 61  295 0 0 0 0 0 1845 882 2422 167 4267 1049 
whi te f ish 

Lake 14 0 264 1 354 3 389 0 0 42 0 23 0 0 178 0 19 0 0 0 387 45 831 24 1218 69 
whitef ish 

Least 
c i  sco 

Total 558 0 693 1 2722 3 2286 0 0 999 558 200 0 68 672 0 19 0 0 0 3299 1070 4209 201 7508 1271 

U = Upstreal11 trap; O = Downstream t rap.  



Table 4. Mean f o r k  length  and rncan cond l t lon  fac to r  (K) by sex f o r  each age group o f  a l l  broad v h l t e f i s h  sanpled from the  upstrean and 
downstream r u n  a t  Kukjuktuk Creek I n  1978. 

Scale Males Fema 1 es Sex Unknown Conbi ned 
Age 
i v r l  N Meat+ S.D. Ranqe K N Mean S.D. Range K N Mean S.D. Range N Mean S.D. Range t - t e s t  

Total 152 343 70.8 93-484 157 326 75.8 133-474 2001 347 71.1 61-552 2310 345 71.5 61-552 

a ~ u r k  length (mn]. 

Table 5. Length-frequency d i s t r i b u t i o n  by age group f o r  a l l  broad w h i t e f i s h  sampled from the  upstream and 
downstream r u n  a t  Kukjuktuk Creek i n  1978. 

= 
Fork Scale Ase ( v r )  - .. , 

Length - 
(mm) 0 1 2  3 4 5 6  7 8 9  10 11 12 1 3 1 5  Tota l  

To ta l  23 160 9 1  196 166 237 458 651 318 80 30 12 5 4 2 2433 

Note: Some a d d i t i o n a l  ages from l i v e  sample o r  tagged f i s h  d a t a  a r e  inc luded.  



Table 6. Mean fork length and m a n  condition factor (K) by sex for each age group of all broad whitefish sanpled from the upstream and 
downstrean run at Kukjuktuk Creek in 1979. 

Scale Males Females Sex Unknown Combined 
Age 

( Y ~ )  N MeanaS.0. Range K N Mean S.O. Range K N Mean S.D. Range N Mean 5.0. Range K 

Total 139 348 66.4 122-535 99 330 71.2 130-515 252 110 33.3 78-420 540 246 136.5 59-535 

a ~ o r k  length (m). 

Table 7 .  Length-frequency d i s t r i b u t i o n  by age group for  a l l  broad whi te f ish  sampled from the upstream and 
downstream run a t  Kukjuktuk Creek i n  1979. 

Fork Scale Age ( y r )  
Length 

(mm) 0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  Total  

Total 

Note: Some addi t iona l  ages from l i v e  sample o r  tagged f i s h  data a r e  included. 



Table 8. Age spec i f ic  sex r a t i o . a n d  matur i ty  f o r  broad whi te f ish  sampled a t  Kukjuktuk Creek i n  1978 and 1979. 

Scale Female Male Sexed Fish Unsexed Fish Total  

% N % F/M 
% Mature % Mature Rat io  N ( % I  

1978 
Fish 

Total  157 51 1 152 49 0 1.0 309 (100) 131 440 (100) 

1979 
Fish 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Total  99 34 7 189 66 5 0.5 288 (100) 254 542 (100) 



Table 9. Age s p e c i f i c  sex r a t i o  and matu r i t y  f o r  broad wh i te f i sh  taken i n  the  lower Mackenzie D e l t a  
(June- August 1980) and from a winter  sample (November 1980) i n  the  Delta. Peel R ive r  and 
A r c t i c  Red River. 

Scale Female Male F I M  Tota l  
Age 
(yr) N 

% N % Ra t io  
% ,Mature % Mature N % 

June - August 1980 
Fish 

0 0 
1 0 
2 0 

Tota l  240 43 75 324 5 7 57 

November 1980 
Fish 

0 0 - - 0 - - - 0 
1 0 - - 0 - - - 0 
2 0 - - 0 - - - 0 
3 0 - - 0 - - - 0 
4 0 - - 0 - - - 0 
5 0 - - 0 - - - 0 
6 0 - - 0 - - - 0 

To ta l  

Data from Chang-Kue and Jessop (1992) 



Table 10. Length-weight r e l a t i o n s h i p s  f o r  broad w h i t e f i s h  f r o m  Kukjuktuk Creek i n  1978 and 1979. 

A n a l y s i s  o f  Covariance 
Length 

Group N R a n e  Y- In te rcep t  Slope I n t e r c e p t  Slope 

(my (a )  ( b  1 SDb M v s  F M v s M  F v s  F A l l  vs A l l  M v s  F M v s M  F v s  F A l l  vs A l l  

1978 
Upstream Ma 100 93 - 442 -5.754 3.328 0.109 

F 108 161 - 445 -5.569 3.256 0.086 
A l l  347 6 1 - 4 9 0  -5.457 3.212 0.027 

Downstream M 53 153 - 484 -5.550 3.268 0.112 
F 49 1 3 3 - 4 7 4  -5.811 3.364 0.123 

A1 1 144 87 - 484 -5.509 3.249 0.050 

Upstream +) All 
Downstream 491 61 - 490 -5.480 3.226 0.026 

1979 
Upstream M 201 117 - 440 -5.215 3.125 0.077 

F 76 1 0 8 - 4 1 1  -5.387 3.195 0.098 
A l l  1083 57 - 444 -5.384 3.192 0.029 

Downstream M 121 154 - 557 -5.509 3.250 0.075 
F 98 1 2 9 - 5 1 5  -5.813 3.369 0.108 

A1 1 296 5 9 - 5 5 7  -5.773 3.354 0.049 

Upstream + I  A l l  1379 57 - 557 -5.461 3.226 0.025 Downstream 

a# = Male; F = Female; Al.l .= t.lale + Fer,iale + Unsexed f i s h .  
A S i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l .  
O S i g n i f i c a n t  d i f f e r e n c e  a t  1% l e v e l .  



Table 11. Dates of tagging and recapture, location of recapture, and elapsed time between release and 
recapture for fish tagged at the mouth of Kukjuktuk Creek in 1979. 

- P P - -. 
Recapture Data 

at Upstream T r a ~  at Downstream Trap 

Tagging Date Elapsed Elapsed 
Species Tag Number at Creek t.loutha Date time (days) Date time (days) 

Broad whitefish LB 01597 
LB 01603 
LB 01618 
LB 01621 
LB 01625 
LB 01631 
LB 01647 
LB 01652 
LB 01707 
LB 01708 
LB 01710 
LB 01711 
LB 01724 
LB 01796 
LB 01800 

12 July179 
2 July179 

30 June179 
1 July179 
1 July179 
7 July179 
1 Jul y/79 

27 June179 
4 July/79 
3 July179 
2 July179 
1 July179 
2 July179 
13 July179 
16 July/79 

3 Aug.179 
24 July179 
21 July179 
11 Aug.179 
1 Aug./79 
11 Aug.179 
30 July179 
25 July179 
9 Aug.179 

25 Jul yI79 
2 Aug./79 

25 July/79 
23 July179 
11 Aug.179 
24 SeptlB 

Lake whitefish LB 01730 
LB 01797 

Least cisco LB 01624 
LB 01626 
LB 01668 

21 June/79 
21 June179 
23 June179 
24 June179 
24 June179 
24 June179 
24 June179 
26 June/79 
26 June/79 
26 June/79 
26 June179 
26 June179 
26 June179 
1 Jul y179 
1 July179 
1 July179 
6 July179 
7 Jul y/79 

21 June179 
23 June/79 
26 June. 79 
26 June179 
26 June179 
26 June179 
8 July179 

1 Jul y/79 
8 July179 

12 July179 
12 July179 
30 June179 
1 July179 

30 June179 
2 July179 
1 Jul y/79 
4 July179 
5 July179 
1 July179 
1 July/79 
4 July179 
4 July179 
12 July179 
5 July179 
4 July179 
8 July179 
14 July179 

"B. Fallis, personal comnunication. 



Table 12. Dates of tagging and recapture, l o c a t i o n  o f  recapture, and elapsed t ime between re lease 
and recapture f o r  f i s h  tagged a t  the countlng fence and recaptured I n  the headwaters of 
Kukiuktuk Creek. 

Tagging Data Recapture Datab 

F i r s t  Recapture Second Recapture 
Tag Elapsed Elapsed 

Species Number ~ o c a t l o n ~  Date Locat ion Date t ime (days) Location Date t ime (days) 

Broad LY 42446 UT 30 Ju ly /78  UT 2 Ju ly /79 337 LAKE10 3 Aug./79 31 
w h i t e f i s h  LY 43535 UT 13 Aug./78  LAKE^^ 3 Aug./79 355 

LY 43870 UT 18 June/79 ~ ~ 0 9 2  29 June/79 11 DT 27 July/79 28 

SY 00778 
SY 01378 
SY 01934 
SY 03447 
SY 03465 
SY 03470 
SY 03546 
SY 03771 
SY 03774 
SY 03804 
SY 04058 
SY 04224 
SY 04474 
SY 05420 

Lake 
w h i t e f i s h  LY 44233 

SY 04652 

LAKE11 29 June/79 . 
LAKElO 3 Aug./79 

UT 24 June/79 
KL092 29 June/79 
KL092 29 June/79 
KL092 29 June/79 

LAKE11 29 June/79 
KC091 30 June/79 

LAKElO 29 June/79 
 LAKE^^ 29 June/79 

KL092 29 June/79 
LAKE10 29 June/79 
LAKE12 1 July/79 
LAKElO 3 Aug./79 

Least c isco LG 07619 
LG 07725 
LY 44347 
LY 44500 

CAKE18 17 S q t / 7 9  
LAKE18 17 S g t / 7 9  

KL092 '9 June179 
LAKElO 29 June/79 

a~~ = upstream t rap ;  DT = downstream trap; KL = l o c a t i o n  i n  Kukjuktuk drainage (see Fig.2)  

= Headwater l ake  and creek recapture data from Mr. 0. F a l l i s .  personal comunfcat ion.  

Table 13. Time spent i n  Kukjuktuk Creek headwaters i n  one season by broad whitef ish, lake whitef ish and least cisco tagged a t  
Kukjuktuk Creek i n  1978 and 1979. 

Broad Whiteffsh Lake Whiteffsh Least Cisco 
Time Interva l  aU( '78)-O('78) U('79)-O('79) U('78)-O('78) U('79)-0('79L U(' 731-O('78) U('79)-0('79L 

(days) N % N % N x N x N % N 

0 -  5 16 8.6 2 0.1 2 2.9 17 11.7 0 0 46 16.3 
6 - 10 5 2.7 2 0.1 0 0 3 0.6 27 18.6 43 15.2 

Total 

a ~ =  Upstream trap; 0 -  Downstream trap; U('78)-O('78) = Released a t  upstream trap i n  1978 and la te r  recaptured the same year a t  dwnstream trap 



Table 14. Time i n t e r va l  between 1978 release date and 1979 recapture date f o r  broad whitef ish. lake whi te f ish  and least  c isco tagged 

a t  Kukjuktuk Creek i n  1978. 
- 

Time In terva l  UP (1973) - ON (1979Ia Time In te r va l  ON ( 1978) - UP ( 1979) 

(days) BDWT LKWT LSCS (days) 8DWT LKWT LSCS 

. Total 198 100 40 100 5 1  100 88 100 5 100 16 100 

'UP = Upstream trap; ON = Downstream trap; UP (1978) - ON (1979) = released a t  upstream t rap i n  1978 and only recaptured the next year a t  
downstream trap. 

Table 15. Time spent i n  coastal  waters o r  i n  creek below count ing fence by broad wh i te f i sh ,  lake 
w h i t e f i s h  and l e a s t  c i sco  tagged and recaptured w i t h i n  the same year a t  Kukjuktuk Creek 
i n  1978 and 1979. 

ON (1978) - UP ( 1 9 7 8 ) ~  ON (1979) - UP ( 1979) 
Time I n t e r v a l  B VAT LKWT LSCS 80WT LKWT LSCS 

(year )  N x N % N % N % N % N % 

0 -  5 1 33.3 1 9.0 
6 - 10 1 33.3 2 18.2 1 100 2 50 

11 - 15 1 33.3 2 18.2 2 50 
16 - 20 0 0 
21 - 25 2 18.2 
26 - 30 2 18.2 
31 - 35 2 18.2 
36 - 40 
41 - 45 
46 - 50 1 50 
51 - 55 
56 - 60 

Tota l  3 100 0 0 11 100 1 100 4 100 1 100 

a~~ = Upstream t rap;  ON = Downstream t rap;  DN (1978) - UP (1978) = released a t  downstream i n  1978 and 
recaptured the same year a t  upstream t rap .  



Table 16. Mean fork length  and m a n  c o n d i t i o n  fac to r  (K) by sex f o r  each age g r w p  o f  a l l  lake wh i te f i sh  sampled from t h e  upstrean and 
downstream r u n  a t  Kukjuktuk Creek i n  1978. 

Scale Males Females Sex Unknown 
Age 

Comb1 ned 

( y r )  N t4eanaS.D. Range K N Mean S.O. Range K N Mean S.D. Range N Mean S.O. Range t - t e s t  

Total 85 356 48.4 200-430 94 365 45.5 187-447 342 375 30.2 153-450 521 370 41.9 153-450 

a ~ o r k  length (mn). 

Table 17. Length-frequency d i s t r i b u t i o n  by age group f o r  a l l  l ake  w h f t e f l s h  sampled from t h e  upstream and 
downstream run  a t  Kukjuktuk Creek I n  1978. 

Fork Scale Age ( y r )  
Length 

(mm) 0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  15 To ta l  

Tota l  0  0  1 1 1 5  5  9  11 43 110 120 118 60 35 6 525 

Note: Some additional ages fron l i v e  sample or tagged f i s h  d a t a  a r e  inc luded.  



Table 18. Mean fork length and mean cond i t ion  factor (K) by sex for  each age group of a l l  lake whltef ish sampled from the upst rem and 
downstream run a t  Kukjuktuk Creek I n  1979. 

Scale 
b e  

Males F m  1 es Sex Unknown Combined 

( y r )  N meana S.0. Range K N Mean S.D. Range K N Mean S.O. Ranqe N Mean S.D. Range K 

o+ 

Total 128 324 88.6 116-461 100 347 84.9 116-451 42 159 98.4 92-458 270 307 109.5 92-461 

' ~ o r k  length (mn]. 

b ~ i g n i f i c a n t  di f ference bebeen means for males and females ( P  < 0.05). 

Table 19. Length-frequency d i s t r i b u t i o n  by age group fo r  a l l  lake whi te f ish  sampled from the upstream and 
downstream run a t  Kukjuktuk Creek I n  1979. 

Fork Scale Age ( y r )  
Length 

(mm) 0 1 2 3 4 5 6 7 8  9 1 0 1 1 1 2 1 3 1 4  Total 

Total 

Note: Some add l t lona l  ages from l l v e  sample o r  tagged f i s h  data are Included. 



Table 20. Age s p e c i f i c  sex r a t i o  and matur i ty  f o r  l a k e  w h i t e f i s h  sampled a t  Kukjuktuk Creek i n  1978 and 1979. 

Scale Fema 1 e  Ma1 e  Sexed. ,Fi sh Unsexed Fish To ta l  
Age % N F/M 
( y r )  % ~ a t u r e  Mat",, Ra t io  N ( % I  N N ( % I  

1978 
Fish 

0 0 - - 0 - - - 0 
1 0 - - 0 - - - 0 

Tota l  

1979 
Fish 

0 

To ta l  99 44 17 128 56 9 0 . 8  227 (100) 44 271 (100) 



Table 21. Age specif  i c  sex r a t i o  and maturity for lake whitef ish taken I n  the lower Mackenzie De l ta  
(June-August 1980) and from a winter sample (November 1980) I n  the De l ta ,  Peel River  and 
Arc t ic  Red Rlver.  

j Y  - --- .- 

Scale 
Age 
(Y r) 

Fema 1 e Male Total 

N % N % F:/M 
% Mature % Mature Ratio N % 

June - August 1980 
0 0 - - - - - 0 0 
1 0 - - 0 - - - 0 
2 0 - - - - - 0 0 
3 14 74 0 5 26 0 2.8 19 

0 13 0 
(4.4) 

4 8 38 62 0.6 2 1 (4.8) 
5 7 5 8 0 5 42 0 1.4 12 (2.8) 
6 7 5 4 0 6 46 0 1.2 13 (3.0) 
7 3 30 0 7 70 0 0.4 10 (2.3) 
8 11 35 0 20 65 0 0.6 3 1 (7.1) 
9 2 3 49 0 24 51 0 1.0 47 ( 10.8) 

10 31 53 10 27 47 4 1.1 58 (13.3) 
11 2 3 4 1 39 3 3 59 2 1 0.7 5 6 ( 12.8) 
12 30 45 37 36 5 5 44 0.8 66 (15.1) 
13 33 5 7 52 2 5 4 3 64 1.3 5 8 ( 13.3) 
14 21 68 52 10 32 50 2.1 3 1 (7.1) 
15 11 79 27 3 2 1 0 3.7 14 (3.2) 

Total 222 51 2 4 2 14 49 2 1 1.0 4 36 ( 100) 

November 1980 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Total 16 46 94 19 54 95 0.8 3 5 (100) 

Data from Chang-Kue and Jessop (1992) 



Table 22. Length-weight r e l a t i o n s h i p s  f o r  l a k e  w h i t e f i s h  f rom Kuk juk tuk  Creek i n  1978 and 1979. 

A n a l y s i s  o f  Covar iance 
Length 

Group N Range Y - I n t e r c e p t  Slope Db I n t e r c e p t  S l  ope 

(mn) ( a )  ( b )  M v s F  M v s M  F v s F  A l l v s A l l  M v s F  M v s M  F v s F  A l l v s A l l  

1978 
Upstream M~ 62 200-438 -5.849 3.364 0.186 I ' F 74 187 - 421 -5.643 3.288 0.146 

A l l  195 153-439 -5.708 3.313 0.090 

Downstream M 24 228 - 429 -4.872 3.001 0.288 
F 21 362 - 447 -3.444 2.453 1.038 

1'0 ' 1'0 1.. I' 1. 1.. 
A1 1 45 228 - 447 -4.716 2.941 0.304 

Upstream t1 All 
Downstream , 240 153 - 447 -5.729 3.324 0.089 

1979 
Upstream M 60 116-444 -5.883 3.390 0.100 

F 39 116-428 -5.676 3.306 0.149 
A l l  296 101-453 -5.623 3.284 0.051 

Downstream M 77 118-461 -5.771 3.347 0.073 
F 70 129-451 -6.066 3.463 0.095 

A l l  183 73-461 -5.908 3.402 0.044 

Upstream '1 A l l  479 73 - 461 -5.793 3.354 0.034 Downstream 

at.l = Hale; F = Female; A l l  = Male + Female + Unsexed f i s h  
 significant d i f fe rence  a t  5% l e v e l .  
o S i g n i f i c a n t  d i f f e r e n c e  a t  1% l e v e l .  



Table 23. Mean fork length and w a n  cond i t ion  f ac to r  (K) by sex f o r  each age group o f  a l l  leas t  c isco sampled froin the upstream and downstream 
run a t  Kukjuktuk Creek I n  1978. 

-- - 

Scale Ma 1 es Femles Sex Unknown 
Aqe 

Combined 

( y r )  N k a n a  S.D. Range K N Mean S.D. Range K N Mean S.D. Range N Mean 5.0. Range t - t es t  

Total 137 268 39.7 183-361 196 307 44.5 175-394 721 304 32.3 108-415 1054 300 37.9 109-415 

a ~ r k  length (mn). 

b ~ i g n i f i c a n t  difference between means fo r  males and females (P c 0.05). 

Table 24. Length-frequency d i s t r i b u t l o n  by age group f o r  a l l  l e a s t  c l s c o  sampled from t h e  upstream and 
downstream run  a t  Kukjuktuk Creek i n  1978. 

Fork Scale Aqe ( v r )  - .- . 
Length 

(mm) 0 1 2 3 4 5 6 7 8 9 10 To ta l  

To ta l  0 0 2 22 62 205 410 215 164 45 1 1126 

Note: Some a d d i t i o n a l  ages f rom l i v e  sample o r  tagged f i s h  d a t a  a r e  Inc luded.  



Table 25. Mean fork length and man condftlon factor (K) by sex for each age group of a l l  least cisco sampled frm the upstream and downstream 
run at Kukjuktuk Creek I n  1979. 

- --- - - - - - - - -  

Scale 
A g e  

Males Females Sex Unknown Combl ned 
(y r )  N &ma S.D. Range K N Mean S.D. Range K N &an S.D. bngc N Mean 5.0 .  Range K 

Total 117 274 42.0 132-372 199 297 45.9 121-383 13 155 76.8 77-340 329 283 54.0 77-333 

a ~ o r k  length (inn). 

b ~ i g n i f l c a n t  difference between means for males and females (P<O.O5). 

Table 26. length- f requency d i s t r i b u t t o n  by age group f o r  a l l  l e a s t  c i s c o  sampled f rmn t h e  upstream and 
downstream run a t  Kukjuktuk Creek i n  1979. 

Fork Scale Age ( y r )  
Length 
(m) 0 1 2 3 4 5 6 7 8 9 1 0 1 1  To ta l  

Tota l  0  5 13 42 71  146 104 74 34 17 4  1 511 

Note: Some a d d i t i o n a l  ages f rom l i v e  sample o r  tagged f i s h  d a t a  a r e  inc luded.  



Table 27. Age spec i f i c  sex r a t i o  and matur i ty  f o r  l e a s t  c lsco sampled a t  Kukjuktuk Creek i n  1978 and 1979. 

Female Male Sexed F ish Unsexed Fish Tota l  Scale 
Age % N % F/ M 
( Y  r )  % Mature % Mature Ra t io  N ( % I  N N ( % I  

1978 
F ish 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Tota l  

1979 
Fish 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

To ta l  



Table 28. Length-weight r e l a t i o n s h i p s  f o r  l e a s t  c i s c o  f rom Kukjuktuk Creek i n  1978 and 1979. 

A n a l y s i s  o f  Covariance 
-- 

Length 
Group N Ran e Y - I n t e r c e p t  S o e SDb I n t e r c e p t  Slope 

~d ( a )  I bP M V S F  M V S M  F V S F  A l l v s A l l  M V S F  M V S M  F V S F  A l l v s A l l  

1978 
Upstream Ma 95 183 - 361 -6.088 3.445 0.228 

F 128 184 - 389 -5.371 3.144 0.240 IA ]A 
A l l  232 8 6 - 3 8 9  -5.534 3.212 0.127 

Downstream M 44 190 -.342 -5.852 3.356 0.473 
F 69 1 7 5 - 3 9 4  -6.168 3.484 0.311 

A l l  115 175 - 394 -6.035 3.430 0.249 

Upstream' +) A l l  347 86 - 394 -5.606 3.246 0.117 Downstream 

1979 
Upstream M 88 178 - 372 -6.173 3.485 0.244 

F 149 121 - 384 -5.275 3.116 0.177 
A l l  442 78 - 392 -5.431 3.178 0.088 

Downstream M 44 132 - 345 -5.816 3.346 0.316 
F 80 1 2 7 - 3 8 0  -5.249 3.108 0.219 

A1 1 134 75 - 380 -5.609 3.255 0.099 

Upstream +) 
Downstream 576 75 - 392 -5.502 3.207 0.063 

'M = Male; F = Female; A l l  = t la le  + Female + Unsexed f i s h .  
A S i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l .  
O S i g n i f i c a n t  d i f f e r e n c e  a t  1% l e v e l .  
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Fig. 1. Map of the Mackenzie De l ta  and Beaufor t  Sea coasta l  area showing the l o c a t i o n  o f  Kukjuktuk Creek on the 
Tuktoyaktuk Peninsula. 



KUK J U K T U K  

KUKJUKTUK 

LAKE RECAPTURE S l T E  

- STREAM RECAPTURE S l T E  

Fig. 2. The K u k j u k t u k  Creek drainage showing the counting fence 
locations (1978 and 1979) and the identification code 
for  selected lakes and creeks. 
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Fig. 3. Stream discharge, daily water temperature range and air 
temperatures recorded at Kukjuktuk Creek, 1979. 
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F ig .  4. To ta l  number o f  broad w h i t e f i s h  per  week moving through the  
upstream and downstream t r a p  a t  Kukjuktuk Creek, 1978. 
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F i g .  5. T o t a l  number o f  broad w h i t e f i s h  per  week moving through the 
upstream and downstream t r a p  a t  Kukjuktuk Creek, 1979. 
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Fig. 6. The estimated overall length-frequency distribution for broad whitefish in the upstream 
and downstream migrations in Kukjuktuk Creek in 1978. 



BROAD WHITEFISH KUKJUKTUK CREEK 1979 
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Fig. 7. The estimated overall length-frequency distribution for broad whitefish in the upstream 

and downstream migrations in Kukjuktuk Creek in 1979. 
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F ig.  8. Length frequency d i s t r i b u t i o n  per  biweekly pe r i od  f o r  broad w h i t e f i s h  m ig ra t i ons  i n  Kukjuktuk 
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BROAD WHITEFISH FORK LENGTH > 200 mm 
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FORK LENGTH (mm) 
Fig.  9.  Comparison o f  the upstream and downstream length-frequency d i s t r i b u t i o n  o f  Kukjuktuk 

Creek broad whitef ish i n  1979 with the d is t r ibu t ion  observed i n  the Mackenzie D e l t a  
i n  1972. 
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Fig.  10. Comparison o f  the upstream and downstream length-frequency d i s t r i b u t i o n  o f  Kukjuktuk 
Creek broad w h i t e f i s h  i n  1979 wi th  the d i s t r i b u t i o n  observed i n  the Mackenzie D e l t a  
i n  1980. 
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Fig. 11. Growth i n  f o r k  length f o r  broad wh i te f i sh  from 
Kukjuktuk Creek i n  1978 and 1979. 



BROAD WHITEFISH 

Fig.  12 

SCALE AGE (yr) 
. Comparison of the growth r a t e  f o r  Kuk juktuk Creek broad w h i t e f i s h  w i t h  those from three  

o ther  areas i n  the Mackenzie Del ta:  1. A r c t i c  Red River/upper D e l t a  ( S t e i n  e t  a l .  1 9 7 3 ~ ) ;  
2. Aklavik/middle D e l t a  ( S t e i n  e t  a l .  1 9 7 3 ~ ) ;  4 .  Outer D e l t a  (Percy, 1975). 
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F ig.  13. Numbers taken and locat ions  on t h e  coast and lower Mackenzie River  
where tagged f i s h  from Kukjuktuk Creek were recaptured from 1978 
t o  1984. 



UPSTREAM 

N = 7 070 

JUNE JULY AUG SEPT 

F i g .  14. T o t a l  number o f  l ake  w h i t e f i s h  per  week moving through the  
upstream and downstream t r a p  a t  Kukjuktuk Creek, 1978. 
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Fig.  15. To ta l  number o f  l ake  w h i t e f i s h  per  week moving through the  
upstream and downstream t r a p  a t  Kukjuktuk Creek, 1979. 
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Fig. 16. The estimated overall length-frequency distribution for lake whitefish in the upstream 

and downstream migrations in Kukjuktuk Creek in 1978. 
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Fig. 17. The estimated overall length-frequency distribution for lake whitefish in the upstream 

and downstream migrations in Kukjuktuk Creek in 1979. 
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Fig. 19. Growth i n  f o r k  length f o r  lake wh i t e f i sh  from 
Kukjuktuk Creek i n  1978 and 1979. 
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Fig. 20. Comparison of the growth rate for Kukjuktuk Creek lake whitefish with those from three 

other areas in the Mackenzie Delta: 1. Arctic Red Riverlupper Delta (Stein et al. 1973~); 
2. Aklavik/middle Delta (Stein et al. 1973~); 4. Outer Delta (Percy, 1975). 
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F i g .  22. To ta l  number of l e a s t  c i sco  per  week moving through the  upstream 
and downstream t r a p  a t  Kukjuktuk Creek, 1979. 
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Fig.  23. The estimated o v e r a l l  length-frequency d i s t r i b u t i o n  f o r  l e a s t  cisco i n  the  upstream 
and downstream migrations i n  Kukjuktuk Creek i n  1978. 
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F i g .  24. The estimated overall length-frequency distribution for least cisco in the upstream 
and downstream migrations in Kukjuktuk Creek in 1979. 
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Fig. 26. Growth i n  f o r k  length  f o r  l eas t  c isco from Kukjuktuk 
Creek i n  1978 and 1979. 



LEAST ClSCO 

SCALE AGE (yr) 
Fig. 27. Comparison of the growth rate for Kukjuktuk Creek least cisco with those from three 

other areas in the Mackenzie Delta: 1. Arctic Red River/upper Delta (Stein et al. 1 9 7 3 ~ ) ;  
2. Aklaviklmiddle Delta (Stein et al. 1973~); 4. Outer Delta (Percy, 1975). 



Table A l . l .  Water chemistry data f o r  Kukjuktuk Creek, 1978. 

Water Tota l  Methyl Tota l  Suspended Suspended To ta l  
Temp Conduct iv i ty  Hardness A l k a l i n i t y  Discharge Carbon Ni t rogen Suspended 

Sol i d ?  
( L O )  ( u ~ ~ c r n - l )  p~ ( rng .~- l )  ( r ng .~ - l )  (m3.sec-I) p L p g ~  ( r n g - ~ -  ) 

1 .O 6.8 34 2 1 
0.9 7.0 34 2 1 
1.5 7.0 5 1 2 7 
1 .O 7.0 34 2 1 
3.1 7.0 34 2 1 
2.9 7.5 51 34 
3.6 7.5 51 48 
1.0 7.5 5 1 4 1 
2.2 7.5 5 1 41 
2.7 7.5 69 41 
3.8 66 7.5 69 41 
4.0 7 3 7.5 69 4 1 

Date 



Table A l . l .  Continued. 

Water T o t a l  Methyl T o t a l  Suspended Suspended T o t a l  
Temp Conduct iv i ty  Hardness A l k a l i n i t y  Discharge Carbon N i t rogen  Suspended 

Date So l ids l  
( c " )  (PS-cm-l )  p~ (ing. L - l )  ( m g . ~ - ' )  (m3.sec-l) (  L ( g ~ )  (mg . L- ) 

* Samples taken along t r a n s e c t  



Table A1.2. Water chemis t ry  and d ischarge  d a t a  f o r  Kuk juk tuk  Creek, 1979. 

Water T o t a l  Methy l  T o t a l  Suspended Suspended T o t a l  
C o n d u c t i y i t y  H a r d n e r  A1 k a l  ili t y  Di3chargf Carbonl N i  t r o g e ~  Suspended 

Date (uS-cm- ) pH ("9-L- ) (rn9.L- ) (m ~ s e c -  ) (pg-L -  ) ( p g - L -  ) S o l i d f  
(m9.L- 



Tab le  A1.2. Continued. 

Water T o t a l  Methy l  T o t a l  Suspended Suspended T o t a l  
C o n d u c t i y i t y  Hardnejs  A1 k a l i  i t y  D i  char  Carbon N i t r o g p n  Suspended 

Date (IIS.~m- ) pH (rn9.L- ) (tng.L-?) (rn?secY) ( P ~ - L - ' )  (p9.L- ) S o l i d ?  
(m9.L- 



Table  A1.2. Continued. 

Water Tota l  Methyl T o t a l  Suspended Suspended T o t a l  
Conducti i t y  Hardne-3s ~l k a l  i-qty D i  3 char  -y Carbonl ~ i t r o g f n  Suspended 

Date  (pS.cm-Y) pH (rn9.L ) (mg-L ) (m .sec ) (p9.L- ) (p9.L- ) S o l i d f  
(m9.L- 

* Samples taken along t ransect  



Table A2.1. D a i l y  t o t a l s  o f  broad whitef ish.  lake whitef ish and l e a s t  c isco a t  the Kukjuktuk Creek 
counting fence i n  1978. 

Broad Hhi t e f i  sh Lake Whitefish Least Cisco 

Upstream Downstream Upstream Downstream Ups t e a m  Downstream 

19 June 
20 

1 July 
2 

2 
0 
2 
0 
0 
2 
1 

No Count 

13 
10 
2 6 
4 7  

0 
2 7 
18 

No Count 

32 
36 
70 

108 
0 
61 
60 

No Count 

1 August 
2 





Table A2.2 Daily totals of broad whitefish, lake whitefish and least cisco at 
the Kukjuktuk Creek counting fence in 1979. 

Broad Whi tef i sh Lake Whitefish Least Cisco 

Upstream (US) Downstream (DS) US DS US D S 
Date >ZOO mm <ZOO mm >ZOO mm <ZOO mm 

14  June 
15 
16 
17 
18 
19 
20 
2 1  
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8  
2 9 
30 

1 July 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
2 3 
2 4 
25 
26 
2 7 



Table A2.2 Cont 'd 
-- -- - - -  - 

Broad Whi t e f i  sh Lake W h i t e f i s h  Least Cisco 

Upstream (US) Downstream (DS) US DS U S DS 

Date >ZOO rmn <ZOO mm >200 m <ZOO mm 

28 J u l y  185 1 4 3 7 2  
29 128 2 770 
30 283 9 640 
3 1 243 46 416* 

1 Aug. 4 1  48 433* 
2 73 41 050* 
3 18 12 545* 
4 3 1 4 350 
5 263 1 347 
6 139 4 269 
7 147 5 060 
8 174 2 7 0 4 6 *  
9 12 35910"  

10 128 343 260* 
11 4 64 210* 
12 176 38 360* 
13 195 36 249* 

1 Sept. 16 1 075 
2 38 700 
3 2 2 1 932 
4 6 1 140 
5 10 939 
6 5 339 
7 2 1 625 
8 2 3 1 076 
9 12 385 



Table A2.2 Cont 'd  

Broad Whi t e f i  sh Lake W h i t e f i s h  Least  Cisco 

Upstream (US) Downstream (DS) US DS US DS 

Date >ZOO mm <ZOO mm >ZOO mm ~ 2 0 0  mm 

10 Sept. 7 299 
11 13 698 
12 7 193 
13 3 44 
14 0 2 6 
15 0 82 
16 7 362 
17 6 208 
18 1 6 1  
19 4 6 1  
20 0 59 
2 1  4 12 
22 12 5 4 
2 3 14 4 3 
2 4 0 22 
2 5 3 48 
26 2 4 156 
2 7 4 3 176 
2 8 10 8 1 
2 9 8 23 

TOTAL 67 819 1 029 662 
- 

a Downstream t r a p  c losed  due t o  l a r g e  upstream m i g r a t i o n .  

b ~ p s t r e a m  t r a p  c losed  t o  a d u l t  f i s h  f o r  t h e  day. 

*Est imated count 



Table A3.1. k k l y  sunnary of broad whi te f ish  examined and counted a t  Kukjuktuk Creek i n  1978. 

Number o f  f i s h  a t  upstream t rap  Number o f  f i s h  a t  downstream t rap 

Total  Total  

Analysed Analysed Analysed Analysed 
Weekly Period 0 L T R (D+L+T+R) 6 counted 0 L T R (O+L+T+R) 6 counted 

15 June - 21 June 3 0 2 0 5 30 0 0 0 0 0 0 - - - - . -. - . . 

22 June - 28 June 1 0 3 0 4 25 0 0 1 0 1 10 
29 June - 5 Ju ly  77 2 527 1 607 35 955 0 0 0 0 0 0 
6 Julv - 12 Ju lv  63 20 538 1 622 8 747 0 0 0 0 0 0 
13 ~ u l i  - 19 ~ u l i  27 6 242 0 275 7 034 3 0 27 0 30 32 
20 July - 26 Ju ly  59 42 304 0 405 4 383 11 30 188 0 229 335 
27 July - 2 Aug. 11 267 105 0 383 3 895 10 140 120 1 271 1 314 
3 Aug. - 9 Aug. 20 309 67 0 396 2 558 16 89 150 2 257 777 
10 A u ~ .  - 16 A u ~ .  25 337 38 0 400 1 256 19 118 119 55 311 4 260 
17 Aug. - 23 Aug. 15 242 4 4 265 943 37 44 0 227 308 15 391 
24 Aug. - 30 Aug. 0 79 2 2 83 155 17 65 56 7 145 474 
31 Aug. - 6 Sept. 1 28 0 0 29 36 I5 96 17 3 131 174 
7 Sept. - 13 Sept. 0 20 9 2 3 1 192 15 80 203 11 309 524 

Total  302 1 352 1 841 10 3 505 65 209 143 662 88 1 306 1992 23291 

Downstream trap closed Ju ly  1 to July 14 due to  large upstream migration. Fence inundated from Aug. 23 t o  Sept. 7 : 'par t ia l  counts obtained. 

0- dead sample; L =  l i v e  sample; T =  tagged and released; R =  recapture o f  tagged f ish .  

Table A3.2. Weekly sunnary o f  broad whi te f ish  examined and counted a t  Kukjuktuk Creek I n  1979. 

Number o f  f i s h  a t  upstream t rap  Number o f  f i s h  a t  downstream t rap 

Total  Total 

Analysed Analysed 6 counted Analysed Analysed 6 counted 
Weekly Perfod 0 L T R (O+L+T+R) 9 0 0  mn 4 0 0  mn 0 L T R (D+L+T+R) >2W mn 4 0 0  mn 

June - 21 June 
June - 28 June 
June - 5 Ju ly  
July - 12 Ju ly  
July - 19 Ju ly  
July - 26 Ju ly  
July - 2 Aug. 
Aug. - 9 Aug. 
Aug. - 16 Aug. 
Aug. - 23 Aug. 
Aug. - 30 Aug. 
Aug. - 6 Sept. 
Sept. - 13 Sept. 
Sept. - 20 Sept. 
Sept. - 27 Sept. 
Sept. - 4 Oct. 

Total  828 5 093 2 419 872 9 212 67 319 1 029 662 297 3 533 164 750 5 744 73 8l3 11 690 

Downstream t rap closed 17 Jtne to 14 July due to la rge upstream migration. 

O -  dead saaple; T= tagged and released; R-recapture o f  tagged fish. 



Table A3.3. Weekly s u m r y  o f  lake w h i t e f i s h  examined and counted a t  Kukjuktuk Creek i n  1978. 

Number o f  f i s h  a t  upstream t r a p  Number of f i s h  a t  downstream t r a p  
Total  --- Total  

Analysed Analysed Analysed Analysed 
Weekly Per iod 0 L T R (O+L+T+R) 6 counted 0 L T R (O+L+T+R) 6 counted 

15 June - 21 June 
22 June - 28 June 
29 June - 5 J u l y  
6 J u l y  - 12 J u l y  

13 J u l y  - 19 J u l y  
20 J u l y  - 26 J u l y  
27 J u l y  - 2 Aug. 
3 Aug. - 9 Aug.' 

10 Aug. - 16 Aug. 
17 Aug. - 23 Aug. 
24 Aug. - 30 Aug. 
31 Aug. - 6 Sept. 
7 Sept. - 13 Sept. 

Total  

Downstream t rap  closed July 1 t o  J u l y  14 due t o  la rge  upstream migrat ion.  Fence inundated from Aug. 23 t o  Sept. 7; p a r t i a l  counts obtained. 

O =  dead sample; L = l i v e  sample; T =  tagged and released; R =  recapture o f  tagged f i s h .  

Table A3.4. Weekly sumnary o f  lake  w h i t e f i s h  examined and. counted a t  Kuk.iuktuk Creek i n  1979. 

Number o f  f i s h  a t  upstream t r a p  Number of f i s h  a t  downstream t r a p  

Tota l  Total  

Analysed Analysed Analysed Analysed 
Weekly Per iod 0 L T R (O+L+T+R) 6 counted 0 L T R (O+L+T+R) 6 counted 

8 June - 14 June 
15 June - 21 June 
22 June - 28 June 
29 June - 5 J u l y  
6 J u l y  - 12 J u l y  

13 J u l y  - 19 J u l y  
20 Ju ly  - 26 J u l y  
27 Ju ly  - 2 Aug. 
3 Aug. - 9 Aug. 

10 Aug. - 16 Aug. 
17 Aug. - 23 Aug. 
24 Aug. - 30 Aug. 
31 Aug. - 6 Sept. 
7 Sept. - 13 Sept. 

14 Sept. - 20 Sept. 
21 Sept. - 27 Sept. 
28 Sept. - 4 Oct. 

Total  119 175 826 160 1 280 6 575 184 417 24 542 1 167 9 393 

Oownstream t rap  closed 17 June to 14 Ju ly  due t o  la rge  upstream migra t ion .  

D=dead sample; L a  l i v e  sample; T =  tagged and released; R =  recapture o f  tagged f i s h .  



Table A3.5. Weekly s u m r y  o f  l eas t  c isco examined and counted a t  Kukjuktuk Creek i n  1978. 

Number o f  f l s h  a t  upstream t rap  Number of f fsh  a t  downstream t rap 

Total Total  - 
Analysed Analysed Analysed Analysed 

Weekly Period 0 L T R (O+L+T+R) 6 counted 0 L T R (O+L+T+R) 6 counted 

15 June - 21 June 0 0 0 0 0 0 0 0 0 0 0 0 
22 June - 28 June 0 0 6 0 6 8 0 0 0 0 0 0 
29 June - 5 Ju l y  34 0 36 0 70 1 369 0 0 0 0 0 0 
6 Ju l y  - 12 ~ u i y  21 19 137 0 177 589 0 0 0 0 0 0 
13 Ju l y  - 19 Ju l y  35 14 346 0 395 7 091 0 0 0 0 0 13 
20 Ju l y  - 26 Ju l y  36 198 2 282 1 960 .20 2 42 3 67 128 
27 Ju ly  - 2 Auq. 46 14 100 55 1 170 1 381 11 22 19 0 52 332 -. -- . . . - --- 
3 ~ug:  - 9 ~ u g .  15 2 1 97 1 134 573 12 17 13 1 43 218 
10 Aug. - 16 Aug. 0 11 54 1 66 113 22 14 13 37 86 998 
17 Aug. - 23 Aug. 15 10 52 5 82 400 19 0 0 127 146 4 940 
24 Aug. - 30 Aug. 17 36 31 7 9 1 240 11 12 19 13 55 141 
31 Aug. - 6 Sept. 15 65 16 ' 10 106 125 10 34 8 4 56 82 
7 Sept. - 13 Sept. 15 43 18 114 253 2 18 24 9 53 86 

38 0 14 Sept. - 20 Sept. 0 0 0 0 0 8 0 5 0 13 13 

Total  227 355 1 CE6 45 1 693 14 102 115 119 143 194 571 6951 

Downstream t rap closed July 1 t o  July 14 d w  t o  la rge upstream migration. Fence inundated from Aug. 23 t o  Sept. 7; p a r t i a l  counts obtained. 

0-dead sample; L =  l i v e  sample; T= tagged and released; R- recapture of tagged fish. 

Table A3.6. Weekly sunnary o f  l eas t  c isco examined and counted a t  Kukjuktuk Creek i n  1979. 

Number o f  f i s h  a t  upstream t rap Nulnber o f  f l s h  a t  downstream t rap 

Total  Total  

Analysed Analysed Analysed Analysed 
Ueeklv Period 0 L T R (DtLtTtR) b counted 0 L T R (O+L+T+R) 6 counted 

15 June - 21 June 0 0 3 0 3 12 0 0 0 0 0 0 
22 June - 28 June 4 3 53 26 86 797 0 0 0 0 0 0 
29 June - 5 Ju ly  48 229 115 79 471 2 930 0 0 0 0 0 0 
6 Ju l y  - 12 J U ~ Y  
13 Ju l y  - 19 Ju l y  
20 Ju l y  - 26 Ju l y  
27 Ju ly  - 2 Aug. 
3 Aug. - 9 Aug. 
10 Auo. - 16 Auo. - - . . 
17 A;;: - 23 A;;. 5i 119 327 6 503 570 39 138 0 I1 218 415 
24 Aug. - 30 Aug. 13 321 163 0 497 545 15 129 0 18 162 331 
31 Auo. - 6 Sent. 0 124 0 1 125 126 3 256 0 37 296 608 - -  - - F  - -  .- - - 

7 Sip;. --13 Sept. 4 237 0 6 247 265 1 238 0 25 264 328 
14 Sept. - 20 Sept. 0 16 0 0 16 44 9 16 0 1 26 428 
21 Sept. - 27 Sept. 2 90 0 2 94 119 15 58 0 3 76 1 091 
28 Sept. - 4 Oct. 0 5 0 0 5 5 0 11 0 0 11 27 

Total  248 1 495 950 295 2 988 14 037 135 1408 10 350 1 903 17 164 
- 

Downstream t rap closed 17 June to 14 Ju ly  due t o  la rge upstrean migration. 

0 = dead sample; L =  l i v e  saaple; T = tagged and released; R = recapture Of tagged f fsh. 



Table A4.1. Mean fo rk  length and mean cond i t ion  factor (K) by sex fo r  each age group of broad wh i te f i sh  sanpled from the 
upstream run a t  Kukjuktuk Creek i n  1978. 

Scale Males Females Sex Unkncun Combined 

N mead S.0. Range K N Mean S.D. Range K Y Mean S.O. Range N &an S.D. Range t - t e s t  

O+ 22 77 10.8 61- 92 22 77 10.8 61- 92 
1 3 131 33.2 93-152 0.82 6 188 21.7 161-217 1.10 53 127 30.7 81-223 62 133 34.8 81-223 3.159b 
2 6 222 35.0 173-276 1.18 11 206 35.1 161-283 1.10 35 243 32.7 151-286 52 233 36.1 151-286 0.899 
3 7 263 65.4 162-328 1.16 10 246 20.2 215-273 1.08 118 284 27.4 213-378 135 280 31.4 162-378 0.780 
4 9 301 22.7 245-319 1.09 9 276 31.9 232-327 1.08 105 309 26.6 246-376 123 306 27.9 232-376 1.916 

12 340 21.4 300-380 1.21 17 333 20.0 282-372 1.15 154 337 25.1 268-395 183 337 24.3 268-395 0.902 
6 30 352 18.1 302-382 1.18 21 354 22.1 307-398 1.25 277 360 24.3 247-435 328 359 23.7 247-435 0.354 
7 16 363 22.3 332-415 1.21 22 371 23.6 340-443 1.26 397 373 20.6 309-506 435 372 20.9 309-506 1.056 
8 14 392 30.4 316-442 1.26 10 380 17.1 357-420 1.22 170 386 24.9 283-453 194 386 25.0 283-453 1.123 
9 2 399 1.4 398-400 1.32 1 427 427 1.36 43 410 30.9 337-490 46 410 30.1 337-490 

10 1 3 9 5  395 1.20 11 402 28.6 359-462 12 401 27.4 359-462 
11 1 445 445 1.19 2 464 63.6 419-509 3 458 46.3 419-509 
12 4 375 20.3 351-393 4 375 20.3 351-393 
13 3 390 12.2 376-398 3 390 12.2 376-398 

Total  100 334 63.4 93-442 108 317 69.8 161-445 1394 340 69.8 61-509 1602 338 69.6 61-509 

a ~ o r k  length  (mn). 

b~ i q i f i  cant d i  f ference between means fo r  males and females. 

Table 44.2. Mean f o r k  length and mean condition f a c t o r  (K) by sex fo r  each age group o f  broad w h i t e f l s h  s a w 1 4  fra the 
downstrean run a t  Kukjuktuk Creek I n  1978. 

Scale Males F m l e s  Sex Unknown Combined 
4ge 
(yr)  N meanaS.D. Range K N b a n  S.O. Range K N Mean S.D. Range N Mean 5.0. Range t - t e s t  

o+ 
1 2 163 13.4 153-172 1.04 4 151 12.8 133-163 1.04 33 134 26.8 87-243 39 137 26.2 87-243 1.070 
2 2 202 25.5 184-220 1.17 3 217 37.3 191-260 0.96 5 251 33.1 200-280 10 231 36.5 184-280 0.486 
3 5 256 21.8 223-282 1.36 4 268 15.7 252-287 1.22 41  235 20.8 227-313 50 281 22.3 223-318 0.921 
4 7 308 33.1 257-344 1.29 3 297 12.7 290-312 1.31 29 311 35.6 194-372 39 309 33.6 194-372 0.543 
5 1 335 335 1.23 2 341 12.1 332-349 1.35 49 350 22.7 301-418 52 350 22.3 301-418 
6 6 363 23.2 343-402 1.34 7 364 28.6 322-409 1.32 118 371 32.6 260-445 131 370 31.9 260-445 0.068 
7 6 402 43.4 352-474 1.43 10 388 14.6 361-404 1.32 188 390 26.7 271-498 204 390 26.8 271-498 0.953 
8 11 401 15.7 384-427 1.42 7 409 15.5 394-440 1.40 102 402 25.6 347-475 120 403 24.3 347-475 1.059 
9 6 427 20.4 407-461 1.38 6 411 30.5 371-445 1.38 20 414 32.2 354-486 32 416 29.8 354-486 1.068 

10 4 458 23.8 428-484 1.54 1 417 417 1.48 13 412 40.8 346-473 18 423 40.6 346-484 
11 2 422 55.9 382-461 1.36 1 393 393 1.22 6 465 31.1 412-509 9 448 42.1 382-509 
12 1 474 474 1.34 1 474 474 
13 1 468 468 1 468 468 
14 2 513 55.9 473-552 2 513 55.9 473-552 

Total  52 361 81.0 153-484 49 346 85.1 133-474 607 362 71.7 87-552 708 361 73.4 87-552 

a ~ o r k  l e n g t h  (mn). 



Table A4.3. Mean fork length and mean cond i t ion  factor (K) by sex f o r  each age group o f  broad wh i te f i sh  sampled from the 
upstream run a t  Kukjuktuk Creek I n  1979. 

Scale Males Females Sex Unknown Combined 

PYT, N Meana S.O. Range K N Mean S.O. Range K N Mean S.O. Range . N Mean S.O. Range K t-test 

To ta l  117 328 53.4 122-429 40 339 46.5 241-411 251 109 27.0 78-420 408 198 115.8 78-429 

a ~ o r k  length (mn). 

Table A4.4. Mean f o r k  length and m a n  condf t lon  f a c t o r  (K) by sex f o r  each age group of broad wh l te f l sh  sampled from the 
downstrean run  a t  Kukjuktuk Creek i n  1979. 

Scale Males Feina 1 es Sex Unknovn Canbi ned 
Age 

N Meana S.O. Range K N Mean S.D. Range K N Mean S.D. Range N, Mean S.O. Range K 

11 2 471 29.7 450-492 1.51 2 512 4.9 508-515 1.36 4 491 29.1 450-515 1.43 1.902 
12 1 5 3 5  535 1.42 1 500 500 1.62 2 518 24.7 500-535 1.52 

Total  72 379 73.3 154-535 59 403 76.6 130-515 1 409 409 132 392 75.6 130-535 

' ~ o r k  length  (m). 



Table A4.5. Mean fork length end mean condi t ion fac to r  (K) by sex fo r  each age group o f  lake w h i t e f i s h  s m p i e d  from the 
upstream run a t  Kukjuktuk Creek i n  1978. 
- -- 

Scale 
Age Males Females Sex Unknown Combined 

( y r )  N Bea; S.D. Range K N k n  S.D. Range K N Mean S.D. Range N Mean S.O. Range t - t e s t  

Total 62 346 46.1 

- -- - 

aFork length (mn). 

Tabie A4.6. Mean f o r k  length and mean condl t l o n  factor (K) by sex f o r  each age group o f  lake  w h i t e f i s h  sampled from the 
downstream run a t  Kukjuktuk Creek i n  1978. 

- -  

Scale 
Age 

Males Females Sex Unknown Combined 

( y r )  N MeaffS.0. Range K N Mean S.O. Range K N Mean 5.0. Range N Bean S.D. Range t - t e s t  

Total  23 382 45.3 228-429 21 403 21.5 362-427 40 307 30.6 322-441 84 389 33.9 223-447 

length (m). 



Table ~ 4 . 7 .  mean fork length and man cond i t ion  fac tor  (K) by sex f o r  each age group o f  lake wh i te f ish  sampled frm the 
upstream run a t  Kukjuktuk Creek i n  1979. 

Scale Males Females Sex Unknom Conrbl ned 
Age 
(yr) N Meana S.D. Range K N McanS.D. Range K h k a n S . 0 .  Range N MeanS.0. Range K t-test 

o+ 
1 1 116 116 0.77 1 116 116 0.77 12 116 9.6 105-136 14 116 8.9 105-136 0.86 
2 6 155 9.5 138-167 0.91 1 167 167 0.97 2 164 14.1 154-174 9 158 10.3 138-174 0.98 
3 1 187 187 1.02 1 213 213 0.93 2 200 18.4 187-213 0.98 
4 3 213 11.4 205-226 1.15 3 237 2.7 235-240 1.22 6 228 12.8 205-240 1.19 2.82P 
5 6 264 14.7 249-288 1.22 2 246 8.5 240-252 1.07 8 260 15.3 240-288 1.18 1.591 
6 1 324 324 1.32 5 290 21.0 269-316 1.24 6 296 23.1 269-324 1.25 
7 10 310. 18.9 275-338 1.26 5 310 30.3 236-346 1.26 1 311 311 16 310 :1.4 263-346 1.25 0.032 
8 7 346 24.2 315-380 1.28 2 356 0.7 355-356 1.30 9 348 b1.3 315-380 1.29 0.557 
9 8 334 27.7 299-381 1.23 6 364 30.2 324-395 1.22 14 347 31.7 299-395 1.22 1.931 

10 2 377 5.0 373-380 1.39 4 372 40.1 315-400 1.32 2 312 312 8 353 38.8 312-400 1.34 3.166 
11 2 389 2.1 387-399 1.34 2 289 2.1 387-390 1.34 
12 3 421 20.2 408-444 1.36 2 353 42.4 353-413 1.18 5 406 32.9 353-444 1.29 1.399 
13 1 4 1 0  410 1.31 1 410 410 1.31 
14 1 422 422 1.34 1 422 422 1.34 

Total 52 333 81.5 116-444 32 338 71.4 116-413 17 156 76.2 105-312 101 279 94.7 105-444 

'pork length (mn). 

bg i gn i f i can t  di f ference between means f o r  males and females (P< 0.05). 

Table A4.8. Hean fork length and mean cond i t ion  fac tor  (K) by sex f o r  each age group o f  lake wh i te f ish  sampled from the 
downstream run a t  Kukjuktuk Creek I n  1979. 

Scale 
Age 

Males Females Sex Unknown Combined 

( y r )  N *ana S.D. Range K N Mean S.D. Range K N Mean S.O. Range N Mean S.O. Range K 

Total 76 340 90.1 118-461 68 366 84.9 129-451 25 161 112.5 92-458 169 324 114.4 92-461 

a ~ o r k  length (m) 

b ~ l g n i f i c a n t  di f ference betveen means f o r  males and females (P < 0.05). 



Table A4.9. Mean fork length and mean cond i t ion  factor (K) by sex f o r  each age group o f  l e a s t  c isco  sanpled from the 
upstream run a t  Kukjuktuk Creek i n  1978. 

Scale 
Age 

Males Females Sex Unknown Combtned 

( y r )  N Meana S.D. Range K N Mean S.D. Range K N Mean S.D. Range N Mean S.D. Range t - t e s t  

o+ 
1 
2 
3 
4 
5 
6 
7 
a 
9 

10 

Tota 1 

'Fbrk length (mn). 

b ~ i g n i f i c a n t  difference between means for m l e s  and females ( P  e0.05). 

Table A4.10. Mean fo rk  length and mean cond i t ion  f a c t o r  (K) by sex f o r  each age group o f  l e a s t  c isco sampled from the 
downstream run i t  Kukjuktuk' Creek i n  1978. 

Scale 
Age. 

Males Fema 1 es Sex U n k n w  Comb1 ned 

( y r )  N ner# S.D. Range K N Mean S.D. Range K N Mean S.D. Range # Mean S.D. Range t - t e s t  

Total 43 268 36.1 190-342 69 294 42.8 175-394 103 301 31.0 236-402 215 292 38.1 175-402 

' ~ o r k  length (mu). 



Table A4.11. Mean fo rk  length and m a n  c o n d i t i o n  fac to r  (K) by sex f o r  each age group o f  l e a s t  c isco sampled from the 
upstream run a t  Kukjuktuk Creek I n  1979. 

Scale Males FM 1 es Sex Unknom Combi ned 
Aac 
(yr) N neat? S.D. Range K N Mean S.D. Range K N Mean S.D. Range H Nean 5.0. Range K 

Total  75 283 33.6 178-372 122 294 43.3 121-383 9 182 78.7 114-340 206 285 47.6 114-383 

a ~ o r k  length  ( m ) .  

b ~ i g n i f t c a n t  d i f fe rence between means f o r  wales and females ( P  < 0.05) 

Table A4.12. Mean f o r k  length and mean cond l t lon  f a c t o r  (K) by sex f o r  each age group o f  l e a s t  c lsco  sampled from the 
downstrean run  s t  Kukjuktuk Creek I n  1979. 

Scale Uales Females Sex Unknorm Comb1 ned 
Age 
(yr) N Mead' S.D. Range K N Mean S.D. Range K N Mean S.D. Range N Mean 5.0. Range K 

Tota l  42 259 51.1 132-345 77 301 49.6 127-380 4 95 12.2 77-103 123 280 62.9 77-380 

' ~ o r k  length  ( m ) .  

b ~ l g o i f l c a n t  d i f fe rence between mans f o r  males and females (P < 0.05). 



Table A5.1. Length-frequency d i s t r i b u t i o n  by age group f o r  broad w h i t e f i s h  sampled from the  upstream run a t  
Kukjuktuk Creek i n  1978. 

Fork Scale Age ( y r )  
Length 

( m m l  0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  To ta l  

51-75 11 11 
76-100 11 13 24 

101-125 1 29 30 
126-150 35 35 
151- 175 27 8 1 36 
176-200 4 7 1  12 
201-225 6 26 7 39 
226-250 2 12 14 5 1 34 
251-275 15 37 15 1 68 
276-300 6 45 28 8 4 1 92 
301-325 3 1  53 53 18 9 1 16 5 
326-350 3 18 69 89 37 11 1 2 28 
351-375 1 4 39 142 221 54 3 2 2 468 
376-400 1 2 14 69 139 77 16 3 2 3 326 
401-425 2 32 47 15 6 1 103 
426-450 1 5 8  1 15 
45 1-475 2 1 1  4 
476-500 3 3 
501-525 1 1 2 

Tota l  23 116 74 141 125 184 325 440 198 47 12 3 4 3 1695 

Note: Some a d d i t i o n a l  ages from l i v e  sample o r  tagged f i s h  data are included. 

Table A5.2. Length-f requency d i s t r i b u t i o n  by age group f o r  broad w h i t e f i s h  sampled from t h e  downstream run 
a t  Kukjuktuk Creek i n  1978. 

Fork Scale Age ( y r )  
Length 

(mm) 1 2 3 4 5 6 7 8 9  1 0 1 1  12 1 3 1 4  To ta l  

Tota l  

Note: Some a d d i t i o n a l  ages from l ive sample o r  tagged f i s h  da ta  a re  included. 



Table A5.3. Length-frequency d i s t r i b u t i o n  by age group f o r  broad w h i t e f i s h  sampled from the upstream run 
a t  Kukjuktuk Creek i n  1979. 

Fork Scale Age (y r )  - .- . 

Length 
(mm) 0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  Tota l  

26-50 
51-75 
76- 100 

101-125 
126- 150 
15 1-175 
176-200 
201-225 
226-250 
25 1-275 
276-300 
301-325 
326-350 
351-375 
376-400 
401-425 
426-450 
451-475 

Total 

Note: Some a d d i t i o n a l  ages from l i v e  sample o r  tagged f i s h  da ta  a r e  Included. 

Table A5.4. Length-f  requency d i s t r i  bu t ton  by age group f o r  broad w h i t e f i s h  sampled from the  downstream run 
a t  Kukjuktuk Creek i n  1979. 

Fork 
Length 

(mm) 

Scale Age ( y r )  

0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  To ta l  

To ta l  
- 

Note: Some a d d i t i o n a l  ages from l i v e  sample o r  tagged f i s h  da ta  a re  included. 



Table A5.5. Length-frequency d i s t r i b u t i o n  by age group f o r  lake  w h i t e f i s h  sampled from t h e  upstream run a t  
Kukjuktuk Creek i n  1978. 

Fork Scale Age ( y r )  
Length 

(mm) 0 1 2  3 4 5 6 7 8 9 10 11 12 1 3 . 1 4  15 To ta l  

Total 0 0 1 1  1 5  5 6 8 38 94 106 98 41 31 6 44 1 
- -- 

Note: Some a d d i t i o n a l  ages from l i v e  sample o r  tagged f i s h  da ta  a re  included. 

Table A5.6. Length-frequency d i s t r i b u t i o n  by age group f o r  l a k e  w h i t e f i s h  
sampled f rom t h e  downstream r u n  a t  Kukjuktuk Creek i n  1978. 

Fork Scale Age ( y r )  
Length 

(mm) 7 8 9 10  11 12 13 14 T o t a l  

T o t a l  



Table A5.7. Length-frequency d i s t r i b u t i o n  by age group f o r  lake  w h i t e f i s h  sampled from the  upstream run a t  
Kukjuktuk Creek i n  1979. 

Fork Scale Age ( y r )  
Length 

(mm) 0 1 2 3 4 5 6 7 8 9  1 0 1 1  12 1 3 1 4  To ta l  
- ----- 

101- 125 12 12 
126- 150 2 1 3 
151-175 8 8 
176-200 , 1 1 
201-225 1 2  3 
226-250 4 2 6 
251-275 1 6 4 2  13 
276-300 1 1 1 0  10 2 1 25 
301-325 1 9 1 7 1 3  8 7 55 
326-350 7 14 15 5 1 42 
351-375 3 8 1 1  4 3 1 30 
376-400 2 2 9 1 5 1 0  5 2 1 46 
401-425 1 1  4 9  3 1 19 
426-450 2 2 1  5 
451-475 1 1 

To ta l  0 14 9 2 8 10 23 38 34 42 39 21 19 8 2 269 

Note: Some a d d i t i o n a l  ages from l i v e  sample o r  tagged f i s h  da ta  a re  included. 

Table A5.8. Length-f requency d i s t r i b u t i o n  by age group f o r  l a k e  w h i t e f i s h  sampled from the  downst ream run 
a t  Kukjuktuk Creek i n  1979. 

Fork Scale Age ( y r )  
Length 

(mm) 1 2 3 4 5 6 7 8 9  1 0 1 1  12 13 14 To ta l  

Tota l  20 14 6 4 0 2 11 9 20 26 20 19 19 1 17 1 

Note: Some a d d i t i o n a l  ages from l i v e  sample o r  tagged f i s h  da ta  a re  included. 



Tab1 e A5.9. Length-f requency d i s t r i b u t i o n  by age group f o r  l e a s t  c i  sco 
sampled from the  upstream run a t  Kukjuktuk Creek i n  1978. 

Fork Scale Age ( y r )  
Length 

(mm) 2 3 4  5 6 7 8 9 10 Total  

Total  

Note: Some add i t i ona l  ages from l i v e  sample o r  tagged f i s h  data are included. 

Table A5.10. Length-f requency d i s t r i b u t i o n  by age group f o r  l eas t  c isco 
sampled from the downstream run a t  Kukjuktuk Creek i n  1978. 

Fork 
Length 

(mm) 

Scale Age ( y r )  

3 4 5  6 7 8 9  Total  

Total  4 18 46 77 37 3 1  5 2 18 

Note: Some add i t i ona l  ages from l i v e  sample o r  tagged f i s h  data are included. 



Table A5.11. Length-frequency d i s t r i b u t i o n  by age group f o r  l eas t  c isco  
sampled from the  upstream run a t  Kukjuktuk Creek i n  1979. 

Fork Scale Age ( y r )  
Length 

(mm) 1 2 3 4 5  6 7 8 9 1 0  Tota l  

Total  

Note: Some add i t i ona l  ages f rom l i v e  sample o r  tagged f i s h  data are  included. 

Table A5.12. Length-f requency d i s t r i b u t i o n  by age group f o r  least  cisco sampled from the downstream run at 
Kukjuktuk Creek i n  1979. 

Fork Scale Age ( y r )  
Length 

(mm) Total 

Total 5 4 17 25 12 2 1  19 9 7 3 1 123 


