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ABSTRACT 

Bond, W.A. 1982. A study o f  the f i s h  resources 
of Tuktoyaktuk Harbour, southern Beau fo r t  
Sea coast,  w i t h  specia l  re ference t o  l i f e  
h i s t o r i e s  o f  anadromous coregonids. Can. 
Tech. Rep. Fish. Aquat. Sci. 1119: v i i  + 
90 p. 

The f i s h  fauna o f  Tuktoyaktuk Harbour and 
t h e  adjacent  waters o f  Kugmall i t  Bay was sampled 
between Ju ly ,  1979, and March, 1981, t o  document 
seasonal movement p a t t e r n s  i n  t h e  v i c i n i t y  o f  
Tuktoyaktuk, t o  d e f i n e  t h e  purpose o f  these 
migrat ions,  and t o  acqu i re  base l ine  data on the  
age and growth c h a r a c t e r i s t i c s ,  sex r a t i o  and 
m a t u r i t y ,  and food h a b i t s  o f  the  var ious f i s h  
species. 

F i f t e e n  f i s h  species, rep resen t ing  e i g h t  
f a m i l i e s ,  were i d e n t i f i e d  from g i l l n e t  and seine 
catches. Seines produced the  most f i s h ,  accoun- 
t i n g  f o r  63.8% o f  t h e  t o t a l  catch. Overa l l ,  
samples were dominated by s i x  anadromous species 
which accounted f o r  71.4% o f  a l l  f i s h  taken. 
Among the  anadromous forms l e a s t  c i s c o  predomi - 
nated (43.8%), fo l l owed by A r c t i c  c i  sco (26.8%), 
broad w h i t e f i s h  (13.7%), l a k e  w h i t e f i s h  (7.6%), 
rainbow smelt  (5.2%), and inconnu (2.7%). Four- 
horn s c u l p i n  was t h e  most abundant (49.5%) o f  
the  s i x  species considered t o  be b rack ish  water 
o r  marine forms. Other species i n  t h i s  group 
inc luded  s t a r r y  f l ounder  (19. I%) ,  P a c i f i c  he r -  
r i n g  (16.1%). A r c t i c  f l ounder  (12.8%). s a f f r o n  
cod (2.4%), and ee lpou t  (0.1%). 

Resu l t s  o f  the present  study suggest t h a t  
the  anadromous coregonids o c c u r r i n g  i n  t h e  v i c i -  
n i t y  of Tuktoyaktuk are p r i m a r i l y  non-spawning 
members o f  t h e  m ig ra to ry  popu la t ions  whose 
spawning s i t e s  a re  l o c a t e d  i n  the  Mackenzie 
R ive r  and i t s  t r i b u t a r i e s .  Few sexua l l y  mature 
coregonids were captured. 

Broad w h i t e f i s h ,  l ake  w h i t e f i s h ,  and l e a s t  
c i s c o  were seldom captured d u r i n g  the  w i n t e r  b u t  
were common i n  nearshore areas throughout  the 
summer. The abundance o f  a l l  th ree  species 
increased g r e a t l y  i n  e a r l y  September, suggest ing 
a movement from summer feed ing  areas t o  overwin- 
t e r i n g  l o c a t i o n s  a t  t h a t  time. 

Tuktoyaktuk Harbour i s  a major overw in te r -  
i n g  area f o r  A r c t i c  c i sco .  A l a r g e  m i g r a t i o n  o f  
non-spawni ng c i  sco entered the bay i n  September 
and t h i s  species was abundant below t h e  ha lo -  
c l i n e  throughout the  winter .  A m i g r a t i o n  ou t  o f  
t h e  bay took p lace  around the  t ime o f  break-up. 
Some o f  the  A r c t i c  c i s c o  l e a v i n g  the  bay a t  t h i s  
t ime had matured sexua l l y  over the  w in te r .  

The bay a l s o  appears t o  be an impor tan t  
overw in te r ing  area f o r  inconnu which leave  
s h o r t l y  a f t e r  break-up f o r  coas ta l  feed ing  loca-  
ti ons. 

The o t h e r  anadromous species, rainbow 
smelt, appears i n s i d e  Tuktoyaktuk Harbour i n  
mid-summer b u t  does n o t  overw in te r  there. 

P a c i f i c  h e r r i n g  e n t e r  Tuktoyaktuk Harbour 
i n  l a r g e  numbers d u r i n g  t h e  autumn. H e r r i n g  
overw in te r  i n  the bay, spawn i n  June, and appear 

t o  leave  t h e  bay immediately a f t e r  spawning. 
Fourhorn s c u l p i n  (January) ,  A r c t i c  f l ounder  
(March), s a f f r o n  cod (March), and s t a r r y  f l o u n -  
der  (June-July) a re  a l s o  b e l i e v e d  t o  spawn 
i n s i d e  Tuktoyaktuk Harbour. 

Large numbers o f  young-of-the-year l e a s t  
c i s c o  and A r c t i c  c i s c o  entered Tuktoyaktuk Har- 
bour dur ing  J u l y  b u t  t h e i r  abundance decreased 
d u r i n g  August. 

Key words: F ishery  surveys; c a t c h / e f f o r t ;  ana- 
dromous coregonids; P a c i f i c  he r r ing ;  
m ig ra t ions ;  l i f e  h i  s t o r y ;  Mackenzie 
River ;  es tuar ies ;  Tuktoyaktuk Penin- 
su la.  
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On a 6 c h a n t i l l o n n 6  l e s  poissons du Tukto- 
yaktuk Harbour e t  des eaux avo is inan tes  de Kug- 
m a l l i t  Bay e n t r e  l e s  mois de j u i l l e t ,  1979, e t  
de mars, ,1981, pour e t u d i e r  l e s  m ig ra t ions  sa i  - 
sonnieres pres de Tuktoyaktuk e t  en d e f i n i r  l e  
but,  a i n s i  q u ' o b t e n i r  des donnees de base s u r  
1 'dge e t  l a  croissance, l e  taux de m a s c u l i n i t e  
e t  l a  m a t u r i t e ,  e t  l e s  habi tudes a l i m e n t a i r e s  
des d iverses espPces. 

La peche au f i l e t  m a i l l a n t  e t  B l a  senne a 
permis l ' i d e n t i f i c a t i o n  de quinze especes p ro -  
venant de h u i t  f a m i l l e s  d i f fe ren tes .  La peche B 
l a  senne a donne l e s  m e i l l e u r s  r e s u l t a t s ,  s o i t  
63,8% de 1 'ensemble des p r i ses .  En general, s i x  
especes anadromes o n t  domine 1 es e c h a n t i l l  ons, 
comptant pour 71,4% de l a  p r i s e  t o t a l e .  Le c i s -  
co sard ine1 1 e f u t  1 'espPce anadrome l a  p l u s  nom- 
breuse (43,8%), s u i v i  du c i s c o  a r c t i q u e  (26,8%), 
du coregone t s c h i r  (13,7%), du grand coregone 
(7,6%) de l ' e p e r l a n  a rc -en-c ie l  (5,2%) e t  de 
1 ' inconnu (2,7%). Le chabot de profondeur f u t  
l e  p lus  nombreux (49,5%) des s i x  especes con- 
s id6rees c o n e  6 t a n t  saumztres ou marines. Ce 
d e r n i e r  groupe comprenait  egalement l a  p l i e  
e t o i l e e  (19, l%) l e  hareng du Pac i f i que  (16,1%), 
l a  p l i e  a r c t i q u e  (12,8%), l a  morue a r c t i q u e  
(2,4%) e t  l a  l o t t e  (0.1%). 

Les r e s u l t a t s  de c e t t e  etude semblent i n -  
d iquer  que l e s  coregonides anadromes de Tukto- 
yaktuk qu i  ne son t  pas d 1 ' e t a t  de f r a i  p rov ien-  
nent  des popu la t ions  m i g r a t o i r e s  qu i  f r a y e n t  
dans l a  Mackenzie R i v e r  e t  ses a f f l u e n t s .  Les 
p r i s e s  ne comprenaient que quelques coregones 
ayant a t t e i n t  l a  m a t u r i t 6  sexuel le .  

Peu de coregones t s c h i r ,  de grands cor6-  
gones ou de c iscos  s a r d i n e l l e s  on t  6 t 6  p r i s  en 
h i v e r ,  a l o r s  qu 'en 6t6, i l s  se t r o u v a i e n t  en 
assez grand nombre dans l e s  eaux c 6 t i g r e s .  Le 
nombre de ces t r o i s  espPces s ' e s t  for tement  
accru au debut de septembre, ce qui  i n d i q u e r a i t  
une m i g r a t i o n  5 p a r t i r  de l e u r  h a b i t a t  e s t i v a l  
vers l e s  e n d r o i t s  oC i l s  h i ve rnen t .  



En h i v e r ,  l e  Tuktoyaktuk   arbo our accuse 
une f o r t e  p o p u l a t i o r :  de c i s c o s  a r c t i q u e s .  Un 
grand nombre de c i s c o s  q u i  ne s o n t  pas ii 1  ' & a t  
de f r a i  e n t r e n t  dans l a  b a i e  en septembre pou r  y 
passer  1  ' h i v e r  sous l a  h a l o c l i n e .  La m i g r a t i o n  
en sens i n v e r s e  a  l i e u  a\: moment de l a  d6bdc le .  
C e r t a i n s  de ces c i s c o s  s t t e i g n e n t  l a  m a t u r i t 6  
s e x u e l l e  au cou rs  de 1  ' h i v e r .  

La b a i e  semble Sgal  ement a c c u e i l l  i r  u n  
grand nombre d ' i nconnus  pendant 1  ' h i v e r .  Ceux- 
c i  regagnent  l e s  eaux c b t i P r e s  r i c h e s  en n o u r -  
r i t u r e  peu aprPs l a  debsc le .  

L ' a u t r e  espPce anadrome, 1 1 6 p e r l a n  a r c -  
e n - c i e l ,  e n t r e  dans l e  Tuktoyaktuk  Harbour au 
m i l i e u  de 1  ' 6 t 6 ,  mais n ' y  h i v e r n e  pas. 

A l ' au tomne,  l e  hareng du P a c i f i q u e  e n t r e  
en grand nombre dans l e  Tuktoyaktuk  Harbour pou r  
y passer  l ' h i v e r .  11s q u i t t e n t  l a  b a i e  t o u t  de 
s u i t e  aprPs l a  f r a i  q u i  a  l i e u  en j u i n .  On 
c r o i t  6galement que l e  chabo t  de p ro fondeu r  
( j a n v i e r ) ,  l a  p l i e  a r c t i q u e  (mars) ,  l a  morue 
a r c t i q u e  (mars)  e t  l a  p l i e  6 t o i l 6 e  ( j u i n  e t  
j u i l l e t )  f r a y e n t  dans le  Tuktoyaktuk  Harbour.  

Le Tuktoyaktuk  Harbour a c c u e i l l e  une f o r t e  
p o p u l a t i o n  d ' a l  e v i n s  de c i  scos s a r d i  n e l l  es e t  de 
c i s c o s  a r c t i q u e s  en j u i l l e t ,  mais  l e u r  nombre 
d 6 c r o i t  en aobt.  

Mo ts -c l6s :  P tudes s u r  l a  pPche; p r i s e s / e f f o r t ;  
coregones anadromes; hareng du P a c i -  
f i q u e ;  m i g r a t i o n s ;  c y c l e  P v o l u t i f ;  
Mackenzie R i v e r ;  e s t u a i r e s ;  p e n i n -  
s u l e  de Tuk toyak tuk .  





INTRODUCTION 

The Mackenzie De l ta  and nearshore areas o f  
t h e  southern Beaufor t  Sea support l a r g e  and 
impor tant  populat ions o f  anadromous and marine 
f i s h .  Throughout t h e  summer and autumn l a r g e  
numbers o f  mature coregonids pass through t h e  
Del ta ,  mi g r a t i n g  upstream f rom overw in te r ing  
s i t e s  t o  spawning areas loca ted  throughout t h e  
Mackenzie system ( H a t f i e l d  e t  a l .  1972; S t e i n  e t  
a l .  1973; Percy 1975; de Graaf and Machniak 
1977). Extens ive coregonid movements a lso  occur 
a long t h e  coast o f  t h e  Tuktoyaktuk Peninsula as 
f i s h  m ig ra te  between overw in te r ing  l o c a t i o n s  and 
sumner feeding areas. For  some species, such as 
A r c t i c  c isco,  major feed ing  and r e a r i n g  areas 
a re  loca ted  i n  bays and lagoons along t h e  coast- 
a l  margin (Lawrence e t  a l .  i n  prep.). F o r  
others, such as broad w h i t e f i s h ,  l a k e  w h i t e f i s h ,  
and l e a s t  c isco,  t h e  b rack ish  inshore zone a l s o  
serves as an access c o r r i d o r  t o  r i c h  feeding 
areas loca ted  i n  f reshwate r  l a k e  systems a long 
t h e  peninsula (Fa1 l i s  e t  a l .  i n  prep.; Lawrence 
e t  a l .  i n  prep.). Along t h e i r  m i g r a t i o n  rou tes  
t h e  anadromous coregonids form the  bas is  o f  
numerous n a t i v e  domestic f i s h e r i e s ,  p r o v i d i n g  an 
impor tant  n u t r i t i o n a l  source f o r  t h e  l o c a l  peo- 
p l  e. 

Although seemingly remote, these f i s h  
popu la t ions  are no t  immune f rom the  e f f e c t s  o f  
modern i n d u s t r i a l  progress. I n d u s t r i a l i z a t i o n  
i s  occur r ing  i n  many areas o f  A r c t i c  Canada. 
Th is  t r e n d  i s  e s p e c i a l l y  ev ident  i n  t h e  western 
A r c t i c  where t h e  pace o f  i n d u s t r i a l  a c t i v i t y  i s  
a c c e l e r a t i n g  r a p i d l y  as an i n c r e a s i n g  emphasis 
i s  placed on t h e  e x p l o r a t i o n  and development o f  
t h e  hydrocarbon reserves t h a t  l i e  beneath t h e  
Beaufor t  Sea. As development proceeds t h e  
t h r e a t  of l a rge-sca le  damage t o  f i s h  and f i s h  
h a b i t a t  w i l l  increase accord ing ly .  

The g rea tes t  s i n g l e  concern i n  a r c t i c  
waters i s  t h e  t h r e a t  o f  a  major o i l s p i l l  as 
might  r e s u l t  f rom a blowout o r  damaged tanker  
(Mi lne and Smiley 1976; Gamble 1979). However, 
ch ron ic  po l  1  u t i o n  and phys ica l  d i s r u p t i o n s  
r e s u l t i n g  f rom increased c o n s t r u c t i o n ~ a c t i v i t i e s  
both inshore  and o f f s h o r e  cou ld  a l s o  produce 
ser ious e f f e c t s  on t h e  f i s h  stocks. Inshore 
a c t i v i t i e s ,  f o r  example, t h a t  might impede t h e  
movement o f  f i s h  a long t h e  Beaufor t  coast o r  
p r o h i b i t  access t o  feed i  ng, rea r ing ,  and over- 
w i n t e r i n g  areas along t h e  Tuktoyaktuk Peninsula, 
cou ld  prove extremely de t r imenta l .  Such e f f e c t s  
are l i k e l y  t o  be f e l t  f i r s t  i n  t h e  v i c i n i t y  o f  
Tuktoyaktuk which has emerged as t h e  base o f  
operat ions f o r  t h e  pet ro leum indus t ry .  Here, 
i n d u s t r i a l  development has increased dramat i -  
c a l l y  i n  recent  years. Tuktoyaktuk Harbour i s  
undergoing increased s h o r e l i n e  development and 
vessel t r a f f i c ,  and may soon be upgraded t o  t h e  
s t a t u s  o f  a  p u b l i c  harbour. Dredging a c t i v i t y  
i s  inc reas ing  and minor o i l  s p i l l s  w i t h i n  t h e  
harbour are a l ready a common occurrence. Such 
events may impact n e g a t i v e l y  upon t h e  f i s h  
resources o f  t h e  area. Successful m i t i g a t i o n  o f  
such impacts demands an adequate data base r e l a -  
t i v e  t o  the  f i s h  resource, i n c l u d i n g  complete 
d e s c r i p t i o n s  o f  l i f e  h i s t o r y  p a t t e r n s  and o f  
h a b i t a t s  c r i t i c a l  t o  t h e  maintenance o f  t h e  
var ious f i s h  populat ions.  The purpose o f  t h e  
present study was t o  descr ibe  seasonal changes 

i n  the f i s h  c o r n u n i t y  o f  Tuktoyaktuk Harbour and 
t o  assess t h e  s i g n i f i c a n c e  of t h e  harbour i n  
terms o f  p r o v i d i n g  spawning, feeding, rear ing ,  
and overw in te r ing  areas f o r  marine and anadro- 
mous f i s h .  

DESCRIPTION OF THE STUDY AREA 

Tuktoyaktuk Harbour i s  loca ted  on t h e  Tuk- 
toyaktuk Peninsula a t  t h e  eastern edge o f  t h e  
Mackenzie D e l t a  (Fig. 1) .  Most o f  the  Tuktoyak- 
t u k  Peninsula c o n s i s t s  o f  P le is tocene sediments, 
p r i m a r i l y  medium t o  f i n e  sand, u n d e r l a i n  by mas- 
s i v e  sheets o f  ground i c e  and covered by tundra 
vege ta t ion  (Mackay 1963). The h i g h l y  indented 
c o a s t l i n e  i s  l o w - l y i n g  w i t h  a l t i t u d e s  genera l l y  
w i t h i n  10 m o f  sea l e v e l .  

The t i d e s  a t  Tuktoyaktuk, descr ibed as 
semid iurnal  (Dohler 1964), have a normal range 
o f  about 0.4 m, bu t  can vary by up t o  3 m as a 
r e s u l t  o f  storm surges (Henry 1975). 

The c l imato logy  o f  t h e  area has been 
reviewed i n  d e t a i l  by Burns (1973). At  Tuktoy- 
aktuk extreme temperatures d u r i n g  t h e  year  can 
vary from 25OC t o  -5D°C. D a i l y  mean temperature 
i s  h ighes t  i n  J u l y  (lO°C) and lowest  i n  January 
and February (-30°C). The mean date o f  l a s t  
f r o s t  i s  30 June w h i l e  f i r s t  f r o s t  u s u a l l y  
occurs about 20 August. Mean annual p r e c i p i t a -  
t i o n  i s  l e s s  than  25 cm, most o f  which f a l l s  as 
r a i n  d u r i n g  J u l y  and August. Freeze-up gene- 
r a l l y  occurs i n  September o r  October w i t h  break- 
up occur r ing  i n  l a t e  June. I c e  th ickness i s  
g rea tes t  i n  May when i t  var ies  from two t o  t h r e e  
metres. 

The hamlet o f  Tuktoyaktuk, w i t h  a n a t i v e  
popu la t ion  o f  about 750, i s  s i t u a t e d  on t h e  east  
s i d e  o f  a  nor th-south o r i e n t e d  peninsula, 150 t o  
300 m i n  w id th  (Mackay 1963). The waters o f  
Tuktoyaktuk Harbour communicate w i t h  Kugmal l i t  
Bay through two narrow channels separated by 
Tuktoyaktuk I s land ,  a  narrow, f l a t - t o p p e d  i s l a n d  
approximately 15 m h i g h  and 1500 m i n  length.  

Tuktoyaktuk Harbour i t s e l f  i s  about 6.5 km 
l o n g  and up t o  1.8 km wide. The maximum depth 
i s  about 26 m (Barber 1968) b u t  depths a re  l e s s  
than  10 m i n  most places. The shore1 i n e  o f  t h e  
harbour i s  indented by bays and broken by t h r e e  
major i n l e t s ,  Freshwater Creek, Mayogiak I n l e t ,  
and Reindeer Creek (Fig. 2 ) .  

S a l i n i t y  features o f  Kugmall i t  Bay and 
Tuktoyaktuk Harbour have been reviewed by Barber 
(1968) and M i l n e  and Smiley (1976). Under i c e  
cover f r e s h  Mackenzie R ive r  water accumulates i n  
inshore areas o f  K u g m a l l i t  Bay, p reven t ing  i n -  
f l u x  o f  s a l t  water i n t o  Tuktoyaktuk Harbour. An 
upper f reshwater  l a y e r  begins t o  develop i n  t h e  
harbour i n  e a r l y  December and deepens t o  about 
6 m by l a t e  spr ing.  A sharp h a l o c l  i n e  separates 
t h e  two l a y e r s  as s a l i n i t y  measurements i n  t h e  
upper l a y e r  a re  l e s s  than  1 g * ~ - l  w h i l e  those i n  
deeper waters may exceed 30 g.L-'. Dur ing sum- 
mer, winds mix t h e  f r e s h  water i n  Kugmal l i t  Bay 
w i t h  more s a l i n e  sea water, and the  s a l i n i t y  i n  
inshore  areas and i n  the  upper waters o f  Tukto- 
yaktuk Harbour becomes greater ,  i n c r e a s i n g  t o  a t  
l e a s t  13.7 g.~-l .  



Surface water temperatures i n  Tuktoyaktuk 
Harbour may reach 15°C d u r i n g  t h e  s u m e r  w h i l e  
bot tom temperatures remain near 0°C. I n  w in te r ,  
temperatures i n  t h e  su r face  l a y e r  remain c l o s e  
t o  O°C w h i l e  those below t h e  ha loc l  i n e  may drop 
t o  -0.5OC. 

S a l i n i t y ,  temperature, o ther  water q u a l i t y  
parameters, and pr imary p r o d u c t i v i t y  a re  t h e  
sub jec ts  o f  a  study c u r r e n t l y  be ing conducted i n  
Tuktoyaktuk Harbour by t h e  Department o f  F ish -  
e r i e s  and Oceans (de March i n  prep.). 

MATERIALS AND METHODS 

SEDIMENT ANALYSIS 

M a t e r i a l  f o r  a n a l y s i s  o f  p a r t i c l e  s i z e  
d i s t r i b u t i o n  and organic  content  was obta ined 
f rom Ekman dredge samples taken a t  24 l o c a t i o n s  
i n  Tuktoyaktuk Harbour on 11-12 September 1980 
(Fig. 2). Cores (3.8 cm diameter) obta ined f rom 
t h e  grab samples were f rozen  and kept f rozen  
u n t i l  t h e  t ime  of analys is .  Sediment t e x t u r e  
was evaluated by t h e  d r y  s ieve  method (Welch 
1948), r e s u l t i n g  i n  separa t ion  o f  sediments 
accord ing t o  p a r t i c l e  s i z e  as descr ibed by t h e  
Wentworth scale (Wentworth 1922). The names and 
s i z e  ranges f o r  t h e  var ious p a r t i c l e s  are as 
fo l l ows :  

Cobble 
Pebble 
Granule 
Very Coarse Sand 
Coarse Sand 
Medium Sand 
F ine  Sand 
Very F ine  Sand 

S i l t  
Clay 

b u t  
bu t  
bu t  
but  
bu t  
but  
b u t  
bu t  

bu t  

>25.0 mm 
>4.75 mn 
s . 0 0  mm 
>1.00 mn 
>0.50 mm 
>0.25 m 
>0.125 mrn 
>0.063 inn 

(63 
>3.9 u 

The s i l t  and c l a y  f r a c t i o n s  were separated u s i n g  
t h e  p i p e t t e  method descr ibed by Rukavina and 
Duncan (1970). 

Fo l low ing  separa t ion  each f r a c t i o n  was 
weighed separa te ly  (tO.01 g) and t h e  r e s u l t  
expressed as a percentage o f  t h e  t o t a l  sample 
weight. Dur ing t h e  separa t ion  process small  
amounts o f  sediment were u s u a l l y  l o s t .  These 
losses ranged up t o  4.55% and averaged 1.64% o f  
t h e  t o t a l  sample weight. 

To determine t h e  o rgan ic  content  o f  t h e  
sediments, samples (5-10 g) were d i v i d e d  i n t o  
two approx imate ly  equal p o r t i o n s .  The two por -  
t i o n s  were t r e a t e d  separa te ly  and the  r e s u l t s  
combined t o  produce t h e  sample r e s u l t .  Each 
p o r t i o n  was weighed (*0.0001 g) i n  a pre-weighed 
c r u c i b l e ,  combusted a t  500°C, and then  reweigh- 
ed, t h e  weight l o s s  represen t ing  t h e  organic  
content.  This  va lue was expressed as a percen- 
tage o f  t h e  t o t a l  sample weight. 

BENTHIC MACROINVERTEBRATES 

The ben th ic  macro inver tebrate fauna o f  
Tuktoyaktuk Harbour was sampled on 11-12 Septem- 
ber  1980 us ing  an improved Ekman-type grab (Bur- 

t o n  and Flannagan 1973). S ing le  grab samples 
were taken a t  24 l o c a t i o n s  (F ig.  2)  which were 
se lec ted  t o  p rov ide  coverage o f  a  wide range o f  
depths. A f t e r  removal o f  core samples f o r  par-  
t i c l e  s i z e  a n a l y s i s  t h e  grab samples were 
screened t h r o u  h a 200 u s ieve and t h e  animals 
f i x e d  i n  10% formal i n  The f i x e d  Sam l e s  were 
l a t e r  t r a n s f e r r e d  t o  YO% ethanol.  I n  {he labo-  
r a t o r y  t h e  animals were counted and i d e n t i f i e d  
t o  class. The samples were r e t a i n e d  f o r  more 
s p e c i f i c  i d e n t i f i c a t i o n .  

FISH 

Capture methods 

The f i s h  populat ions o f  Tuktoyaktuk Har- 
bour were sampled between 25 J u l y  1979 and 23 
March 1981 us ing Swedish survey-type g i l l  nets, 
r e g u l a r  g i l l n e t s ,  and small mesh seines. The 
Swedish nets  were 60 m long  by 1.8 m deep and 
cons is ted  o f  equal lengths o f  10, 19, 33, 45, 
55, and 60 mn m u l t i f i l a m e n t  ny lon  mesh (bar mea- 
sure).  These ne ts  were set  a t  13 l o c a t i o n s  
(Fig. 3) d u r i n g  t h e  study and were t h e  on ly  cap- 
t u r e  method used both under i c e  and d u r i n g  t h e  
open water period. A l l  sets  were made on t h e  
bottom except a t  S i t e s  9 and 12 on 10 January 
1981 when t h e  nets  were suspended i n  t h e  water  
column, a l though below t h e  h a l o c l i n e .  The f i v e  
main s t a t i o n s  f i s h e d  w i t h  t h i s  gear i n s i d e  t h e  
harbour ( S i t e s  3, 6, 7, 8, and 9 )  were sampled 
severa l  t imes each under i c e  and a t  approx i -  
mate ly  two-week i n t e r v a l s  from 9 J u l y  t o  7 Sep- 
tember 1980. Other s t a t i o n s  were sampled l e s s  
r e g u l a r l y .  Set t imes f o r  these Swedish nets  
v a r i e d  f rom 105 t o  330 minutes bu t  most se ts  
were o f  120 minutes durat ion.  

Twelve inshore  l o c a t i o n s  (Fig. 3)  were 
sampled a t  weekly i n t e r v a l s  f rom 20 J u l y  t o  12 
September 1980 us ing  r e g u l a r  g i  11 nets. These 
shore-based nets  were 22.9 m l o n g  by 1.8 m deep 
and constructed o f  210/4 bra ided nylon. Nets o f  
51 mn mesh s i z e  (bar measure) were used i n  most 
cases bu t  70 mn nets  were used occas iona l l y .  
Nets were t i e d  t o  and r u n  perpendicu lar  t o  t h e  
shore, and were set i n  such a way t h a t  t h e  f l o a t  
l i n e  remained a t  t h e  water surface. Set t imes  
f o r  these ne ts  va r ied  f rom 45 t o  135 minutes. 

Inshore  areas were a lso  sampled f o r  small 
f i s h  us ing  seines w i t h  6.4 mn mesh s ize.  Four 
l o c a t i o n s  were sampled i n  1979 us ing  a seine 9.1 
m long  w h i l e  a 6.1 m seine was employed a t  n i n e  
s i t e s  i n  1980 (Fig. 3).  I n  1980 each s e i n i n g  
s i t e  was sampled a t  weekly i n t e r v a l s  f rom 7 J u l y  
t o  9 September. On each occasion two se ine 
hauls  were made a t  each s i t e  and t h e  l e n g t h  o f  
shore1 i ne seined was recorded. 

Treatment o f  samples i n  f i e l d  

Most f i s h  captured i n  g i l l n e t s  were 
r e t a i n e d  f o r  l i f e  h i s t o r y  analys is .  The excep- 
t i o n s  were fourhorn scu lp in ,  A r c t i c  f lounder ,  
and s t a r r y  f l ounder  which were o f t e n  measured 
and released. I n  t h e  case o f  seines t h e  e n t i r e  
catch was u s u a l l y  r e t a i n e d  f o r  i d e n t i f i c a t i o n  
and analys is .  A few t imes, however, when t h e  
catch was large,  a  r e p r e s e n t a t i v e  subsample was 
r e t a i n e d  and t h e  remainder were re tu rned  t o  the  
water a f t e r  t h e i r  numbers had been est imated. 



Retained f i s h  were f i x e d  i n  10% f o r m a l i n  and 
t r a n s f e r r e d  l a t e r  t o  40% isopropy l  a lcohol .  

Laboratory  techniques 

F i s h  i d e n t i f i c a t i o n :  Seine catches were 
i d e n t i f i e d  us ing taxonomic keys and d e s c r i p t i o n s  
prov ided by Sco t t  and Crossman (1973), McPhail 
and Lindsey (1970), Har t  (1973), and McAll i s t e r  
(1960). 

L i f e  h i s t o r y  ana lys is :  Small f i s h  t h a t  were 
captured i n  seines and preserved i n  f o r m a l i n  
were measured t o  t h e  nearest  m i l l i m e t r e .  No 
f u r t h e r  analyses were performed on these f i s h .  
For  f i s h  captured i n  g i l l n e t s  f o r k  o r  t o t a l  
l eng th  (k1.0 mn) and body weight ( u s u a l l y  525 g) 
were recorded and e i t h e r  scales o r  o t o l i t h s  were 
r e t a i n e d  f o r  age determinat ion.  Sex and matu- 
r i t y  were determined by gonadal examination. A  
f i s h  was considered t o  be mature i f  i t  appeared 
t h a t  i t  would spawn o r  had a l ready spawned i n  
t h e  year  o f  capture. The degree o f  gonadal 
development was descr ibed accord ing t o  t h e  f o l -  
l ow ing  scale:  

Female Ma1 e  
1 6 I n a t u r e  
2  7 Matur ing 
3  8 Mature 
4 9  Ripe 
5  10 Spent 

0  Sex I n d i s t i n g u i s h a b l e  

Because the  assignment o f  a  m a t u r i t y  code 
i s  somewhat sub jec t i ve ,  an attempt was made, i n  
some cases, t o  q u a n t i f y  gonadal development by 
c a l c u l a t i n g  t h e  Gonadosomatic Index (GSI ). 
Gonads were removed from these f i s h  and weighed 
f r e s h  t o  t h e  nearest gram. The data on body and 
gonad weights were then used t o  determine t h e  
Gonadosomatic Index by t h e  formula: 

GSI = Gonad Weight x  100 
F i s h  Round Weight 

Food h a b i t s  were evaluated by a  gross 
examination o f  stomach contents  i n  t h e  f i e l d .  
As w e l l ,  a  l i m i t e d  number o f  stomachs, which 
appeared t o  con ta in  some food, were preserved i n  
10% f o r m a l i n  f o r  f u r t h e r  d e t a i l e d  analys is .  The 
contents  o f  these stomachs were l a t e r  washed 
i n t o  a  P e t r i e  d i s h  and t h e  food i tems sor ted  by 
category and d r i e d  t o  constant  weight a t  38°C. 
The d r i e d  stomach contents  were then weighed t o  
t h e  nearest 0.01 g. Resul ts  o f  t h e  food h a b i t s  
ana lys is  were expressed i n  terms o f  percentage 
frequency o f  occurrence and percentage o f  t o t a l  
dry  weight. Ino rgan ic  mate r i  a1 (stones, sand, 
etc.)  were excluded from t h e  weight c a l c u l a -  
t i o n s .  

The sca le  method was used i n  determin ing 
ages f o r  broad w h i t e f i s h ,  l ake  w h i t e f i s h ,  A r c t i c  
c isco,  l e a s t  c i sco ,  and inconnu. Several sca les 
f rom each f i s h  were mounted between two g lass 
s l i d e s  and t h e  annu l i  were i n t e r p r e t e d  from t h e  
image produced by a  m ic ropro jec to r .  

O t o l i t h s  were used i n  e v a l u a t i n g  the  ages 
o f  o ther  f i s h  species. These were t r e a t e d  i n  
var ious ways, depending on t h e  species. Oto- 
l i t h s  from P a c i f i c  h e r r i n g ,  rainbow smelt ,  and 

fourhorn s c u l p i n  were ground by hand on a  ca r -  
borundum and c leared  us ing  100% g lycer ine .  
Those from. A r c t i c  f l ounder  and s t a r r y  f l ounder  
were c u t  w i t h  a  j e w e l l e r ' s  saw equipped w i t h  a  
No. 7  o r  No. 8  blade. The cu t  su r face  was then 
burned us ing an a lcohol  burner and t h e  o t o l i t h  
c lea red  w i t h  cedarwood o i l .  O t o l i t h s  from bur-  
bo t  and s a f f r o n  cod were embedded i n  epoxy r e s i n  
and sect ioned, growth zones being read from the  
cu t  su r face  w i t h  t h e  a i d  o f  a  d i s s e c t i n g  micro-  
scope. 

Data ana lys is  

The r e l a t i v e  abundance o f  var ious f i s h  
species was expressed i n  terms o f  absolute num- 
bers, percentage composit ion, and catch-per- 
u n i t - e f f o r t .  These data appear by gear type,  
sampling . locat ion,  and date i n  Appendices 1, 2, 
3, 4, and 5. C a t c h - p e r - u n i t - e f f o r t  was 
expressed as t h e  number o f  f i s h  captured per 
net ,  per hour f o r  both Swedish survey-type nets  
and r e g u l a r  g i l l n e t s .  I n  the  case o f  seines 
c a t c h - p e r - u n i t - e f f o r t  was expressed as t h e  num- 
ber  o f  f i s h  captured per 100 metres o f  shore l ine  
seined. 

Length, weight, and age data were analyzed 
f o r  graphic  and t a b u l a r  p resen ta t ion  us ing  a  
Hew1 et t -Packard Model 9810-A p rogramab le  c a l  cu- 
l a t o r .  Length-weight re1 a t i o n s h i p s  were des- 
c r i b e d  by t h e  power equat ion:  

where W = weight (g )  
L = f o r k  o r  t o t a l  l e n g t h  (mm) 
a  = y - i n t e r c e p t  
b  = slope o f  t h e  regress ion l i n e  

SDb = standard d e v i a t i o n  o f  b  

R e l a t i v e  c o n d i t i o n  f a c t o r s  (K)  were d e t e r -  
mined from the  formula: 

RESULTS AND DISCUSSION 

SEDIMENT TEXTURE 

The bottom o f  Tuktoyaktuk Harbour appears 
t o  be covered w i t h  a  t h i n  l a y e r  o f  very f i n e l y  
d i v i d e d  sediments. At  most l o c a t i o n s  (75%) t h e  
s i  l t - c l  ay f r a c t i o n  accounted f o r  more than  94% 
o f  t h e  sediment by weight, and on ly  11 s t a t i o n s  
had any m a t e r i a l  l a r g e r  than  f i n e  sand (Table 
1) .  The coarsest  sediments w i t h  t h e  sma l les t  
percentage o f  s i l t  and c l a y  were loca ted  a t  
S i t e s  TB2 and TB6 (Fig. 2). Both o f  these s i t e s  
were shal low (2.0-2.5 m) and loca ted  on t h e  main 
nor th-south a x i s  o f  t h e  harbour where they would 
be most exposed t o  wind act ion.  

The organic  content  o f  t h e  sediments 
v a r i e d  from 3.86% a t  S i t e  TB2 t o  28.7% a t  S i t e  
TB8 b u t  was between 7.5 and 14.0% a t  most 
(87.5%) l o c a t i o n s  (Table 2) .  Discrepancies 
between t h e  two determinat ions a t  each s t a t i o n  
were u s u a l l y  s l  i g h t  (0.01-1.59%). The except ion 
occurred i n  t h e  sample f rom S i t e  TB8 where a  
va lue o f  40.83% was recorded i n  one case. The 



reason f o r  t h i s  l a r g e  discrepancy i s  not  known. 
The r e l a t i o n s h i p  between p a r t i c l e  s i z e  and o r -  
ganic content  i s  apparent i n  the  samples as 
those s i t e s  w i t h  t h e  g r e a t e s t  percentage o f  
sediments l a r g e r  than very f i n e  sand had t h e  
lowest organic  content.  At  S i t e s  TB2, TB6, TB7, 
TB10, and TBl1, f o r  example, organic  content  
ranged f rom 3.86% t o  9.14% whereas a t  t h e  
remaining s t a t i o n s  (mostly s i l t - c l a y ) ,  t h e  o r -  
ganic content  was u s u a l l y  g rea te r  than 10%. 
Lawrence (unpubl ished da ta )  found t h e  organic  
content  o f  t h e  sediments i n  lakes o f  t h e  Canya- 
nek system on the  Tuktoyaktuk Peninsula t o  range 
f rom 1 t o  37% by weight. 

BENTHIC MACROINVERTEBRATES 

Benth ic  samples were taken f rom 24 loca-  
t i o n s  i n  Tuktoyaktuk Harbour (Fig. 2 ) ;  however, 
o n l y  12 samples have been sor ted  t o  date, and 
i d e n t i f i c a t i o n s  have been l i m i t e d ,  f o r  t h e  most 
p a r t ,  t o  major taxa (Table 3). T h i r t e e n  major 
i n v e r t e b r a t e  taxa  were i d e n t i f i e d  f rom Ekman 
grab samples w i t h  the  Polychaeta being t h e  most 
widespread and abundant group. Polychaeta 
occurred a t  11 o f  t h e  12 sampling l o c a t i o n s  and 
accounted f o r  73.3% o f  t h e  s tand ing  crop over- 
a l l .  They were most abundant a t  S i t e s  TB13 and 
TB14 where 658 and 1244 i n d i v i d u a l s ,  respec- 
t i v e l y ,  were taken i n  s i n g l e  grab samples. 
Pelecypoda, which were taken a t  seven o f  t h e  12 
s i t e s ,  accounted f o r  11.9% o f  a l l  animals iden- 
t i f i e d  b u t  were abundant o n l y  a t  S i t e s  TB7 and 
TB10. The subs t ra te  a t  these two s i t e s  was con- 
s i d e r a b l y  sandier  than  a t  any o f  t h e  o t h e r  t e n  
(Table 1).  

More d e t a i l e d  s tud ies  o f  t h e  i n v e r t e b r a t e  
fauna i n  Beaufor t  Sea coas ta l  areas have been 
conducted by E l l i s  (1960); Carey e t  a1 (1974); 
Kendel e t  a l .  (1975); Wacasey (1975); G r i f f i t h s  
e t  a l .  (1975, 1977); Jones and den Beste (1977) 
and F a l l i s  e t  a l .  ( i n  prep.). 

FISH 

F i f t e e n  f i s h  species, rep resen t ing  e i g h t  
f a m i l i e s ,  were i d e n t i f i e d  f rom g i l l n e t  and se ine 
catches d u r i n g  t h e  present  study (Table 4). 
Because o f  t h e  l a r g e  numbers o f  small l e a s t  and 
A r c t i c  c i s c o  captured, small  mesh seines pro-  
duced t h e  most f i s h ,  account ing f o r  63.8% o f  t h e  
t o t a l  catch. Swedish g i l l n e t s  c o n t r i b u t e d  21.8% 
o f  t h e  catch w h i l e  l a r g e  mesh g i l l n e t s ,  f i s h e d  
ma in ly  a t  nearshore loca t ions ,  produced 14.4% o f  
a l l  f i s h  captured (Table 5). S i x  anadromous 
species dominated t h e  f i s h  fauna, compr is ing 
71.4% o f  t h e  t o t a l  catch i n  a l l  gear types com- 
bined. Among t h e  anadromous forms l e a s t  c i s c o  
(43.8%) predominated, fo l l owed by A r c t i c  c i s c o  
(26.8%), broad w h i t e f i s h  (13.7%), lake  w h i t e f i s h  
(7.6%), r a i  nbow smel t  (5.2%), and i nconnu 
(2.7%). Another s i x  species, account ing f o r  
17.7% o f  t h e  t o t a l  catch, were considered t o  be 
b rack ish  water o r  marine forms. Wi th in  t h i s  
group fourhorn s c u l p i n  were by f a r  t h e  most 
abundant, making up 49.5% o f  t h e  t o t a l .  Other 
rnari ne forms inc luded  s t a r r y  f l ounder  (19.1%), 
P a c i f i c  h e r r i n g  ( 1 6 1 % )  A r c t i c  f l ounder  
(12.8%), s a f f r o n  cod (2.4%), and eelpout  
(0.1%). The remain ing t h r e e  species, n inespine 

s t i ck leback ,  pond smelt, and burbot are consid- 
ered f resh water forms. L i f e  h i s t o r y  descr ip -  
t i o n s  f o r  t h e  major f i s h  species are presented 
be1 ow. 

Broad w h i t e f i s h  

D i s t r i b u t i o n  and r e l a t i v e  abundance: The 
Nor th  American d i s t r i b u t i o n  o f  t h e  broad whi te-  
f i s h  extends f rom t h e  Kuskokwim R i v e r  system, 
Alaska ( A l t  1976) t o  t h e  Perry  River ,  N.W.T. 
(Sco t t  and Crossman 1973). I t occurs i n  b o t h  
f r e s h  and brack ish water but  i s  seldom taken f a r  
offshore i n  t h e  marine environment. Broad 
w h i t e f i s h  have been repor ted  as f a r  upstream as 
F o r t  Simpson i n  t h e  Mackenzie R i v e r  system 
( S t e i n  e t  a l .  1973) a l though they are most com- 
mon i n  t h e  lower  reaches ( S t e i n  e t  a l .  1973; 
Percy 1975; de Graaf and Machniak 1977). Dur ing  
t h e  summer months broad w h i t e f i s h  are d i s t r i b u -  
t e d  along the  Yukon coast (Kendel e t  a l .  1975), 
through t h e  ou te r  Mackenzie D e l t a  (Percy 1975), 
and along t h e  coast o f  the  Tuktoyaktuk Peninsula 
w i t h i n  t h e  Mackenzie es tuary  ( G a l b r a i t h  and Hun- 
t e r  1975; Jones and den Beste 1977; Lawrence e t  
a l .  i n  prep.; F a l l i s  e t  a l .  i n  prep.). Fresh- 
water lakes  i n  t h e  Mackenzie D e l t a  ( S t e i n  e t  
a l .  1973) and a long t h e  Tuktoyaktuk Peninsula 
(Lawrence e t  a l .  i n  prep.) are used e x t e n s i v e l y  
as summer feed ing  areas by t h i s  species. Broad 
w h i t e f i s h  have been harvested comnerc ia l l y  on ly  
on a l i m i t e d  bas is  i n  t h e  Mackenzie De l ta ,  b u t  
c o n s t i t u t e  a major component o f  t h e  domestic 
harvest  i n  D e l t a  comnuni t i e s  i n c l u d i n g  Tuktoyak- 
tuk ,  Ak lav ik ,  and A r c t i c  Red R iver  (Fig. 1).  

Broad w h i t e f i s h  made up o n l y  9.8% o v e r a l l  
o f  f i s h  captured d u r i n g  t h e  present s tudy b u t  
they  were comon i n  nearshore areas throughout 
t h e  summer, account ing f o r  53.0% o f  t h e  t o t a l  
catch i n  shore-based g i l l n e t s  (Table 5). The 
tendency f o r  broad w h i t e f i s h  t o  remain inshore  
i s  emphasized by t h e  f a c t  t h a t  most o f  t h e  63 
f i s h  shown i n  Table 5 as hav ing been captured i n  
Swedish survey ne ts  were a l s o  captured near 
shore. For  example, o f  41 f i s h  taken by t h i s  
gear i n  1979, most were caught near t h e  mouth o f  
Mayogiak Creek (n=19) and i n  t h e  mouth o f  Fresh- 
water  Creek (n=15). By c o n t r a s t  broad w h i t e f i s h  
were never taken o f f s h o r e  i n  Kugmal l i t  Bay and 
appeared t o  avoid the  deep o f f s h o r e  waters w i th -  
i n  Tuktoyaktuk Harbour. Only seven broad wh i te -  
f i s h  were taken a t  the  f i v e  survey net  s i t e s  
w i t h i n  t h e  harbour d u r i n g  1980. Two were cap- 
t u r e d  a t  S i t e  3 w h i l e  the  remaining f i v e  were 
taken a t  S i t e  8, t h e  shal lowest  o f  t h e  f i v e  
s i t e s ,  l oca ted  not  f a r  f rom the  m u t h  o f  Mayo- 
giak Creek (Fig. 3). Only 84 broad w h i t e f i s h  
were captured i n  small mesh seines, accounting 
f o r  j u s t  2.0% o f  t h e  t o t a l  catch i n  t h a t  gear 
(Table 5). Most were caught i n  1979 when good 
catches were made a t  Freshwater Creek (n=34), 
Avel tkok I n l e t  (n=15), and Mayogiak Creek 
(n=13). Dur ing  1980 on ly  19 broad w h i t e f i s h  
were captured i n  seines, t h e  m a j o r i t y  (47%) a t  
Freshwater Creek ( S i t e  S6) and Avel tkok I n l e t  
( S i t e  S15) (Appendix 4). These r e s u l t s  suggest 
t h a t  Freshwater and Mayogiak creeks may serve as 
r e a r i n g  areas f o r  young broad wh i te f i sh .  

F a l l i s  e t  a l .  ( i n  prep.) repor ted  a l a r g e  
m i g r a t i o n  o f  broad w h i t e f i s h ,  assumed t o  be Mac- 
kenzie R i v e r  stock, i n  Kukjuktuk Creek, a small 
t r i b u t a r y  g r a i n i n g  a system o f  tundra  lakes and 



e n t e r i n g  t h e  Beaufor t  Sea approx imate ly  30 km 
nor theast  o f  Tuktoyaktuk (F ig.  1) .  The upstream 
m i g r a t i o n  began i n  mid-June w h i l e  t h e  Beaufor t  
coast was s t i l l  ice-covered, and peaked i n  l a t e  
June and e a r l y  Ju ly .  These r e s u l t s  suggest an 
e a r l y  movement o f  broad w h i t e f i s h  f rom over- 
w i n t e r i n g  areas toward s u m e r  feed ing  l o c a t i o n s  
w i t h  a t  l e a s t  some o f  t h e  m i g r a t i o n  passing Tuk- 
toyaktuk under i c e  i n  l a t e  May o r  e a r l y  June. 

Broad w h i t e f i s h  were present  i n  Tuktoyak- 
t u k  Harbour a t  t h e  beginning o f  J u l y ,  1980 and 
were being harvested by t h e  domestic f i s h e r y  a t  
the  west harbour entrance immediately a f t e r  i c e -  
out. They were captured a t  a l l  inshore s i t e s  
except S i t e  23 on 20-22 J u l y  but  were abundant 
on ly  a t  S i t e s  33, 29, and 21 a t  t h a t  t ime. 
Dur ing t h e  remainder o f  t h e  summer t h e  catch-  
per-uni  t - e f f o r t  i n  shore-based g i  11 ne ts  va r ied  
considerably  (Fig. 4 )  i n d i c a t i n g  cont inuous 
mig ra to ry  a c t i v i t y .  It i s  l i k e l y  t h a t  f o r  much 
o f  t h e  surrmer t h e  catch inc luded  f i s h  moving i n  
both d i r e c t i o n s  a long t h e  coast. The l a r g e  
abundance peak observed i n  e a r l y  September, how- 
ever, i s  be l ieved  t o  represent  a  concerted west-. 
ward movement toward overw in te r ing  areas near 
t h e  mouth o f  t h e  Mackenzie River.  Our sampling 
program extended on ly  u n t i l  12 September; how- 
ever, l o c a l  res iden ts  t e l l  us t h a t  few w h i t e f i s h  
are t o  be captured i n  t h e  harbour a f t e r  Septem- 
ber .  

Although seines captured few broad wh i te -  
f i s h  t h e  r e s u l t s  seem t o  i n d i c a t e  m i g r a t o r y  
behaviour on t h e  p a r t  o f  small  f i s h  as w e l l  
(Fig. 4).  The peak i n  mid-Ju ly  and t h e  subse- 
quent decrease i n  catch-per-uni  t - e f f o r t  i s  con- 
s i s t e n t  w i t h  t h e  observat ions o f  F a l l  i s  e t  a1 . 
( i n  prep.) who repor ted  t h a t ,  by l a t e  Ju ly ,  most 
upstream migrants  i n  Kukjuktuk Creek were young- 
of - the-year  and year l i ngs .  The f a c t  t h a t  small 
broad w h i t e f i s h  d i d  n o t  reappear i n  t h e  se ine 
catches i n  mid-September lends support t o  t h e i r  
suggest ion t h a t  small broad w h i t e f i s h  overw in te r  
i n  some f reshwater  lakes on t h e  Tuktoyaktuk 
Peninsula. On t h e  o t h e r  hand, severa l  small  
broad w h i t e f i s h  (41-91 mn) were captured i n  
seines on 26 September 1979 a t  Mayogiak Creek 
(n=6), Freshwater Creek (n= l ) ,  and Avel t o k  In1 e t  
(n=2) (Appendix 5). 

Age and growth: Broad w h i t e f i s h  from Tuk.to- 
yaktuk Harbour ranged from 34 t o  530 mn i n  f o r k  
l e n g t h  w i t h  those between 350 and 474 m com- 
p r i s i n g  80% o f  t h e  t o t a l  sample. Most broad 
w h i t e f i s h  captured d u r i n g  t h e  s tudy (77.8%) were 
taken i n  l a r g e  mesh g i l l n e t s  se t  a t  i nshore  
l o c a t i o n s  and t h e  o v e r a l l  length- f requency d i s -  
t r i b u t i o n  r e f l e c t s  t h e  s e l e c t i v e  nature o f  t h i s  
gear (Fig. 5). Var iab le  mesh Swedish survey 
ne ts  captured broad w h i t e f i s h  over a l a r g e r  s i z e  
range (90-461 mm) b u t  these nets  were seldom 
f i s h e d  inshore i n  1980. F i g u r e  5 suggests t h a t  
broad w h i t e f i s h  l e s s  than  350 mn may have been 
more abundant a t  inshore l o c a t i o n s  than t h e  1980 
data ind ica te .  

The length- f requency d i s t r i b u t i o n  observed 
i n  the  present study i s  s i m i l a r  t o  t h a t  repor ted  
by Jones and den Beste (1977) a t  T u f t  Point .  
Broad w h i t e f i s h  found along t h e  coast o f  t h e  
Tuktoyaktuk Peninsula appear t o  be smal ler ,  on 
t h e  average, than those captured i n  t h e  Macken- 
z i e  River .  S t e i n  e t  a l .  (1973) and Percy (1975) 

repor ted  t h a t  most broad w h i t e f i s h  i n  t h e i r  
catches were between 431 and 540 mm. Chang-Kue 
and Jessop ( i n  prep.),  f i s h i n g  i n  t h e  east chan- 
ne l  concur ren t l y  w i t h  t h e  present study, found 
t h e  m a j o r i t y  o f  broad w h i t e f i s h  t o  be between 
425 and 550 m i n  f o r k  length.  No d i f f e r e n c e  
was observed between t h e  length- f requency d i s -  
t r i b u t i o n  f o r  male and female broad w h i t e f i s h  
f rom Tuktoyaktuk Harbour except d u r i n g  1979 when 
the  sample s i z e  was small (Fig. 5) .  

Broad w h i t e f i s h  f rom Tuktoyaktuk Harbour 
ranged up t o  13 years i n  sca le  age a l though t h e  
m a j o r i t y  (73%) were age 7 t o  10 i n c l u s i v e  (Table 
6). Percy (1975) and S t e i n  e t  a1 . (1973) bo th  
repor ted  a maximum sca le  age o f  15 years f o r  
Mackenzie R ive r  broad w h i t e f i s h  w h i l e  de Graaf 
and Machniak (1977) i n d i c a t e d  a maximum o t o l i t h -  
based age o f  19 years. 

Broad w h i t e f i s h  increased i n  f o r k  l e n g t h  
a t  a  r a p i d  r a t e  up t o  age 4 by which age a mean 
l e n g t h  o f  330 mn was achieved (Table 6). Beyond 
age 4 l e n g t h  increased a t  a  slower ra te .  No 
s i g n i f i c a n t  d i f f e r e n c e  was observed between the  
growth r a t e s  f o r  male and female f i s h  (Table 
6). De Graaf and Machniak (1977) a l s o  found 
male and female broad w h i t e f i s h  t o  grow a t  equal 
ra tes.  

The growth r a t e  f o r  broad w h i t e f i s h  a t  
Tuktoyaktuk i s  in te rmed ia te  between r a t e s  repor-  
t e d  f rom t h e  Mackenzie R i v e r  ( H a t f i e l d  e t  a l .  
1972; de Graaf and Machniak 1977) and Kukjuktuk 
Creek ( F a l l i s  e t  a l .  i n  prep.), bu t  considerably  
f a s t e r  than i n d i c a t e d  by Muth (1969) f o r  Copper- 
mine R iver  f i s h  (Fig. 6). Berg (1962-65) i n d i -  
cated t h a t  growth o f  broad w h i t e f i s h  can vary 
considerably  between drainage systems. However, 
w i t h  t h e  except ion o f  t h e  data f o r  t h e  Copper- 
mine River ,  a l l  growth curves i n  F ig.  6  a r e  
assumed t o  have been der i ved  from f i s h  belonging 
t o  t h e  Mackenzie R i v e r  populat ion.  The apparent 
d i f f e r e n c e s  i n  growth r a t e  may be r e l a t e d  t o  t h e  
f a c t  t h a t  d i f f e r e n t  authors der i ved  t h e i r  curves 
f rom d i f f e r e n t  segments o f  t h e  popu la t ion  (e.g. 
mature vs immature f i s h ) ,  o r  t o  d i f f e r e n c e s  i n  
techniques r e l a t e d  t o  age determinat ion.  

The mathematical r e l a t i o n s h i p  between f o r k  
l e n g t h  and body weight f o r  male broad w h i t e f i s h  
f rom Tuktoyaktuk Harbour (n=306, range 282-530 
mn) i s  descr ibed by t h e  equat ion:  

The equ iva len t  r e l a t i o n s h i p  f o r  females (n=255, 
range 262-524 mn) i s  descr ibed by the  equation: 

Ana lys is  o f  covar iance i n d i c a t e d  no s i g n i f i c a n t  
d i f f e r e n c e  (P>0.05) between t h e  adjusted means 
(F=0.138, 558 d f )  o r  slopes (F=0.265, 557 d f )  o f  
t h e  length-weight  regress ions f o r  males and 
females. 

Sex r a t i o  and m a t u r i t y :  O f  510 f i s h  examined 
on ly  5.5% were judged capable o f  spawning i n  
1980. S i m i l a r l y ,  Jones and den Beste (1977), 
G a l b r a i t h  and Hunter (1975), and F a l l i s  e t  a l .  
( i n  prep.) repor ted  few mature i n d i v i d u a l s  among 
broad w h i t e f i s h  captured along t h e  coast o f  t h e  



Tuktoyaktuk Peninsula. The youngest mature male 
examined d u r i n g  t h e  present study was age 8 
w h i l e  t h e  youngest mature female was age 7 
(Table 7 ) .  De Graaf and Machniak (1977) repor -  
t e d  a minimum age o f  m a t u r i t y  o f  7 years i n  the  
Mackenzie R i v e r  w h i l e  Kogl (1972) found t h a t  
broad w h i t e f i s h  f i r s t  spawned a t  age 7 o r  8 i n  
t h e  C o l v i l l e  River ,  Alaska. Percy (1975) repor-  
t e d  sexua l l y  mature broad w h i t e f i s h  as young as 
3 o r  4 years. Small numbers o f  broad w h i t e f i s h  
captured a t  Tuktoyaktuk showed evidence o f  
hav ing spawned p r e v i o u s l y  b u t  would n o t  spawn i n  
1980; thus, some broad w h i t e f i s h  do not  spawn 
every year. 

As mentioned p r e v i o u s l y  on ly  5.5% o f  broad 
w h i t e f i s h  were i d e n t i f i e d  as poss ib le  1980 spaw- 
ners. This  inc luded  8.0% o f  t h e  females but  
on ly  3.3% o f  t h e  males examined. The use o f  t h e  
gonadosomatic index (GSI) i n d i c a t e d  t h a t ,  i n  t h e  
case o f  females, t h e  judgement as t o  whether o r  
no t  a f i s h  would spawn i n  t h e  ensuing spawning 
season could be made very re1 i a b l y .  When GSI i s  
p l o t t e d  against  f o r k  leng th ,  t h e  p o i n t s  fa1  1 
i n t o  two d i s t i n c t  c l u s t e r s  (Fig. 7), one i n  
which t h e  GSI l i e s  g e n e r a l l y  i n  t h e  range o f  0.4 
t o  0.6 and another i n  which t h e  range i s  appro- 
x imate ly  5 t o  10. The c l u s t e r s  a re  separated, 
the re fo re ,  by an order  o f  magnitude dur ing  the  
p e r i o d  J u l y  t o  September. The former c l u s t e r  
cons is ted  l a r g e l y  o f  v i r g i n  non-spawners (matu- 
r i t y  category 1)  w h i l e  t h e  l a t t e r  group inc luded  
f i s h  t h a t  would spawn i n  1980 ( m a t u r i t y  category 
3). Two prev ious spawners (captured 11 August) 
which would not  spawn i n  1980 had GSI values o f  
0.8 and 0.9. The mean egg diameter f o r  t h r e e  
mature females captured between 11 and 18 August 
(GSI's o f  8.4 t o  9.5) was 1.6 mm. 

Males a re  o f t e n  more d i f f i c u l t  t h a n  
females f o r  t h e  f i e l d  worker t o  ca tegor i ze  as t o  
s t a t e  o f  sexual m a t u r i t y  and, when doubt e x i s t s ,  
f i s h  a re  genera l l y  placed i n  category 7. F igure  
8 i n d i c a t e s  t h a t  t h i s  problem can be l a r g e l y  
overcome by t h e  use o f  the  GSI. F i s h  t h a t  
would d e f i n i t e l y  no t  spawn i n  1980 g e n e r a l l y  
showed a GSI o f  c lose  t o  0.1 and were separated 
from spawners (as was t h e  case w i t h  females) by 
an order  o f  magnitude d i f f e r e n c e  i n  t h e  GSI. 
Between these two groups l i e  a number o f  f i s h  
w i t h  in te rmed ia te  GSI values whose t r u e  s ta tus  
i s  more d i f f i c u l t  t o  assess and which are pro-  
p e r l y  placpd i n  category 7. Un fo r tuna te ly ,  i t  
i s  c l e a r  t h a t  d u r i n g  t h e  present  study, some 
f i s h  w i t h  GSI's near 1.0 were placed i n  category 
7 when they  perhaps should more p r o p e r l y  have 
been placed i n  category 8. Thus, had a quan t i -  
t a t i v e  method o f  ass ign ing  a m a t u r i t y  code been 
used, t h e  percentage o f  males judged capable o f  
spawning i n  1980 would have been h igher  than  t h e  
3.3% repor ted  above. 

F igures  7 and 8 a l s o  suggest t h a t  sexual 
m a t u r i t y  i n  broad w h i t e f i s h  i s  f i r s t  achieved a t  
a f o r k  leng th  o f  approx imate ly  420 t o  450 mn. 
Table 6 i n d i c a t e s  t h a t  f i s h  o f  t h a t  s i z e  cou ld  
be as young as age 5 but  a re  more l i k e l y  t o  be 
age 7 t o  9. 

Except f o r  age 9, where males outnumbered 
females, no s i g n i f i c a n t  d i f f e r e n c e  (P>0.05) 
occurred between t h e  number o f  males and 
females, e i t h e r  w i t h i n  age groups o r  i n  t h e  
o v e r a l l  sample (Table 7) a l though males (54%) 

d i d  outnumber females. S t e i n  e t  a l .  (1973), 
Percy (1975), and de Graaf and Machniak (1977) 
a l l  repor ted  female broad w h i t e f i s h  outnumbering 
t h e  males bu t  t h a t  t h e  sex r a t i o  d i d  no t  d i f f e r  
s i g n i f i c a n t l y  f rom u n i t y .  

Spawning: The small number o f  mature f i s h  
captured d u r i n g  t h e  present s tudy suggests t h a t  
broad w h i t e f i s h  do not  spawn i n  the  v i c i n i t y  o f  
Tuktoyaktuk Harbour. The major spawning areas 
f o r  t h i s  species a re  known t o  occur i n  t h e  Mac- 
kenz ie  R i v e r  o r  i t s  t r i b u t a r i e s .  Percy (1975) 
repor ted  inc reas ing  numbers o f  mature broad 
w h i t e f i s h  i n  t h e  o u t e r  Mackenzie D e l t a  d u r i n g  
e a r l y  sumner, t h e  m i g r a t i o n  having passed up- 
stream o f  t h e  o u t e r  d e l t a  by t h e  end o f  Ju ly .  
S t e i n  e t  a l .  (1973) repor ted  spawning a t  the  
mouth o f  t h e  A r c t i c  Red R i v e r  i n  l a t e  October 
w i t h  a post-spawning, downstream m i g r a t i o n  t o  
overw in te r ing  areas o c c u r r i n g  d u r i n g  t h e  f i r s t  
two weeks o f  November. Other spawning s i t e s  
probably  a l s o  e x i s t  i n  t h e  Mackenzie R i v e r  down- 
stream o f  A r c t i c  Red R iver  (Percy 1975). N i k o l -  
s k i  and Reshetni kov (1970) be1 ieve  t h a t  c u r r e n t  
i s  a p r e r e q u i s i t e  f o r  gonad r i p e n i n g  i n  broad 
w h i t e f i s h .  

Food h a b i t s :  The stomachs o f  broad w h i t e f i s h  
captured i n  Tuktoyaktuk Harbour seldom conta ined 
food and those t h a t  d i d  u s u a l l y  conta ined o n l y  
small  amounts. O f  560 stomachs examined, 88% 
were empty. Other authors a l s o  r e p o r t  a h i g h  
inc idence o f  empty stomachs among broad whi te-  
f i s h  captured i n  t h e  Mackenzie R i v e r  ( S t e i n  e t  
a l .  1973; Percy 1975) and i n  coas ta l  waters 
(Jones and den Beste 1977; Lawrence e t  a l .  i n  
prep.). On the  o ther  hand, broad w h i t e f i s h  cap- 
t u r e d  i n  lakes, both i n  t h e  Mackenzie D e l t a  
( S t e i n  e t  a l .  1973; de Graaf and Machniak 1977) 
and along t h e  Tuktoyaktuk Peninsula (Lawrence e t  
a l .  i n  prep.) have had fewer empty stomachs and 
conta ined g rea te r  q u a n t i t i e s  o f  food. These 
lakes appear t o  be impor tant  sumner feed ing  
areas f o r  broad w h i t e f i s h .  N i k o l  s k i  (1961) 
repor ted  t h a t  broad w h i t e f i s h  i n  S i b e r i a  u s u a l l y  
feed i n  lakes  connected w i t h  r i v e r  channels. 

Laboratory  a n a l y s i s  o f  59 broad w h i t e f i s h  
stomachs (Table 8 )  showed t h a t  p l a n t  remains 
occurred i n  73% o f  those stomachs t h a t  conta ined 
food, compr is ing 23% o f  t h e  t o t a l  d r y  weight 
biomass. Chironomidae (59%) and Pel ecypoda 
(43%) were a lso  common i n  terms o f  frequency o f  
occurrence a l though Gastopoda c o n t r i b u t e d  a l a r -  
ger percentage o f  the  t o t a l  food biomass (26%). 
Other food i tems inc luded  Tr i chop te ra  and o t h e r  
i n s e c t  remains, Amphipoda, Mysidacea, Isopoda, 
Copepoda, Ostracoda, Conchostraca, Notostraca, 
01 igochaeta, Acarina, and P r i  apul ida.  Lawrence 
e t  a l .  ( i n  prep.) repor ted  t h a t  t h e  d i e t  o f  
broad w h i t e f i s h  captured i n  f reshwater  lake  sys- 
tems d r a i n i n g  i n t o  t h e  Beaufor t  Sea from Rich- 
a r d ' s  I s l a n d  and t h e  Tuktoyaktuk Peninsula was 
dominated by Gastropoda, Pelecypoda, Chi ronomi - 
dae, Notostraca, and Amphipoda. 

Overwinter ing:  Dur ing  the  present study on ly  
t h r e e  broad w h i t e f i s h  were captured under i ce ,  
two a t  S i t e  3 on 12 June 1980 and one a t  S i t e  13 
on 20 March 1981. Winter  f i s h i n g ,  however, was 
conducted o f f s h o r e  i n  deep water where few broad 
w h i t e f i s h  occur even i n  surnner and, t h e r e f o r e ,  
t h e  p o s s i b i l i t y  t h a t  broad w h i t e f i s h  may over- 
w i n t e r  i n  t h e  f r e s h  upper waters cannot be r u l e d  



out. Local r e s i d e n t s  r e p o r t ,  however, t h a t  
w h i t e f i s h  leave Tuktoyaktuk Harbour i n  September 
t o  overw in te r  i n  lakes. Some overw in te r ing  
lakes on t h e  Tuktoyaktuk Pensinsula have been 
i d e n t i f i e d  by Lawrence e t  a1 . ( i n  prep.) and 
l a r g e  numbers o f  small broad w h i t e f i s h  a re  sus- 
pected o f  overw in te r ing  i n  f reshwater  lakes  o f  
t h e  Kukjuktuk system ( F a l l i s  e t  a l .  i n  prep.). 
Mann (1975) and Percy (1975) repor ted  c a p t u r i n g  
broad w h i t e f i s h  d u r i n g  w i n t e r  surveys i n  t h e  
ou te r  Mackenzie De l ta  w h i l e  Jessop and L i l  l e y  
(1975) captured overw in te r ing  w h i t e f i s h  i n  
severa l  lakes i n  t h e  i n n e r  de l ta .  Percy (1975) 
concluded t h a t  t h e  inshore  zone o f  t h e  ou te r  
Mackenzie R i v e r  D e l t a  i s  an impor tant  overwin- 
t e r i n g  area f o r  broad w h i t e f i s h .  

Lake w h i t e f i s h  

D i s t r i b u t i o n  and r e l a t i v e  abundance: Lake 
w h i t e f i s h  occur i n  lakes and r i v e r s  throughout 
Canada and Alaska. I n  t h e  Mackenzie D e l t a  - 
Beaufor t  Sea area t h e  species i s  semi- 
anadromous, ven tu r ing  i n t o  nearshore coas ta l  
waters dur ing  the  sumner months. Lake w h i t e f i s h  
have been taken as f a r  west o f  t h e  De l ta  as 
Roland Bay on t h e  Yukon coast by Kendel e t  a1 . 
(1975) who be l ieved  t h a t  these f i s h  re tu rned  t o  
t h e  Mackenzie R i v e r  t o  spawn and overwinter .  
Decreasing abundance as one moves eastward away 
f rom the  Mackenzie R i v e r  ( G a l b r a i t h  and Hunter 
1975; Lawrence e t  a1 . i n  prep.) as we l l  as t a g  
r e t u r n  evidence ( F a l l i s  e t  a l .  i n  prep.) sug- 
gests t h a t  l a k e  w h i t e f i s h  captured i n  nearshore 
areas along the  Tuktoyaktuk Peninsula a re  a1 so 
o f  Mackenzie R i v e r  stock. Lake w h i t e f i s h  com- 
p r i s e  a  l a r g e  p o r t i o n  o f  domestic f i s h e r y  ca t -  
ches throughout t h e  Mackenzie R i v e r  Val l e y  (Hat- 
f i e l d  e t  a l .  1972). 

Lake w h i t e f i s h  made up 5.4% o f  a l l  f i s h  
captured i n  Tuktoyaktuk Harbour d u r i n g  t h e  pre-  
sent study. While small  numbers were captured 
o f f s h o r e  i n  K u g m a l l i t  Bay under i c e  (n=4), l a k e  
w h i t e f i s h  were more common i n  nearshore areas 
d u r i n g  t h e  summer, c o n t r i b u t i n g  14.2% o f  t h e  
catch i n  shore-based g i l l n e t s  (Table 5). The 
l a r g e s t  catches i n  these nets  were made i n  t h e  
nor thern  p o r t i o n  o f  the  harbour w i t h  67% o f  t h e  
t o t a l  catch being taken a t  S i t e s  25, 29, 30, 31, 
and 33 (F ig.  3). Most o f  t h e  l a k e  w h i t e f i s h  
taken i n  Swedish survey nets  were a l s o  captured 
a t  i nshore  loca t ions .  Dur ing  1980 on ly  26 lake  
w h i t e f i s h  were captured a t  t h e  f i v e  survey n e t  
s i t e s  w i t h i n  the  harbour (Fig. 3). O f  t h i s  num- 
ber, 13 (50%) were taken a t  S i t e  8, a  r e l a t i v e l y  
shal low l o c a t i o n ,  not  f a r  f rom t h e  mouth o f  
Mayogiak Creek. As w i t h  broad wh i te f i sh ,  the re -  
fo re ,  l ake  w h i t e f i s h  appear t o  avoid the  deep, 
o f f s h o r e  waters w i t h i n  Tuk Harbour. Seines took 
on ly  n ine  l a k e  w h i t e f i s h  d u r i n g  1980; however, 
good catches made a t  t h e  mouth o f  Freshwater 
Creek (n=42) and Mayogiak Creek (n=52) i n  1979 
(Appendix 5)  suggest t h a t  these  streams may 
serve as r e a r i n g  areas f o r  l a k e  w h i t e f i s h .  
Overa l l ,  l a k e  w h i t e f i s h  accounted f o r  2.9% o f  
a l l  f i s h  captured i n  seines d u r i n g  t h e  study 
(Table 5). 

Lake w h i t e f i s h  were captured i n  Swedish 
survey ne ts  throughout  t h e  year  but, as men- 
t i o n e d  p rev ious ly ,  were o n l y  captured i n  quan- 
t i t y  by t h i s  gear a t  S i t e  8. When t h e  catch- 
p e r - u n i t - e f f o r t  data f o r  a l l  f i v e  survey ne t  

s i t e s  i n  the  harbour are combined (Fig. 9) no 
obvious t r e n d  i s  apparent. However, t h e  catch-  
p e r - u n i t - e f f o r t  was genera l l y  h igh  a t  S i t e  8  
from l a t e  May t o  e a r l y  August, dropping r a p i d l y  
a f t e r  2-4 August. None was taken a t  S i t e  8  on 
19 August o r  i n  September (Appendix 1). I t  
appears, then, t h a t  l a k e  w h i t e f i s h  l e f t  t h e  
v i c i n i t y  o f  Mayogiak Creek by e a r l y  t o  mid- 
August. Th is  i s  cons is ten t  w i t h  t h e  r e s u l t s  o f  
F a l l i s  e t  a l .  ( i n  prep.) who repor ted  a  down- 
stream m i g r a t i o n  o f  l ake  w h i t e f i s h  out o f  Kuk- 
juk tuk  Creek i n  l a t e  J u l y  and e a r l y  August. The 
decrease i n  t h e  abundance o f  l a k e  w h i t e f i s h  
evidenced a t  S i t e  8  co inc ides  w i t h  a  mid-August 
increase i n  t h e  c a t c h - p e r - u n i t - e f f o r t  values 
observed f o r  t h i s  species i n  shore-based g i l l -  
ne ts  (F ig.  9, Appendix 3). The p a t t e r n  o f  
c a t c h - p e r - u n i t - e f f o r t  f o r  l a k e  w h i t e f i s h  i n  
these nets  i s  very s i m i l a r  t o  t h a t  repor ted  ear-  
l i e r  f o r  broad w h i t e f i s h  (Fig. 4).  That i s ,  a  
small  peak i n  mid-August, fo l l owed by a  s l i g h t  
decrease and then  a  r a p i d  increase t o  a  l a r g e  
abundance peak i n  September. From the  r e s u l t s  
o f  F a l l i s  e t  a l .  ( i n  prep.) a  s i m i l a r  explana- 
t i o n  i s  probably  i n  order .  Lake w h i t e f i s h  may 
have moved undetected under i c e  i n  l a t e  s p r i n g  
t o  reach feed ing  areas along t h e  coast o f  t h e  
Tuktoyaktuk Peninsula by mid-June. F l u c t u a t i n g  
c a t c h - p e r - u n i t - e f f o r t  values suggest a  cont inua-  
t i o n  o f  coas ta l  m i g r a t i o n s  throughout t h e  summer 
w i t h  a  r e t u r n  m i g r a t i o n  t o  overw in te r ing  areas 
peaking i n  September a t  Tuktoyaktuk. 

Although they  are found i n  coas ta l  areas 
throughout t h e  s u m e r  small l ake  w h i t e f i s h  a re  
seldom taken i n  abundance, and apparen t l y  do no t  
undertake sumner coas ta l  m ig ra t ions  t o  t h e  same 
e x t e n t  as do young A r c t i c  c i s c o  and l e a s t  
c isco.  (Lawrence e t  a l .  i n  prep.). Only 125 
small l a k e  w h i t e f i s h  were captured i n  seines 
d u r i n g  the  present study, most o f  them i n  t h e  
mouths o f  Mayogiak and Freshwater creeks. I n  
both years t h e  c a t c h - p e r - u n i t - e f f o r t  was h ighest  
near t h e  end o f  August and dropped t o  zero i n  
September (Appendices 4 and 5, F ig .  9) suggest- 
i n g  a  m i g r a t i o n  ou t  o f  Tuk Harbour a t  t h a t  t ime. 

Age and growth: Although l a k e  w h i t e f i s h  
ranged from 48 t o  485 mn i n  f o r k  length,  gear 
s e l e c t i v i t y  was an impor tant  f a c t o r  i n  de te r -  
m in ing  t h e  length- f requency d i s t r i b u t i o n  (Fig. 
10). Shore-based g i l l n e t s  (mostly 51 mn bar  
measure) captured lake  w h i t e f i s h  between 314 and 
485 mn w i t h  t h e  m a j o r i t y  (78%) i n  t h e  350 t o  424 
mn range. These nets  took on ly  18 f i s h  sma l le r  
than  350 mn. Swedish nets  captured l a k e  whi te-  
f i s h  i n  t h e  98 t o  417 mn l e n g t h  range a l though 
most f i s h  captured i n  t h i s  gear (78%) were 
between 150 and 299 mn. The s i z e  range f o r  lake  
w h i t e f i s h  i n  Tuktoyaktuk Harbour i s  s i m i l a r  t o  
t h a t  repor ted  by o ther  s tud ies  i n  the  area (de 
Graaf and Machniak 1977; Jones and den Beste 
1977; S t e i n  e t  a1. 1973; Percy 1975). There was 
no d i f f e r e n c e  between t h e  l e n g t h - f  requency d i s -  
t r i b u t i o n s  f o r  male and female lake  w h i t e f i s h  i n  
t h e  1980 sample (Fig. 10). Such d i f f e r e n c e s  
o c c u r r i n g  i n  t h e  1979 sample are thought s imply  
t o  be a r t i f a c t s  a r i s i n g  f rom t h e  small  sample 
s ize.  

The maximum scale age f o r  l a k e  w h i t e f i s h  
captured i n  Tuktoyaktuk Harbour d u r i n g  t h e  pre-  
sent study was 16 years a1 though most f i s h  (88%) 
were between 3  and 13 years (Table 9).  F i s h  



taken i n  Swedish nets  were ma in ly  age 3 t o  6 
w h i l e  most o f  those captured i n  shore-based 
l a r g e  mesh nets  were between age 9 and 13. 
Because few age 0 t o  6 f i s h  were captured i n  
1980, 1979 and 1980 data have been combined f o r  
these age classes i n  Table 9 i n  order  t o  f i l l  i n  
t h e  lower  p a r t  o f  t h e  growth curve. The 1979 
data a re  presented separa te ly  i n  Appendix 6. 
Percy (1975) repor ted  a maximum scale age o f  18 
years f o r  l a k e  w h i t e f i s h  i n  t h e  Mackenzie R i v e r  
w h i l e  de Graaf and Machniak (1977) repor ted  an 
o t o l i t h - b a s e d  age o f  20 years. 

The growth r a t e  o f  l a k e  w h i t e f i s h  v a r i e s  
g r e a t l y  across t h e i r  geographic range. Wh i te f i sh  
f rom Tuktoyaktuk Harbour a re  among t h e  slowest 
growing repor ted  w i t h i n  t h e  Northwest T e r r i  - 
t o r i e s  (Healey 1975) bu t  t h e i r  growth r a t e  i s  
s i m i l a r  t o  t h a t  repor ted  by A l t  (1979a) f o r  
Alaskan coas ta l  waters, de Graaf and Machniak 
(1977) f o r  t h e  Mackenzie River ,  and F a l l i s  e t  
a l .  ( i n  prep.) f o r  Kukjuktuk Creek (Fig. 11). 
No s i g n i f i c a n t  d i f f e r e n c e  was observed between 
t h e  growth r a t e s  o f  male and female f i s h  (Table 
9). S i m i l a r l y ,  de Graaf and Machniak (1977) 
repor ted  no s i g n i f i c a n t  d i f f e r e n c e s  i n  mean f o r k  
l e n g t h  between male and female l a k e  w h i t e f i s h  
w i t h i n  age groups. 

The mathematical r e l a t i o n s h i p  between f o r k  
l e n g t h  and body weight f o r  male l a k e  w h i t e f i s h  
f rom Tuktoyaktuk Harbour (n=104, range 155-440 
mn) i s  descr ibed by t h e  equat ion:  

The length-weight  r e l a t i o n s h i p  f o r  female l a k e  
w h i t e f i s h  (n=91, range 155-476 mn) i s  descr ibed 
by t h e  equation: 

Ana lys is  o f  covar iance i n d i c a t e d  no s i g n i f i c a n t  
d i f f e r e n c e  (P>D.05) between t h e  ad jus ted  means 
(F=0.894; 192 d f )  o r  slopes (F=0.016, df=191) o f  
t h e  length-weight  regress ions f o r  males and 
females. 

Sex r a t i o  and m a t u r i t y :  Other authors (Jones 
and den Beste 1977; G a l b r a i t h  and Hunter 1975; 
F a l l i s  e t  a l .  i n  prep.) have repor ted  very few 
mature l a k e  w h i t e f i s h  i n  catches made along t h e  
coast o f  t h e  Tuktoyaktuk Peninsula. I n  Tuktoy- 
aktuk Harbour t h i s  a l s o  proved t o  be t h e  case as 
o n l y  5.3% o f  190 f i s h  examined i n  the  f i e l d  were 
judged capable o f  spawning i n  t h e  year  of cap- 
ture.  The youngest mature male and female 
examined d u r i n g  t h e  study were 8 and 10 years 
o l d  r e s p e c t i v e l y  (Table 10). Th is  i s  i n  agree- 
ment w i t h  t h e  r e s u l t s  o f  o t h e r  s tud ies  t h a t  
i n d i c a t e  t h a t  l a k e  w h i t e f i s h  i n  t h i s  r e g i o n  
g e n e r a l l y  mature between age 7 and age 11 ( S t e i n  
e t  a1 . 1973; A l t  and Kogl 1973; Percy 1975; 
Kendel e t  a l .  1975; de Graaf and Machniak 1977). 

As was t h e  case w i t h  broad w h i t e f i s h ,  c a l -  
c u l a t i o n  o f  t h e  gonadosomatic index (GSI) f o r  
l a k e  w h i t e f i s h  suggests t h a t  s u b j e c t i v e  eval ua- 
t i o n s  o f  m a t u r i t y  s t a t e  i n  t h e  f i e l d  tend t o  
underest imate t h e  number o f  mature f i s h ,  a t  
l e a s t  i n  t h e  case o f  males. Dur ing t h e  present 
study t h e  GSI was c a l c u l a t e d  f o r  25 females 
(range 344 t o  459 mn) and 28 males (range 323 t o  
440 mm). The GSI f o r  mature females (n=9) 

ranged f rom 3.3 t o  12.4 w i t h  a mean value o f  
6.1. The f i s h  w i t h  t h e  l a r g e s t  GSI (12.4) was 
caught on 4 September 1980 and had a mean egg 
diameter o f  1.9 mm. The GSI f o r  non-spawning 
females (n=16) va r ied  f rom 0.3 t o  1.2 w i t h  a 
mean o f  0.7. At  l e a s t  one non-v i rg in  female was 
observed, i n d i c a t i n g  t h a t  some lake  w h i t e f i s h  do 
no t  spawn every year  i n  t h i s  area. Most male 
w h i t e f i s h  examined had a GSI c lose  t o  0.1 and 
such f i s h  were considered t o  be non-spawners 
(n=21). Males (n=7) w i t h  GSI values between 0.9 
and 1.7 (mean=1.4) were expected t o  spawn i n  t h e  
c u r r e n t  year. One male, 420 mn i n  f o r k  length,  
captured on 18 August 1980 had t u b e r c l e s  begin- 
n i n g  t o  form and a GSI value o f  1.7. 

Male and female l a k e  w h i t e f i s h  occurred i n  
approx imate ly  equal numbers i n  each age group, 
and i n  t h e  o v e r a l l  sample t h e  sex r a t i o  d i d  not 
d i f f e r  s i g n i f i c a n t l y  (P>0.05) from u n i t y  (Table 
10). 

Spawning: The l a r g e  abundance peak f o r  lake  
w h i t e f i s h  which occurred i n  September (Fig. 9 )  
cons is ted  almost e n t i r e l y  o f  non-spawning f i s h  
and a l l  i n d i c a t i o n s  suggest t h a t  w h i t e f i s h  do 
no t  spawn i n  t h e  v i c i n i t y  o f  Tuktoyaktuk Har- 
bour. Lake w h i t e f i s h  a re  repor ted  t o  spawn i n  
t h e  Mackenzie R i v e r  near A r c t i c  Red R iver  d u r i n g  
October ( S t e i n  e t  a l .  1973; Jessop and L i l l e y  
1975). 

Food h a b i t s :  The stomachs o f  l ake  w h i t e f i s h  
f rom Tuktoyaktuk Harbour conta ined l i t t l e  food 
and, o f  212 examined, 144 (68%) were empty. The 
stomachs o f  68 f i s h  examined i n  t h e  l a b o r a t o r y  
(Table 11) conta ined mos t l y  u n i d e n t i f i a b l e  
remains, p l a n t  remains, and f i s h  remains, these 
t h r e e  ca tegor ies  account ing f o r  74% o f  the  t o t a l  
d r y  weight biomass. Among i d e n t i f i a b l e  food 
i tems Pel ecypoda, Amphi poda, and Mysi dacea were 
t h e  most impor tant .  

Kendel e t  a l .  (1975) suggested t h a t  coast -  
a l  bays and lagoons were impor tant  feed ing  areas 
f o r  l a k e  w h i t e f i s h  a long t h e  Yukon coast.  F i s h  
captured i n  embayments a long t h e  Kugmal l i t  Bay 
coast west o f  Tuktoyaktuk had f e d  p r i m a r i l y  on 
Isopoda which occurred i n  63% o f  t h e  stomachs 
examined and made up 75% o f  t h e  t o t a l  d r y  weight 
o f  t h e  stomach contents  (Lawrence e t  a l .  i n  
prep. ). 

By con t ras t ,  severa l  s tud ies  have p rov ided  
evidence t h a t  the  major sumner feed ing  areas f o r  
l a k e  w h i t e f i s h  i n  t h i s  area a r e  l o c a t e d  i n  
lakes, both w i t h i n  the  Mackenzie De l ta  (S te in  e t  
a l .  1973; Percy 1975) and a long t h e  Tuktoyaktuk 
Peninsula (Lawrence e t  a1 . i n  prep.). That lake  
w h i t e f i s h  undertake feed ing  mig ra t ions  f rom 
coas ta l  waters i n t o  tundra  lakes d u r i n g  the  sum- 
mer has been demonstrated by F a l l i s  e t  a l .  ( i n  
prep.) who repor ted  an upstream run o f  6575 f i s h  
i n  Kukjuktuk Creek. 

The h igh  inc idence o f  empty stomachs ob- 
served d u r i n g  the  present study and the  general 
p a u c i t y  o f  food i n  those stomachs t h a t  conta ined 
food suggest t h a t  l a k e  w h i t e f i s h  captured i n  
Tuktoyaktuk Harbour were i n  t h e  process o f  mig- 
r a t i o n ,  and t h a t  l i t t l e  feed ing  occurred w i t h i n  
t h e  harbour i t s e l f .  

Overwi n t e r i  n Lake w h i t e f i s h  were captured + . .  
under i c e  i n  t e v i c i n i t y  o f  Tuktoyaktuk dur ing  



A p r i l ,  1980 (n=3), May, 1980 (n=6), June; 1980 
(n=3), January, 1981 ( n = l ) ,  and March, 1981 
(n=6) (Appendix 1). These f i g u r e s  i n d i c a t e  t h a t  
some l a k e  w h i t e f i s h  do overw in te r  i n  *Tuktoyakt.uk 
Harbour and i n  Kugmal 1 i t  Bay. Overwinter ing 
lake  wh i te f i sh  have a l s o  been taken i n  t h e  o u t e r  
Mackenzie De l ta  (Percy 1975), and i n  D e l t a  chan- 
n e l s  (Mann 1975). F a l l i s  e t  a l .  ( i n  prep.) 
caught 3000 more l a k e  w h i t e f i s h  i n  t h e  down- 
stream run  than  i n  t h e  upstream m i g r a t i o n  a t  
Kuk juk tuk  Creek, suggest ing t h a t  f reshwater  
lakes along t h e  Tuktoyaktuk Peninsula a lso  serve 
as overw in te r ing  areas f o r  t h i s  species. 

A r c t i c  c i s c o  

D i s t r i b u t i o n  and r e l a t i v e  abundance: I n  
Nor th America A r c t i c  c i s c o  a re  found along t h e  
A r c t i c  coast f rom P o i n t  Barrow, Alaska t o  Bath- 
u r s t  I n l e t  (Sco t t  and Crossman 1973). Thev 
occupy a wide v a r i e t y  o f  coas ta l  inshore habi- 
t a t s  (Cra ig  and Mann 1974; C r a i g  and G r i f f i t h s  
1978; G r i f f i t h s  e t  a l .  1975, 1977; Percy 1975; 
G a l b r a i t h  and Hunter 1975; Bray 1975; Jones and 
den Beste 1977; Lawrence e t  a l .  i n  prep.), but,  
except f o r  purposes o f  spawning and, perhaps, 
overw in te r ing ,  seldom en te r  f r e s h  water (Cra ig 
and Mann 1974; Percy 1975; Lawrence e t  a l .  i n  
prep.). On t h e  o ther  hand they appear t o  be 
more t o l e r a n t  o f  h igh  s a l i n i t i e s  and venture 
f u r t h e r  o f f s h o r e  than most o ther  coregonid spe- 
c i e s  ( G a l b r a i t h  and Hunter 1975). Despi te  t h e i r  
widespread d i s t r i b u t i o n  a1 ong t h e  Beaufor t  Sea 
coast C r a i g  and Mann (1974) b e l i e v e  t h a t  A r c t i c  
c i s c o  i n  t h i s  area u t i l i z e  on ly  t h e  C o l v i l l e  and 
Mackenzie r i v e r s  f o r  spawning and overw in te r ing ,  
and t h a t ,  the re fo re ,  a l l  A r c t i c  c i s c o  on t h e  
Beaufort  coast o r i g i n a t e  f rom these two water- 
sheds. Spawning runs i n t o  the  Mackenzie R ive r  
a re  known t o  extend as f a r  i n l a n d  as B r i t i s h  
Columbian reaches o f  t h e  L i a r d  R i v e r  (Dr. S.M. 
H i r s t ,  B.C. Hydro, personal communication, 10 
February 1981 ). Dur ing t h e i r  spawning m i g r a t i o n  
they a re  harvested i n  l a r g e  numbers by domestic 
f i s h e r i e s  throughout t h e  Mackenzie R ive r  v a l l  ey. 

A r c t i c  c i s c o  was the  second most abundant 
species captured d u r i n g  t h e  present study, com- 
p r i s i n g  19.2% o f  t h e  t o t a l  combined catch (Table 
5). Most o f  those captured (81.4%) were taken 
i n  small mesh seines, t h i s  species account ing 
f o r  24.6% o f  t h e  t o t a l  ca tch  i n  t h a t  gear. The 
l a r g e s t  seine catches o f  small A r c t i c  c i s c o  were 
made a t  S i t e s  S4, S6, S15, and S5 (Fig. 3, 
Appendix 4). Swedish g i  11 nets  captured A r c t i c  
c i s c o  o f f s h o r e  i n  Kugmal l i t  Bay and a t  both i n -  
shore and o f f s h o r e  l o c a t i o n s  w i t h i n  Tuktoyaktuk 
Harbour. Ciscoes comprised 13.7% o f  t h e  catch 
i n  Swedish nets, but  on ly  4.1% o f  t h a t  i n  shore- 
based 51 mn g i l l n e t s  which were h i g h l y  s e l e c t i v e  
f o r  f i s h  l a r g e r  than 375 mn f o r k  length.  Dur ing  
t h e  p e r i o d  12 A p r i l  t o  13 June 1980, A r c t i c  
c i s c o  made up 34.6% o f  a l l  f i s h  taken a t  t h e  
f i v e  survey net  s i t e s  w i t h i n  Tuktoyaktuk Har- 
bour w i t h  most specimens (60.6%) being captured 
a t  S i t e  7. 

Catch-per-uni t - e f  f o r t  values produced by 
Swedish g i l l n e t s  (Fig. 12, Appendix 1 )  i n d i c a t e  
t h a t  A r c t i c  c i  sco were present  i n  abundance 
under i c e  cover i n  t h e  deeper waters o f  Tuktoy- 
aktuk Harbour. By mid-July, s h o r t l y  a f t e r  i c e -  
out ,  c a t c h - p e r - u n i t - e f f o r t  had dropped sharp ly ,  
i n d i c a t i n g  a m i g r a t i o n  out  o f  t h e  harbour. Few 

A r c t i c  c i  sco were captured i n  g i  11 nets  between 
mid-July and t h e  end of August, bu t  e a r l y  i n  
September a l a r g e  m i g r a t i o n  back i n t o  the Har- 
bour was r e f 1  ected i n  r a p i d l y  i n c r e a s i n g  catch-  
p e r - u n i t - e f f o r t  values both i n  Swedish nets  and 
i n  shore-based g i l l n e t s  (Fig. 12). The l a r g e s t  
catches a t  t h a t  t ime  (6-7 September) were made 
a t  S i t e  8 (n=30), S i t e  6 (n=14), and S i t e  3 
(n=12) w h i l e  no f i s h  were captured a t  S i t e  7. 
These r e s u l t s  suggest t h a t  t h e  September i n -  
m i g r a t i o n  was coming from the  east and e n t e r i n g  
t h e  harbour through t h e  eas te rn  entrance. The 
i n - m i g r a t i o n  cont inued throughout September and, 
by 25 September, A r c t i c  c i s c o  were present v i r -  
t u a l l y  everywhere i n  t h e  harbour. S. Byers 
(Dobrocky Seatech Ltd., Personal Communication, 
27 November 1980) r e p o r t s  t h a t  Swedish survey 
ne ts  set  i n  t h e  west harbour entrance on 25 Sep- 
tember ( j u s t  south o f  S i t e  7) captured 29 A r c t i c  
c i s c o  i n  a one hour su r face  se t  and 39 i n  a one 
hour bot tom set.  Ms Byers a l s o  i n d i c a t e d  t h a t  
A r c t i c  c i s c o  were abundant up t o  about 200 m 
o f f s h o r e  i n  Kugmal l i t  Bay a t  t h a t  time. The 
" w i n t e r "  domestic f i s h e r y  began a f t e r  freeze-up 
i n  e a r l y  October w i t h  most o f  t h e  f i s h i n g  e f f o r t  
concentrated a long t h e  west shore o f  t h e  western 
harbour entrance (Mr D. Wilson, Personal Commun- 
i c a t i o n ,  6 November 1980). M r  Wilson r e p o r t s  
t h a t  the re  were 100 t o  150 nets  i n  the  water a t  
t h i s  t ime, most o f  which were 38 t o  51 mn b a r  
measure and approx imate ly  10 t o  15 m long. A 
n e t  count on 12 October showed up t o  50 A r c t i c  
c i s c o  being captured i n  a s i n g l e  15 m net. 

Young-of-the-year A r c t i c  c i s c o  were pres-  
ent  i n  Tuktoyaktuk Harbour by 10 J u l y  bu t  t h e  
c a t c h - p e r - u n i t - e f f o r t  decreased r a p i d l y  a f t e r  18 
J u l y  suggest ing a d ispersa l  t o  r e a r i n g  areas 
loca ted  along t h e  coast o f  t h e  Tuktoyaktuk Pen- 
insu la .  R e l a t i v e l y  small  numbers o f  small c i s -  
coes were captured i n  t h e  harbour f rom l a t e  J u l y  
through e a r l y  September (Fig. 12). A dredge- 
mon i to r ing  program conducted i n  Tuktoyaktuk Har- 
bour d u r i n g  October and November 1980 (Pel l e t i e r  
and Wilson 1981) produced severa l  young-of-the- 
year  A r c t i c  c i s c o  i n d i c a t i n g  t h e  presence o f  
these small f i s h  i n  the Harbour under ice-cover .  

Age and growth: A r c t i c  c i s c o  from Tuktoyak- 
t u k  Harbour ranged i n  f o r k  l e n g t h  f rom 26 t o  480 
rn w i t h  f i s h  l e s s  than 100 mn compr is ing t h e  
vast  m a j o r i t y  (>80%). The length- f requency 
d i s t r i b u t i o n  va r ied  g r e a t l y  w i t h  gear type and 
throughout  t h e  year ,  r e f l e c t i n g  t h e  s e l e c t i v e  
na tu re  o f  t h e  gear, growth o f  sma l le r  f i s h ,  and 
seasonal movements o f  1 arger  i n d i v i d u a l s .  

The 1 ength-frequency d i  s t r i  b u t  i o n  f o r  Arc-  
t i c  c i s c o  captured i n  g i l l n e t s  i s  presented i n  
Fig. 13. F i s h  taken i n  51 mm shore-based ne ts  
(n=39) ranged from 353 t o  430 mn w i t h  t h e  major- 
i t y  (87%) being between 375 and 424 mrn. Swedish 
g i l l n e t s ,  on t h e  o ther  hand, captured A r c t i c  
c i s c o  between 95 and 480 mn (n=181). Two major 
modes occurred i n  the  length- f requency d i s t r i b u -  
t i o n  o f  A r c t i c  c i s c o  captured i n  t h i s  gear. The 
f i r s t ,  o c c u r r i n g  between 175 and 224 mn, con- 
t a i n e d  approx imate ly  24% o f  t h e  t o t a l  catch 
w h i l e  50% o f  the  f i s h  f e l l  i n  the  275 t o  374 mn 
s i z e  range. Among f i s h  captured i n  a l l  g i l l n e t s  
(F ig.  13),  females, w i t h  a modal l e n g t h  i n  t h e  
375 t o  399 mn i n t e r v a l ,  were c l e a r l y  l a r g e r  than  
males whose modal f o r k  l e n g t h  was between 275 



and 349 mn. Th is  discrepancy appears t o  have 
been accentuated by t h e  51 mn nets, which 
captured ma in ly  females (74%). The d i f f e r e n c e  
i n  length- f requency d i s t r i b u t i o n  f o r  t h e  two 
sexes i s  less  pronounced when t h e  r e s u l t s  from 
Swedish nets  a re  considered separa te ly  al though, 
even then, 69% o f  a l l  f i s h  l a r g e r  than 350 mn 
f o r k  l e n g t h  were females. 

The mean l e n g t h  o f  f i s h  captured i n  Swed- 
i s h  g i l l n e t s  v a r i e d  throughout t h e  sampling 
per iod,  probably  r e f l e c t i n g  t h e  p a t t e r n  o f  move- 
ment o f  f i s h  out  o f  and i n t o  t h e  study area. As 
i n d i c a t e d  i n  Table 12, A r c t i c  c i s c o  captured 
under i c e  between 15 A p r i l  and 1 June had a mean 
f o r k  l e n g t h  o f  305 mm. Dur ing June and Ju ly ,  
t h e  mean f o r k  l e n g t h  decreased as l a r g e  c iscoes 
l e d  t h e  m i g r a t i o n  ou t  o f  t h e  harbour. The l a r g e  
m i g r a t i o n  back i n t o  the  harbour i n  September was 
apparent ly  l e d  by t h e  sma l le r  f i s h  as mean f o r k  
l e n g t h  increased from 194 mn on 4 September 
(Byers and Kashino 1980), t o  256 mn on 6-7 Sep- 
tember, and t o  316 mn on 25 September (Byers and 
Kashino 1980). 

Small mesh seines, f o r  t h e  most par t ,  cap- 
t u r e d  A r c t i c  c i s c o  l e s s  than 125 mn i n  length.  
Most o f  t h e  f i s h  taken i n  t h i s  gear were young- 
of - the-year  w i t h  sma l le r  numbers o f  year1 ings  
accounting f o r  t h e  second mode i n  Fig. 14. The 
s h i f t  i n  leng th -  frequency d i s t r i b u t i o n  over the  
sumner probably  r e f l e c t s  t h e  growth i n  l e n g t h  o f  
f i s h  i n  these age groups. 

A r c t i c  c i s c o  captured d u r i n g  t h e  present 
study ranged i n  age f rom 0 t o  11 years. Young- 
of - the-year  (age 0 )  were by f a r  the  most abun- 
dant age group. As mentioned p r e v i o u s l y  these 
young f i s h  were most numerous i n  t h e  harbour i n  
mid-Ju ly  b u t  abundance decreased through t h e  
sumner as t h e i r  d i spersa l  proceeded. Young-of- 
the-year, which probably  emerged i n  t h e  s p r i n g  
f rom spawning s i t e s  i n  the  Mackenzie R ive r  and 
i t s  t r i b u t a r i e s ,  had achieved a mean f o r k  l e n g t h  
o f  35 mn by 10 J u l y  and grew r a p i d l y  dur ing  the 
sumner. A sample obta ined i n  October-November, 
1980 ( P e l l e t i e r  and Wilson 1981) showed young- 
o f - the -year  t o  range f rom 64 t o  95 mn w i t h  a 
mean o f  78 mn. Age 1 f i s h  captured i n  mid-Ju ly  
(Table 13) had a mean f o r k  l e n g t h  o f  94 mn. 

The maximum sca le  age recorded f o r  A r c t i c  
c i s c o  i n  Tuktoyaktuk Harbour was 11 years a l -  
though most f i s h  (93%) were age 3 t o  9 i n c l u s i v e  
w i t h  age 3 (n=28), age 7 (n=30), and age 8 
(n=37) be ing most common (Table 13). This  age 
d i s t r i b u t i o n  i s  s i m i l a r  t o  t h a t  repor ted  by 
Jones and den Beste (1977) a t  T u f t  P o i n t  on t h e  
Tuk Peninsula. C r a i g  and Mann (1974) repor ted  a 
maximum scale age o f  14 years f o r  A r c t i c  c i s c o  
bu t  a maximum o t o l i t h - b a s e d  age o f  21 years. 
They observed t h a t  sca le  and o t o l i t h  ages agreed 
c l o s e l y  through age 10 but  t h a t  scales tended t o  
underest imate age among o l d e r  f i s h .  

A r c t i c  c i s c o  from Tuktoyaktuk Harbour grew 
a t  a rap id,  almost constant  r a t e  through age 7, 
by which age a mean f o r k  l e n g t h  o f  356 mn was 
achieved (Table 13). Beyond age 7 l i t t l e  i n -  
crease i n  l e n g t h  occurred. Females were gener- 
a l l y  l a r g e r  than males from age 6 on but  t h e  
d i f f e r e n c e  between t h e  sexes was s i g n i f i c a n t  
(P<0.01) on ly  a t  age 7 (Table 13). Cra ig  and 
Mann (1974) a lso  f a i l e d  t o  de tec t  a d i f f e r e n c e  

i n  growth r a t e  between male and female A r c t i c  
c i s c o  along t h e  Yukon coast ;  however, G r i f f i t h s  
e t  a l .  (1975, 1977) repor ted  a tendency f o r  
females t o  be l a r g e r  than  males i n  t h e  o l d e r  age 
groups. 

A comparison o f  growth r a t e s  (Fig. 15) 
showed t h e  growth r a t e  f o r  A r c t i c  c i s c o  f rom 
Tuktoyaktuk Harbour t o  be s i m i l a r  t o  t h a t  
repor ted  by most o ther  authors. G a l b r a i t h  and 
Hunter (1975), however, repor ted  a much slower 
growth r a t e  f o r  t h i s  species, p o s s i b l y  as a 
r e s u l t  o f  d i f f e r e n c e s  i n  aging techniques. 

The mathematical r e l a t i o n s h i p  between f o r k  
l e n g t h  and body weight f o r  male A r c t i c  c i x c ~  
captured i n  Tuktoyaktuk Harbour dur ing  the  pres- 
en t  s tudy (n=71, range 184-402 mm) i s  descr ibed 
by t h e  equation: 

The equ iva len t  express ion f o r  female A r c t i c  c i s -  
co (n=126, range 154-480 mn) i s  descr ibed by t h e  
equat ion:  

Ana lys is  o f  covar iance i n d i c a t e d  a s i g n i f i c a n t  
d i f f e r e n c e  (P<0.01) between t h e  slopes 
(F=13.442; 193 d f )  but  not  between t h e  adjusted 
means (P>0.05; F=0.097; 194 d f )  o f  t h e  leng th -  
weight regress ions f o r  ma1 e and female c i  scoes. 

Sex r a t i o  and m a t u r i t y :  Female A r c t i c  c i s c o  
outnumbered males i n  v i r t u a l l y  every age group 
(Table 14) and the  o v e r a l l  sex r a t i o  was s i g n i -  
f i c a n t l y  d i f f e r e n t  (x2=13.23; P<0.01) f rom u n i t y  
as females comprised 64% o f  t h e  t o t a l  sample. 
W i t h i n  age groups, however, a s i g n i f i c a n t  d i f  - 
ference from a 1:l r a t i o  was observed on ly  a t  
age 9 (x2=10.32; P<0.01). Sex r a t i o s  repor ted  
f o r  t h i s  species i n  Nor th America vary g r e a t l y .  
Kogl and Sche l l  (1974). H a t f i e l d  e t  a l .  (1972). 
and S t e i n  e t  a l .  (1973) repor ted  no s i g n i f i c a n t  
d i f f e r e n c e  between t h e  numbers o f  males and 
females. Males were s i g n i f i c a n t l y  more abundant 
than  females among A r c t i c  c i s c o  taken by C r a i g  
and Mann (1974) and G r i f f i t h s  e t  a l .  (1975) on 
t h e  Yukon coast,  by G r i f f i t h s  e t  a l .  (1977) on 
t h e  Alaskan coast,  by Percy (1975) i n  the ou te r  
Mackenzie De l ta ,  and by Jones and den Beste 
(1977) a t  T u f t  Po in t  on the  Tuktoyaktuk Penin- 
sula. Cra ig  and Mann (1974) and Roguski and 
Komarek (1972), however, both repor ted  s i g n i f i  - 
c a n t l y  more females i n  samples from Alaskan 
coasta l  waters. The wide v a r i a t i o n  i n  observed 
sex r a t i o s  suggests t h a t  male and female A r c t i c  
c i s c o  may d i f f e r  i n  t h e i r  coasta l  m i g r a t i o n  pat -  
te rns ,  moving and occupying d i f f e r e n t  l o c a t i o n s  
a t  d i f f e r e n t  t imes o f  the  year. 

C r a i g  and G r i f f i t h s  (1978) suggested t h a t  
mature A r c t i c  c i s c o  ( those t h a t  w i l l  spawn i n  
the  cu r ren t  season) leave overw in te r ing  areas i n  
t h e  C o l v i l l e  R i v e r  De l ta  i n  e a r l y  spr ing,  under- 
take  a b r i e f  m i g r a t i o n  i n t o  coasta l  waters, and 
r e t u r n  t o  t h e  spawning stream by mid-July. 
The i r  disappearance from coasta l  areas leaves 
t h i s  h a b i t a t  occupied by j u v e n i l e s  and mature 
non-spawners throughout t h e  summer. C e r t a i n l y  
most s tud ies  along t h e  Beaufor t  Sea coast have 
repor ted  few mature A r c t i c  c i s c o  dur ing  the sum- 
mer months ( G r i f f i t h s  e t  a l .  1975, 1977; Gal- 



b r a i t h  and Hunter 1975; Jones and den Beste 
1977; Lawrence e t  a l .  i n  prep.). Dur ing t h e  
present study 23% o f  females but on ly  4% o f  male 
A r c t i c  c i s c o  were judged capable o f  spawning 
d u r i n g  the  cu r ren t  year  (Table 14). Most o f  . 
these spawners were captured between 1 J u l y  and 
22 J u l y  and on ly  two were taken l a t e r  than 7 
August. The l a r g e  September movements noted 
p r e v i o u s l y  invo lved  non-spawning f i s h .  The 
l a r g e  spawners captured a t  Tuktoyaktuk i n  June 
and e a r l y  J u l y  could have represented a s h o r t  
e a r l y  season m i g r a t i o n  away f rom overw in te r ing  
areas i n  the  Mackenzie Delta. I t  i s  more proba- 
b le ,  however, t h a t  these were f i s h  t h a t  had 
overwintered i n  Tuktoyaktuk Harbour and were now 
proceeding toward t h e  Mackenzie R i v e r  t o  spawn. 

As w i t h  o ther  coregonids s u b j e c t i v e  f i e l d  
observat ions may tend  t o  underest imate the  num- 
bers o f  mature male A r c t i c  c isco.  It i s  poss i -  
b l e  t h a t  most o f  t h e  males, captured i n  May, 
June, and J u l y  and assigned t o  m a t u r i t y  category 
7 (n=8) should have been placed i n  category 8. 
Un fo r tuna te ly  we d i d  no t  acqu i re  s u f f i c i e n t  
q u a n t i t a t i v e  in fo rmat ion  on gonad s i z e  t o  sub- 
s t a n t i a t e  t h i s .  Gonadosmatic i n d i c e s  f o r  f i v e  
male A r c t i c  c i  sco (377-402 mn) captured on 21-22 
J u l y  ranged f rom 0.7 t o  1.2 w i t h  a mean val-ue o f  
0.9. Four o f  these f i s h  had been placed i n  
category 7, w h i l e  t h e  o t h e r  (GSI=1.2) was con- 
s idered a spawner. A s i n g l e  male (400 mn) cap- 
t u r e d  on 10 September had a GSI value o f  0.5 and 
would not  have spawned i n  1980. The GSI was 
determined f o r  19 female A r c t i c  c i s c o  (353-430 
m) captured between 21 J u l y  and 7 August. Most 
o f  these f i s h  had egg diameters o f  approx imate ly  
1 mn. Seventeen o f  t h e  females had GSI values 
i n  t h e  range 2.5 t o  10.3 w i t h  a mean value o f  
5.6 and were considered mature f i s h .  The o ther  
two had GSI 's  o f  0.9 and 1.5 and were no t  
be l ieved  t o  be capable o f  spawning dur ing  the  
cu r ren t  year. 

The youngest mature male A r c t i c  c i s c o  cap- 
t u r e d  dur ing  t h e  present study was age 8 w h i l e  
t h e  youngest mature female was age 6 (Table 
14). A minimum age o f  m a t u r i t y  o f  5  years has 
been repor ted  by Kendel e t  a l .  (1975) bu t  most 
authors agree t h a t  A r c t i c  c i s c o  genera l l y  mature 
between age 6 and age 10 ( G r i f f i t h s  e t  a l .  1975, 
1977; S t e i n  e t  a l .  1973; Jones and den Beste 
1977). Cra ig  and G r i f f i t h s  (1978) r e p o r t  t h a t  
males tend t o  reach m a t u r i t y  a  year  e a r l i e r  than 
females. 

Spawning: A r c t i c  c i s c o  commence t h e i r  spawn- 
i n g  m i g r a t i o n  i n t o  the  Mackenzie R ive r  i n  l a t e  
June and J u l y  and have passed t h e  o u t e r  d e l t a  by 
mid-August (Percy 1975). Spawning occurs i n  the  
Peel, A r c t i c  Red, Great Bear, and L i a r d  r i v e r s  
i n  l a t e  September and October, fo l l owed by a 
downstream r u n  o f  spent f i s h  t o  overw in te r ing  
areas. Cra ig  and Mann (1974) and Kendel e t  a l .  
(1975) b e l i e v e  t h a t  A r c t i c  c i s c o  found along t h e  
Yukon coast represent  Mackenzie stock which, 
upon reaching sexual m a t u r i t y ,  w i l l  spawn i n  
t h a t  system. We b e l i e v e  t h a t  t h e  same i s  t r u e  
f o r  A r c t i c  c i s c o  captured i n  Tuktoyaktuk Har- 
bour. 

Food hab i t s :  A t o t a l  of 199 A r c t i c  c i s c o  
stomachs were examined d u r i n g  t h e  present s tudy 
o f  h i c h  132 (66%) were empty. Laboratory  exam- 
i n a t i o n  o f  96 stomachs (Table 15) i n d i c a t e d  a 
d i e t  dominated by Polychaeta which occurred i n  

30% o f  a l l  stomachs con ta in ing  food and accoun- 
' t e d  f o r  51% o f  t h e  t o t a l  d r y  weight biomass. 

T h i r t y - t w o  o f  t h e  67 f i s h  con ta in ing  food were 
captured under i c e  a t  S i t e  7 (Fig. 3)  between 15 

. A p r i l  and 13 June 1980. Among these f i s h  Poly- 
chaeta had a frequency o f  occurrence o f  41% and 
made up 85% o f  t h e  food i n  terms of d ry  weight 
biomass. Apart f rom Polychaeta, Crustacea, 
e s p e c i a l l y  Amphipoda and Copepoda, were the most 
impor tant  i tems i n  t h e  d i e t .  Other food i tems 
inc luded  Mol l  usca (clams and snai 1  s ) ,  Hydrozoa, 
f i s h  and f i s h  eggs, p l a n t  remains, and Foramini-  
fe ra .  

A r c t i c  c i s c o  a re  o p p o r t u n i s t i c  feeders 
w i t h  a v a r i e d  d i e t .  Along t h e  A r c t i c  coast,  
however, most s tud ies  agree t h a t  Crustacea, 
e s p e c i a l l y  Amphipoda, Copepoda, and Mysidacea, 
a re  t h e  dominant food i tems d u r i n g  the  summer 
months (Kendel e t  a l .  1975; Jones and den Beste 
1977; Cra ig  and Mann 1974; G r i f f i t h s  e t  a l .  
1975, 1977). At  Tuk Harbour Crustacea were a l s o  
found t o  be impor tant  i n  the  d i e t  bu t  s ince the  
f i s h  l e f t  t h e  harbour d u r i n g  t h e  summer, our  
sample consis ted l a r g e l y  o f  overw in te r ing  f i s h .  
A r c t i c  c i s c o  i n  Tuk Harbour depended on Poly-  
chaeta t o  a f a r  g rea te r  ex ten t  than repor ted  i n  
o ther  s tud ies.  I t i s  poss ib le ,  however, t h a t  
t h e  d i e t  o f  these f i s h  changes when they leave 
t h e  harbour. 

The percentage o f  empty stomachs found i n  
A r c t i c  c i s c o  d u r i n g  t h e  present study was 66% 
o v e r a l l ,  bu t  t h e r e  were more empty stomachs i n  
f i s h  taken d u r i n g  the  open water per iod  (85%) 
than  d u r i n g  t h e  w i n t e r  (32%). The h ighest  i n c i -  
dence o f  empty stomachs i n  A r c t i c  c i s c o  (87-97%) 
i s  repor ted  t o  occur d u r i n g  spawning mig ra t ions  
i n  t h e  Mackenzie R ive r  (de Graaf and Machniak 
1977; Percy 1975; S t e i n  e t  a l .  1975). Resu l t s  
from coasta l  areas are more var iab le ,  rang ing  
f rom l e s s  than 5% (Cra ig  and Mann 1974) t o  72% 
(Kendel e t  a l .  1975). Kendel e t  a l .  (1975) sug- 
gest t h a t  feeding a c t i v i t y  may d e c l i n e  p r i o r  t o  
o r  dur ing  coasta l  migrat ions.  Such an explana- 
t i o n  i s  cons is ten t  w i t h  t h e  h igh  percentage o f  
empty stomachs recorded a t  Tuktoyaktuk dur ing  
t h e  present study s ince,  as mentioned prev ious-  
l y ,  most f i s h  captured d u r i n g  the  open water 
per iod  were i n  t h e  process o f  m ig ra t ing ,  e i t h e r  
out  o f  t h e  harbour ( i n  J u l y )  o r  i n t o  the harbour 
( i n  September). Summer feed ing  areas f o r  Arc- 
t i c  c i s c o  may i n v o l v e  coas ta l  bays and lagoons 
f u r t h e r  up t h e  coast f rom Tuktoyaktuk. 

Overwinter ing:  A l a r g e  m i g r a t i o n  o f  A r c t i c  
c i s c o  a r r i v e s  i n  t h e  Tuktoyaktuk area dur ing  
September as f i s h  which occupied sunnner feed ing  
areas along the  peninsula r e t u r n  t o  t h e i r  over- 
w i n t e r i n g  l o c a t i o n s .  It i s  poss ib le  t h a t  most 
f i s h  pass Tuktoyaktuk and cont inue on t o  over- 
w i n t e r i n g  areas i n  t h e  Mackenzie Del ta .  However, 
i t  i s  c l e a r  t h a t  l a r g e  numbers of A r c t i c  c i s c o  
remain i n  t h e  v i c i n i t y  o f  Tuktoyaktuk and t h a t  
t h e  harbour i t s e l f  i s  a  major overw in te r ing  s i t e  
f o r  t h i s  species. Dur ing  t h e  present study a 
t o t a l  o f  107 A r c t i c  c i s c o  were captured through 
t h e  ice.  Overwinter ing f i s h  were taken a t  a l l  
survey ne t  sampling l o c a t i o n s  both i n s i d e  t h e  
Harbour and i n  Kugmal l i t  Bay (Appendix 1). 

Least c i  sco 

D i s t r i b u t i o n  and r e l a t i v e  abundance: I n  
Nor th  America a t  l e a s t  two d i s t i n c t  forms o f  



l e a s t  c i s c o  occur, an anadromous form and ano- 
t h e r  t ype  t h a t  i s  u s u a l l y  r e s t r i c t e d  t o  lakes 
(McPhail and Lindsey 1970). The mig ra to ry  form 
i s  common i n  coas ta l  areas bo th  east  and west o f  
t h e  Mackenzie De l ta  d u r i n g  the  sumner months, 
b u t  i t s  abundance decreases as one moves away 
f rom t h e  Mackenzie i n  e i t h e r  d i r e c t i o n  (Kendel 
e t  a l .  1975; Mann 1974; G a l b r a i t h  and Hunter 
1975; Lawrence e t  a l .  i n  prep.). Th is  suggests 
t h a t  t h e  Mackenzie R i v e r  i s  t h e  source o f  a l l  
m ig ra to ry  l e a s t  c i s c o  i n  t h i s  area. Least c i s c o  
a r e  known t o  pene t ra te  t h e  Mackenzie R i v e r  
beyond F o r t  Simpson but  they are most abundant 
i n  t h e  lower  reaches o f  t h e  watershed ( S t e i n  e t  
a l .  1973). Freshwater lakes w i t h i n  the  Mackenzie 
D e l t a  ( S t e i n  e t  a l .  1973. Lawrence e t  a l .  i n  
prep. ) and a1 ong the  Tuktoyaktuk Peninsula (Law- 
rence e t  a l .  i n  prep.; F a l l i s  e t  a l .  i n  prep.) 
a re  u t i l  i z e d  e x t e n s i v e l y  by anadromous l e a s t  
c i s c o  as summer feed ing  areas. Although an 
impor tant  commercial species i n  S iber ian  r i v e r s  
( N i k o l s k i  1961), l e a s t  c i s c o  a re  not  harvested 
commercial ly i n  Nor th America and t h e  species 
occurs o n l y  i n c i d e n t a l l y  i n  domestic catches 
w i t h i n  t h e  Mackenzie Val l e y  (Sco t t  and Crossman 
1973). 

Least c i s c o  was t h e  most abundant species 
taken d u r i n g  t h e  present  s tudy a l though t h e  
m a j o r i t y  o f  those captured were small  (< I25 
mn). Small mesh seines produced most (91.9%) o f  
t h e  l e a s t  c i s c o  captured and t h i s  species ac- 
counted f o r  31.3% o f  t h e  t o t a l  combined catch i n  
a l l  gear types (Table 5).  Dur ing 1980, t h e  l a r -  
gest se ine catches o f  l e a s t  c i s c o  were made a t  
S i t e s  S4, S5, S6, and S15 (Fig. 3, Appendix 4 )  
w h i l e  good catches were made i n  1979 a t  t h e  
mouths o f  Mayogiak and Freshwater creeks (Appen- 
d i x  5). Swedish g i l l n e t s  took l e a s t  c i s c o  o f f -  
shore i n  Kugmal l i t  Bay ( S i t e s  5 and 11) and a t  
both inshore  and o f f s h o r e  l o c a t i o n s  w i t h i n  Tuk- 
toyaktuk Harbour. Least c i  sco comprised 11.4% 
o f  the  o v e r a l l  catch i n  Swedish nets  (Table 5)  
and 11.6% o f  a l l  f i s h  captured i n  t h i s  gear a t  
t h e  f i v e  survey net  s i t e s  w i t h i n  t h e  harbour 
d u r i n g  1980. Un fo r tuna te ly ,  i nshore  l o c a t i o n s  
were n o t  sampled adequately f o r  l e a s t  c i  sco 
s ince  t h i s  species was no t  s u s c e p t i b l e  t o  cap- 
t u r e  by t h e  l a r g e  mesh shore-based g i l l n e t s  u t i -  
l i z e d .  There i s ,  however, some evidence t h a t  
l e a s t  c i s c o  were more abundant near shore than 
a t  deeper o f f s h o r e  loca t ions .  For  example, i n  
1979, when Swedish g i l l n e t s  were set  near shore, 
l e a s t  c i s c o  accounted f o r  22.4% o f  t h e  ca tch  
(Appendix 2). As we l l ,  t h r e e  Swedish nets, r i g -  
ged t o  f l o a t  and se t  inshore a t  S i t e s  21, 28, 
and 29 on 6-8 September 1980, captured 40 f i s h ,  
o f  which 22 (55.0%) were l e a s t  cisco. Other 
authors (Cra ig  and G r i f f i t h s  1978; G a l b r a i t h  and 
Hunter 1975; Byers and Kashino 1980) have re -  
por ted  l e a s t  c i s c o  t o  be more abundant i n  i n -  
shore areas than  o f f shore .  G a l b r a i t h  and Hunter 
(1975), however, took t h i s  species 3.2 km o f f -  
shore i n  Kugmal l i t  Bay and considered t h e  c i s -  
coes ( l e a s t  and A r c t i c )  t o  be more t o l e r a n t  than 
o t h e r  coregonids o f  t h e  h igher  s a l i n i t i e s  and 
lower temperatures found n o r t h  o f  Tuktoyaktuk. 
O f  a l l  l e a s t  c i s c o  captured a t  t h e  f i v e  harbour 
survey ne t  l o c a t i o n s  i n  1980, 20.6% were taken 
on 15-16 August and 52.4% on 6-8 September. 
Most o f  these f i s h  were taken a t  S i t e  6 (n=19), 
S i t e  3 (n=15), and S i t e  8 (n=10). No l e a s t  c i s -  
co were ever  captured a t  S i t e  9, t h e  deepest 
l o c a t i o n  i n  t h e  harbour. 

C a t c h - p e r - u n i t - e f f o r t  f o r  l e a s t  c i s c o  i n  
both Swedish g i l l n e t s  and small  mesh seines 
v a r i e d  considerably  throughout t h e  study per iod  
(Fig. 16, Appendices 1 and 4) .  Swedish ne ts  
took on ly  small numbers of c i s c o  under i ce ,  and 
t h e  c a t c h - p e r - u n i t - e f f o r t  i n  t h i s  gear remained 
low u n t i l  mid-July. A dramatic increase was 
noted, however, i n  August and September as l a r g e  
numbers o f  l e a s t  c i s c o  entered the  study area. 
Th is  major peak r e f 1  e c t s  t h e  g r e a t l y  increased 
catches made i n  mid-August and e a r l y  September 
a t  S i t e s  6, 8, and 3. Byers and Kashino (1980) 
a l s o  repor ted  good catches o f  l e a s t  c i s c o  i n  t h e  
Tuktoyaktuk area d u r i n g  September. Th is  l a t e  
summer, e a r l y  autumn abundance i s  be l ieved  t o  
represent  a movement o f  l e a s t  c i s c o  f rom summer 
feed ing  areas a long the  Tuktoyaktuk Peninsula t o  
overw in te r ing  areas. Mann (1974) be1 ieved t h a t  
non-spawning l e a s t  c i s c o  returned t o  the Macken- 
z i e  R ive r  t o  overwinter .  

Small l e a s t  c isco,  most ly  65 t o  95 mn f o r k  
l e n g t h  (age l ) ,  were present i n  Tuktoyaktuk Har- 
bour i n  small numbers d u r i n g  t h e  f i r s t  h a l f  o f  
J u l y ,  1980. Rap id ly  inc reas ing  catch-per-uni t -  
e f f o r t  values produced by small  mesh seines 
(F ig.  16, Appendix 4 )  i n d i c a t e d  a l a r g e  migra- 
t i o n  of young-of-the-year c iscoes (most ly  35 t o  
55 mn) i n t o  t h e  study area beginning approx i -  
mately 15 Ju ly .  Th is  m i g r a t i o n  peaked near t h e  
end o f  J u l y  and c a t c h - p e r - u n i t - e f f o r t  then gra- 
d u a l l y  decl i ned  d u r i n g  t h e  remainder o f  t h e  
s tudy p e r i o d  as t h e  young c i  scoes dispersed, 
supposedly t o  r e a r i n g  areas along t,he coast  o f  
t h e  Tuktoyaktuk Peninsula. Some small l e a s t  
c i s c o  are known t o  e n t e r  f resh water systems 
d u r i n g  the  sumner ( F a l l  i s  e t  a l .  i n  prep.; Law- 
rence e t  a l .  i n  prep.), and t h e  l a r g e  catches 
made near Mayogiak and Freshwater creeks d u r i n g  
t h e  present s tudy and r e f e r r e d  t o  e a r l i e r ,  sug- 
gest t h a t  these watersheds may be o f  importance 
t o  l e a s t  c i s c o  as r e a r i n g  areas. P e l l e t i e r  and 
Wilson (1981) repor ted  t a k i n g  small numbers o f  
young-of-the-year l e a s t  c i s c o  from Tuktoyaktuk 
Harbour i n  October and November, 1980, dur ing  a 
dredge-monitor ing study. 

Age and growth: Least c i s c o  f rom Tuktoyaktuk 
Harbour ranged i n  f o r k  leng th  from 35 t o  401 mn 
w i t h  i n d i v i d u a l s  1 ess than 100 mn predominating 
(89%). Least c i s c o  shor te r  than 125 mn were 
u s u a l l y  captured i n  seines w h i l e  Swedish survey 
nets  took f i s h  between 105 and 401 mn. The 
range o f  f o r k  leng ths  observed i n  t h e  present  
study i s  s i m i l a r  t o  t h a t  repor ted  from o ther  
coas ta l  areas o f  t h e  Beaufor t  Sea (Kendel e t  
a l .  1975; Percy 1975; G a l b r a i t h  and Hunter 
1975). Length-frequency d i s t r i b u t i o n s  produced 
by g i l l n e t s  i n  t h i s  area have been h i g h l y  v a r i -  
able. Bimodal d i s t r i b u t i o n s  were observed by 
Kendel e t  a l .  (1975) i n  Yukon coas ta l  waters 
(150 and 275 mm) and by Percy (1975) i n  t h e  
ou te r  Mackenzie D e l t a  (215 and 270 mn) w h i l e  
Jones and den Beste (1977)repor ted a s i n g l e  mode 
a t  250 mn f o r  l e a s t  c i s c o  taken a t  T u f t  Po in t  on 
t h e  Tuk Peninsula. G a l b r a i t h  and Hunter (1975) 
showed a s t rong  mode a t  200 mn i n  each year  o f  a 
t h r e e  year  study along t h e  Tuktoyaktuk Peninsula 
but  a d d i t i o n  o f  a 2.5 cm mesh ne t  d u r i n g  the  
second year  r e s u l t e d  i n  an a d d i t i o n a l  mode a t  a 
f o r k  l e n g t h  o f  150 mn. Dur ing t h e  present study 
t h e  length- f requency d i s t r i b u t i o n  observed i n  
1979 was d i s t i n c t l y  d i f f e r e n t  f rom t h a t  produced 
d u r i n g  1980 a l though t h e  same gear was employed 



i n  bo th  years  (Fig. 17). I n  t h e  i n i t i a l  year  o f  
t h e  s tudy a s i n g l e  s t r o n g  mode occur red  a t  about 
300 mn as 75% o f  t h e  t o t a l  c a t c h  (n=55) was 
between 250 and 324 mn f o r k  leng th .  D u r i n g  t h e  
second year  f i s h  o f  t h i s  s i z e  accounted f o r  o n l y  
36% o f  t h e  sample (n=107) as a s t r o n g  mode, 
absent i n  1979, appeared between 175 and 224 
m. T h i s  d i f f e r e n c e  appears t o  be r e l a t e d  t o  
t h e  occupa t ion  o f  d i f f e r e n t  h a b i t a t s  by l e a s t  
c i s c o  o f  d i f f e r e n t  s izes.  A l though o u r  da ta  a r e  
n o t  complete enough t o  p e r m i t  a h i g h  degree o f  
assurance t h e r e  i s  a t  l e a s t  an i n d i c a t i o n  t h a t  
l a r g e r  l e a s t  c i s c o  a r e  found i n  i n s h o r e  areas 
t h a n  a r e  found i n  deeper, o f f s h o r e  l o c a t i o n s .  
For  example, between 6 and 8 September 1980, 55 
l e a s t  c i s c o  were cap tu red  i n  Swedish g i l l n e t s  i n  
Tuktoyaktuk Harbour. F i s h  taken  a t  S i t e s  3, 6, 
7, and 8 (n=33) ranged i n  l e n g t h  f rom 169 t o  272 
n w i t h  a mean o f  207 mn. T h i s  group o f  f i s h  
(70% between 175 and 224 mn) c o n t r i b u t e d  s i g n i -  
f i c a n t l y  t o  t h e  f i r s t  mode seen i n  F ig .  17. 
F i s h i n g  s imu l taneous ly ,  f l o a t i n g  Swedish n e t s  
s e t  f rom and p e r p e n d i c u l a r  t o  t h e  shore (smal- 
l e s t  mesh near shore) a t  S i t e s  21, 28, and 29 
captured 22 l e a s t  c i sco .  These f i s h  ranged f rom 
215 t o  305 mn w i t h  a mean f o r k  l e n g t h  o f  262 mm 
and 68% o f  them were between 250 and 299 mn. 
The l e a s t  c i s c o  cap tu red  i n  1979 were a l l  cap- 
t u r e d  a t  i n s h o r e  l o c a t i o n s .  

No d i f f e r e n c e  was observed between t h e  
leng th - f requency  d i s t r i b u t i o n s  f o r  male and 
female l e a s t  c i s c o  cap tu red  d u r i n g  1980. I n  
1979, however, a  d i s t i n c t  d i f f e r e n c e  was obser- 
ved as females outnumbered males by a r a t i o  o f  
10 t o  1 among f i s h  l a r g e r  t h a n  274 mm f o r k  
l e n g t h  (F ig.  17). 

As mentioned p r e v i o u s l y  l e a s t  c i s c o  taken  
i n  se ines were u s u a l l y  l e s s  t h a n  125 rrm, b u t  t h e  
leng th - f requency  d i s t r i b u t i o n  v a r i e d  throughout  
t h e  summer (F ig.  18).  F i s h  cap tu red  d u r i n g  t h e  
f i r s t  h a l f  o f  J u l y  were m o s t l y  y e a r l i n g s ,  rang- 
i n g  f rom 65 t o  94 mn i n  f o r k  leng th .  I n  l a t e  
J u l y ,  however, t h e  leng th - f requency  s h i f t e d  as a 
l a r g e  m i g r a t i o n  o f  young-of - the-year  f i s h  (modal 
l e n g t h  40-44 mn) en te red  t h e  s tudy area. Subse- 
quent changes i n  t h e  leng th - f requency  d i s t r i b u -  
t i o n  o f  l e a s t  c i s c o  cap tu red  i n  se ines r e f l e c t e d  
t h e  sumner growth o f  f i s h  i n  t h i s  y e a r  c lass .  

Leas t  c i s c o  cap tu red  i n  Tuktoyaktuk Har- 
bour  ranged i n  age f rom 0 t o  11 years.  Young- 
o f - the -year  were by f a r  t h e  most abundant age 
group i n  b o t h  y e a r s  o f  t h e  s tudy as small  mesh 
se ines produced 90% and 93% o f  t h e  t o t a l  l e a s t  
c i s c o  c a t c h  i n  1979 and 1980 r e s p e c t i v e l y .  As 
mentioned p r e v i o u s l y  these  young f i sh appeared 
i n  t h e  harbour  i n  l a r g e  numbers d u r i n g  l a t e  
J u l y ,  b u t  t h e i r  abundance decreased a f t e r  t h e  
end o f  Ju ly ,  supposedly as t h e i r  d i s p e r s a l  con- 
t i nued .  Based on 1980 da ta  young l e a s t  c i s c o  
had achieved a mean f o r k  l e n g t h  o f  approx imate ly  
44 mrn by l a t e  J u l y  and reached a mean l e n g t h  o f  
about 67 mn by e a r l y  September (n=18, range 44- 
86 mm). S i x  smal l  l e a s t  c i s c o  cap tu red  d u r i n g  a 
dredge-moni tor ing o p e r a t i o n  i n  October and 
November, 1980 ( P e l l e t i e r  and Wi lson 1981) ran-  
ged f rom 57 t o  80 mn w i t h  a mean l e n g t h  o f  72 
mm. Age 1 f i s h ,  cap tu red  i n  mid-Ju ly ,  1980, 
s h o r t l y  a f t e r  t h e  beg inn ing  o f  t h e i r  second 
growing season, had a mean f o r k  l e n g t h  o f  84 m 
(Table 16). 

La rger  l e a s t  c i s c o  ( those  taken  i n  g i l l  - 
n e t s )  ranged f rom 1 t o  11 y e a r s  i n  1979 and from 
2 t o  8 y e a r s  i n  1980. The m a j o r i t y  (68%) o f  
those  taken  i n  1979 were age 7 t o  9 (Appendix 
6), c o n s i d e r a b l y  o l d e r  than  those  captured i n  
1980 when age 3 (22%) and age 4 (27%) f i s h  were 
most common and o n l y  11% o f  t h e  sample exceeded 
age 6 (Tab le  16). 

The maximum s c a l e  age r e p o r t e d  f o r  l e a s t  
c i s c o  f rom coas ta l  Beaufor t  Sea l o c a t i o n s  i s  11 
y e a r s  (Percy 1975; Kendel e t  a l .  197.5) w h i l e  
S t e i n  e t  a l .  (1973) recorded a maximum age o f  12 
years  i n  t h e  Mackenzie R ive r .  S tud ies  t h a t  have 
used o t o l i t h s  f o r  age d e t e r m i n a t i o n  have u s u a l l y  
recorded a s l i g h t l y  h i g h e r  maximum age. Mann 
(1974) and G a l b r a i t h  and Hunter  (1975) b o t h  
ob ta ined  maximum o t o l i t h  ages o f  13 years  f o r  
c o a s t a l  l o c a t i o n s  w h i l e  G r i f f i t h s  e t  a l .  (1975) 
ob ta ined  a maximum o t o l i t h  age o f  16 years.  
Mann (1974) recorded a maximum o t o l i t h - b a s e d  age 
o f  25 y e a r s  f o r  t h i s  spec ies  i n  a smal l  l a k e  
d r a i n i n g  i n t o  t h e  Beau fo r t  Sea on t h e  Yukon 
coast.  Regardless o f  t h e  method used i n  d e t e r -  
m i n i n g  age, most au thors  have r e p o r t e d  g i l l n e t  
samples t o  be dominated by s i x -  t o  n i n e - y e a r - o l d  
f i s h .  The excep t ions  a r e  Mann (1974) and Kendel 
e t  a l .  (1975) who r e p o r t e d  younger age s t r u c -  
tu res ,  s i m i l a r  t o  t h a t  observed i n  Tuktoyaktuk 
Harbour i n  1980. 

The age-1 ength r e 1  a t i  onshi p  f o r  l e a s t  
c i s c o  f rom Tuktoyaktuk Harbour i s  s i m i l a r  t o  
t h a t  r e p o r t e d  f o r  t h i s  species by o t h e r  au thors  
(Fig. 19). S tud ies  t h a t  have employed t h e  s c a l e  
method o f  age d e t e r m i n a t i o n  ( t h i s  study, F a l l i s  
e t  a l .  i n  prep; Percy 1975; Kendel e t  a l .  1975) 
have tended t o  r e p o r t  a  more r a p i d  growth r a t e  
t h a n  those t h a t  have used o t o l i t h s .  Mann (1974) 
compared t h e  two  methods and r e p o r t e d  t h a t  
sca les  g e n e r a l l y  do tend  t o  underest imate age i n  
t h i s  species. He found, however, t h a t  d i f f e r e n -  
ces between s c a l e  age and o t o l i t h  age d i d  n o t  
become g r e a t  u n t i l  a f t e r  growth became asympto- 
t i c  ( u s u a l l y  around age l o ) ,  and t h a t  t h e  two 
methods agreed c l o s e l y  among younger age 
c lasses.  

No s i g n i f i c a n t  d i f f e r e n c e s  (P>0.05) were 
found between t h e  mean f o r k  l e n g t h s  o f  male and 
female l e a s t  c i s c o  o f  equal age (Table 16). 
Mann (1974) a l s o  r e p o r t e d  males and females o f  
t h i s  species t o  grow a t  t h e  same r a t e .  

The mathematical r e l a t i o n s h i p  between f o r k  
l e n g t h  and body we igh t  f o r  male l e a s t  c i s c o  
taken  f rom Tuktoyaktuk Harbour d u r i n g  t h e  pre-  
sen t  s tudy (n=58, range 172-305 mn) i s  descr ibed  
by t h e  equat ion:  

F o r  female l e a s t  c i s c o  (n=79, range 129-401 mm) 
t h i s  r e l a t i o n s h i p  i s  descr ibed  by t h e  equa t ion :  

A n a l y s i s  o f  covar iance  i n d i c a t e d  a s i g n i f i c a n t  
d i f f e r e n c e  (P<0.01) between t h e  s lopes (F=2.522; 
133 d f )  b u t  n o t  between t h e  a d j u s t e d  means 
(P>0.05; F=0.721; 134 d f )  o f  t h e  leng th -we igh t  
regress ions  f o r  male and female c iscoes.  

Mann (1974) r e p o r t e d  t h a t  w i t h i n  popula-  
t i o n s ,  few s i g n i f i c a n t  d i f f e r e n c e s  occurred i n  



s lope  o r  ad jus ted  means o f  t h e  leng th -we igh t  
regress ions  between t h e  sexes o r  between mature 
o r  imnature f i s h .  Between popu la t ions ,  however, 
t h e  s lope  (b )  tended t o  d i f f e r  s l i g h t l y .  

Sex r a t i o  and m a t u r i t q  Based on 1980 d a t a  
male and female l e a s t  c i s c o  occurred i n  equal 
numbers b o t h  w i t h i n  age groups and i n  t h e  over-  
a l l  sample (Table 17). I n  1979, however, 
females outnumbered males by 25 t o  1 among f i s h  
o l d e r  than  7 years  (Appendix 6). Most s t u d i e s  
i n  which an adequate sample s i z e  was a v a i l a b l e  
have r e p o r t e d  male and female l e a s t  c i s c o  t o  
occur  i n  a 1:l r a t i o  (Mann 1974; Kendel e t  a1 
1975; Percy 1975). 

Only  10.5% o f  l e a s t  c i s c o  examined i n  1980 
were considered t o  be capable o f  spawning i n  t h e  
c u r r e n t  y e a r  (Table 17). The youngest mature 
male was age 5 w h i l e  t h e  youngest mature female 
was age 6. One immature n o n - v i r g i n  female was 
observed, i n d i c a t i n g  t h a t  some l e a s t  c i s c o  do 
n o t  spawn every year. T h i s  f i s h  was 280 mn i n  
f o r k  l e n g t h  and s i x  years  o f  age, hav ing  spawn- 
ed, t h e r e f o r e ,  as e a r l y  as age 5. Most s t u d i e s  
i n  t h e  B e a u f o r t  Sea area have p laced  t h e  age o f  
m a t u r i t y  f o r  l e a s t  c i s c o  a t  between 4 and 9 
years  b u t  have r e p o r t e d  r e l a t i v e l y  few spawners 
i n  coas ta l  waters (Mann 1974; G r i f f i t h s  e t  a l .  
1975; Kendel e t  a l .  1975; Percy 1975; G a l b r a i t h  
and Hunter  1975; Jones and den Beste 1977; Law- 
rence e t  a1 . i n  prep. ). 

S awnin : R e s u l t s  o f  t h e  p resen t  s tudy  i n d i -  e4 c a t e  t a t  anadromous l e a s t  c i s c o  do n o t  spawn i n  
o r  near  Tuktoyaktuk Harbour. A l though smal l  
numbers o f  mature i n d i v i d u a l s  were captured i n  
l a t e  August and e a r l y  September, most f i  sh d i d  
n o t  appear t o  be capable o f  spawning d u r i n g  t h e  
c u r r e n t  season. Leas t  c i s c o  a r e  b e l i e v e d  t o  
spawn i n  l a t e  September and e a r l y  October i n  t h e  
Peel and Husky channels o f  t h e  Mackenzie De l ta ,  
t h e  Peel R ive r ,  and t h e  A r c t i c  Red R i v e r  ( S t e i n  
e t  a l .  1973). 

Food h a b i t s :  The stomachs o f  108 l e a s t  c i s c o  
were examined d u r i n g  t h e  p resen t  study, 70% o f  
which were empty. Those w i t h  food  u s u a l l y  con- 
t a i n e d  o n l y  small  amounts. A s i m i l a r  h i g h  i n c i -  
dence o f  empty stomachs has been r e p o r t e d  by 
o t h e r  au thors  f o r  l e a s t  c i s c o  captured a t  coas t -  
a l  l o c a t i o n s  (Jones and den Beste 1977; Kendel 
e t  a l .  1975; Percy 1975) and d u r i n g  spawning 
runs  i n  t h e  Mackenzie R i v e r  ( S t e i n  e t  a l .  1973; 
de Graaf and Machniak 1977). 

Labora to ry  a n a l y s i s  o f  t h e  stomach con- 
t e n t s  o f  3 1  Tuktoyaktuk Harbour l e a s t  c i s c o  
(Table 18) revea led  much o f  t h e  m a t e r i a l  p resen t  
t o  be u n i d e n t i f i a b l e  remains, p l a n t  remains, and 
f i s h  remains, these  t h r e e  c a t e g o r i e s  compr is ing  
34% o f  t h e  t o t a l  d r y  we igh t  biomass. Among 
i d e n t i f i a b l e  food  i tems Copepoda was by f a r  t h e  
most impor tan t ,  o c c u r r i n g  i n  57% o f  t h e  stomachs 
t h a t  con ta ined  food and accoun t ing  f o r  54% o f  
t h e  t o t a l  food  biomass. Amphipoda (7% and 9%) 
and Chironomidae (18% and 0.6%) a1 so appeared t o  
be impor tan t .  Other  food  i tems i n c l u d e d  i n s e c t  
remains, Ptysidacea, Cladocera, Ostracoda, Aca- 
r i n a ,  and Foramin i fe ra .  

Leas t  c i  sco a r e  o p p o r t u n i s t i c  feeders,  
consuming whatever food  i s  a v a i l a b l e .  Whi le  
occupying A r c t i c  coas ta l  areas c i s c o  appear t o  

r e l y  h e a v i l y  on Crustacea, e s p e c i a l l y  Amphi poda, 
Copepoda, Mysidacea, and Isopoda (Mann 1974; 
S t e i n  e t  a1 . 1973; Lawrence e t  a l .  i n  prep.). 
Leas t  c i s c o  a r e  a l s o  known t o  m i g r a t e  f r o m  
c o a s t a l  areas i n t o  some tundra  lakes  d u r i n g  t h e  
summer, presumably f o r  f e e d i n g  purposes (Fa1 1 i s  
e t  a l .  i n  prep.) 

Overw in te r ing :  Least  c i s c o  were cap tu red  
under i c e  i n  t h e  v i c i n i t y  o f  Tuktoyaktuk i n  
A p r i l  (n=2), May (n=7), June (n=2), January 
(n=3), and March ( n = l ) ,  i n d i c a t i n g  t h a t  some 
l e a s t  c i  sco do o v e r w i n t e r  i n  Tuktoyaktuk Harbour 
and i n  Kugmal l i t  Bay. C isco  have a l s o  been 
r e p o r t e d  cap tu red  under i c e  i n  coas ta l  waters by 
Percy (1975), Gal b r a i t h  and Hunte r  (1975), and 
S te igenberger  e t  a1 . (1975). Freshwater  l a k e s  
i n  t h e  Mackenzie D e l t a  (Jessop and L i l l e y  1975) 
a1 so serve as overwi n t e r i n g  areas f o r  anadromous 
l e a s t  c i  sco. 

Inconnu 

D i s t r i b u t i o n  and r e 1  a t i v e  abundance: I n  
N o r t h  America t h i s  species ranges f rom t h e  Kus- 
kokwim R i v e r ,  ~ l a s k a  t o  t h e  -Anderson R i v e r ,  
N.W.T. I t i s  d i s t r i b u t e d  throughout  t h e  Macken- 
z i e  R i v e r  system f r o m  b r a c k i s h  coas ta l  areas o f  
t h e  o u t e r  Mackenzie D e l t a  t o  F o r t  Nelson, B.C. 
on t h e  L i a r d  R i v e r  and t o  t h e  F o r t  Smi th r a p i d s  
on t h e  Slave R i v e r  ( S c o t t  and Crossman 1973). 
Inconnu i n  t h e  lower  Mackenzie a re  anadromous 
w h i l e  those i n  Great S lave Lake a r e  apparen t l y  
n o t  (MacPhail and L indsey 1970). Anadromous and 
non-anadromous p o p u l a t i o n s  a l s o  occur  i n  t h e  
Yukon R iver ,  Alaska ( A l t  1977). A l though found 
a long  t h e  Beau fo r t  Sea coast  most inconnu ven- 
t u r i n g  i n t o  b r a c k i s h  wa te r  a r e  concen t ra ted  
between S h i n g l e  P o i n t  t o  t h e  west (Kendel e t  
a l .  1975) and Tuktoyaktuk Harbour t o  t h e  eas t  
( G a l b r a i t h  and Hunter 1975). Commercial f i s h i n g  
f o r  inconnu i n  t h e  N.W.T. occurs o n l y  on Great  
S lave  Lake where an annual average o f  about 
200,000 pounds has been taken  s i n c e  1945 (Bond 
and T u r n b u l l  1973). The species i s  impor tan t  t o  
domestic f i s h e r i e s  th roughou t  t h e  Mackenzie Va l -  
l e y ,  be ing  u t i  1 i z e d  bo th  f o r  human consumption 
and as dog food. 

Inconnu were cormon b u t  never  abundant i n  
t h e  v i c i n i t y  o f  Tuktoyaktuk Harbour, accoun t ing  
f o r  o n l y  1.9% o f  t h e  t o t a l  combined ca tch  d u r i n g  
t h e  p resen t  s tudy (Table 5). They made up 3.3% 
o f  t h e  c a t c h  i n  Swedish g i l l n e t s  and 8.2% o f  t h e  
t o t a l  ca tch  i n  l a r g e  mesh shore-based g i l l n e t s .  
A l though inconnu were taken  o f f s h o r e  i n  Kugmal- 
l i t  Bay ( S i t e s  4, 5, and 11)  and a t  t h e  deepest 
s i t e s  w i t h i n  Tuk Harbour ( S i t e s  7 and 9) ,  t h e y  
were more common i n  sha l low nearshore areas dur-  
i n g  t h e  summer months. Inconnu were most f r e -  
q u e n t l y  taken  a t  S i t e  33 ( f i v e  o f  seven sampling 
p e r i o d s )  w i t h  t h e  1 a r g e s t  i n d i v i d u a l  catches 
o c c u r r i n g  a t  S i t e  31 (n=13) and S i t e  28 (n=8) on 
20-22 J u l y .  

The c a t c h - p e r - u n i t - e f f o r t  f o r  i nconnu cap- 
t u r e d  i n  Swedish g i l l n e t s  remained cons tan t  f rom 
13 A p r i l  t o  13 June b u t  decreased d u r i n g  J u l y  as 
most inconnu l e f t  t h e  deeper areas o f  t h e  har -  
bour  (Fig. 20, Appendix 1). Only seven inconnu 
were taken a t  t h e  f i v e  survey n e t  s i t e s  w i t h i n  
t h e  harbour  d u r i n g  t h e  open water  per iod ,  t h r e e  
o f  which were cap tu red  a t  S i t e  9 on 15 August. 
C a t c h - p e r - u n i t - e f f o r t  va lues i n  shore-based 



gi 11 nets f luc tuated  throughout the  ice-f ree  
period (Fig. 20, Appendix 3) .  Inconnu were most 
abundant in ear ly  summer as 52.5% of the  t o t a l  
catch in  large  mesh g i l l n e t s  was taken on 20-22 
July.  Figure 20 suggests a movement of inconnu 
from overwintering s i t e s  t o  summer feeding areas 
around the  time of break-up. Many inconnu may 
move out of Tuktoyaktuk Harbour a t  t h i s  time, 
returning in l a t e  summer or autumn. 

Age and growth: Inconnu varied in fork 
length from 75 t o  933 mn with t h e  majori ty (72%) 
being in the  450 t o  599 m range (Fig. 21). 
Only 16% of those sampled exceeded 600 mn. All 
f i s h  longer than 700 mn were females; however, 
t he  modal length in terval  was t h e  same f o r  both 
sexes (500-549 m ) .  Inconnu taken during the  
present study were considerably smal l e r ,  on 
average, than those reported in catches from the  
lower Mackenzie River and outer  d e l t a  (Ste in  e t  
a l .  1973; Percy 1975; de Graaf and Machniak 
1977). These authors reported a much higher 
proportion of f i s h  greater  than 600 mn. In 
f a c t ,  S te in  e t  a l .  (1973) reported t h a t  most 
inconnu captured a t  Aklavik and Arctic Red River 
were between 600 and 750 mm in fork length.  
Inconnu captured in coastal  bays a t  Ki t t igazui t  
and Peninsula Point and in Tuktoyaktuk Harbour 
by Galbraith and Hunter (1975) ranged in length 
from 150 t o  700 mm but only 8% of the  sample 
exceeded 600 mn while 51% was l e s s  than 400 mn. 

Scale ages, determined f o r  114 inconnu 
captured in  Tuktoyaktuk Harbour during 1980, 
ranged from 4 t o  17 years although the  majority 
of f i s h  (74%) belonged t o  age groups 5 t o  8 
inc lus ive  (Table 19). As expected from the  
length-frequency d i s t r ibu t ion ,  i nconnu from Tuk-  
toyaktuk Harbour were younger than those report-  
ed from t h e  lower Mackenzie River and outer del-  
t a  where the  majority of f i s h  were reported t o  
be age 8 t o  13 inclus ive  (Ste in  e t  a l .  1973; 
Percy 1975; de Graaf and Machniak 1977). 

Male and female inconnu from Tuktoyaktuk 
Harbour grow a t  approximately equal r a t e s  
although females appear t o  l i v e  longer and t o  
a t t a i n  l a rge r  s i z e s  (Table 19). Among f i s h  
older than 10 years ( n = l l ) ,  82% were females. 
Similar f indings  have been reported by Alt 
(1969, 1973) and by de Graaf and Machniak 
(1977). 

The growth r a t e  f o r  inconnu from Tuktoyak- 
t u k  Harbour i s  among the  slowest reported f o r  
North American populations. Among s tudies  t h a t  
have employed the sca le  method of age determina- 
t i on  only Percy (1975) has reported a slower 
growth r a t e  (Fig. 22). Authors u t i l i z i n g  oto- 
1 i t h s  have general l y  produced slower growth 
r a t e s  than those tha t  used scales  (Galbraith and 
Hunter 1975; de Graaf and Machniak 1977; Jones 
and den Beste 1977). 

The length-weight r e l a t ionsh ip  f o r  male 
i nconnu captured in Tuktoyaktuk Harbour during 
t h e  present study (n=47, range 416-685 m) i s  
described mathematically by t h e  equation: 

For female inconnu (n=72, range 387-933 mn) the  
equivalent expression i s :  

Analysis of covariance indicated a s ign i f i can t  
d i f ference  (P<0.01) between the  slopes (F=2.568; 
115 d f )  but not t h e  adjusted means (P>0.05; 
F=1.159; 116 d f )  of the  length-weight re la t ion-  
ships f o r  male and female inconnu. 

Sex r a t i o  and maturity: No inconnu examined 
during the present study were considered t o  be 
capable of spawning in t h e  current  year. Most 
were virgin f i s h  a1 though some previous spawners 
were present. Gonadosomatic indices ,  ca lcula ted  
f o r  18 female inconnu ranging in fork length 
from 457 t o  606 mm, varied from 0.1 t o  0.3 with 
a mean of 0.2. One female (821 mn, Age 12) with 
a GSI value of 0.8 was probably a previous 
spawner. For male inconnu (n=5, range 459-597 
mm) GSI values ranged from 0.1 t o  0.2. Other 
s tud ies  have a l so  found tha t  inconnu inhabit ing 
es tuar ine  hab i t a t s  during the  sumner months were 
largely  immature individuals (Gal b ra i th  and Hun- 
t e r  1975; Percy 1975; Jones and den Beste 1977; 
Alt 1979b). Mackenzie River inconnu begin t o  
achieve sexual maturity a t  age 6 (Ste in  e t  a1 
1973; Percy 1975). In Alaskan streams males (5-9 
yea r s )  mature a t  a younger age than females (7- 
12 years)  with f i s h  from f a s t e r  growing popula- 
t i ons  maturing e a r l i e r  than those from more 
slowly growing populations (Alt 1973). 

Sex was determined f o r  107 inconnu of 
which 66 (62%) were females (Table 20). This 
represents a s ign i f i can t  d i f ference  from a 1 : l  
r a t i o  (x2=5.84; P<0.05). Several o ther  s tudies  
in t h i s  area (Percy 1975; de Graaf and Machniak 
1977; Jones and den Beste 1977) have indicated a 
1 : l  r a t i o  f o r  inconnu with males outnumbering 
females by a s l i g h t  amount. Galbraith and Hun- 
t e r  found no s ign i f i can t  d i f ference  between the  
number of males (57%) and females in 1975; how- 
ever,  in t h e i r  1974 sample, males accounted f o r  
68% of the  t o t a l  (x2=11.7; P<0.01). 

Spawning: No sexually mature individuals  
were captured during the  present study, suggest- 
ing s t rongly  t h a t  inconnu do not spawn in  o r  
near Tuktoyaktuk Harbour. The c loses t  spawn- 
ing areas f o r  t h i s  species  a r e  believed t o  be 
located in the Peel and Arctic Red r ive r s  (Stein 
e t  a l .  1973). 

In A1 aska, where t h e  migratory movements 
of anadromous inconnu have been studied exten- 
s ively  (Alt 1977), spawners leave overwintering 
areas in the lower reaches of large  r ive r s  or  in 
brackish i n l e t s  before spring break-up t o  begin 
t h e i r  summer-long migration t o  spawning areas 
located f a r  upstream. A s imi l a r  pa t tern  f o r  
mature Mackenzie River inconnu may account f o r  
t h e  absence of such f i s h  a t  Tuktoyaktuk and 
other  coastal  locat ions  during the  summer 
months. 

Food habi ts :  Inconnu a r e  oppor tunis t ic  feed- 
e r s ,  feeding on the  most avai lable  prey species 
(Alt 1975). Young f r y  depend largely  on plank- 
ton but switch t o  crustaceans and insects  by the  
summer of t h e i r  f i r s t  year and a r e  largely  pis-  
civorous by the  second year (Alt 1973). During 
the  present study 94 inconnu stomachs were exa- 
mined, with 56 (60%) being empty. Fish or  f i s h  
remains occurred in  87% of those stomachs t h a t  



con ta ined  food and accounted f o r  96% o f  t h e  d r y  
weight  food  biomass i n  13 stomachs examined i n  
t h e  l a b o r a t o r y .  F i s h  species i d e n t i f i e d  i n  t h e  
food i n c l u d e d  A r c t i c  c i sco ,  l e a s t  c i sco ,  ra inbow 
smel t  , and f o u r h o r n  scu l  p in .  Amphi poda, I s o -  
poda, and p l a n t  m a t e r i a l  were consumed i n  smal l  
q u a n t i t i e s .  I n  t h e  Mackenzie D e l t a  t h e  f r e -  
quency o f  empty stomachs f o r  t h i s  species v a r i e d  
f rom 32% (de Graaf  and Machniak 1977) t o  84% 
(Percy 1975) w i t h  f i s h  ( lamprey amnocoetes, 
w h i t e f i s h ,  inconnu, l e a s t  c i sco ,  pond smelt ,  
n inesp ine  s t i c k l e b a c k ,  spoonhead scu lp in ,  f l o u n -  
der, and p i k e )  fo rm ing  t h e  bu lk  o f  t h e  d i e t .  

Overw in te r ing :  Tuktoyaktuk Harbour and Kug- 
ma1 1 i t  Bay may be impor tan t  o v e r w i n t e r i n g  areas 
f o r  inconnu. Dur ing  t h e  p resen t  s tudy inconnu 
were cap tu red  under i c e  i n  A p r i l  (n=6), May 
(n=8), June (n=7), January (n=5), and March 
(n=3)(Appendix 1) .  O f  42 inconnu cap tu red  i n  
Swedish g i l l n e t s ,  29 (69%) were taken d u r i n g  t h e  
w in te r .  A movement ou t  o f  t h e  harbour  occurs i n  
J u l y .  Inconnu a re  a l s o  known t o  o v e r w i n t e r  i n  
channels and l a k e s  o f  t h e  Mackenzie D e l t a  and i n  
c o a s t a l  reg ions  o f  t h e  o u t e r  d e l t a  (Percy 1975; 
Jessop and L i l l e y  1975; Mann 1975; de Graaf  and 
Machniak 1977; Jones and Kendel 1973). 

P a c i f i c  h e r r i  n g  

D i s t r i b u t i o n  and r e l a t i v e  abundance: I n  
Nor th  America P a c i f i c  h e r r i n g  a r e  found on t h e  
c o n t i n e n t a l  s h e l f  and i n  c o a s t a l  waters f rom 
Baja C a l i f o r n i a  nor thward t o  t h e  B e a u f o r t  Sea 
(Hourston and Haegele 1980). They have been 
taken  a long t h e  Yukon coast  (Kendel e t  a l .  1975) 
b u t  a r e  more abundant t o  t h e  east  o f  t h e  Macken- 
z i e  D e l t a  (Riske 1960; Bray 1975; G a l b r a i t h  and 
Hunter  1975; Lawrence e t  a l .  i n  prep.). 
A l though a mar ine species, found i n  abundance 
b o t h  i n s h o r e  and o f f s h o r e  near Tuktoyaktuk (Gal - 
b r a i t h  and Hunter  1975), P a c i f i c  h e r r i n g  occa- 
s i o n a l l y  e n t e r  f r e s h  water  and have been r e p o r t -  
ed as f a r  upstream i n  t h e  Mackenzie R i v e r  as 
A k l a v i k  (Hunter 1975). 

D u r i n g  t h e  present  s tudy  P a c i f i c  h e r r i n g  
accounted f o r  o n l y  2.8% o f  t h e  t o t a l  c a t c h  b u t  
made up 12.5% o f  t h e  c a t c h  i n  Swedish g i l l n e t s  
(Tab le  5).  Apar t  f rom e i g h t  specimens taken  i n  
se ines i n  1979 (Appendix 5)  most h e r r i n g  were 
taken  i n  t h e  deeper, more s a l i n e  waters o f  t h e  
harbour. Inshore  l o c a t i o n s  were n o t  sampled 
adequate ly  f o r  t h i s  species, however, as h e r r i n g  
were n o t  s u s c e p t i b l e  t o  c a p t u r e  i n  t h e  l a r g e  
~neshed shore-based g i l l n e t s .  I n  1979 Swedish 
g i l  l n e t s ,  se t  inshore,  captured h e r r i n g  i n  t h e  
mouth o f  Freshwater  Creek (n=10) and i n  t h e  
mouth o f  Mayogiak Creek (n=l ) (Appendix  5). 
F l o a t i n g  Swedish n e t s  s e t  i n s h o r e  i n  1980 a t  
S i t e s  28, 29, and 21, cap tu red  no h e r r i n g ;  how- 
ever, s i x t e e n  h e r r i n g  (179-201 mm) were cap tu red  
i n  a s i m i l a r  s e t  made on 14 J u l y  a t  t h e  mouth o f  
Reindeer Creek (F ig.  3). T h i s  ne t  was s e t  per -  
p e n d i c u l a r  t o  t h e  shore w i t h  t h e  l a r g e s t  mesh 
c l o s e s t  t o  shore. The f i s h  were cap tu red  i n  
mid-channel,  50 m o f f s h o r e ,  i n  t h e  t o p  1.5m o f  
t h e  wa te r  column between 0200 and 1030 h. The 
l a r g e s t  catches o f  h e r r i n g  were u s u a l l y  made a t  
S i t e s  3 and 9, w h i l e  few (n=6) were taken  a t  
S i t e  8. Good catches were a l s o  made i n  January 
(n=10) and i n  March (n=10) a t  S i t e  12 (F ig.  3).  

A p a t t e r n  o f  seasonal movements i s  sug- 
gested by f l u c t u a t i o n s  i n  t h e  ca tch -per -un i t -  

e f f o r t  va lues produced by Swedish g i  11 n e t s  
(Fig. 23, Appendix 1 ) .  H e r r i n g  were p resen t  i n  
Tuktoyaktuk Harbour throughout  t h e  w i n t e r  b u t  
t h e  c a t c h - p e r - u n i t - e f f o r t  i nc reased  s h a r p l y  i n  
l a t e  May and e a r l y  June. Examinat ion o f  gonads 
revea led  t h a t  spawning was very c l o s e  a t  hand on 
13 June and t h e  inc reased  c a t c h - p e r - u n i t - e f f o r t  
was undoubtedly  t h e  r e s u l t  o f  a c t i v i t i e s  r e l a t e d  
t o  p r e p a r a t i o n  f o r  t h a t  event. By 7 J u l y ,  f o l -  
l o w i n g  break-up, t h e  c a t c h - p e r - u n i t - e f f o r t  had 
f a l l e n  a b r u p t l y  and few h e r r i n g  were cap tu red  i n  
t h e  harbour  between 7 J u l y  and mid-August. I t 
i s  suggested t h a t ,  immediate ly  a f t e r  spawning, 
h e r r i n g  depar t  Tuktoyaktuk Harbour, m i g r a t i n g  t o  
o f f s h o r e  f e e d i n g  areas. The l o c a t i o n  o f  these 
areas i s  n o t  known. The r e t u r n  o f  t h e  h e r r i n g  
f r o m  t h e  f e e d i n g  areas began i n  l a t e  August. 
T h i s  event was r e f l e c t e d  i n  r a p i d l y  i n c r e a s i n g  
c a t c h - p e r - u n i t - e f f o r t  va lues i n  l a t e  August and 
e a r l y  September (Fig. 23). Imnature f i s h  appear 
t o  accompany t h e  spawners on these mig ra t ions .  

Other  coas ta l  areas a long  t h e  Tuktoyaktuk 
Pen insu la  may a1 so p r o v i d e  o v e r w i n t e r i n g  and 
spawning s i t e s  f o r  P a c i f i c  h e r r i n g .  Gal b r a i t h  
and Hunter  (1975) r e p o r t e d  l a r g e  catches o f  h e r -  
r i n g  i n  Hutch inson Bay and near A tk inson  P o i n t  
i n  l a t e  August. Lawrence e t  a l .  ( i n  prep. ) 
no ted  an inc reased  abundance o f  P a c i f i c  h e r r i n g  
i n  September a t  numerous i n s h o r e  l o c a t i o n s  a long  
t h e  coast.  

A e and rowth: P a c i f i c  h e r r i n g  f rom Tuktoy- 
akt&T+- a r  our  ranged f r o m  95 t o  336 mn i n  f o r k  
1 ength w i t h  t h e  1 e n g t h - f  requency d i s t r i b u t i o n  
e x h i b i t i n g  a t r i - m o d a l  c h a r a c t e r  (F ig.  24). A 
smal l  mode, o c c u r r i n g  a t  about 100 mn, c o n s i s t e d  
of two-year -o ld  f i s h  and accounted f o r  4.4% o f  
t h e  t o t a l  sample. A l a r g e r  mode, c o n s i s t i n g  
l a r g e l y  o f  age 4 and 5 f i s h ,  occur red  between 
175 and 199 mn and accounted f o r  28.3% o f  t h e  
sample. The t h i r d  mode, c o n s i s t i n g  o f  mature 
f i s h ,  occurred between 275 and 324 mn. O f  t h e  
t o t a l  sample 53.5% l a y  w i t h i n  t h i s  l e n g t h  i n t e r -  
va l .  Most o f  t h e  f i s h  i n  t h i s  group were age 
8 t o  13 i n c l u s i v e .  Our n e t s  cap tu red  no f i s h  
between 125 and 149 mn f o r k  l e n g t h  and o n l y  
11.9% o f  t h e  t o t a l  sample f e l l  between 200 and 
274 mn. F i s h  i n  t h e  f i r s t  group would be expec- 
t e d  t o  be p r i m a r i l y  two- and th ree-year -o lds ,  
w h i l e  those i n  t h e  second group would be m o s t l y  
age 6 t o  8. R iske  (1960), f i s h i n g  w i t h  b a s i c a l -  
l y  t h e  same gear as was used d u r i n g  t h e  p resen t  
study, desc r ibed  t h r e e  modes i n  t h e  l e n g t h -  
frequency, those  be ing  a t  190, 270 and 310 mn. 
Riske  used a s m a l l e r  l e n g t h  i n t e r v a l  (10 mm) 
t h a n  was used i n  t h e  present  study. I f  f i s h  
cap tu red  d u r i n g  t h e  p resen t  s tudy  a re  a l s o  sepa- 
r a t e d  i n t o  10  mn i n t e r v a l s ,  t h e  s t r o n g  mode 
appear ing between 275 and 324 nun (Fig. 24) i s  
r e s o l v e d  i n t o  two, one a t  280-289 n and another  
a t  310-319 mm, a s i t u a t i o n  v e r y  s i m i l a r  t o  t h a t  
desc r ibed  by Riske. Riske a t t r i b u t e d  t h e  gaps 
i n  h i s  leng th - f requency  d i s t r i b u t i o n  t o  g i l l  n e t  
s e l e c t i v i t y  and t h i s  was undoubtedly  a ma jo r  
f a c t o r  b o t h  i n  h i s  work and i n  t h e  p resen t  
study. R e s u l t s  presented by G a l b r a i t h  and Hun- 
t e r  (1975), however, r a i s e  a q u e s t i o n  as t o  
whether these gaps can be e x p l a i n e d  w h o l l y  on 
t h e  b a s i s  o f  gear s e l e c t i v i t y .  These au thors  
used g i l l  n e t s  b a s i c a l l y  s i m i l a r  t o  those employ- 
ed by us and by  R i s k e  (i.e. 38, 64, 89, 114, and 
140 mn s t r e t c h  mesh). I n  1973, however, Gal -  
b r a i t h  and Hunter  r e p l a c e d  t h e  64 mn mesh w i t h  a 
51 n net  and, i n  1974, some o f  t h e i r  f i s h i n g  



was done u s i n g  a gang c o n s i s t i n g  o f  25, 51, 76, 
102, and 127 mn mesh. T h e o r e t i c a l l y ,  t h e  use o f  
t h i s  gang should have helped f i l l  i n  t h e  gap 
between 230 and 270 mm. T h i s  was no t  t h e  case, 
however, sugges t ing  t h a t  f a c t o r s  o t h e r  than  ( i n  
a d d i t i o n  t o )  gear s e l e c t i v i t y  a r e  c o n t r i b u t i n g  
t o  t h e  leng th - f requency  d i s t r i b u t i o n .  

O t o l i t h  ages f o r  81 Tuktoyaktuk Harbour 
h e r r i n g  (Table 21) v a r i e d  f r o m  2 t o  15 years  and 
t h e  age compos i t i on  r e f l e c t e d  t h e  bimodal 
1  ength-frequency d i s t r i b u t i o n  o f  t h e  sample. As 
mentioned p r e v i o u s l y  most f i s h  were e i t h e r  4  o r  
5  years  o l d  o r  12 o r  13 years  o ld .  Females were 
l a r g e r  than  males o f  equal age bu t  small  sample 
s i z e s  d i d  n o t  p e r m i t  s t a t i s t i c a l  t e s t i n g  o f  t h e  
s i g n i f i c a n c e  o f  t h i s  d i f f e r e n c e .  A s i m i l a r  
s i t u a t i o n  was r e p o r t e d  by R iske  (1960) f o r  Pac i -  
f i c  h e r r i n g  i n  Tuktoyaktuk Harbour. He i n d i c a -  
t e d  a maximum age o f  14 years  f o r  Tuktoyaktuk 
h e r r i n g  w h i l e  a maximum age o f  13 y e a r s  was 
r e p o r t e d  by G a l b r a i t h  and Hunter  (1975). 

Comparison o f  growth cu rves  (Fig. 25) 
i n d i c a t e s  t h a t  h e r r i n g  taken d u r i n g  t h e  p resen t  
s tudy  grew more r a p i d l y  t h a n  those  r e p o r t e d  by 
Gal b r a i t h  and Hunter (1975) b u t  s lower  than  t h e  
r a t e s  r e p o r t e d  by R i s k e  (1960) and by F a l l  i s  e t  
a l .  ( i n  prep.) f o r  h e r r i n g  f rom Kukjuktuk Bay on 
t h e  Tuktoyaktuk Peninsula.  The r e s u l t s  suggest 
a  f a i r l y  r a p i d  r a t e  o f  growth up t o  age 9 f o r  
h e r r i n g  i n  t h i s  area b u t  a  s lower  r a t e  i n  subse- 
quent years.  H e r r i n g  f rom t h e  Tuktoyaktuk 
Peninsula l i v e  l o n g e r  and a t t a i n  l a r g e r  s i z e s  
than  t h e i r  P a c i f i c  coast  r e l a t i v e s .  R iske  
(1960) i n d i c a t e d  t h a t  h e r r i n g  cap tu red  a t  Walker 
Rock, B.C. d i d  no t  l i v e  beyond age 7 and t h a t  
growth became asympto t i c  a t  about 200 mn f o r k  
l e n g t h  (F ig.  25). 

The mathematical re1 a t i  onshi  p  between f o r k  
l e n g t h  and body weight  f o r  male P a c i f i c  h e r r i n g  
f rom Tuktoyaktuk Harbour (n=69; range 163-330 
mn) i s  desc r ibed  by t h e  equat ion:  

The e q u i v a l e n t  express ion  f o r  female h e r r i n g  
, range 155 - 336 mm) i s  loglow = 3.374 

logl0L) - 5.872; SDb = 0.062 r"'77 
A n a l y s i s  o f  covar iance  i n d i c a t e d  a s i g n i f i c a n t  
d i f f e r e n c e  (P<0.01) between t h e  ad jus ted  means 
(F=6.045, 143 d f )  b u t  n o t  between t h e  s lopes 
(P>0.05, F=0.585, 142 d f )  o f  t h e  r e g r e s s i o n  
l i n e s  f o r  male and female h e r r i n g .  

Sex r a t i o  and m a t u r i t y :  Sex was determined 
f o r  a  t o t a l  o f  146 P a c i f i c  h e r r i n g  (Fig. 24) o f  
which 77 (53%) were femal es.   he - o v e r a l l  sex 
r a t i o ,  t h e r e f o r e ,  s  owed no s i g n i f i c a n t  d i f f e r -  P ence f rom u n i t y  (X -0.44, P>0.05). A s i g n i f i -  
can t  d i f f e r e n c e  (x2=5.66, P<0.05) was observed 
among s m a l l e r  f i s h ,  however, (150-224 mm) as 
females (67%) outnumbered males. R iske  (1960) 
found t h a t  female h e r r i n g  a t  Tuktoyaktuk o u t -  
numbered males throughout  t h e  e n t i  r e  l e n g t h  
range o f  h i s  sample and t h a t  t h e i r  preponderance 
was g r e a t e r  among s m a l l e r  f i s h  (70%) than  among 
l a r g e r  ones (60%). I n  1973, when t h e  b u l k  o f  
t h e  sample c o n s i s t e d  o f  smal l  f i s h ,  G a l b r a i t h  
an$-Hunter (1975) found a s i g n i f i c a n t  d i f f e r e n c e  
(X  -3.88, P<0.05) between t h e  numbers o f  males 
and females w i t h  t h e  l a t t e r  compr is ing  60% o f  

t h e  sample. I n  1974 and 1975, however, when t h e  
samples were dominated by l a r g e r  f i s h ,  . these  
au thors  found males and females t o  occur  i n  
approx imate ly  equal numbers w i t h  females (51%) 
outnumbering males i n  1974 and males (56%) pre- 
dominat ing d u r i n g  1975. T e s t e r  (1937) r e p o r t e d  
t h a t  females u s u a l l y  outnumbered male h e r r i n g  i n  
B r i t i s h  Columbian p o p u l a t i o n s  and t h a t  t h e  per -  
centage o f  females inc reased  g r a d u a l l y  w i t h  
age. He suggested t h a t  such a s i t u a t i o n  was a 
r e f l e c t i o n  o f  t h e  e a r l i e r  age o f  m a t u r i t y  and 
s h o r t e r  l i f e  span o f  male h e r r i n g .  

P a c i f i c  h e r r i n g  on t h e  west coas t  o f  N o r t h  
America f i r s t  spawn a t  age 3 when t h e i r  mean 
1 ength i s  approx imate ly  185 mm (Hourston and 
Haegele 1980). I n  t h e  A r c t i c ,  however, h e r r i n g  
mature l a t e r  and a t  a  l a r g e r  s ize.  Throughout 
t h e i r  range, i n c l u d i n g  t h e  A r c t i c ,  spawning 
occurs annual ly .  R iske  (1960) r e p o r t e d  t h a t  
P a c i f i c  h e r r i n g  a t  Tuktoyaktuk spawn f o r  t h e  
f i r s t  t i m e  a t  age 6 when t h e  f i s h  have a mean 
f o r k  l e n g t h  o f  approx imate ly  260 mn. R i s k e ' s  
r e s u l t s  would appear t o  be i n  l i n e  w i t h  those  o f  
t h e  present  study. D u r i n g  1980 age and sex were 
determined f o r  74 P a c i f i c  h e r r i n g  (Table 22). 
The youngest male judged capable o f  spawning a t  
t h e  nex t  spawning p e r i o d  was age 7 w h i l e  t h e  
youngest mature female was age 8. V i r t u a l l y  a l l  
f i s h  o l d e r  t h a n  seven y e a r s  were mature w i t h  t h e  
b u l k  o f  t h e  spawning p o p u l a t i o n  be ing  age 11 and 
12. Wi th one except ion,  a l l  f i s h  g r e a t e r  t h a n  
250 mn f o r k  l e n g t h  were considered t o  be sexual -  
l y  mature. The youngest mature f i s h  cap tu red  
d u r i n g  1979 was a s i x - y e a r - o l d  male, 223 mn i n  
f o r k  leng th .  

The p a t t e r n  o f  gonadal development i n  
A t l a n t i c  h e r r i n g  v a r i e s  between t h e  sexes w i t h  
males deve lop ing  e a r l i e r  i n  t h e  y e a r  b u t  w i t h  
b o t h  sexes becoming f u l l  and r i p e  by December, 
a f t e r  which l i t t l e  change occurs u n t i l  spawning 
i n  May and June (T ibbo 1956). The same t y p e  o f  
p a t t e r n  i s  e v i d e n t  f o r  P a c i f i c  h e r r i n g  i n  t h e  
v i c i n i t y  o f  Tuktoyaktuk. Here, t h e  gonads o f  
t h e  males a r e  c l o s e  t o  f u l l  development by Sep- 
tember w h i l e  those  o f  many o f  t h e  females have 
a p p a r e n t l y  s t i l l  n o t  recovered f u l l y  f rom t h e  
p rev ious  spawning. No h e r r i n g  o v a r i e s  were 
weighed i n  September d u r i n g  t h e  present  study. 
R iske  (1960), however, r e p o r t e d  September GSI 
va lues f o r  male h e r r i n g  t o  range f r o m  13.7 t o  
17.9 w i t h  a mean o f  15.9. A t  t h e  same t ime,  GSI 
va lues f o r  mature females v a r i e d  f rom 4.6 t o  7.2 
w i t h  a mean o f  6.1. Accord ing t o  Riske t e s t e s  
were t h r e e  q u a r t e r s  f u l l  t o  r i p e  and r u n n i n g  a t  
t h a t  t i m e  w h i l e  o v a r i a n  development was n o t  so 
advanced. On 20 March 1981, s i x  male h e r r i n g  
had a mean GSI va lue  o f  13.4 w i t h  i n d i v i d u a l  
va lues r a n g i n g  f r o m  11.6 t o  15.2. These va lues 
a r e  somewhat l e s s  than  t h e  September va lues o f  
R iske  (1960) b u t  were d e r i v e d  f r o m  somewhat 
s m a l l e r  f i s h  ( f o r k  l e n g t h  range 247-296 mn vs 
299-329 mm). 

Whi le  t h e  male gonads undergo l i t t l e  change 
d u r i n g  w i n t e r  those o f  t h e  females grow r a p i d l y ,  
w i t h  G S I ' s  i n c r e a s i n g  t o  more t h a n  20.0 by 
spawning t i m e  i n  mid-June (Table 23). Comner- 
c i  a1 h e r r i  ng r o e  f i s h e r i  es on Canada ' s  west 
coas t  occur  on t h e  spawning grounds. J u s t  p r i o r  
t o  spawning t h e  eggs absorb wa te r  and t h e i r  
we igh t  inc reases  r a p i d l y  p roduc ing  GSI va lues o f  
f r o m  20.0 t o  35.0 (Hourston and Haegel 1980). 



Non-spawning, immature females (n=4, f o r k  l e n g t h  
175-215 mm), cap tu red  i n  Tuktoyaktuk Harbour i n  
January 1981, had a mean GSI va lue  o f  0.4 w i t h  
i n d i v i d u a l  va lues r a n g i n g  f r o m  0.2 t o  0.6. 

Spawning: P a c i f i c  H e r r i n g  i n  B r i t i s h  Col um- 
b i a  spawn f rom February t o  J u l y  w i t h  t h e  heav i -  
e s t  c o n c e n t r a t i o n s  i n  March (Har t  1973). Spawn- 
i n g  t ime i s  p r o g r e s s i v e l y  l a t e r  towards t h e  nor-  
t h e r n  p o r t i o n  o f  t h e i r  range (Rounsefe l l  1930) 
w i t h  spawning o c c u r r i n g  a t  water  temperatures o f  
3.0 t o  12.3OC (Har t  1973). A f t e r  spawning, 
a d u l t s  r e t u r n  t o  o f f s h o r e  f e e d i n g  areas which 
may o r  may n o t  c o i n c i d e  w i t h  summer feeding 
areas o f  non-spawners (Hourston and Haegele 
1980). The i n c u b a t i o n  p e r i o d  ranges f r o m  10 t o  
21 days a f t e r  f e r t i l i z a t i o n ,  depending on water  
temperature (Hourston and Haegele 1980). 

Percy (1975) r e p o r t e d  t h a t  P a c i f i c  h e r r i n g  
cap tu red  i n  t h e  o u t e r  Mackenzie D e l t a  i n  March 
had no t  spawned whereas those  taken i n  J u l y  had 
completed spawning . Ri  ske (1960) suggested t h a t  
h e r r i n g  o f  t h e  Beau fo r t  Sea p robab ly  spawn i n  
J u l y  s h o r t l y  a f t e r  break-up. D u r i n g  t h e  p resen t  
s tudy h e r r i n g  were f u l l y  mature by l a t e  May and 
r i p e  male and female f i s h  were cap tu red  on 12 
June. A r i p e  male and female and a spent male 
were taken j u s t  a f t e r  break-up on 7 J u l y .  It 
was e v i d e n t  f rom c a t c h - p e r - u n i t - e f f o r t  values, 
however, (Fig. 23) t h a t  most h e r r i n g  had l e f t  
t h e  Harbour by  t h i s  t ime,  sugges t ing  t h a t  most 
spawning had occur red  by break-up o r  d u r i n g  
break-up. The l a s t  two weeks o f  June would 
appear t o  be t h e  most l i k e l y  t ime. The g r e a t e s t  
c o n c e n t r a t i o n  o f  h e r r i n g  observed d u r i n g  mid- 
June occurred a t  S i t e s  7, 6, 9, and 3 (Appendix 
l ) ,  sugges t ing  t h a t  spawning may occur  i n  deeper 
waters throughout  t h e  harbour. Water tempera- 
t u r e s  a t  these  s i t e s  on 28 May 1980 ranged f r o m  
0.0 t o  0.2"C w h i l e  s a l i n i t y  near  t h e  bot tom 
v a r i e d  f r o m  about 20 t o  about 30%, (de March 
i n  prep.). Hunter  (1975) r e p o r t e d  c a p t u r i n g  
1 a r v a l  h e r r i n g  a long  t h e  Tuktoyaktuk Pen insu la  
i n  mid-Ju ly .  Jones and den Beste (1977) c a p t u r -  
ed young-of - the-year  (27 t o  38 nun) i n  l a t e  
August. 

Food h a b i t s :  The f i r s t  food o f  young P a c i f i c  
h e r r i n g  on t h e  west coas t  c o n s i s t s  o f  i n v e r t e -  
b r a t e  eggs, Copepoda, and diatoms. D u r i n g  t h e  
f i r s t  sumner, as t h e  f i s h  grow, t h e  d i e t  broad- 
ens t o  i n c l u d e  o t h e r  forms b u t  Copepoda remain 
t h e  most common food. A d u l t s  r e l y  m a i n l y  on 
Crustacea and smal l  f i s h e s  (Har t  1973). Accord- 
i ng t o  Hunter  (1975) h e r r i n g  remain p l a n k t o n  
feeders throughout  l i f e .  Kendel e t  a l .  (1975) 
and Percy (1975) examined smal l  numbers o f  Paci - 
f i c  h e r r i n g  a long  t h e  coast  o f  t h e  western Beau- 
f o r t  Sea, r e p o r t i n g  t h a t  t h e y  had f e d  m a i n l y  on 
Mysidacea, Copepoda, and Amphipoda. G a l b r a i t h  
and Fraser  (1974) and Jones and den Beste (1977) 
r e p o r t e d  Amphipoda and Mysidacea t o  be t h e  most 
common food o f  h e r r i n g  a long  t h e  Tuktoyaktuk 
Peninsula.  

D u r i n g  t h e  present  s tudy  a t o t a l  o f  130 
P a c i f i c  h e r r i n g  stomachs were examined t o  d e t e r -  
mine food h a b i t s ,  o f  which 53 (41%) were empty. 
Among 105 stomachs sub jec ted  t o  d e t a i l e d  l a b o r a -  
t o r y  a n a l y s i s  (Table 24), u n i d e n t i f i e d  remains 
occurred i n  41% o f  a l l  stomachs t h a t  con ta ined  
food, accoun t ing  f o r  74% o f  t h e  t o t a l  d r y  weight  
biomass. Copepoda, found i n  44% o f  a l l  stomachs 

c o n t a i n i n g  food and compr is ing  15% o f  t h e  t o t a l  
food biomass, was t h e  most impor tan t  food, f o l -  
lowed i n  impor tance by Acarina, eggs, and p l a n t  
remains. 

Judg ing  f rom t h e  t o t a l  d r y  weight  o f  f o o d  
found i n  t h e  stomachs o f  Tuktoyaktuk harbour  
h e r r i n g  (0.62 g), h e r r i n g  d i d  n o t  appear t o  be 
f e e d i n g  h e a v i l y  w h i l e  i n  t h e  harbour. Th is  would 
be expected i f  Tuktoyaktuk h e r r i n g  behaved as 
those  descr ibed  by Har t  (1973), who s t a t e d  t h a t  
h e r r i n g  f e e d  i n  o f f s h o r e  f e e d i n g  areas d u r i n g  
t h e  sumner and cease f e e d i n g  i n  l a t e  f a l l  a f t e r  
t h e i r  i n s h o r e  m i g r a t i o n ,  r i p e n i n g  gametes 
th rough  t h e  w i n t e r  a t  t h e  expense o f  s t o r e d  
o i l .  Car l son  (1980) a l s o  r e p o r t e d  t h a t  P a c i f i c  
h e r r i n g  ceased f e e d i n g  upon reach ing  t h e  w i n t e r -  
i n g  grounds. 

Overw in te r ing :  Tuktoyaktuk Harbour i s  a 
m a j o r  o v e r w i n t e r i n g  area f o r  P a c i f i c  h e r r i n g .  
R a p i d l y  i n c r e a s i n g  c a t c h - p e r - u n i t - e f f o r t  va lues 
i n  l a t e  August and September (Fig. 23, Appendix 
1 )  i n d i c a t e d  a l a r g e  m i g r a t i o n  i n t o  t h e  harbour, 
supposedly r e p r e s e n t i n g  a r e t u r n  o f  f i s h  f rom 
o f f s h o r e  f e e d i n g  areas. H e r r i n g  were cap tu red  
th rough  t h e  i c e  i n  A p r i l  (n=2), May (n=14), June 
(n=28), January (n=23), and March (n=14)- 
(Appendix 1). D u r i n g  t h e  w i n t e r  h e r r i n g  may be 
d ispersed  th roughou t  t h e  deeper areas o f  Tuk 
Harbour b u t  inc reased  c a t c h - p e r - u n i t - e f f o r t  
va lues a t  most s i t e s  i n  l a t e  May and June sug- 
gest a c o n c e n t r a t i o n  a t  s p e c i f i c  spawning s i t e s  
o r  a t  l e a s t  i nc reased  a c t i v i t y  on t h e  p a r t  o f  
t h e  f i s h  a t  t h a t  t ime. As mentioned p r e v i o u s l y  a 
post-spawning m i g r a t i o n  ou t  o f  t h e  harbour  
occurs i n  l a t e  June and few h e r r i n g  a r e  t o  be 
found i n  t h e  harbour  f r o m  e a r l y  J u l y  t o  mid- 
August. Other  coas ta l  bays a long t h e  Tuktoyaktuk 
Pen insu la  and R i c h a r d ' s  I s 1  and a1 so exper ience 
an inc reased  abundance o f  P a c i f i c  h e r r i n g  d u r i n g  
autumn, sugges t ing  widespread u t i l i z a t i o n  o f  
such areas f o r  o v e r w i n t e r i n g  and, perhaps, 
spawning as w e l l  (Lawrence e t  a l .  i n  prep.). 
Percy (1975) cap tu red  f o u r  h e r r i n g  through t h e  
i c e  i n  M a l l i k  Bay d u r i n g  March, 1975. 

Rainbow sme l t  

D i s t r i b u t i o n  and r e l a t i v e  abundance: I n  t h i s  
area ra inbow smel t  a r e  anadromous. mi a r a t i  na 
f rom t h e  sea i n t o  t h e  Mackenzie ~ i v e r  a< l e a s t  
as e a r l y  as March (Percy 1975) t o  spawn near  t h e  
head o f  t h e  d e l t a  i n  t h e  v i c i n i t y  o f  A r c t i c  Red 
R i v e r  ( S t e i n  e t  a1 . 1973). Spawning runs a r e  
n o t  known t o  occur  i n  any o t h e r  Beau fo r t  Sea 
dra inages.  Smelt l e a v e  t h e  Mackenzie R i v e r  
immediate ly  a f t e r  spawning and a r e  n o t  found i n  
t h e  upper d e l t a  a f t e r  e a r l y  June ( S t e i n  e t  a l .  
1973). They a r e  abundant i n  t h e  o u t e r  d e l t a  a t  
break-up b u t  have l e f t  t h e  d e l t a  channels by 
J u l y  (Percy 1975). A l though r e p o r t e d  f r o m  t h e  
Yukon coast  as f a r  west as Herschel I s l a n d  (Ken- 
d e l  e t  a l .  1975) and beyond McKin ley Bay on t h e  
Tuktoyaktuk Pen insu la  (Lawrence e t  a l .  i n  
prep.), t h e i r  ma jo r  summer f e e d i n g  area appears 
t o  l i e  i n  K u g m a l l i t  Bay f rom R i c h a r d ' s  I s l a n d  t o  
T i b j a k  P o i n t  j u s t  n o r t h  o f  Tuktoyaktuk (Percy 
1975; G a l b r a i t h  and Hunter  1975; Byers and 
Kashino 1980; Lawrence e t  a l .  i n  prep.). I n  t h e  
v i c i n i t y  o f  Tuktoyaktuk ra inbow smel t  can be 
cap tu red  th roughou t  t h e  wa te r  column (Byers and 
Kashino 1980) and a t  b o t h  i n s h o r e  and o f f s h o r e  
l o c a t i o n s .  A t  o f f s h o r e  l o c a t i o n s  t h e y  a re  o f t e n  
t h e  dominant f i s h  species present  (Percy 1975; 
Byers and Kashino 1980). 



Smelt were not captured in  Tuktoyaktuk 
Harbour during the  winter. They began t o  appear 
in  Swedish gi 11 nets in mid-July , however, and 
the  catch-per-unit-effort  in t h i s  gear increased '  
sharply throughout August and ear ly  September 
(Fig. 26, Appendix 1 ) .  The l a rges t  catches 
ins ide  the  harbour were made a t  S i t e s  3, 6, and 
7 on 15-16 August, and a t  S i t e s  3 ,  6 ,  7, and 9 
on 6-7 September. Only two smelt were captured 
a t  S i t e  8. During 1979, Swedish g i l l n e t s  cap- 
tured 17 smelt in the mouth of Freshwater Creek 
(Appendix 2). Overall ,  t h i s  species accounted 
f o r  6.4% of the  to t a l  catch in Swedish g i l l n e t s  
(Table 5) .  Byers and Kashino (1980), a l so  uti  - 
l i z i n g  Swedish g i l l n e t s ,  found rainbow smelt t o  
be abundant ins ide  Tuktoyaktuk Harbour on 15 
August. Their catch decreased considerably, 
however, by 4 September and no smelt were cap- 
tured on 25 September. 

Small mesh seines captured only 30 rainbow 
smelt in Tuktoyaktuk Harbour during 1980. Fry 
were captured a t  a l l  seining locations except 55 
and S8. Most, however, were taken a t  S i t e  S1 
(50%) and S i t e  S2 (23%). The catch-per-unit- 
e f f o r t  f o r  these  small smelt increased g rea t ly  
in mid-August but had decreased abruptly by 9 
September (Fig. 26, Appendix 4 ) .  Most of the  
small smelt taken in  seines were young-of-the- 
year measuring 22 t o  38 m in  length. A few 
year1 ings (age I+,  43 - 57 mn) were a1 so pre- 
sent .  Using seines and o t t e r  trawls,  Byers and 
Kashino (1980) captured many small smelt (25 - 
99 mrn) outside the  harbour in Kugmall i t  Bay dur- 
ing August and September. The 1979 seine catch 
t o t a l l e d  118 smelt, of which 90 (76%) were taken 
in the mouth of Freshwater Creek on 29 August 
(Appendix 5) .  

Rainbow smelt were not suscept ib le  t o  cap- 
t u r e  in large  mesh g i l l n e t s  although a t o t a l  of 
e ight  were taken in t h i s  gear,  having become 
entangled by t h e i r  teeth.  

Age and growth: Rainbow smelt captured in 
Tuktoyaktuk Harbour during t h e  present study 
ranged in fork length from 22 t o  350 mn. Ex- 
cluding those taken in  se ines  lengths varied 
from 193 t o  350 mn, the  majority (83%) being 
between 200 and 274 mm (F ig .  27). Males had a 
smaller modal length (225-249 mn) than females 
(250-274 m). The length-frequency d i s t r ibu t ion  
in  the  present case i s  v i r t u a l l y  ident ica l  t o  
those reported by Percy (1975) and Galbraith and 
Hunter (1975). Byers and Kashino, however, cap- 
tured a higher proportion of smaller f i s h  in  
t h e i r  g i l l n e t s ,  resul t ing  in a modal length in 
the  200 t o  224 mn range. 

Otol i th  ages, determined f o r  45 rainbow 
smelt during 1980 (Table 25), ranged from 4 t o  
11 years with most f i s h  (62%) being age 7 o r  8. 
The oldes t  rainbow smelt reported fo r  t h i s  area 
was age 13 (Galbraith and Hunter 1975) although 
most f i s h  captured in g i l l n e t s  have been report-  
ed t o  be 5 t o  8 years  of age (Stein e t  a l .  1973; 
Percy 1975; Galbraith and Hunter 1975). Female 
smelt were s l i g h t l y  l a rge r  than males of t h e  
same age and a1 1 f i s h  older than 9 years were 
females. McKenzie (1958) and Bailey (1964) 
report  t h a t  female smelt in the  Miramichi River, 
New Brunswick and Lake Superior,  respect ively ,  
a l so  grow f a s t e r  and l i v e  longer than the males. 

The growth r a t e  of Tuktoyaktuk Harbour 
smelt was found t o  be s imi lar  t o  but s l i g h t l y  
slower than t h a t  reported by Percy (1975) f o r  
smelt taken from t h e  outer  Mackenzie Delta 
(Fig. 28). Growth was a lso  s imi lar  t o  t h a t  des- 
cribed by F a l l i s  e t  a l .  ( i n  prep.) f o r  smelt 
from K u k j u k t u k  Bay. Galbraith and Hunter 
(1975), on t h e  other hand, indicated l i t t l e  or  
no growth occurring a f t e r  age 6. Smelt from the  
Beaufort Sea appear t o  grow more slowly during 
t h e  f i r s t  few years  of l i f e  than do the  anad- 
romous rainbow smelt of the  Miramichi River, but 
the  northern f i s h  l i v e  longer and reach l a rge r  
s i zes  than do those of t h e  southern population. 

The mathematical re1 a t ionship  between fork 
length and body weight f o r  male rainbow smelt 
from Tuktoyaktuk (n=60, range 193-278 mm) i s  
described by the  equation: 

The corresponding equation f o r  female smelt 
(n=38, range 210-350 mn) i s :  

analys is  of covariance indicated a s ign i f i can t  
d i f ference  (P<0.01) between the  slopes (F=6.106; 
94 d f )  but not between t h e  adjusted means 
(P>0.05, F=0.958, 95 d f )  of t h e  length-weight 
regressions f o r  male and female smelt. No d i f -  
ference in the  regression coe f f i c i en t  f o r  male 
and female smelt was reported by Percy (1975), 
Bailey (1964), o r  McKenzie (1958). The f a c t  
t ha t  such a d i f ference  did occur in the  present 
study may be a t t r i b u t a b l e  t o  small sample s ize .  

Sex r a t i o  and maturi ty:  Sex was determined 
f o r  98 rainbow smelt during the  present st.udy of 
which 60 (61%) were males. This represents a 
s i n i f i c a n t  d i f ference  from a 1 : l  r a t i o  
(Xq=4.94; P<0.05). In 1979, 17 of 19 sexed f i sh  
were males while, i n  1980, males outnumbered 
females by 43 t o  28. During 1980, therefore ,  no 
s ign i f i can t  d i f ference  was observed betw en t h e  
numbers of male and female smelt (X5=3.16; 
P>0.05). Galbraith and Hunter (1975) found male 
and female smelt t o  be present in equal numbers 
i n  1973 and 1974, bu t  i n  1975, males were s ign i -  
f i can t ly  more numerous than females (x2=16.23; 
P<O.Ol). 

Rainbow smelt achieve sexual maturity a t  
d i f f e ren t  ages in d i f f e ren t  par ts  of t h e i r  
range. In t h e  Miramichi River, New Brunswick, 
smelt generally mature a t  t he  end of t h e i r  
second year (McKenzie 1958) while t h e  anadromous 
European smelt matures a t  age 3 o r  4 (Nikolski 
1961). In our study area smelt appear t o  mature 
a t  about age 6 (Ste in  e t  a l .  1973; Percy 1975). 
During the  present study, sex and age were 
determined f o r  44 smelt (Table 26). The young- 
e s t  mature male observed was age 7 while t h e  
youngest mature female was age 10. 

Spawning: Rainbow smelt spawn in the  Macken- 
z i e  River or  i t s  t r i b u t a r i e s  ju s t  pr ior  t o  
spring break-up. I m e d i a t e l y  a f t e r  spawning the  
adult  f i s h  leave t h e  r i v e r ,  moving downstream t o  
summer feeding areas in Kugmall i t  Bay. Accord- 
ing t o  Percy, t h i s  migration has passed t h e  
outer del ta  by July. During the  present study 
fourteen spent smelt were captured a t  S i t e  5 



(Fig. 3 )  on 9 Ju ly .  F o l l o w i n g  emergence smel t  
f r y  a r e  c a r r i e d  o u t  o f  t h e  Mackenzie R i v e r  on 
t h e  s p r i n g  f l o o d  and sac fry (19-28 mn) have 
been taken  i n  Stokes Lagoon on t h e  Yukon coas t  
as e a r l y  as 18 J u l y  (Kendel e t  a1 . 1975). Sub- 
s t a n t i a l  numbers o f  sac fry were a l s o  cap tu red  
i n  t h e  eas t  channel o f  t h e  Mackenzie R i v e r  i n  
e a r l y  J u l y  1980 (Chang-Kue and Jessop i n  
prep. ) . Large numbers o f  young-of - the-year  
smelt  were p resen t  i n  t h e  v i c i n i t y  o f  Tuktoyak- 
t u k  d u r i n g  August and September, 1980 (Byers and 
Kashino 1980), a l though  o n l y  27 were cap tu red  
i n s i d e  Tuktoyaktuk Harbour d u r i n g  t h e  p resen t  
s tudy . 

Food h a b i t s :  For ty-one smel t  stomachs were 
examined i n  t h e  f i e l d  d u r i n g  t h e  present  study. 
O f  t h i s  number, 31 (76%) were empty w h i l e  t h e  
remainder con ta ined  f i s h  remains and o t h e r  
d i g e s t e d  m a t e r i a l .  A more d e t a i l e d  s tudy  o f  15 
stomachs i n  t h e  l a b o r a t o r y  (Table 27) i n d i c a t e d  
a d i e t  based h e a v i l y  on Crustacea which com- 
p r i s e d  more than  53% o f  t h e  d r y  weight  food b i o -  
mass. Amphipoda were t h e  s i n g l e  most impor tan t  
f o o d  i tem, o c c u r r i n g  i n  38% o f  t h e  stomachs con- 
t a i n i n g  food and making up 36% o f  t h e  t o t a l  f o o d  
biomass. Mysidacea (31% and 12%) and Isopoda 
(23% and 5%) were a l s o  consumed i n  q u a n t i t y .  
Other  food i tems i n c l u d e d  Gastropoda, Ostracoda, 
eggs, f i s h  remains, and p l a n t  remains. The o n l y  
f i s h  species i d e n t i f i e d  i n  t h e  food was l e a s t  
c isco.  A s i m i l a r  d i e t  f o r  a d u l t  smel t  was des- 
c r i b e d  by Percy (1975), who a l s o  r e p o r t e d  t h a t  
smel t  f r y  consumed Mysidacea, Chi ronomidae, and 
Copepoda (Percy 1975). Kendel e t  a l .  (1975) 
r e p o r t e d  t h a t  92.4% o f  t h e  d i e t  o f  smel t  cap- 
t u r e d  a1 ong t h e  Yukon coast  cons is ted  o f  Amphi - 
poda, Mysidacea, and Isopoda w h i l e  a d u l t  A s i a t i c  
smel t  feed p redominan t l y  on Amphipoda, Mysida- 
cea, l a r v a l  Chironomidae, and small  f i s h  ( N i k o l -  
s k i  1961). A d i e t  c o n s i s t i n g  m o s t l y  o f  f i s h  
(sme l t  and cod), however, i s  r e p o r t e d  by Gal- 
b r a i t h  and F r a s e r  (1974) f o r  smel t  a long  t h e  
coas t  o f  t h e  Tuktoyaktuk Peninsula.  

O v e r w i n t e r i n  R e s u l t s  o f  t h e  present  s t u d y  
i n d h t h o u g h  smel t  e n t e r  Tuktoyaktuk 
Harbour d u r i n g  l a t e  summer, t h e y  do n o t  over-  
w i n t e r  there.  The r e s u l t s  o f  Byers and Kashino 
(1980) suggest t h a t  smel t  l e a v e  t h e  harbour  by  
t h e  end o f  September. Most smel t  p robab ly  over-  
w i n t e r  i n  K u g m a l l i t  Bay w i t h  spawners e n t e r i n g  
t h e  r i v e r  channels o f  t h e  o u t e r  d e l t a  by March 
p r e p a r a t o r y  t o  t h e i r  upstream spawning 
mig ra t ion .  

Other  spec ies  

Fourhorn s c u l  p i  n: The f o u r h o r n  scu l  p i  n  i s  
c i r cumpo la r  i n  co ld ,  b r a c k i s h  waters and i s  t h e  
most abundant mar ine species g i  11 n e t t e d  a1 ong 
t h e  Beau fo r t  Sea coas t  (Kendel e t  a l .  1975; 
Percy 1975; G a l b r a i t h  and Hunter  1975; Bray 
1975; G r i f f i t h s  e t  a l .  1975, 1977; Jones and den 
Beste 1977; C r a i g  and G r i f f i t h s  1978; Byers and 
Kashino 1980; Lawrence e t  a l .  i n  prep.). 
A l though o f  no commercial impor tance f o u r h o r n  
s c u l p i n s  a r e  an i m p o r t a n t  food  c h a i n  organism, 
p r o v i d i n g  fo rage  f o r  mew g u l l  s, w h i t e f i  shy  bur-  
b o t ,  A r c t i c  s c u l p i n ,  ee lpout ,  and A r c t i c  c h a r  
( G r i f f i t h s  e t  a l .  1975), as w e l l  as inconnu 
(Kendel e t  a l .  1975). They a r e  sometimes used 
as f o x  b a i t  by r e s i d e n t s  o f  Tuktoyaktuk (H. Gru- 
ben Personal Comnunication, August 1980). G r i f -  
f i t h s  e t  a l .  (1975) considered fourhorn  s c u l p i n  

t o  be o f  s p e c i a l  i n t e r e s t  because i t  appears t o  
be t h e  o n l y  mar ine species u t i l i z i n g  nearshore 
h a b i t a t s  f o r  spawning, r e a r i n g ,  feeding,  and 
overw in te r ing .  

Fourhorn s c u l p i n  accounted f o r  8.7% o f  a l l  
f i s h  taken  d u r i n g  t h e  p resen t  study, making up 
22.7, 9.6, and 3.8% o f  t h e  c a t c h  i n  Swedish 
g i l  l n e t s ,  1  arge mesh g i  11 nets ,  and seines, 
r e s p e c t i v e l y  (Table 5). Among those  spec ies  
considered t o  be marine, s c u l p i n s  c l e a r l y  p re -  
dominated (49.5%). Scul p i n s  were n o t  cap tu red  
i n  K u g m a l l i t  Bay under i c e  bu t  were taken  i n  
smal l  numbers by Swedish g i l l n e t s  i n s i d e  
Tuktoyaktuk Harbour throughout  t h e  w i n t e r  (Fig. 
29, Appendix 1) .  A ma jo r  movement o f  f o u r h o r n  
s c u l p i n  occurred i n  e a r l y  J u l y .  A l though none 
was cap tu red  i n  Kugmall i t  Bay d u r i n g  w i n t e r ,  
Swedish g i l l n e t s ,  s e t  9  J u l y  a t  S i t e  5 (330 
minu te  s e t )  and S i t e  11 (285 minutes) ,  cap tu red  
192 and 56 s c u l p i n s ,  r e s p e c t i v e l y .  By m id -Ju ly  
t h e  abundance o f  f o u r h o r n  scu l  p i n  had inc reased  
n o t i c e a b l y  a t  t h e  survey n e t  s i t e s  w i t h i n  t h e  
harbour  (except a t  S i t e  8 where no s c u l p i n s  were 
ever  cap tu red)  and h i g h  ca tch-per -un i  t - e f f o r t  
va lues were recorded a t  i n s h o r e  l o c a t i o n s  (F ig .  
29). Scu lp ins  had vacated most i n s h o r e  l o c a -  
t i o n s  by l a t e  J u l y ,  hav ing  a p p a r e n t l y  moved t o  
deeper p a r t s  o f  t h e  harbour  where t h e  h i g h e s t  
c a t c h - p e r - u n i t - e f f o r t  va lues  i n  Swedish n e t s  
were recorded i n  mid-August. By e a r l y  September 
c a t c h - p e r - u n i t - e f f o r t  had aga in  inc reased  a t  
i n s h o r e  S i t e s  21, 29, 30, 31, and 33, sugges t ing  
t h e  p o s s i b i l i t y  o f  a  m i g r a t i o n  ou t  t h e  harbour, 
o r  a t  l e a s t  a  movement f rom deeper t o  sha l lower  
p a r t s  o f  t h e  harbour, a t  t h a t  t ime. Th is  p a t -  
t e r n  o f  movements, t o  deeper areas i n  e a r l y  sum- 
mer w i t h  a r e t u r n  t o  sha l low zones i n  l a t e  sum- 
mer o r  autumn, i s  s i m i l a r  t o  t h a t  desc r ibed  by 
West in  (1970) f o r  f o u r h o r n  s c u l p i n  on t h e  coas t  
o f  Sweden. Westin b e l i e v e d  t h a t  t h e  m i g r a t i o n  
i n t o  deeper water  was under taken t o  escape t h e  
h i g h  sumner water  temperatures (9'-10°C) occur- 
r i n g  i n  t h e  shal lows.  A s i m i l a r  e x p l a n a t i o n  may 
be a p p l i c a b l e  t o  t h e  movement p a t t e r n  observed 
d u r i n g  t h e  present  study. Sur face  wate r  temper- 
a t u r e s  i n  K u g m a l l i t  Bay and Tuktoyaktuk Harbour 
had reached 9'C by l a t e  Ju ly ,  1980, and maximum 
temperatures o f  13.Z°C were recorded i n  mid- 
August. By mid-September s u r f a c e  temperatures 
had decreased t o  approx imate ly  4'C (de March i n  
prep* 

Young-of-the-year s c u l p i n s  were n o t  cap- 
t u r e d  u n t i l  13 August when t h e y  were taken  a t  
S i t e s  S2, S3, S4, S5, S6, and S15. The h i g h  
c a t c h - p e r - u n i t - e f f o r t  produced on t h a t  d a t e  i n  
small  mesh se ines (Fig. 29, Appendix 4) r e s u l t e d  
f rom t h e  c a p t u r e  o f  l a r g e  numbers (n=54) o f  
young s c u l p i n s  (24-40 mm) a t  S i t e  S15. 

Fourhorn scu l  p i n s  cap tu red  i n  g i l  l n e t s  
d u r i n g  t h e  present  s tudy ranged i n  t o t a l  l e n g t h  
f r o m  80 t o  396 m w i t h  69% be ing  between 175 and 
274 mn (F ig.  30). T h i s  i s  s i m i l a r  t o  l e n g t h -  
f requency d i s t r i b u t i o n s  r e p o r t e d  by Percy (1975) 
and G r i f f i t h s  e t  a l .  (1975, 1977). Sma l le r  
modal l e n g t h s  have been r e p o r t e d  by Jones and 
den Beste (1977) on t h e  Tuktoyaktuk Peninsula 
and by C r a i g  and G r i f f i t h s  (1978) a t  Simpson 
Lagoon, A1 aska. Seines cap tu red  f o u r h o r n  s c u l -  
p i n s  between 24 and 77 mn i n  t o t a l  l eng th ,  t h e  
vas t  m a j o r i t y  (87%) be ing  f rom 25 t o  39 mn 
(F ig.  31). As mentioned p r e v i o u s l y  most o f  














































































































































