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ABSTRACT RESUME 

Bond, W.A., and R.N. Er ickson.  1982. P r e l i m i -  
nary r e s u l t s  o f  a f i s h e r i e s  s tudy o f  two 
f reshwater  l a k e  systems on t h e  Tuktoyaktuk 
Peninsu la ,  Northwest T e r r i t o r i e s .  Can. 
Data Rep. F i sh .  Aquat. Sc i .  348: v i  + 62 
P .  

I n  1981, t h e  Department o f  F i s h e r i e s  and 
Oceans comnenced a two-year study o f  two l a k e  
systems d r a i n i n g  i n t o  Tuktoyaktuk Harbour on t h e  
southern Beau fo r t  Sea coast .  The purpose of t he  
study was t o  determine t h e  s i g n i f i c a n c e  o f  these 
l a k e  systems as f i s h  h a b i t a t ,  e s p e c i a l l y  f o r  
anadromous coregoni  ds. Th is  r e p o r t  presents  
p r e l  i ~ n i  nary  data gathered d u r i n g  summer, 1981. 
A f i n a l  r e p o r t  i s  t o  be produced f o l l o w i n g  com- 
p l e t i o n  o f  t he  study i n  1982. 

M i g r a t i o n s  o f  anadromous broad w h i t e f i s h ,  
Coregonus nasus ( P a l l  as),  1 ake w h i t e f i s h ,  C. 
c l u p e a t o r ? n i ~ f c h i l l ) ,  and l e a s t  c i sco ,  CT 
s a r d i n m (  Val enc i  ennes ) were documented 
bo th  s t reass .  F i s h  movements w i t h i n  the  streams 
were moni tored u s i n g  two-way coun t i ng  fences. 
The fence on Mayogiak Creek was operated f rom 14 
June t o  13 August w h i l e  t h a t  on Freshwater Creek 
was run between 16 June and 1 September. A t  t h e  
fence s i t e s  dat.a were c o l l e c t e d  d e s c r i b i n g  t h e  
numbers o f  m ig ran t  f i s h ,  d i u r n a l  and seasonal 
t i m i n g  o f  m ig ra t i ons ,  length- f requency d i s t r i b u -  
t i o n ,  age and growth, sex and m a t u r i t y ,  and food 
h a b i t s .  

B r i e f  surveys were conducted on t h r e e  
l akes  i n  each watershed t o  gather  i n f o r m a t i o n  on 
l a k e  morphometry, water  chemis t ry ,  b e n t h i c  i n -  
ve r teb ra tes ,  zooplankton, and t o  assess the  im- 
por tance of these waterbodies as f i s h  h a b i t a t .  

Key words: f i s h e r y  surveys; m i g r a t i o n s ;  anadro- 
lnous species; w h i t e f i s h ,  broad; 
w h i t e f i s h ,  l ake ;  c i s c o ,  l e a s t ;  Beau- 
f o r t  Sea; ove rw in te r i ng ;  feed ing;  
Mackenzie es tuary ;  i n d u s t r i a l  
development. 

Bond, W.A., and R.N. Er ickson.  1982. P r e l i m i -  
nary  r e s u l t s  o f  a f i s h e r i e s  s tudy o f  two 
f reshwater  l a k e  systems on the  Tuktoyaktuk 
Peninsu la ,  Northwest T e r r i t o r i e s .  Can. 
Data Rep. F i sh .  Aquat. Sc i .  348: v i  + 62 
P. 

En 1981, l e  m i n i s t P r e  des PCches e t  Ocians 
e n t r e p r i t  une Ctude b ienna le  su r  deux bass ins  
hydrographiques qu i  s 8 6 c o u l e n t  dans l e  Tuktoyak- 
tuk  Harbour, su r  l a  c6 te  sud de l a  Beau fo r t  Sea. 
L 'g tude  s e r v i r a  T d i f i  n i r  1 ' impor tance de ces 
bass ins  hydrographiques en t a n t  q u ' h a b i t a t  pour 
1 es poissons, notamment 1 es cor igones anadromes. 
Ce r a p p o r t  6nonce 1 es donnies p r 6 l  i m i  n a i  r e s  
recue i  11 i e s  pendant 1 ' 6 t i  1981. Un r a p p o r t  
d i f i n i  t i f  p a r a i t r a  en 1982, l o r s q u e  1 ' 6 tude  sera  
t e r m i  nee. 

On a r e l e v 6  des donn6es sur  l a  m i g r a t i o n  
des cor igones anadromes, s o i t  l e  co r i gone  
t s c h i  r, Coregonus nasus (Pa l  1 as ) ,  1 e grand c o r i -  
gone, C. c l u p e a f o ~  ( M i t c h i l l  ) ,  e t  l e  c i s c o  
s a r d i  n d  l e ,  C. sard ine1 l a  (Va lenc iennes) ,  dans 
chacun des 6 u x  ru isseaux 5 1 ' a i d e  de b a r r i g r e s  
de comptage 6 deux sens. La b a r r i e r e  du Mayo- 
g iak  Creek s e r v i t  du 14 j u i n  au 13 a o i t  e t  c e l l e  
du Freshwater Creek, du 16 j u i n  au ler septem- 
bre .  Les donnies r e c u e i l l  i e s  p o r t a i e n t  su r  l e  
nombre de po issons migra teurs ,  1 'heure e t  l a  
d a t e  de l e u r  m ig ra t i on ,  l a  d u r i e  e t  l a  f r i quence  
de l e u r s  mouvements, 1 'dge e t  l a  c ro i ssance  des 
poissons, l e u r  sexe, l e u r  degr6 de m a t u r i t 6  a i n -  
s i  que 1 eurs  hab i tudes a1 imen ta i  res .  

On a e f f e c t u i  de c o u r t e s  6tudes s u r  t r o i s  
l a c s  dans chaque bass in  hydrographique pour ob- 
t e n i r  des renseignements su r  l a  morphometrie e t  
1 ' hydroch imie  des l a c s ,  l e s  i nve r tGbr6s  ben- 
th iques,  l e  zooplancton, e t  1 ' u t i l  i s a t i o n  des 
l a c s  par  l e s  poissons. 

Mots-c l6s :  i t u d e s  s u r  l a  pCche; m i g r a t i o n s ;  
especes anadromes; co r i gone  t s c h i  r; 
corGgone, grand; c i  sco s a r d i  n e l l  e; 
Beau fo r t  Sea; h i ve rnan t (e1 ;  a l imen-  
t a t i o n ;  e s t u a i r e  du Mackenzie; amin- 
agement i n d u s t r i e l .  



INTRODUCTION 

The f i s h  fauna of the southern Beaufor t  
Sea coast i s  dominated dur ing the summer months 
by anadromous coregonids, be l ieved t o  be o f  Mac- 
kenzie River  o r i g i n  (Mann 1974; Cra ig  and Mann 
1974; Percy 1975; Kendel e t  a l .  1975; Ga lb ra i th  
and Hunter 1975; Lawrence e t  a l .  I n  prep.).  The 
nearshore area o f  the Tuktoyaktuk Peninsula 
(F ig .  1 )  appears t o  serve as a m ig ra t ion  c o r r i -  
dor through which these f i s h  can gain access t o  
important feeding, rear ing,  and overwinter ing 
s i t e s  loca ted  some distance from the Mackenzie 
i t s e l f .  For some species these c r i t i c a l  areas 
invo lve  coastal bays and lagoons; t h i s  appears 
t o  be the case f o r  A r c t i c  cisco, Coregonus 
autumnal i s  (Pal 1 as),  and inconnu, Stenodus 1 eu- 
c i ch thys  (GUldenstadt). Recent studies, how- 
ever. i n d i c a t e  t h a t  c e r t a i n  soecies o f  anadro- 
mous' coregoni d f i shes  mi gra& ou t  o f  coasta l  
waters t o  enter  freshwater lakes located on the 
peninsula ( F a l l  i s  e t  a l .  I n  prep.; Lawrence e t  
a l .  I n  prep. ) .  These lakes may p lay a major 
r o l e  i n  the maintenance o f  the broad wh i te f i sh ,  
Coregonus nasus ( P a l l  as), l ake  wh i te f i sh ,  C. 
c l u  eaformiS- I7; r i tch i l l ) ,  and l e a s t  cisco, €. 
k V a l e n c i e n n e s )  . ~ o ~ u l  a t i o n s  of tKe - . .  
Mackenzie ~ i v e r .  

Near the hamlet o f  Tuktoyaktuk (F ig.  11, 
the  search fo r  o i l  has produced a dramatic 
increase i n  the l e v e l  o f  i n d u s t r i a l  a c t i v i t y  i n  
recent years and t h i s  a c t i v i t y  i s  l i k e l y  t o  
increase s u b s t a n t i a l l y  i n  the  fu ture.  Such 
a c t i v i t i e s ,  occurr ing i n  nearshore areas, have 
the p o t e n t i a l  t o  impede the progress o f  f i s h  
migrat ions along the coastal margin and t o  pro- 
h i b i t  access t o  areas c r i t i c a l  t o  the l i f e  h i s -  
t o r i e s  o f  these f i s h .  The p o s s i b i l i t y  of s a l i -  
n i t y  changes as a r e s u l t  o f  major hydroe lec t r i c  
developments i n  the upper reaches o f  the Macken- 
z i e  watershed i s  a lso  cause f o r  concern. The 
e f f e c t  o f  these a c t i v i t i e s  on these important 
f i s h  populat ions could be negative and long- 
term. I f  such negative impacts are t o  be min i -  
mized, i t i s  necessary t o  def ine, more p r e c i s e l y  
than i s  present ly  possible, the d e t a i l s  o f  what 
appear t o  be h i g h l y  complex l i f e  h i s t o r y  pat -  
terns. Such improved d e f i n i t i o n  i s  the main 
ob jec t i ve  o f  s tud ies now being conducted i n  the  
v i c i n i t y  o f  Tuktoyaktuk by the Department o f  
F isher ies  and Oceans. 

This r e p o r t  presents p r e l  iminary r e s u l t s  
gathered dur ing the f i r s t  year  o f  a two-year 
study, i n i t i a t e d  i n  1981, t o  determine the s ig -  
n i f i cance  as f i s h  h a b i t a t  o f  the lake  systems 
associated w i t h  Freshwater and Mayogiak creeks, 
two streams d ra in ing  o f f  the Tuktoyaktuk Penin- 
sula i n t o  Tuktoyaktuk Harbour. 

MATERIALS AND METHODS 

COUNTING FENCE OPERATIONS 

Two-way f i s h  count ing fences s i m i l a r  t o  
those described by F a l l  i s  e t  a1 . ( I n  prep. were 
i n s t a l l e d  i n  Mayogiak and Freshwater creeks i n  
mid-June, 1981, i n  order t o  monitor f i s h  move- 
ments between Tuktoyaktuk Harbour and the lake  
systems o f  the two watersheds. Traps and fence 
wings were const ructed o f  2.54 x 2.54 cm welded 

w i re  fab r i c .  A f t e r  the f i r s t  few weeks, t h i s  
was covered w i t h  0.63 cm p l a s t i c  mesh t o  prevent 
g i l l i n g  o f  smaller f i s h .  Trapped f i s h  were d ip-  
netted, i d e n t i f i e d  t o  species, and passed 
through the fence f n  the d i r e c t i o n  i n  which they 
were t r a v e l l i n g .  Dur ing per iods o f  heavy migra- 
t i o n ,  the t raps  were opened t o  permi t  f ree  pas- 
sage o f  f i s h ,  and counts and i d e n t i f f c a t i o n s  
were made by an observer s ta t ioned  atop the 
t rap.  

Fork lengths ('1.0 mm) were obtained from 
as many migrant  f i s h  as possible. No f i s h  were 
i n t e n t i o n a l l y  s a c r i f i c e d  dur ing the count ing 
fence operations; however, f i s h  t h a t  d ied as a 
r e s u l t  o f  being g i l l e d  i n  the w i re  mesh, o r  f o r  
o ther  reasons, were subjected t o  complete b io -  
l o g i c a l  analys is  as described below. 

Mayogiak Creek 

Before e n t e r i n g  Tuktoyaktuk Harbour, Mayo- 
giak Creek broadens i n t o  a shal low lake. The 
1981 count ing fence was s i t u a t e d  approximately 
1.5 km upstream o f  t h i s  lake  (F ig.  2 ) .  A t  t h i s  
l o c a t i o n  water l e v e l s  were a f f e c t e d  by t i d a l  
movements b u t  the water never became s a l t y  t o  
the  taste.  Mayogiak Creek was s t i l l  f rozen f n t o  
the subst rate on 7 June b u t  was i ce - f ree  by 13 
June. A func t iona l  count ing fence was i n  p lace 
by 1800 h on 14 June. The i n i t i a l  fence loca- 
t i o n  was very narrow, prevent ing s ide by s ide  
placement o f  the traps; as a consequence, the 
t raps  were s e t  i n  tandem. On 29 June the t r a p s  
were re loca ted  approximately 150 m upstream. 
This  second l o c a t i o n  was wide enough t o  permi t  
the t raps  t o  be placed side by side and provided 
the add i t i ona l  advantage o f  a s l i g h t l y  h igher  
e levat ion,  thus reducing the  e f f e c t  o f  back- 
f l o o d i n g  as a r e s u l t  o f  t i d a l  movements. 

A f i e l d  camp was maintained a t  the Mayo- 
giak Creek fence s i t e  from 13 June u n t i l  4 
J u l y .  Dur ing t h i s  i n i t i a l  pe r iod  t r a p  checks 
were usua l l y  made every two o r  three hours 
between noon and 0200 h. Continuous mon i to r ing  
was conducted a t  times o f  heavy f i s h  movements. 
A f t e r  4 J u l y  the f i e l d  camp was dismantled and 
personnel comnuted between Tuktoyaktuk and the 
fence s i t e  on a f i v e  day per week basis  u n t i l  13 
August, w i th  t raps being checked four  o r  f i v e  
times d a i l y .  The t r a p s  were l e f t  open on week- 
ends t o  permi t  f ree  passage o f  f i s h .  From 24 
June on, water temperature and water l e v e l  were 
recorded a t  each t r a p  check. Temperatures were 
taken w i t h  a pocket thermometer wh i le  water 
l e v e l s  were obtained from a metre s t i c k  anchored 
i n  the stream j u s t  below the f i r s t  fence s i t e .  

Apart from the count ing fence, f i s h  move- 
ments were monitored on three occasions (1-2 
Ju ly ,  3-4 Ju ly ,  and 6-7 J u l y )  us ing hoopnets 
which were placed i n  the stream connect ing lakes 
1 and 2 (F ig .  2). The hoopnets employed had a 
63.5 cm diameter and were const ructed o f  #35 
D e l t a  nylon n e t t i n g  w i t h  3.2 mm square open- 
ings. On each occasion two hoopnets were set, 
one t o  catch f i s h  moving i n  each d i r e c t i o n ,  and 
the  nets were l e f t  f o r  twenty- four  hours. F i s h  
were then counted and released. 

Freshwater Creek 

The ~ r e s h w a t e r  Creek count ing fence was 
loca ted  approximately 8.5 km upstream from Tuk- 



toyaktuk Harbour and about 0.5 km below the  
stream's o u t f a l l  from the f i r s t  major lake  o f  
the system (F ig.  3 ) .  A t  the o r i g i n a l  fence s i t e  
the stream averaged about 8 m i n  width and 25 cm 
i n  depth wh i le  cu r ren t  v e l o c i t y  (est imated ?O 
August) ranged from about 0.6 t o  0.8 mas- . 
Ice-out  occurred on 13 June and fence i n s t a l l a -  
t i o n  was complete by 1500 h on 16 June. From 
t h a t  date a two-way fence was operated discon- 
t i nuous ly  u n t i l  13 August but,  the rea f te r ,  on ly  
a downstream t r a p  was func t iona l .  

Dur ing the course o f  the  sumner, the 
Freshwater fence experienced considerable down 
t ime as p l a n t  mate r ia l ,  o r i g i n a t i n g  i n  the 
lakes, combined w i t h  s t rong c u r r e n t  t o  compli- 
cate the operat ion. As a r e s u l t  o f  these condi- 
t i o n s  the  fence requi red almost cont inuous 
c leaning and repai rs ,  and on th ree  occasions the 
s t r u c t u r e  had t o  be removed from the stream and 
re1 ocated f u r t h e r  downstream. 

As a concession t o  the s t rong current ,  and 
i n  an e f f o r t  t o  minimize m o r t a l i t i e s  among 
migrant  f i s h ,  the t raps  were l e f t  open when no t  
attended. Furthermore, s ince f i s h  h e l d  i n  the  
t raps  could n o t  wi thstand the  c u r r e n t  f o r  long, 
most t r a p  moni tor ing invo lved  enumeration and 
i d e n t i f i c a t i o n  o f  f i s h  from above as they passed 
through. 

Problems associated w i t h  fence operat ions 

As ind ica ted  above, several problems were 
encountered dur ing the  count ing fence opera- 
t i o n s  on Mayogiak and Freshwater creeks. Since 
these problems and our success o r  f a i l u r e  i n  
deal ing w i t h  them were impor tant  i n  determining 
t h e  r e s u l t s  obtained, they are discussed i n  t h i s  
repor t .  

T ida l  movements r e s u l t e d  i n  d a i l y  water 
l e v e l  f l u c t u a t i o n s  a t  the Mayogiak Creek s i t e  
ranging from 7 cm on 8 August t o  86 cm on 7 J u l y  
(F ig.  4 ) .  Occasional ly,  h igh water f looded the 
s i t e  reducing the f low through the t raps  and 
rendering them i n e f f e c t i v e .  A t  the lower s i t e ,  
t h i s  occurred a t  a gauge reading o f  approxi-  
mately 70 cm wh i le  a t  the upper s i t e  the t raps  
became i n e f f e c t i v e  a t  gauge readings greater  
than 85 cm. During the study, readings greater  
than 70 cm were obtained on 14 days wh i le  read- 
ings o f  more than 85 cm occurred s i x  times. It 
i s  poss ib le  t h a t  some f i s h  were able t o  pass 
around the fence a t  very h igh water leve ls ;  how- 
ever, no f l o o d i n g  occurred dur ing the t ime o f  
most in tense f i s h  movement ( p r i o r  t o  27 June) 
and it i s  f e l t  t h a t  few f i s h  were missed as a 
r e s u l t  o f  f looding.  

F a l l i s  e t  a l .  ( I n  prep. repor ted  t h a t  
they were able t o  d is t ingu ish ,  w i t h  a h igh  
degree o f  accuracy, between broad w h i t e f i s h ,  
l a k e  wh i te f i sh ,  and l e a s t  c i s c o  i n  Kukjuktuk 
Creek by viewing the f i s h  from above as they 
passed through a t rap.  This method was used a t  
Mayogiak Creek on only  fou r  days dur ing the pre- 
sent study (22-25 June). A t  t h i s  operat ion, 
water i n  the t r a p  was usua l l y  q u i t e  shal low and 
the gen t le  f l ow l e f t  the  water surface undis- 
turbed so t h a t  the f i s h  could be viewed q u i t e  
eas i l y .  Despite these advantages, i d e n t i f i c a -  
t i o n  t o  species was s t i l l  d i f f i c u l t ,  probably 
because Mayogiak Creek f i s h  were much smal ler  

than those i n  Kukjuktuk Creek runs. I t  i s  f e l t ,  
however, t h a t  t h i s  method produced acceptable 
r e s u l t s  a t  Mayogiak Creek. A t  Freshwater Creek, 
on the other  hand, where t h i s  technique was used 
more extens ive ly ,  e s p e c i a l l y  dur ing  June and 
J u l y ,  r e s u l t s  are considered t o  be less  favour- 
able. Turbulence i n  the t raps  made i d e n t i f i c a -  
t i o n  o f  the f i s h  very d i f f i c u l t ,  the r e s u l t  
being an overest imat ion o f  the number o f  broad 
w h i t e f i s h  and an underest imation o f  the number 
o f  l ake  w h i t e f i s h  and l e a s t  cisco. 

A problem commonly encountered when 
upstream and downstream runs a re  proceeding 
simultaneously i s  t h a t  some upstream f i s h  
i n e v i t a b l y  get  c a r r i e d  i n t o  the downstream t r a p  
where they are counted as downstream f i s h .  Dur- 
i n g  the  present  study t h i s  problem was min i -  
mized, al though n o t  completely overcome, by 
b lock ing  the  entrance t o  the downstream t r a p  
w h i l e  the upstream t r a p  was being cleared. 

No problems were encountered a t  Mayogiak 
Creek as a r e s u l t  o f  c u r r e n t  o r  organic mate r ia l  
i n  the  water. Current  was a constant problem, 
however, a t  Freshwater Creek and i n  e a r l y  J u l y  
t h i s  problem was compounded by 1 arge q u a n t i t i e s  
o f  p l a n t  mater ia l  which were c a r r i e d  downstream 
from the lakes. The combination o f  these fac to rs  
r e s u l t e d  i n  considerable down t ime and, no 
doubt, an underest imation o f  the number o f  
migrant  f i s h .  Between 27 June and 18 August the  
fence was ou t  o f  the water f o r  a t o t a l  o f  14 
days (26% o f  the  t ime)  and it was operated a t  
l e s s  than 100% e f f i c i e n c y  f o r  much o f  the t ime 
t h a t  it was i n  the  stream. 

LAKE SURVEYS 

Lake surveys, conducted on th ree  lakes i n  
each watershed (F ig.  2 and 3) between 22 J u l y  
and 5 August prov ided in fo rmat ion  on lake  mor- 
phometry, water chemistry, zooplankton, macro- 
benthos, and f i s h .  

Bathymetry and morphometry 

O u t l i n e  maps f o r  each lake  were prepared 
by enlargement o f  t r a c i n g s  taken from 1 :50 000 
scale topographic maps (Canada Department o f  
Energy, Mines and Resources, Surveys and Mapping 
Branch, Maps 107Cl8E and 107Cl8W). 

Depth soundings o f  each lake  were obtained 
us ing  a Furuno FG 200 A Mk. 3 battery-powered 
record ing echo sounder. Graphical depth pro- 
f i 1 es were produced a1 ong predetermined t r a n -  
sects which were run a t  constant  speed us ing a 5 
m aluminum boat powered by a 20 HP engine. The 
data obtained were used t o  cons t ruc t  bathymetr ic 
maps o f  each lake. 

Surface areas and shore l ine  lengths f o r  
each lake  were measured d i r e c t l y  from the  out- 
l i n e  maps us ing a Hewlett-Packard 9100 B ca lcu-  
l a t o r  coupled w i t h  a Hewlett-Packard 9107 A 
d i g i t i z e r  ( p r e c i s i o n  o f  -+I .OX). According t o  
Franzin and McFarlane (1976) t h e  est imated car-  
tographic  e r r o r  invo lved  i n  t h i s  method (through 
changes i n  scale and d r a f t i n g  e r r o r )  i s  approxi-  
mately 5%. They a l s o  est imated t h a t  depth 
measurements were subject  t o  an e r r o r  o f  appro- 
x imate ly  ?5%. The th ree  e r r o r  terms y i e l d  an 



e r r o r  o f  about '10% on the volume ca lcu la t ions .  
I n  the present study depth measurements and, 
therefore,  volume c a l c u l a t i o n s  were probably 
subject  t o  greater  percentage e r r o r s  than t h i s  
because o f  the shallowness o f  the lakes. An 
attempt w i l l  be made i n  1982 t o  assess t h i s  
e r r o r .  Morphometric parameters f o r  each lake  
were ca lcu la ted  according t o  the procedures des- 
c r i b e d  by Hutchinson (1957). 

A t  each l a k e  a general desc r ip t ion  o f  
shore l ine vegetat ion was obtained and the nature 
o f  the subst rate near the water 's  edge was des- 
c r ibed  according t o  the c l a s s i f i c a t i o n  o f  
Cowardin e t  a l .  (1979); i .e. ,  mud ( c l a y - s i l t )  - 
p a r t i c l e s  less  than 0.074 rrm i n  diameter; sand - 
0.074 t o  2 m; gravel - 2 mm t o  7.6 cm; cobble - 
7.6 t o  25.4 cm; stone - 25.4 t o  61.0 cm. 

Physico-Chemical 

Near the deepest p o i n t  o f  each lake, water 
temperature was measured a t  the surface and a t  1 
m i n t e r v a l s  throughout the water column by means 
o f  a model 33 YSI meter, and the Secchi d i sc  
transparency was determined. Water samples were 
a lso  taken a t  1 m i n t e r v a l s  us ing a 2 L van Dorn 
water b o t t l e .  Samples f o r  ana lys is  o f  d isso lved 
oxygen were preserved i n  the f i e l d .  Dissolved 
oxygen, pH, and c o n d u c t i v i t y  were determined 
w i t h i n  twenty-four hours a t  the f i e l d  labora to ry  
i n  Tuktoyaktuk. 

B i o l o g i c a l  

The benth ic  macroinvertebrate fauna was 
sampled a t  two loca t ions  i n  each lake  ( o n l y  one 
l o c a t i o n  i n  Mayogiak Lake 1 )  us ing an improved 
Ekman-type grab (Burton and Flannagan 1973). 
Dredge samples were placed i n  p l a s t i c  bags i n  
the f i e l d  and f i x e d  i n  10% formal in .  The pre- 
served samples were l a t e r  washed through a 505 
pm N i t e x  screen. I n  the labora to ry  the animals 
were picked from the samples, i d e n t i f i e d  t o  the  
lowest  poss ib le  taxon us ing keys prov ided by 
Edmondson (19591, Merr i  tt and Cummi ns (19781, 
Usinger (1971), and Pennak ( 19781, and enumera- 
ted. The wet weight o f  each taxon ('0.01 g) was 
then determined on a M e t t l e r  PL 1200 balance. 
Mol lusc s h e l l s  were inc luded i n  the wet 
weights. I n  order t o  ob ta in  an est imate o f  the 
p ropor t ion  o f  Mol lusc weight con t r ibu ted  by the 
shel ls ,  50 Valvata and 10 Lymnaea were removed 
from the s h e m d  weighed-tely. Shel ls  
were found t o  con t r ibu te  74% o f  the t o t a l  weight 
o f  Valvata and 54% i n  the case o f  Lymnaea. 

A small (20 cm opening) Wisconsin-style 
p lankton net  constructed o f  73 um N i tex  was used 
t o  sample the zooplankton i n  each lake.  Usual ly  
two v e r t i c a l  hauls  o f  the net  were made a t  the 
deepest l o c a t i o n  and the samples were f i x e d  i n  
5% formal in .  These samples were subjected only  
t o  a q u a l i t a t i v e  eva lua t ion  t o  i d e n t i f y  the  
species present. 

F i s h  i n  the lakes were sampled by g i l l n e t s  
and seines. Seine hauls were usua l l y  made a t  
two loca t ions  i n  each lake. The seines used 
were 6.1 m long  and constructed o f  6.4 mn nylon 
mesh. I n  each case the leng th  o f  shore l ine 
seined was recorded and captured f i s h  were pre- 
served i n  10% formal in .  The g i l l n e t s  used were 
Swedish survey nets, 60 m long  by 1.8 m deep and 

consis ted o f  equal lengths o f  10, 19, 33, 45, 
55, and 60 mn mu1 ti f i l ament  nylon mesh (bar  mea- 
sure) .  These nets were set  on the bottom a t  two 
l o c a t i o n s  i n  each l a k e  (one l o c a t i o n  i n  Mayogiak 
Lake 1) and were f i shed  f o r  approximately two 
hours .each. Upon 1 i f t i n g  the 'aets ,  f i s h  were 
separated according t o  mesh s i z e  and subjected 
t o  complete b i o l o g i c a l  analys is .  I n  each case 
fo rk  leng th  ('1.0 mm) and body weight ( u s u a l l y  
'10 g)  were recorded. Scales, o t o l i t h s ,  and 
pectora l  f i n s  were re ta ined  f o r  age determina- 
t i o n .  Sex and m a t u r i t y  were determined by gona- 
dal examination. The degree o f  gonadal develop- 
ment was described according t o  the f o l l  owing 
scale: 

Female Ma1 e 
1 6 Immature 
2 7 Maturing 
3 8 Mature 
4 9 Ripe 
5 10 Spent 

0 Sex Ind is t ingu ishab le  

The stomach o f  each f i s h  was removed and 
preserved i n  10% formal in .  Stomach content  ana- 
l y s i s  was conducted us ing the vo lumetr ic  p o i n t  
system described by Thompson (1959). Mol lusc 
s h e l l s  were inc luded i n  the  volume estimates. 
Because no p a r t i a l  food p o i n t s  were assigned, 
t h i s  system tends t o  overest imate the con t r ibu -  
t i o n  o f  small animals occur r ing  i n  small num- 
bers. However, the method i s  r a p i d  and appears 
t o  prov ide an acceptable d e s c r i p t i o n  o f  the s to -  
mach contents. Results of t he  stomach content  
ana lys is  were a lso  expressed i n  terms o f  numbers 
o f  food organisms present and t h e i r  frequency o f  
occurrence. 

Broad wh i te f i sh ,  l ake  wh i te f i sh ,  and l e a s t  
c i sco  were aged us ing scales. Several scales 
from each f i s h  were mounted between two glass 
s l i d e s  and the annul i  were i n t e r p r e t e d  from the  
image produced by a micropro jector .  The assigned 
scale age was equal t o  the number o f  completed 
annu l i  except f o r  f i s h  captured i n  June and 
e a r l y  J u l y  which had n o t  y e t  l a i d  down t h e i r  new 
annulus. I n  such cases the f i s h  were c r e d i t e d  
w i t h  an add i t i ona l  annulus. 

Although scales are a favoured method f o r  
aging many f i s h  species, the r e s u l t s  obtained 
have been c a l l e d  i n t o  quest ion i n  recent  years. 
I n  cases where scale ages have been compared 
w i t h  those determined from o ther  body s t ruc -  
tures,  such as o t o l i t h s  o r  f i n - rays ,  the  scale 
ages have o f t e n  been found t o  underestimate f i s h  
age, espec ia l l y  i n  the o l d e r  age groups. Stu- 
d ies comparing the r e s u l t s  o f  var ious aging 
techniques f o r  the anadromous coregonid f i shes  
o f  the southern Beaufor t  Sea area are few. 
Where comparisons have been made it has been 
observed t h a t  the re  can be major discrepancies 
between r e s u l t s  obtained through d i f f e r e n t  aging 
techniques. Mann (1974) compared scale ages and 
o t o l i t h  ages f o r  l e a s t  c i sco  and repor ted tha t ,  
wh i le  r e s u l t s  agreed c lose ly  among younger age 
groups, scales tended t o  underestimate the age 
o f  o lde r  f i s h .  Cra ig  and Mann (1974) repor ted  
s i m i l a r  r e s u l t s  i n  the case o f  A r c t i c  c isco.  I t  
seems l i k e l y  f u r t h e r  s tud ies w i l l  i d e n t i f y  the 
ex is tence o f  a s i m i l a r  problem i n  the case o f  
o ther  anadromous coregonids. 



Knowledge o f  the age s t r u c t u r e  o f  a f i s h  
populat ion i s  fundamental t o  i t s  proper manage- 
ment. There i s  an urgent need t o  e s t a b l i s h  the 
usefulness and re1 i a b i l  i t y  o f  var ious aging 
techniques f o r  the f i shes  o f  the southern Beau- 
f o r t  Sea. By comparing the r e s u l t s  obtained 
from scales, o t o l i t h s ,  and pectora l  f i n s  o f  
broad wh i te f i sh ,  l a k e  w h i t e f i s h ,  and l e a s t  
cisco, t h i s  study hopes t o  make a c o n t r i b u t i o n  
i n  t h i s  regard. To date, p re l im inary  r e s u l t s  
from l e a s t  c isco o t o l i t h s  have been obtained and 
are presented i n  t h i s  repor t .  The o t o l i t h s ,  
where necessary, were ground by hand on a carbo- 
rundum and c leared us ing a 3 : l  m ix tu re  o f  benzyl 
benzoate and methyl s a l i c y l a t e .  Growth zones 
were then i d e n t i f i e d  by viewing the  o t o l  i t h  
through a d issec t ing  microscope. Results o f  the 
f i n - r a y  analysfs  and the o t o l i t h  ana lys is  f o r  
the other  two species are no t  y e t  avai lab le.  

RESULTS 

MAYOGIAK CREEK COUNTING FENCE 

A t o t a l  o f  31 200 f l s h  were counted 
through the upstream t r a p  a t  Mayogiak Creek 
between 14 June and 13 August 1981 (Table 1) .  
Broad w h i t e f i s h  (88.2% o f  the  t o t a l ) ,  l e a s t  
c i sco  (9.5%), and lake  w h i t e f i s h  (2.1%) account- 
ed f o r  most o f  the migrants w h i l e  small numbers 
o f  northern pike, Esox l u c i u s  Linnaeus, s t a r r y  
f lounder, P l a t i c h t ~ s ~ u s  (Pa l las ) ,  and 
ninespine s t  c e ac , Pung t us u n g i t i u s  (L in -  
naeus), e r  s Fapture:. t  he same 
p e r i o d  3 692 f l s h  were taken i n  the downstream 
t rap ,  some o f  which a re  known t o  have been 
upstream f i s h  t h a t  had inadver ten t l y  entered the  
downstream t rap .  As i n  the upstream run, broad 
w h i t e f i s h  a1 so dominated the downstream catch, 
accounting f o r  78.3% o f  the t o t a l  (Table 1) .  
D e t a i l s  f o r  the migrat ions o f  the three corego- 
n i d  species are prov ided i n  t h e  f o l l o w i n g  sec- 
t i ons .  

Broad w h i t e f i s h  

Timing o f  migrat ions:  Upstream movement o f  
broad w h i t e f i s h  began s h o r t l y  a f t e r  ice-out  and 
continued throughout the study per iod  (F ig .  5, 
Appendix 1). The most in tense per iod  o f  
upstream mig ra t ion  occurred between 21 and 27 
June when 52.5% o f  the  run  passed the fence. 
The main peak i n  the upstream run occurred dur- 
i n g  the per iod  i n  which stream water temperature 
was increasing from near 0°C t o  near 10°C. A 
decrease I n  the number o f  upstream migrants 
between 25 June and 1 J u l y  co inc ided w i t h  a per- 
i o d  o f  c o l d  weather dur ing which the d a i l y  maxi- 
mum water temperature decreased from 14" t o  
9°C. A f t e r  1 July ,  d a i l y  counts f luctuated,  
producing a ser ies o f  smal ler  peaks through the 
remainder o f  the fence operat ion. 

Only 2 892 broad w h i t e f i s h  were captured 
i n  the downstream t rap,  these f i s h  occurr ing as 
a number o f  small peaks d i s p l a y i n g  no apparent 
trends (F ig.  5).  Most o f  the peaks i n  the down- 
stream graph co inc ided w i t h  peaks i n  upstream 
movement and probably consisted, i n  par t ,  o f  
upstream f i s h .  I n  a c t u a l i t y ,  therefore,  the  
number o f  downstream migrants was probably 
c loser  t o  2 000. 

Size and age o f  migrants: Fork lengths were 
obtained f o r  5 035 broad w h i t e f i s h  captured i n  
the  upstream t r a p  and f o r  2 186 captured i n  the 
downstream t rap.  Length-frequency d i s t r i b u t i o n s  
obtained i n  the measured samples (Tables 2 and 
3) were app l ied  t o  the t o t a l  counts recorded i n  
each o f  the ind ica ted  t ime periods t o  produce a 
t h e o r e t i c a l  o v e r a l l  l e n g t h - f  requency d e s c r i p t i o n  
o f  the upstream and downstream migrat ions (F ig .  
6). 

Broad w h i t e f i s h  i n  the upstream run ranged 
from 31 t o  450 mm i n  f o r k  leng th  w i t h  two peaks 
occur r ing  i n  the length-frequency d i s t r i b u t i o n  
(F ig.  6 ) .  The m a j o r i t y  of upstream f i s h  (56.9%) 
were between 175 and 249 n long w h i l e  i n d i v i -  
duals i n  the 50 t o  99 mm range represented 14.9% 
o f  the t o t a l .  

The l e n g t h - f  requency d i s t r i b u t i o n  o f  
upstream migrants va r ied  dur ing the course o f  
the study (Table 2 ) .  Those captured dur ing t h e  
f i r s t  three days o f  the run (14-16 June) had a 
modal f o r k  leng th  i n  the  300 t o  324 n range. 
As the upstream run proceeded, the modal leng th  
o f  the f i s h  decreased s t e a d i l y  and by the l a s t  
t ime per iod  (27 J u l y  t o  13 August), 43.3% o f  a l l  
f i s h  captured were between 50 and 74 mm. 

The l e n g t h - f  requency d i s t r i b u t i o n  o f  broad 
w h i t e f i s h  i n  the downstream run d i f f e r e d  consi- 
derably from t h a t  e x h i b i t e d  by upstream f i s h  
(F ig.  6 ) .  Downstream f i s h  ranged from 69 t o  490 
mn b u t  the m a j o r i t y  (61.8%) had f o r k  leng ths  
between 250 and 374 mn. The smaller peak, oc- 
c u r r i n g  between 175 and 249 mn i s  be l ieved  t o  
c o n s i s t  mostly o f  upstream f l s h  t h a t  had got ten 
i n t o  the downstream t rap.  

As i n  the upstream run, the modal f o r k  
l e n g t h  o f  broad w h i t e f i s h  moving downstream a lso  
decreased as the run progressed (Table 3 ) .  Th is  
decrease, however, was not  as pronounced as t h a t  
observed among upstream f i s h .  The modal l e n g t h  
i n t e r v a l  o f  downstream migrants decreased from 
350-374 mm dur ing the  per iod  14-30 June t o  250- 
274 mm between 1-13 August. 

I t  i s  not  e n t i r e l y  c l e a r  whether the la rge  
f i s h  observed i n  the downstream run simply 
represent the  r e t u r n  o f  the l a r g e r  upstream 
migrants. I n  some instances t h i s  may be, and 
probably i s ,  the case. F a l l i s  e t  a l .  ( I n  prep.) 
noted t h a t  the l a r g e s t  upstream mfgrants i n  Kuk- 
juk tuk  Creek had begun t o  r e t u r n  downstream 
w i t h i n  th ree  t o  f o u r  weeks and t h a t  downstream 
movements cont inued t o  occur throughout the sum- 
mer. However, our r e s u l t s  i n d i c a t e  downstream 
movement o f  l a r g e r  broad w h i t e f i s h  dur ing  the 
f i r s t  few days o f  fence operat ions (Table 3) .  
I n  fac t ,  between 14 and 16 June, downstream f i s h  
outnumbered upstream migrants by 128 t o  73, sug- 
ges t ing  s t rong ly  t h a t  some la rge  broad w h i t e f i s h  
had overwintered i n  lakes o f  the  Mayogiak 
system. 

Because our fence operat ion was terminated 
on 13 August i t  i s  n o t  poss ib le  t o  say what pro- 
p o r t i o n  o f  the smal ler  broad w h i t e f i s h  (<250 m) 
returned downstream. Only small numbers o f  such 
f i s h  had been taken a t  the downstream t r a p  by 13 
August, many o f  which were, undoubtedly, 
upstream f l s h  t h a t  had entered the  downstream 
t r a p  acc iden ta l l y .  A t  Kuk.jukt.uk Creek, F a l l  i s  



e t  a l .  ( I n  prep.) found t h a t  la rge  numbers o f  
small broad w h i t e f i s h  remai ned upstream a f t e r  
freeze-up, i n d i c a t i n g  the existence o f  major 
overwinter ing areas w i t h i n  t h a t  watershed. The 
r e s u l t s  o f  the present study suggest t h a t  lakes 
o f  the Mayogiak watershed may a lso  be o f  impor- 
tance i n  t h i s  regard. 

Scale ages were determined f o r  260 broad 
w h i t e f i s h  captured a t  the Mayogiak Creek count- 
i n g  fence i n  1981. Age and growth data for  
these f i s h  are summarized i n  Table 4 and the 
leng th - f  requency d i s t r i b u t i o n s  f o r  f i s h  o f  each 
age group are shown i n  Table 5. These data are 
no t  meant t o  be representat ive o f  the age s t ruc -  
t u r e  o f  the broad w h i t e f i s h  m ig ra t ion  i n  t h i s  
t r i b u t a r y .  However, they do place f a i r l y  r e l i -  
ab le l i m i t s  on the s i ze  ranges t o  be expected i n  
age groups 0 t o  3 inc lus ive ,  and, i n  conjunct ion 
w i th  age and growth data prov ided by other  s tu-  
d ies i n  the v i c i n i t y  o f  Tuktoyaktuk ( F a l l i s  e t  
a l .  I n  prep.; Bond 19821, prov ide a means of 
apply ing age c r i t e r i a  t o  the length-frequency 
d i s t r i b u t i o n s  ind ica ted  i n  Tables 2 and 3 and i n  
F ig.  6. 

C lear l y  these data i n d i c a t e  t h a t  the  major 
p a r t  o f  the upstream mig ra t ion  consis ted o f  age 
2 and age 3 f i s h  and t h a t  there was a gradual 
decrease i n  the age o f  the migrants as the run 
progressed. The f i r s t  young-of-the-year (53 mm) 
was captured on 16 J u l y  and dur ing the  per iod  27 
J u l y  t o  13 August most f i s h  moving upstream 
(43.6%) were less  than 75 mn i n  fo rk  leng th  and 
be l ieved  t o  belong t o  the 1981 year  c lass.  

The l a r g e s t  broad w h i t e f i s h  captured dur- 
i n g  the study could have been as o l d  as 13 
years, the maximum scale age repor ted f o r  t h i s  
species i n  Tuktoyaktuk Harbour (Bond 1982). 
However, most o f  the f i s h  taken dur ing the e a r l y  
stages o f  the  upstream migrat ion,  and dur ing the  
downstream run (250 - 374 mm) were l i k e l y  age 4 
t o  age 7 inc lus ive .  

Sex and m a t u r i t y  o f  migrants: No sexual ly  
mature broad w h i t e f i s h  were i d e n t i f i e d  dur ing 
the present study. I n  f a c t ,  most f i s h  were 
juven i les  t h a t  could not  be sexed i n  the f i e l d .  
O f  57 f i s h  f o r  which sex was determined, 31 
(54.4%) were males (Table 4).  

Food h a b i t s  o f  migrants: Food hab i t s  were 
evaluated f o r  89 broad w h i t e f i s h  captured a t  the 
Mayogiak Creek fence s i t e .  Seventy-six were 
upstream migrants w h i l e  13 were captured i n  the 
downstream t rap.  Results o f  the analys is  i n d i -  
cated 1 i t t l e  d i f fe rence  between the stomach con- 
ten ts  o f  "upstream" and "downstream" f i s h  (Table 
6).  As w i l l  be seen l a t e r ,  the stomach contents 
o f  broad w h i t e f i s h  taken a t  the fence s i t e  d i f -  
fered considerably from those o f  f i s h  captured 
i n  lakes o f  the Mayogiak system. 

O f  the 89 f i s h  examined only nine (10.1%) 
had empty stomachs although, based on the per- 
centage o f  t o t a l  food po in ts  assigned, the 
"average" stomach was on ly  37.5% f u l l .  Imnature 
Diptera, mainly Chironomidae, dominated the sto- 
mach contents both i n  terms o f  numbers and i n  
terms o f  volume (Table 6).  

Least  c i sco  

Timing o f  migrat ions:  A t o t a l  o f  1 972 l e a s t  
c i sco  were counted through the upstream t rap ,  o f  
which 65.9% passed the fence between 23 and 27 
June (F ig.  7, Appendix 1). Upstream movement 
peaked on 23 June, the same day as was the case 
f o r  broad wh i te f i sh .  The only o ther  a c t i v e  per- 
i o d  o f  upstream movement occurred between 10 and 
14 Ju ly ,  dur ing which t ime 28.9% o f  the run  was 
counted. 

Few l e a s t  c i sco  were taken a t  the  down- 
stream t r a p  p r i o r  t o  mid-July. A f t e r  t h a t  date 
downstream a c t i v i t y  was general l y  greater ,  
al though somewhat i r r e g u l a r  (F ig .  7). O f  566 
c isco  taken i n  the downstream t r a p  455 (80.4%) 
were captured between 15 J u l y  and 13 August. 

Size and age o f  migrants: The length-  
frequency d i s t r i b u t i o n s  for  624 l e a s t  c isco from 
the upstream mig ra t ion  (Table 7 )  and 431 c i s c o  
captured from the downstream run (Table 8)  were 
app l ied  t o  the t o t a l  counts recorded i n  each o f  
the ind ica ted  t ime periods i n  order t o  c rea te  
leng th - f  requency descr ip t ions  o f  the  o v e r a l l  
migrat ions (F ig .  8 ) .  

The o v e r a l l  length-frequency pa t te rns  pre- 
d ic ted  from the measured samples were v i r t u a l l y  
i d e n t i c a l  i n  the upstream and downstream runs 
(F ig.  8 ) .  I n  both cases the length-frequency 
d i s t r i b u t i o n  was d i s t i n c t l y  bimodal w i t h  s t rong 
modes occurr ing between 100 and 174 mm and 
between 250 and 324 mn. Since gear s e l e c t i v i t y  
was n o t  a  f a c t o r  i n  determining length-frequency 
i n  t h i s  case, the observed p a t t e r n  i s  considered 
t o  r e f l e c t  a  rea l  s i t u a t i o n ,  perhaps a weak year 
class. 

Least c isco from the upstream run  ranged 
i n  f o r k  leng th  from 52 t o  390 mn wh i le  f i s h  
taken from the downstream t r a p  var ied  from 87 t o  
403 mm. The e a r l y  p a r t  o f  the upstream run was 
dominated by l a r g e  f i s h  (275-324 mm) b u t  the 
s i z e  o f  the f i s h  i n  the run  became smal ler  as 
the m ig ra t ion  progressed (Table 7) .  Between 6 
and 13 August, most l e a s t  c i sco  taken i n  the 
upstream t r a p  (88.0%) were less  than 100 mm i n  
fork  length.  A s i m i l a r  p a t t e r n  was a lso  obser- 
ved i n  the downstream run (Table 8 ) .  

Dur ing 1980, Bond (1982) repor ted  a l a r g e  
mig ra t ion  o f  small l e a s t  c i sco  (35-55 mm) enter-  
i n g  Tuktoyaktuk Harbour i n  mid-July. That mig- 
r a t i o n  had peaked and apparent ly moved pas t  Tuk- 
toyaktuk Harbour by l a t e  J u l y  o r  e a r l y  August 
and i t  was suggested t h a t  Mayogiak Creek may 
serve as a rear ing  area f o r  these small f i s h .  
The r e s u l t s  o f  the present  study, however, show 
no i n d i c a t i o n  o f  upstream movement o f  l e a s t  c i s -  
co i n  t h a t  s i ze  range. 

Scale ages were determined f o r  103 l e a s t  
c i sco  captured a t  the Mayogiak Creek count ing 
fence i n 1981. Table 9 summarizes the age and 
growth data f o r  these f i s h  wh i le  the length-  
frequency d i s t r i b u t i o n s  f o r  f i s h  i n  each age 
group are given i n  Table 10. These data do no t  
necessar i ly  represent a  random sample o f  the 
Mayogiak Creek l e a s t  c i sco  run  b u t  are usefu l  i n  
a t tempt ing t o  i n t e r p r e t  the length-frequency 
d i s t r i b u t i o n s  ind ica ted  i n  Tables 7 and 8 and i n  
F ig .  8. 



Judging from the r e s u l t s  o f  Table 9 and 10 
and from the length-frequency d i s t r i b u t i o n  i n d i -  
cated i n  F ig .  8, most l e a s t  c i sco  i n  the Mayo- 
giak Creek run were e i t h e r  age 1 or  2 o r  age 5 
t o  7. The gap i n  the length-frequency d i s t r i b u -  
t i o n ,  a l l uded  t o  e a r l i e r ,  seems t o  r e f l e c t  a 
pauci ty  o f  age 3 (main ly)  and age 4 i n d i v i -  
duals. The maximum scale age observed i n  t h i s  
study was nine years. 

P re l im inary  r e s u l t s  comparing scale ages 
w i t h  o t o l i t h  ages i n d i c a t e  f a i r l y  c lose agree- 
ment among younger age classes b u t  suggest the 
p o s s i b i l i t y  o f  wide discrepancies i n  f i s h  age 5 
o r  o lder  (F ig .  9 ) .  I n  almost a l l  cases where 
r e s u l t s  obtained by the two methods d i d  n o t  
agree, the o t o l i t h  age was greater  than the  
scale age. These r e s u l t s  emphasize the need f o r  
more d e f i n i t i v e  study i n  t h i s  area. 

Sex and m a t u r i t y  o f  migrants :  Sex and matu- 
r i t y  were i d e n t i f i e d  i n  40 Mayogiak Creek l e a s t  
cisco, o f  which 31 (77.5%) were females (Table 
9).  The youngest mature males observed were age 
4 wh i le  the youngest mature females were age 5. 
Bond (1982) placed the age o f  f i r s t  spawning f o r  
Tuktoyaktuk Harbour l e a s t  c i sco  a t  f i v e  years. 

Food h a b i t s  o f  migrants: The stomachs of 12 
upstream l e a s t  c i sco  were examined and 10 
(83.3%) contained some food. The "average" s to-  
mach was judged t o  be about one- th i rd  f u l l  
(Table 11). Imnature D ip te ra  occurred i n  
v i r t u a l l y  a l l  stomachs con ta in ing  food, 
c o n t r i b u t i n g  65.9% o f  t h e  d i e t  i n  terms o f  
numbers and 28.4% i n  terms o f  volume. The 
stomach o f  only one downstream f i s h  was 
examined. This  i n d i v i d u a l  contained v i r t u a l l y  
no D ip te ra  b u t  had gorged i t s e l f  on Cladocera. 

Lake w h i t e f i s h  

Timing o f  migrat ions:  Lake w h i t e f i s h  was the 
l e a s t  abundant o f  the  th ree  anadromous species 
w i t h  only 658 being counted through the upstream 
t rap.  The p a t t e r n  o f  movement was very s i m i l a r  
t o  t h a t  exh ib i ted  by l e a s t  c i sco  (F ig.  10, Ap- 
pendix 1).  Most o f  the upstream run (53.8%) 
occurred between 22 and 26 June and upstream 
movement had v i r t u a l l y  ceased by 15 J u l y .  

By 13 August, 222 lake  w h i t e f i s h  had pass- 
ed through the  downstream t rap .  The l a r g e s t  
d a i l y  downstream movement occurred on 23 J u l y  
when 38 f i s h  were taken. 

Size and age o f  migrants: Lake w h i t e f i s h  
measured dur ing the upstream mig ra t ion  (n=122) 
ranged i n  f o r k  length from 148 t o  397 mm w i t h  
the m a j o r i t y  (50.8%) being 150 t o  224 mn (Table 
12). Unfor tunate ly ,  few f i s h  were measured dur- 
i n g  the peak o f  the m ig ra t ion  (22-26 June); how- 
ever, samples taken a t  o ther  times suggest t h a t  
the l a r g e s t  f i s h  tended t o  move upstream f i r s t .  
Between 14 and 21 June when 36 o f  39 upstream 
f i s h  were measured, f o r k  lengths va r ied  froin 182 
t o  377 mm w i t h  77.8% o f  the f i s h  being 200 t o  
324 mn i n c l u s i v e  (modal l e n g t h  i n t e r v a l  250-274 
mm). From 6 t o  14 Ju ly ,  52 o f  222 upstream 
migrants were measured. These f i s h  ranged from 
148 t o  397 mm w i t h  69.2% being 150 t o  224 mm 
i n c l u s i v e  (modal leng th  i n t e r v a l  175-199 mm) . 
Fork lengths o f  f i s h  captured a f t e r  15 J u l y  ran- 

ged from 155 t o  342 mm, the m a j o r i t y  (56.3%) 
being l e s s  than 200 mm (modal leng th  i n t e r v a l  
150-174 m ) .  

By 13 August, when the fence operat ion was 
terminated, few small l ake  w h i t e f i s h  had re tu rn -  
ed downstream. F i s h  i n  the downstream run ran- 
ged i n  f o r k  leng th  from 148 t o  462 mn b u t  92.8% 
o f  the sample exceeded 224 mm and 87.7% o f  the 
t o t a l  were between 225 and 399 mn (modal l e n g t h  
i n t e r v a l  300-324 mn) (Table 12). 

Scale ages were assigned t o  only 29 1 ake 
w h i t e f i s h  dur ing the present  study, w i t h  ages 
ranging from 2 t o  10 years (Table 13). Length- 
frequency d i s t r i b u t i o n s  f o r  i n d i v i d u a l  age 
groups are presented i n  Table 14. Bond (1982) 
repor ted a maximum scale age o f  16 years f o r  
l a k e  w h i t e f i s h  i n  Tuktoyaktuk Harbour. 

Sex and m a t u r i t y  o f  migrants :  Sex and matu- 
r i t y  were assessed f o r  on ly  13 lake  w h i t e f i s h  
dur ing  the  present study, o f  which 11 were 
females. Only one f i s h ,  a seven-year-old 
female, appeared t o  be capable o f  spawning i n  
1981 (Table 13). 

Food h a b i t s  o f  migrants: The stomachs o f  
e i g h t  upstream and two downstream lake  w h i t e f i s h  
were examined f o r  food h a b i t s  (Tab1 e 15). Down- 
stream f i s h  had a l a r g e r  volume o f  stomach con- 
t e n t s  (85.0% o f  the  t o t a l  poss ib le  food p o i n t s  
assigned) than d i d  upstream f i s h  (23.8%). The 
i d e n t i f i a b l e  food i n  the  stomachs o f  upstream 
f i s h  consis ted e n t i r e l y  o f  insects ,  o f  which 
immature D ip te ra  ( e s p e c i a l l y  Chironomidae) were 
the  most abundant. D ip te ra  were a lso  abundant 
i n  the  stomachs o f  the two downstream f i s h  b u t  
the major food i tem was the amphipod, (Gammarus 
l a c u s t r i s ) ,  which comprised 36.3% o f  the food i n  
terms o f  numbers and 26.5% o f  the est imated food 
volume. It i s  assumed t h a t  the  Gammarus, as 
we l l  as the gastropod mollusc Lymnaea p a l u s t r i s  
were obtained i n  upstream lakes-e they a re  
known t o  occur. 

MAYOGIAK WATERSHED LAKE SURVEYS 

Three lakes i n  the Mayogiak watershed 
( F i g .  2)  were surveyed between 29 J u l y  and 5 
August 1981. Sampl i n g  s i t e s ,  shore l  i ne vegeta- 
t i o n ,  and the  nature o f  the subst rate a t  inshore 
loca t ions  are shown i n  F ig .  11, 12, and 13. 
Bathymetr ic maps o f  the th ree  lakes are prov ided 
i n  Fig. 14, 15, and 16. 

Limn01 ogy 

Morphometric c h a r a c t e r i s t i c s  o f  the th ree  
lakes surveyed are sumnarized i n  Table 16 w h i l e  
the phys ica l  and chemical p roper t ies  are shown 
i n  Table 17. 

Lake 1 was the sma l les t  o f  the th ree  
lakes, having a maximum leng th  o f  1.1 km, a 
maximum w id th  o f  0.3 km, and a sur face area of 
j u s t  23.6 ha. The est imated volume o f  55 000 m 
gave t h i s  lake  a mean depth o f  0.2 m. The 
shorel i n e  development f a c t o r  was ca lcu la ted  t o  
be 1.5. Lake 1 d i f f e r s  from the other  two lakes 
examined i n  t h a t  the shore l ine  has receded con- 
s ide rab ly  since i t s  formation, and even s ince 
1960 (most recen t  NTS maps), the l a k e  has under- 



gone considerable reduct ion i n  s i z e  (F ig.  11) t o  
the p o i n t  where i t  i s  now l i t t l e  more than a 
marsh. The stream from Lake 2, which once en- 
te red  Lake 1 a t  i t s  nor theast  corner, now by- 
passes i t  completely, f lowing d i r e c t l y  i n t o  the 
o u t l e t  stream (F ig .  11).  Spec i f i c  conductance 
values, f o r  water samples from Lake 1 (763-781 
~S.cm- ) were considerably h igher  than tpose 
found i n  the other  two lakes (144-147 vS*cm- 1. 

Lake 2 has a surface area o f  73.4 ha and 
an est imated volume o f  5.44 x 10' m3 , g i v i n g  i t  
a mean depth o f  0.7 m. The maximum depth recor- 
ded dur ing the sounding process was 1 m although 
the actual  maximum depth i s  known t o  be a t  l e a s t  
2 m (Table 17). The shore l ine development fac- 
t o r  f o r  t h i s  lake was 1.3. Clean sand and cob- 
b les  made up the subst rate i n  most nearshore 
areas and the shore o f  the lake  was l i n e d  w i t h  
wi l lows. 

Water temperatures i n  Lake 2 on 31 J u l y  
1981 ranged from 15.0" $0 16.0°C. S p e c i f i c  con- 
ductance (1144-145 MS-cm- ) and d issolved oxygen 
(10.4 mg-L- ) were constant throughout the water 
column. Lake water was s l i g h t l y  a l k a l i n e  w i t h  
pH ranging from 8.15 a t  the surface t o  8.80 a t  
the bottom ( 2  m). A Secchi d i sc  reading o f  1.9 
m was obtained. 

Lake 3 was the l a r g e s t  and deepest o f  the 
three 1 akes surveyed. Shore1 i ne vegetat ion 
(w i l l ows)  and nearshore subst rate (c lean  sand 
and cobbles) were s i m i l a r  t o  t h a t  o f  Lake 2. 
The surface area o f  Lake 3 i s  y1.4 ha and the 
est imated volume o f  27.57 x 10 m g ive  i t a 
mean depth o f  0.8 m. The maximum depth recorded 
on the sounder was 1 m although a hole, having a 
depth o f  3 m, was loca ted  (Table 17). 

On 5 August 1981, water temperatures ran- 
ged from 10.5" l o  l l . O ° C .  S p e c i f i c  conductance 
(145-i47 MS-cm- 1, d isso lved oxygen (11.0-12.0 
mg-L- ), and pH (7.90-7.91) were a lso  constant 
throughout the water column. Secchi d i sc  t rans-  
parency was 0.7 m. 

Biology 

Plankton: The plankton samples obtained from 
the  lakes contained only small numbers o f  an i -  
mal s. Zooplankton i d e n t i f i e d  inc luded th ree  
species o f  Calanoid copepods, two species o f  
Cyclopoid copepods, and f o u r  species o f  Clado- 
cera (Table 18). 

Benthos: Only one benth ic  sample was obta in-  
ed f r o m L a k e  1 and t h i s  contained a s i n g l e  
ol igochaete. I n  Lakes 2 and 3 the  benth ic  fauna 
was dominated by mol luscs and chironomid la rvae  
(Table 19). The pelecypod mollusc, Sphaerium 
sp., was the most abundant form i n  both lakes 
althougg apparent ly more numerous i n  Lake 2 
(789.111- ) than i n  Lake 3 (65.m- ). The gastro- 
pod, Valvata s incera hel ico 'dea,  had dens i t i es  
o f  2 5 - 3 m d u d n  Lakes 2 and 3, 
respect ive ly .  Densi t ies f o r  chirpnomid la rvae  
were 287.m- i n  Lake 2 and 65.m- i n  Lake 3. 
Gammarus l a c u s t r i s  was a lso  taken i n  both lakes 
an appeare t o  e s l i g h t l y  more y u n d a n t  i n  
Late 3 (43*.-') tRan i n  Lake 2 (29-m- I .  

Fish:  T h i r t y - s i x  f i s h  were captured i n  g i l l -  
net-om the three Mayogiak lakes, o f  which 34 

(94.4%) were broad wh i te f i sh .  Most o f  the broad 
w h i t e f i s h  were taken i n  Lake 2 (n=19) and Lake 3 
(n=13). Lake w h i t e f i s h  ( n = l )  and l e a s t  c i sco  
( n = l )  were captured i n  Lake 1 b u t  were n o t  taken 
i n  the other  two lakes. Both species, however, 
as we l l  as nor thern p i k e  (n=2) were captured i n  
hoopnets se t  i n  the stream between Lakes 1 and 2 
(F ig.  11). Only th ree  f i s h  were captured i n  
seines dur ing the lake  surveys; two l e a s t  c i sco  
(between 100 and 150 mn f o r k  l e n g t h )  were seined 
from Lake 1 and a s i n g l e  ninespine s t i ck leback  
was taken i n  Lake 3. 

Catch and s i z e  data f o r  f i s h  captured by 
g i l l n e t s  i n  each lake  are given i n  Tables 20, 
21, and 22. Length-frequency and age-frequency 
d i s t r i b u t i o n s  f o r  broad w h i t e f i s h  appear i n  
Tables 23 and 24, respec t i ve ly .  Broad w h i t e f i s h  
captured i n  the Mayogiak Lakes ranged i n  f o r k  
leng th  from 151 t o  353 mn a1 though only two f i s h  
exceeded 300 mm. Scale ages f o r  these f i s h  var- 
i e d  from one t o  fou r  years b u t  the m a j o r i t y  were 
e i t h e r  age 2 ( n = l l )  o r  age 3 (n=18). These 
r e s u l t s  co inc ide w i t h  those o f  the count ing 
fence operat ion a l luded  t o  e a r l i e r  as the majo- 
r i t y  o f  upstream migrant  broad w h i t e f i s h  belong- 
ed t o  age groups 2 and 3. A l l  34 broad white- 
f i s h  captured i n  the Mayogiak Lakes were sexual- 
l y  imnature. O f  14 f i s h  f o r  which the sex cou ld  
be i d e n t i f i e d ,  11 were males. 

Broad w h i t e f i s h  captured i n  the lakes had 
consumed a greater  v a r i e t y  and a greater  volume 
o f  food (Table 25) than had those sampled a t  the 
fence s i t e  (Table 6) .  Whi te f ish taken from the 
lakes had fed  p r i m a r i l y  on imnature Diptera,  
Mollusca, Amphipoda, and Notostraca. The l a t t e r  
two groups would appear, on the bas is  o f  stomach 
contents, t o  be more abundant i n  the lakes than 
suggested by the r e s u l t s  o f  the benth ic  samples 
taken (Table 19). 

The r e l a t i v e  importance o f  the major die- 
t a r y  items var ied  from lake  t o  lake.  Immature 
Diptera,  f o r  example, accounted f o r  83.0% o f  the 
food i n  terms o f  numbers f o r  f i s h  captured i n  
Lake 1, b u t  only 34.6% i n  Lake 2 and 14.7% i n  
Lake 3. The corresponding values i n  the case o f  
food volume were 33.3, 18.0, and 3.7%, respec- 
t i v e l y .  Lake 1 f i s h  contained no Mollusca, 
Amphipoda, o r  Notostraca; however, these food 
items were dominant i n  the stomachs o f  f i s h  
taken from the other  two lakes (Table 25). Law- 
rence e t  a l .  ( I n  prep.) a l so  repor ted t h a t  the 
d i e t  o f  broad w h i t e f i s h  i n  lakes o f  Richard 's  
I s l a n d  and the Tuktoyaktuk Peninsula was domi na- 
t e d  by Gastropoda, Pelecypoda, D ip te ra  (Chirono- 
midae), Notostraca, and Amphipoda. 

FRESHWATER CREEK COUNTING FENCE 

The upstream t rap  a t  Freshwater Creek was 
operated from 16 June u n t i l  13 August 1981, dur- 
i n g  which t ime 44 194 f i s h  were enumerated 
(Table 26). This number i s  known t o  be an un- 
derest imat ion o f  the actual  number o f  f i s h  t h a t  
moved upstream. I n  the f i r s t  place, i t  i s  known 
t h a t  upstream movements comnenced on 13 June, 
immediately the stream became ice - f ree .  Large 
numbers o f  f i s h  were observed passing the  fence 
s i t e  on 14 and 15 June before i n s t a l l a t i o n  o f  
the fence was complete. Also c o n t r i b u t i n g  t o  
the underest imation was the f a c t  t h a t  the  fence, 



as mentioned e a r l i e r ,  spent 26% o f  the sampling 
per iod  undergoing maintenance on the stream 
bank, and was operated a t  l ess  than 100% e f f i -  
c iency f o r  much o f  the t ime i t  was i n  the  
stream. The great  m a j o r i t y  o f  upstream migrants 
were broad w h i t e f i s h  a1 though they may n o t  have 
made up 97.1% o f  the t o t a l  as ind ica ted  i n  Table 
26. D i f f i c u l t i e s  i n  i d e n t i f i c a t i o n  were en- 
countered owing t o  the depth and turbulence o f  
water moving through the t rap.  The r e s u l t  o f  
t h i s  problem, we bel ieve, was an overest imat ion 
i n  the case o f  broad w h i t e f i s h  and an underest i -  
mation i n  the case o f  lake w h i t e f i s h  and l e a s t  
cisco. One nor thern p i k e  and two ninespine 
s t ick leback were a l s o  taken i n  the upstream 
t rap.  

A t o t a l  o f  23 406 f i s h  were counted 
through the  downstream t r a p  o f  which broad 
w h i t e f i s h  (83.7%), lake  w h i t e f i s h  (12.5%), and 
l e a s t  c i sco  (3.8%) were the  most numerous. S ix  
pike, one lake  t r o u t ,  Salve1 inus  namaycush (Wal- 
baum), and twelve pon y omesus o l i d u s  
( p a l l  as 1, were a1 sod Zi2r-e-e T 
Because more f i s h  were a c t u a l l y  handled dur ing 
the downstream phase o f  the operat ion, i d e n t i f i -  
cat ions i n  t h i s  case were more r e l i a b l e  than 
dur ing the upstream run. The underest imation o f  
numbers o f  downstream f i s h  was probably less  
severe than i n  the case o f  upstream f i s h  simply 
because 1 i t t l e  downstream a c t i v i t y  occurred 
p r i o r  t o  mid-July. Dur ing the  l a s t  h a l f  o f  
August, the e n t i r e  operat ion was devoted t o  
moni tor ing the downstream run. 

Broad w h i t e f i s h  

Timing o f  migrat ions:  Broad w h i t e f i s h  i n  
upstream mig ra t ion  began t o  pass the fence s i t e  
on 14 June, very s h o r t l y  a f t e r  break-up. Chunks 
o f  i c e  were d r i f t i n g  downstream on t h a t  date and 
stream water temperature was approximately 3'C. 
F ish  were f i r s t  no t i ced  i n  the stream a t  1000 h 
and upstream movement cont inued wi thout  1 etup 
u n t i l  2200 h a t  which time it appeared t h a t  the 
m ig ra t ion  had subsided. A few lake  w h i t e f i s h  
were a lso  noted i n  the run b u t  most f i s h  were 
broad wh i te f i sh .  Broad w h i t e f i s h  (and lake  
w h i t e f i s h )  cont inued t o  move upstream throughout 
15 June wh i le  the t raps  were being i n s t a l l e d .  
Per iod ic  checks, made between 0300 and 0545 h on 
16 June, ind ica ted  a concerted upstream movement 
cont inu ing.  A t  t h a t  time, numerous f i s h  were 
passing through the t raps even though the wings 
o f  the fence were not  y e t  i n  place. For exam- 
p le ,  35 broad w h i t e f i s h  were counted through the 
t r a p  i n  one two-minute per iod  and a l a t e r  four-  
minute count t o t a l l e d  144 f i s h .  Between 0515 
and 0545 h, 75 broad w h i t e f i s h  were counted 
through the t r a p  as movement subsided. Fence 
i n s t a l l a t i o n  was complete by 1400 h on 16 June 
b u t  no f i s h  movement was detected u n t i l  a f t e r  
2000 h. A t o t a l  o f  2 694 broad w h i t e f i s h  were 
then enumerated between 2000 h on 16 June and 
0400 h on 17 June. A f t e r  t h i s  i n i t i a l  burst ,  
migratory  a c t i v i t y  decreased and few f i s h  were 
captured between 17 and 22 June (F ig .  17, Appen- 
d i x  2).  

The heaviest  p a r t  o f  the upstream migra- 
t i o n  occurred between 23 and 26 June, dur ing 
which per iod  2 8 6 9 3  f i s h  passed the fence. 
Another peak occurred on 5 J u l y  when 7 233 f i s h  

were counted (F ig .  17) .  Upstream movements were 
concentrated i n  the evening and e a r l y  morning 
hours as most movement occurred between 1800 and 
0600 h. A f t e r  5 Ju ly ,  upstream mig ra t ions  were 
reduced considerably a1 though small numbers o f  
f i s h  cont inued t o  move upstream through 13 
August. 

Very l i t t l e  downstream movement o f  broad 
w h i t e f i s h  was ev iden t  u n t i l  the end o f  J u l y  
(Fig. 17) b u t  downstream a c t i v i t y  increased 
g r e a t l y  i n  e a r l y  August. The fence was convert-  
ed t o  a one-way (downstream) operat ion on 19 
August i n  considerat ion o f  t h i s  f a c t .  Down- 
stream movement peaked between 23 and 25 August 
and then decreased abrupt ly .  

Size and age o f  migrants: Broad w h i t e f i s h  
measured dur ing the upstream mig ra t ion  (n=865) 
ranqed i n  fo rk  lens th  from 51 t o  590 mm w i t h  the 
ma jo r i t y  (50.6%) bGing i n  the 150 t o  199 mm s i z e  
range (Table 27). It was f i s h  o f  t h i s  s i ze  t h a t  
dominated the very heavy mig ra t ion  o f  23 t o  26 
June (F ig .  17).  As was the case i n  Mayogiak 
Creek, the l a r g e s t  broad w h i t e f i s h  moved 
upstream f i r s t  and the s ize  o f  upstream migrants  
decreased as the run  progressed (Table 27). 
Small f i s h  (57-73 mm), be l ieved  t o  be young-of- 
the-year, were f i r s t  taken on 30 J u l y  and 
between 1 and 13 August; 19.5% o f  a l l  f i s h  mea- 
sured were 50 t o  74 mm i n  length. 

Broad w h i t e f i s h  i n  the downstream run var- 
i e d  from 69 t o  563 mn i n  fork leng th  but ,  i n  
c o n t r a s t  t o  those i n  the upstream run, the  
m a j o r i t y  (74.8%) were l a r g e  f i s h  I n  the  325 t o  
449 mm range (Table 28). By 1 September, only 
34 broad w h i t e f i s h  shor te r  than 250 m had been 
measured a t  the downstream t r a p  and there  was no 
i n d i c a t i o n  o f  a downstream run o f  f i s h  o f  t h i s  
size. It i s  poss ib le  t h a t  such a downstream run 
occurred a f t e r  fence operat ions were terminated. 
On the other  hand it i s  poss ib le  t h a t  no such 
run occurred as was observed i n  Kukjuktuk Creek 
by F a l l i s  e t  a l .  ( I n  prep.). The p o s s i b i l i t y  
e x i s t s  t h a t  lakes o f  the  Freshwater Creek d ra in -  
age prov ide impor tant  overwinter ing s i t e s  f o r  
l a rge  numbers o f  small broad w h i t e f i s h .  

Age and growth data f o r  broad w h i t e f i s h  
taken i n  the Freshwater Creek system are summa- 
r i z e d  i n  Table 29 w h i l e  Table 30 gives the 
length-frequency d i s t r i b u t i o n s  f o r  f i s h  o f  each 
age group. Scale ages f o r  broad w h i t e f i s h  ran- 
ged up t o  13 years b u t  i t i s  c l e a r  t h a t  most 
f i s h  t a k i n g  p a r t  i n  the upstream mig ra t ion  were 
two- and three-year-olds. F i s h  o f  t h i s  age 
would account f o r  most o f  the  i n d i v i d u a l s  
between 150 and 199 mm which, as mentioned pre- 
v ious ly ,  dominated the upstream run. Although 
none was aged, small f i s h  (57-73 mm) taken 
between 30 J u l y  and 13 August are be l ieved  t o  be 
young-of-the-year. It i s  ev ident  t h a t  the down- 
stream mig ra t ion  contained few broad w h i t e f i s h  
younger than age 4. 

Concerning the mean fork  lengths ind ica ted  
i n  Table 29 f o r  broad w h i t e f i s h  o f  age groups 1, 
2 and 3,  i t  should be remembered t h a t  most o f  
the f i s h  sampled were n o t  drawn randomly from 
the run b u t  were fence m o r t a l i t i e s .  Most o f  
these mortal  i ti es r e s u l t e d  from f i s h  becoming 
g i l l e d  i n  the 2.54 x 2.54 cm fence mate r ia l .  



The f i s h  most suscept ib le  t o  t h i s  f a t e  were 
those w i t h i n  the approximate s i ze  range o f  150 
t o  224 mn. F i s h  smal ler  than 150 mn were small 
enough t o  pass through the mesh w h i l e  f i s h  grea- 
t e r  than 224 mm were simply too l a r g e  t o  be 
g i l l e d .  The e f f e c t  o f  t h i s  i s  t h a t  our sample 
o f  age 1 f i s h  probably consis ted o f  on ly  the 
very l a r g e s t  f i s h  i n  t h a t  age group wh i le  on ly  
the  smallest three-year-olds were taken. 

Sex and m a t u r i t y  of migrants: No sexual ly  
mature broad w h i t e f i s h  were i d e n t i f i e d  from the  
Freshwater Creek system dur ing  the  present  
study. O f  113 f i s h  f o r  which sex was determined 
51 (45.1%) were males (Table 29). 

Food hab i t s  o f  migrants: Broad w h i t e f i s h  
captured dur ing migrat ions i n  Freshwater Creek 
had l i t t l e  food i n  t h e i r  stomachs. This  was 
t r u e  f o r  both upstream and downstream migrants. 
A t o t a l  o f  227 stomachs were examined from 
upstream broad w h i t e f i s h  o f  which only  25 
(11.0%) contained food. I n  the case o f  down- 
stream migrants on ly  23.1% o f  39 f i s h  examined 
had food i n  t h e i r  stomachs. Most o f  the sto- 
machs t h a t  contained food ( o r  appeared t o  con- 
t a i n  food) were re ta ined  f o r  more d e t a i l e d  labo- 
r a t o r y  analys is .  Immature D ip te ra ,  mainly Chi- 
ronomidae, were the most comnon food. Other 
food i tems l nc l  uded Plecoptera and Ephemeroptera 
nymphs, Coleptera, Gastropoda, Pelecypoda, Cla- 
docera, Acarina, and Nematoda (Table 31). 

Least c i s c o  

Timing o f  migrat ions:  A t o t a l  o f  1 167 l e a s t  
c i sco  were counted a t  the upstream t r a p  o f  the 
Freshwater Creek count ing fence (Table 26). 
This  i s  be l ieved t o  be an underest imation o f  the 
actual  number o f  migrant  c isco,  as mentioned 
e a r l i e r .  The l a r g e s t  d a i l y  counts o f  upstream 
migrants were made on 21 June (n=250), 11 J u l y  
(n=170), 15 t o  18 J u l y  (n=418), and 7 t o  13 
August (n=230) (Appendix 2). 

L i t t l e  downstream movement o f  l e a s t  c i s c o  
was observed p r i o r  t o  7 August. O f  878 f i s h  
taken a t  the downstream t rap,  839 (95.6%) were 
captured between 7 and 30 August w i t h  peak a c t i -  
v i t y  occur r ing  on 24 August (F ig .  18, Appendix 
21. 

Size and age o f  migrants: Least  c i sco  mea- 
s u r y g r a t i o n  (n=218) ran- 
ged i n  fork  length from 48 t o  420 mm, b u t  the 
length-frequency d i s t r i b u t i o n  va r ied  throughout 
the  course o f  the run (Table 32). F i s h  measured 
i n  the e a r l y  stages o f  the m iga t ion  (16-25 June) 
were l a r g e  i n d i v i d u a l s ,  having a modal s i z e  
range o f  300 t o  324 mm. During the middle phase 
o f  the run (26 June-31 J u l y ) ,  the modal s i z e  i n -  
t e r v a l  was 200 t o  224 mm, w h i l e  i n  the l a t t e r  
stages (1-13 August) most upstream migrants were 
young-of-the-year i n  the 50 t o  74 rmn s ize  range. 

Fork lengths o f  downstream f i s h  (n=80) 
va r ied  from 107 t o  345 mm, b u t  the m a j o r i t y  
(66.3%) were l a r g e  i n d i v i d u a l s  i n  the  275 t o  349 
mn range (Table 33). 

Based on 101 determinat ions, scale ages 
f o r  l e a s t  c i sco  from the Freshwater Creek system 
ranged from 0 (young-of-the-year) t o  8. Age and 
growth data f o r  these f i s h  are summarized i n  
Table 34 wh i le  the length-frequency d i s t r i b u -  
t i o n s  f o r  f i s h  i n  each age group are presented 

i n  Table 35. As ind ica ted  e a r l i e r ,  these f i s h  
probably do no t  represent a random sample from 
t h e  run because o f  the f o r t u i t o u s  manner i n  
which they were obtained. 

P r e l  iminary r e s u l t s  comparing scale ages 
w i t h  o t o l i t h s  ages f o r  Freshwater Creek l e a s t  
c i sco  i n d i c a t e  c lose agreement among younger age 
groups bu t  suggest the p o s s i b i l i t y  o f  wide d is -  
crepancies i n  f i s h  age 5 and o l d e r  (F ig .  9 ) .  

Sex and m a t u r i t y  o f  migrants: The youngest 
mature male observed dur ing the study was age 3 
(Table 34). A l l  o f  the l e a s t  c i sco  considered 
t o  be sexual ly  mature were taken i n  the down- 
stream t r a p  dur ing August. Mature females a t  
t h i s  time were observed t o  have eggs averaging 
approximately 1 mn i n  diameter. O f  52 f i s h  f o r  
which sex was determined, 20 (38.5%) were males. 

Food h a b i t  o f  migrants: The stomachs o f  
l e a s t  c i sco  captured a t  the  Freshwater Creek 
fence s i t e  seldom contained food, and those w i t h  
food usua l l y  contained only small quan t i t i es .  
Examinations were made o f  40 upstream migrants 
o f  which 33 (82.5%) were empty. Stomachs o f  30 
downstream l e a s t  c i sco  were examined w i t h  19 
(63.3%) being empty. Only n ine l e a s t  c i sco  s to-  
machs were analyzed i n  the laboratory .  These 
contained D ip te ra  larvae, Plecoptera nymphs, and 
Cl adocera ( Tabl e 36). 

Lake w h i t e f l s h  

Timing o f  migrat ions:  The d i f f i c u l t y  encoun- 
te red  i n  i d e n t i f y i n g  f i s h  t o  species as they 
passed through the upstream t r a p  i s  emphasized 
by the  f a c t  t h a t  on ly  92 lake  w h i t e f i s h  were 
counted moving upstream (Appendix 2 ) .  Most o f  
these were observed dur ing the f i r s t  th ree  weeks 
o f  the fence operat ion. Many lake  w h i t e f i s h  i n  
the upstream run were undoubtedly i d e n t i f i e d  as 
broad wh i te f i sh .  

A t o t a l  o f  2 926 lake  w h i t e f i s h  were coun- 
ted  moving downstream. A l l  b u t  e i g h t  o f  these 
were observed between 30 J u l y  and 1 September 
w i t h  the peak o f  the m ig ra t ion  (n=846) occur r ing  
on 10 and 11 August (F ig.  18, Appendix 2).  

S ize and age o f  migrants: Lake w h i t e f i s h  
measured dur ing the  upstream mig ra t ion  (n=90) 
ranaed i n  fork  lenath from 151 t o  435 mm (Table 
37): The data, al<hough scanty, seem t o  ~ " ~ ~ e s t  
t h a t  the  l a r g e s t  i n d i v i d u a l s  moved upstream 
f i r s t .  

I n  the downstream run l a k e  w h i t e f i s h  
(n=219) e x h i b i t e d  f o r k  lengths ranging from 170 
t o  455 mm w i t h  most f i s h  (68.5%) being between 
325 and 424 mn (Table 37). 

Scale ages, determined f o r  86 l a k e  white- 
f i s h  from the Freshwater Creek watershed ( i n c l u -  
des 16 f i s h  from lakes)  ranged from 3 t o  11 
years. Age and growth data f o r  these f i s h  a re  
summarized i n  Tabl e 38 w h i l e  length-frequency 
d i s t r i b u t i o n s  w i t h i n  age groups are given i n  
Table 39. 

Sex and m a t u r i t y  o f  migrants :  None o f  the 
f i s h  examined dur ing the present study had gona- 
dal development s u f f i c i e n t  t o  i n d i c a t e  t h a t  they 
would spawn i n  1981. However, one f i s h ,  cap- 
tu red  23 August (395 mm f o r k  leng th ) ,  had we l l  
developed n u p t i a l  tuberc les,  s t ruc tu res  usua l l y  



found on spawning coregonids ( e s p e c i a l l y  
males). O f  55 lake  w h i t e f i s h  f o r  which sex was 
determined, 22 (44.0%) were males (Table 38). 

Food h a b i t s  o f  migrants: Lake w h i t e f i s h  cap- 
tu red  dur ing migrat ions i n  Freshwater Creek 
usua l l y  had l i t t l e  o r  no food i n  t h e i r  s to -  
machs. Overa l l ,  the stomachs o f  24 upstream and 
39 downstream f i s h  were examined o f  which 22 
(91.7%) and 32 (82.1%), respec t i ve ly ,  were 
empty. Laboratory analyses were performed on 
only s i x  f i s h .  Two upstream f i s h  had consumed 
small q u a n t i t i e s  o f  l a r v a l  Chi ronomi dae, Gastro- 
poda, and Nematoda. Downstream f i s h  (n=3) had 
more food i n  t h e i r  stomachs on average than the 
upstream f i s h ,  the most common i tems being Gas- 
topoda and Notostraca (Table 40). 

FRESHWATER WATERSHED LAKE SURVEYS 

Three lakes i n  the Freshwater Creek dra in-  
age system (Fig. 3)  were surveyed between 24 and 
27 J u l y  1981. The loca t ions  o f  sampling s i t e s ,  
shore l ine vegetat ion, and the nature o f  the sub- 
s t r a t e  a t  inshore loca t ions  are shown i n  F ig .  
19, 20, and 21. Bathymetr ic maps o f  the th ree  
lakes are shown i n  F ig .  22, 23, and 24. 

Limnology 

Morphometric c h a r a c t e r i s t i c s  o f  the th ree  
lakes surveyed are sumnarized i n  Table 41 w h i l e  
the physical and chemical p roper t ies  are Ind ica -  
ted  i n  Table 42. 

Lake 1 had a maximum leng th  o f  4.0 km, a 
maximum width o f  2.3 km, and a surface area 05 
590.2 ha. I t s  est imated volume was 43.56 x 10 
m and i t s  mean depth was 0.8 m. The maximum 
depth o f  t h i s  lake  was a t  l e a s t  2.25 m (Table 
42) al though 1.5 m was the greatest  depth recor-  
ded on the sounder. The shore l ine  development 
f a c t o r  was 1.7. The sediment i n  most areas of 
the lake  appeared t o  cons is t  o f  s i l t  and sand 
w i t h  some areas o f  c lean gravel.  Willows 1 ined 
the e n t i r e  circumference of the lake. 

Water temperature i n  Lake 1 on 27 Ju ly ,  
1981 ranged from 17.5" t q  18.5"C. Spec i f i c  con- 
ductance (162-16q vS-cm- ) and d issolved oxygen 
(10.6-10.8 n1g.L- ) were constant  throughout the 
water column. Lake water was s l i g h t l y  a l k a l i n e  
w i t h  pH ranging from 7.35 a t  the  surface t o  
8.25. The Secchi d isc transparency was 2.25 m. 

Lake 2, w i t h  a maximum leng th  o f  6.4 km, a 
maximum width o f  2.4 km and a surface area o f  
817.3 ha, was the l a r g e s t  o f  the three lakes 
surveyed i n  the Freshwater system. Jhjs l a k e  
had an est imated volume o f  52.5 x 10 m and a 
mean depth o f  0.6 m. Maximum depth recorded by 
the sounder was 1.0 m although a depth o f  2.0 m 
was loca ted  dur ing the survey (Table 42). 
Shore1 i n e  vegetat ion (w i l l ows)  was s i m i l a r  t o  
Lake 1 b u t  the subst rate i n  nearshore areas 
seemed t o  have more sandy areas except i n  the 
n o r t h  bas in where s i l t  predominated. The shore- 
1 i ne development fac to r  was 1.6. 

Water temperatures on 25 J u l y  1981, ranged 
from 17.5" t o  18.5"C. Spec i f i c  conductance was 
the sqme a t  the surface as a t  the bottom (156 
pS-cm- ) wh i le  d issolved oxygen (10.2-10.4 

m g 0 ~ - ' )  a l so  va r ied  l i t t l e  throughout the water 
column. pH values ranged from 7.95 t o  8.05 and 
the  Secchi d isc transparency was 1.3 m. 

Lake 3 was the smal lest  o f  the three lakes 
surveyed i n  the  Freshwater system, having a 
maximum length o f  2.0 km, a maximum w id th  o f  1.9 
km, and a surface area o f  180.7 ha. It was a lso  
the deepest lake  invest igated,  w i t h  a maximum 
depth o f  5.0 m and a mean depth o f  1.2 m. The 
est imated volume o f  Lake 3 was 22.38 x l o 5  m3. 
Inshore substrates along the n o r t h  shore o f  the  
l a k e  were mainly sand and cobbles wh i le  s i l t s  
were found along the  south shore l ine.  The 
shore1 i n e  development fac to r  was 1.6. 

Water temperature i n  Lake 3 ranged from 
17.0" Fo 18.OoC. Speci f ic  conductance was 209 
uS0cm- a t  the ,water surface b u t  va r ied  from 
163 t o  167 pS.cm- ) throughout the water column. 
Dissolved oxygen values obtained ranged from 
10.1 t o  11.1 mg-~- '  wh i le  pH v a r i e d  from 8.46 t o  
8.60. The Secchi d i sc  transparency was 3.8 m. 

Bio logy 

Plankton: Zooplankton i d e n t i f i e d  from lakes 
o f  the  Freshwater Creek system inc luded th ree  
species o f  Calanoi d copepods, two species o f  
Cyclopoid copepods, and f i v e  species o f  Clado- 
cera (Table 43). 

Benthos: The benth ic  fauna o f  the th ree  
l a k m d o m i n a t e d  by molluscs, annel ids, c h i -  
ronomid larvae and amphipods (Table 44). Over- 
a l l ,  the densi ty  o f  benth ic  organi3ms was consi- 
derably p e a t e r  i n  Lake 2 (931.m- and Lake 3 
(1066.111- ) than i n  Lake 1 (201*m-~) .  Valvata 
s incera he l i co idea  was the s i n g l e  most a- - 
species, i t s  den2fty inc reas ing  from 43-m- i n  
Lake 1 t o  301.m- and 4410m-~ i n  Lakes 2 and 3, 
respec t i ve ly .  Sphaerium sp., al though n o t  found 
i n  Lakf 1, was abuydant i n  both Lakes 2 
(258.111- ) and 3 (280.111- ) . 

Fish:  Eighty-two f i s h  were captured i n  g i l l -  
n e t n r o m  the three lakes, o f  which 60 (73.2%) 
were broad wh i te f i sh .  Lake w h i t e f i s h  (18.3%), 
l e a s t  c i sco  (6.1%), and nor thern p i k e  (2.4%) 
made up the remainder o f  the catch. Broad 
w h i t e f i s h  was the only species taken i n  a l l  
three lakes. Lake w h i t e f i s h  were captured i n  
Lakes 1 and 2, l e a s t  c isco i n  Lakes 2 and 3, and 
nor thern p ike  only i n  Lake 3. Seines produced 
on ly  a s ing le  ninespine s t ick leback i n  Lake 3. 

Catch and s ize  data f o r  f i s h  captured by 
g i l l n e t s  i n  each lake  are given i n  Tables 45, 
46, and 47. Broad w h i t e f i s h  captured i n  lakes 
o f  the Freshwater system ranged i n  f o r k  leng th  
from 191 t o  573 mn a1 though the m a j o r i t y  (66.7%) 
were 325 t o  449 mn long (Table 48). Scale ages 
f o r  these f i s h  va r ied  from two t o  13 years bu t  
most (86.4%) were 4 t o  9, i n c l u s i v e  (Table 49). 
Broad w h i t e f i s h  taken by g i l l n e t s  i n  lakes of 
the Freshwater Creek drainage were, therefore,  
l a r g e r  and o lder  than those captured i n  Mayogiak 
Lakes where few f i s h  exceeded 300 mn o r  age 3. 

Lake w h i t e f i s h  from Freshwater lakes 
(n=15) had fork  lengths ranging from 266 t o  412 
mn (Table 50) and scale ages ranging from 4 t o  
11 years (Table 51). 



As was the case i n  the Mayogiak system, 
stomachs o f  broad w h i t e f i s h  captured i n  lakes o f  
the Freshwater Creek watershed contained a grea- 
t e r  v a r i e t y  and quan t i t y  o f  food (Table 52) than 
d i d  those sampled a t  the fence s i t e  (Table 31). 
Broad w h i t e f i s h  from lakes had fed  predominantly 
on Val vata s incera he1 ico idea,  which dominated 
t h e f o o d n ' - ; 1 - r r t h r e e  lakes i n  terms o f  both 
numbers and volunie. S haerium sp. was the 
second most important f o b o v e r  a11 w h i l e  
immature Diptera, Lymnaea p a l u s t r i s ,  Amphipoda, 
and Tr ichoptera l a m r e  a lso  comon i n  the 
food. The d i e t  o f  l ake  w h i t e f i s h  (Table 53) was 
s i m i l a r  t o  t h a t  o f  broad wh i te f i sh .  
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Table 1. Number o f  f i s h  passed through the  Mayoaiak Creek coun t i nq  fence, 
1981. 

Species Number o f  F i s h  Upstream Trap Downstream Trap 

Broad whi t e f i  sh 

Lake whi t e f i  sh 

Least  c i s c o  

Nor thern p i k e  

S t a r r y  f 1 ounder 

Ninespine s t i c k l e b a c k  

To ta l  



Table 2 .  Length-frequency d i s t r i b u t i o n  fo r  broad w h i t e f i s h  measured dur ing  d i f f e r e n t  seqrnents o f  the  upstream rniqrat ion i n  Mayogiak Creek 
1981. 

Fork Length 14-20 June 21-30 June 1-15 J u l y  1 6 2 4  1 27 July-13 August To ta l  
(mn) N "b N % N % N % N % 

325-349 

350-374 

375-399 

400-424 

425-449 

450-47 4 

475-499 

To ta l  

'Number o f  measured f i s h  as a percentaqe o f  the  t o t a l  number counted dur ina  the  designated t ime per iod .  

Table 3. Length-frequency d i s t r i b u t i o n  f o r  broad w h i t e f i s h  measured dur ing  d i f f e r e n t  seqments o f  the 
downstream mig ra t ion  i n  Mayogiak Creek, 1981. 

Fork Length 14-30 June ;-I5 J u l l  ;6-31 Jul; 
% 

To ta l  

(m) N N % 

To ta l  442 
(50.8)' 

'Number o f  measured f i s h  as a percentage o f  the  t o t a l  number counted dur ing  the  designated t ime ~ e r i o d  



Table 4. Mean f o r k  l e n g t h  (n), mean weight  (g) ,  m a t u r i t y ,  sex r a t i o ,  and c o n d i t i o n  f a c t o r  by age group f o r  broad w h i t e f i s h  captured f rom 
Mayoglak Creek, 1981. 

.- - 
Scale Fork Length Welsht Condi t ion Ma1 es Females Number 

Age Number f a c t o r  Sex 
(y r .  ) Mean SO Range Mean SO Range Number % Mature Number % Mature Unknown 

Table 5. Length-frequency d i s t r i b u t i o n  by age group f o r  broad w h i t e f i s h  captured 
from Mayoglak Creek, 1981. 

Fork Scale Age ( v r )  
Length 

(mn) 0 1 2 3 4 5 6 7 To ta l  

50 - 74 
75 - 99 

100 - 124 
125 - 149 
150 - 174 
175 - 199 
200 - 224 
225 - 249 
250 - 274 
275 - 299 
300 - 324 
325 - 349 
350 - 374 
375 - 399 

To ta l  

Table 6 .  Food habi t ;  o f  broed white' ish cactured a t  the Mayogizk Creek fer.ce 
s i t e ,  1981. Resui ts  a re  expressed as frequency o f  occurrence '(FO) , 
percentage c o n w s ' t i o n  by number ( %  N ) ,  and est imated percentage 
ccmposit ion by vol  w ( %  Vo l . ) .  

Upstream Downstream 
Food I tem FO % N  % V o l .  FO % N  % V o l .  

D i p t e r a  
Chi ronomi dae 

Unid. l a rvae  
Unid. pupae 

Ceratopogonidae la rvae  4.3 0.1 0.8 18.2 9.5 12.3 
Unid. l a rvae  2.9 '0.1 1.2 18.2 0.9 4.6 
Unid. pupae 29.0 2.0 3.3 9.1 0.6 3.1 

T r i  choptera la rvae  9.1 0.3 7.7 

Coleoptera 7.2 0.1 0.5 

Nema toda 15.9 0.4 0.8 

Unid. Animal ma t te r  37.7 14.1 54.6 23.1 

Unid. P l a n t  ma te r ia l ,  
debr is .  mud 53.6 24.9 45.5 15.4 

Number stomachs examined 
Number stomachs empty (%) 

To ta l  food p o i n t s  assigned (%) 602 (39.6) 
To ta l  food p o i n t s  unassigned (%) 918 (60.4) 



Table 7 .  Length-frequency d i s t r i b u t i o n  f o r  l e a s t  c i sco  measured dur ing  
d i f f e r e n t  segments o f  the upstream mig ra t ion  i n  Mayogiak Creek, 1981. 

Fork Length '$e- 10 Ju ly -  6-13 

(mm) 
5 August Auqust 

N % N % N % 
Tota l  

N % 

Tota l  193 381 50 62 4 

(10.0)' (41.5) (43.9) (21.0) 

'Number o f  measured f i s h  as a oercentage of the t o t a l  number counted dur ing  the 
designated t ime per iod.  

Table 8 .  Length-frequency d i s t r i b u t i o n  f o r  l e a s t  c i sco  measured dur ing  d i f f e r e n t  seqments o f  the 
downstream mig ra t ion  i n  Mayogiak Creek, 1981. 

Fork Length 14 June- 24 Ju ly -  
(mm) 9 J u l y  10-23 J u l y  5 Auqust 6-13 August Tota 1 

N % N % N % N % N % 

Tota l  56 189 95 91 431 
(71.8)' (89.6) (57.6) (81.3) (76.1) 

'Number of measured f i s h  as a oercentage o f  the  t o t a l  number counted dur ino the  desionated t ime per iod.  



Table 9.  Mean f o r k  leng th  (mn), mean weight  (g), matu r i t y ,  sex r a t i o ,  and c o n d i t i o n  f a c t o r  by age group f o r  l e a s t  c i sco  captured f rom 
Mayogiak Creek? 1981. 

--. 
Scale Fork leng th  Weight Condi t l o n  

4oe 
Males Females Number 

f a c t o r  
SO 

Sex 
( y r )  Number Mean SO Range Mean Range Number % Mature Number % Mature Unknown 

0 1 68 2 0.64 
1 45 104 18.7 78 - 153 9 3.4 

1 
3 - 18 0.77 

2 7 149 26.8 102 - 184 26 15.3 6 - 50 0.79 
45 

3 9 178 27.8 140 - 217 50 24.7 2 0 - 1 0 0  0.88 1 0 
7 

4 5 
8 

232 19.5 201 - 253 137 60.4 6 0 - 2 2 5  1.10 2 50 2 
5 

0 
10 265 24.0 246 - 321 189 49.9 1 4 0 - 3 1 0  1.02 3 33 6 

1 

6 
17 

12 
1 

292 17.3 258 - 322 225 41.0 150 - 300 0.91 4 75 8 13 
7 12 295 20.7 255 - 323 244 70.5 150 - 375 0.95 12 42 
8 1 345 375 0.91 1 
9 

0 
1 319 220 0.68 1 0 

Total  103 9 56 31 23 63 

Includes one f i s h  captured I n  Mayogiak Lake # 1  

Table 10. Length-frequency d i s t r i b u t i o n  by age group f o r  l e a s t  c fsco  
captured f rom Mayogiak Creek1 , 1981. 

Fork Scale Aqe ( r r s . )  
Length 
(Id 0 1 2  3 4 5 6 7 8  9 T o t a l  

To ta l  1 45 7 8 6 10 12 12 1 1 103 

Includes one f i s h  captured i n  Mayogiak Lake # I .  

Table 11. Food h a b i t s  o f  l e a s t  c i sco  captured a t  the Mayogiak Creek fence 
s i t e ,  1981. Resul ts  are expressed as frequency o f  occurrence (FO), 
percentage composit ion by number ( %  N ) ,  and est imated percentage 
composit ion by volume (% Vol.). 

Upstream Downstream 
Food I tem FO % N  % V o l .  FO % N  % V o l .  

Oiptera 
Chi ronomidae 

Unid. l a rvae  90.0 38.7 9.9 
Orthocladinae pupae 30.0 0.9 2.5 

Cu l i c idae  la rvae  10.0 0.1 1.2 
Ceratopogonidae la rvae  20.0 0.4 3.7 
Unid, l a rvae  10.0 0.1 1.2 
Unid. pupae 50.0 25.7 9.9 100.0 0.2 5.3 

Coleoptera 

Crustacea 
Cl adocera 

Nematoda 10.0 

Unid. Animal mat te r  100.0 

Nunher stomachs examined 
Number stomachs empty ( % )  

To ta l  food p o i n t s  assigned ( % )  
To ta l  food p o i n t s  unassigned (%)  

1 The stomach of  t h i s  f i s h  contained ,6500 Cladocera 



Table 12. Length-frequency d i s t r i b u t i o n  f o r  lake wh i te f i sh  captured a t  the 
countinp fence on Mayogiak Creek, 1981. 

Fork Length Upstream Trap 
N % 

Total  122 195 
(18.5)' (87.8) 

'Number o f  f i s h  measured as a percentage of the t o t a l  number counted. 

Table 13. Mean fo rk  length (~mn), mean weight ( g ) ,  matur i ty,  sex r a t i o ,  and condtt ion factor by aqe group f o r  lake wh i te f i sh  captured from 
Mayoglak Creek, 1981. 

- - 

Scale Fork Length Welqht Condition Males Females Number 
Age f a c t o r  Sex 

[ y r )  Number Mean SO Range Mean SD Range Number % Mature Number % Mature Unknown 

Total 29 2 0 11 9 16 



Table 14. Length-frequency d i s t r i b u t i o n  by age group f o r  l a k e  w h i t e f i s h  
captured from Mayogiak Creek, 1981, 

-- - 
Fork Scale Age ( y r )  

Length 
(mn) 0 1 2 3 4 5 6 7 8 9 1 0  To ta l  

To ta l  1 12 1 2 9 3 1 29 

Table 15. Food h a b i t s  o f  l ake  wh i te f i sh  captured a t  the  Mayogiak Creek fence 
s i t e ,  1981. Results are expressed as frequency o f  occurrence (FO), 
percentage composit ion by number (% N), and est imated percentage 
composit ion by volume (% Vol . I .  

Upstream Downs tream 
Food I tem FO % N % Vol. FO % N  % V o l .  

O ip te ra  
Chi ronomi dae 

Unid. l a rvae  
Unid. pupae 

Ceratopogonidae la rvae  16.7 0.8 2.6 50.0 
[Inid. pupae 50.0 4.1 7.9 100.0 

T r i  choptera 1 arvae 50.0 

Coleoptera 16.7 0.8 5.3 50.0 

Hemi p t e r a  
Cori xidae 

Mo l l  usca 
Lynmaea palus t r i s  

Amphi poda 
Gumarus lacua t r i s  

Acari na 50.0 

Nematoda 16.7 1.7 2.6 

Unid. Animal mat te r  83.3 26.3 100.0 

Unid. P l a n t  mate r ia l ,  
debr is ,  mud 

Number stomachs examined 8 
Number stomachs empty (%) 2 (25.0) 

To ta l  food p o i n t s  assigned (%)  38 (23.8) 
To ta l  food p o i n t s  unassigned (%)  122 (76.3) 



Table 16. Morphometry o f  th ree lakes I n  the Mayogiak Creek watershed, 1981. 

- Parameters 
Lake Locat ion A L W Z f  V S L D  

(ha) (km) (km) (m) (m) (x1000m3)(km) 

Lake 1 6g024'N; 13Z055'W 23.6 1.1 0.3 0 .5  0.2 55 2.6 1.5 

- 
Abbreviat ions: A: Surface area o f  l ake  Z: Mean depth (V/A) 

L: Maximum leng th  V: Volume 

W: Maximum w id th  SL: Shore1 i n e  l eng th  

Z: Maximum depth 0: Shorel ine development 
f a c t o r  

Table 17. Physical  and chemical data from three lakes i n  t he  Mayogiak Creek 
watershed, 1981. 

Lake Date Secchi Depth Fi;e;p(oClab D.O. Spec. Cond. 
(D/M/Y) (m) (m) PH (mg .~ - l )  (umho.cm-1) 

Lake 1 29/7/81 0.8 O(S)' 18.0 20.1 7.45 8.9 781 

1(B)2 18.0 18.9 8.15 8.9 763 

Lake 2 31/7/81 1.9 0(S) 15.0 16.9 8.15 10.4 144 

1 16.0 16.8 8.70 10.4 144 

2(8) 15.5 16.9 8.80 10.4 145 

Lake 3 5/8/81 0.7 O(S) 10.5 20.8 7.91 11.0 147 

1 11.0 20.5 7.91 11.0 145 

2 10.5 20.5 7.91 12.0 146 

3(8)  10.5 20.5 7.90 11.0 146 

'Surface 

*Bottom 

Table 18. Zooplankton i d e n t i f i e d  from lakes i n  the Mayogiak Creek water- 
shed, 1981 

Species Lake 1 Lake 2 Lake 3 
~ ~ 

Copepoda 
Calanoida 

Eurytemora sp.  
Diaptomus pribi lofensis  
Heterncope s e u t e n t r i m l i s  
Diaptomid naup l i  i 

Cyclopoida 
Cyclops bicuspidatus 
CijctOoe vernaZis 
Cyc I opoid copepodi ds 
Cyclopoid n a u p l i i  

Cl adocera 
Dauhnia gaZeata 
Ceriodauhnia quadran9 7.a 



Table 19. Species composi t ion,  biomass, and d e n s i t y  o f  ben th i c  i n v e r t e b r a t e s  i n  lakes o f  the  Mayogiak Creek watershed, 1981. 

Taxa 
Lake 1 Lake 2 

% % Densi t~ % % Densi t$ 
Aumber Wet W t .  (No./m ) Number WetWt.  (No./m) 

Lake 3 
% % Dens i ty  

Number WetWt.  ( ~ o . / m ~ )  

Di p t e r a  
Chi ronomi dae 

Chi ronominae 
Orthocladinae 
Tanypodi nae 

Mol lusca 
Va l va t i  dae 

Va lvata s incem helicoidea 

Sphaeri i dae 
Sphaerim sp. 

Anne 1 i da 
01 i gochaeta 
H i rud inea 

Crustacea 
Amphi poda 

Gamnarus Zacustris 

Nema toda 

Number Dredge Hauls Taken 

To ta l  Number Animals Counted 

To ta l  Wet Weight (g)  < 0.01 0.30 0.03 



Table 20. Catch and s i z e  da ta  f o r  f i s h  captured i n  S w e d i s h ' g i l l n e t s  f rom Lake 1, Hayouiak Creek watershed, 
29 J u l y  1981. 

Species 
Mean Mean Mesh S ize  (mm) 

Length Weight 
(4) 

10 19 33 45 55 60 T o t a l  C/E1 
(m) 

Broad w h i t e f i s h  189 go N 2 

% 100.0 

Lake w h i t e f i s h  32 9 460 N 

% 

Least  c i s c o  

T o t a l  3 1 4 1.0 

C a t c h - p e r - u n i t - e f f o r t  expressed as number o f  f i s h  oer  gang oer  hour. 

Table 21. Catch and s i z e  da ta  f o r  f i s h  captured i n  Swedish g i l l n e t s  frm Lake 2, Mayooiak Creek watershed, 
31 J u l y  1981. 

Species 
Mean Mean 

Length Weight Mesh S ize  (mn) 

(mm) (91 
10 19 33 45 55 60 T o t a l  C/E1 

Broad w h i t e f i s h  234 203 N 13 6 

% 68.4 31.6 

T o t a l  13 6 19 4.8 

'Ca tch-per -un i t -e f fo r t  expressed as number o f  f i s h  per  qang per  hour. 

Table 22. Catch and s i z e  da ta  f o r  f i s h  captured i n  Swedish g i l l n e t s  from Lake 3. Mayopiak Creek watershed, 
5 August 1981. 

Mean Mean 
Species Length Weight Mesh S ize  (nun) 

(mm) (9)  10 19 33 45 55 60 T o t a l  C/E1 

Broad w h i t e f i s h  256 284 N 1 4 8 13 3.3 

% 7.7 30.8 61.5 100.0 

T o t a l  1 4 8 13 3.3 

' C a t c h - p e r - u n i t - e f f o r t  expressed as number o f  f i s h  per  sang p e r  hour .  



Table 23. Length-frequency d i s t r i b u t i o n  f o r  broad whi t e f i  sh cap tu red  
by Swedish g i  1 l n e t s  f rom lakes  i n  t he  Mayogiak Creek watershed, 
29 J u l y  t o  5 A u ~ u s t  1981. 

Fork Length Lake 1 Lake 2 Lake 3 T o t a l  
(mm) N X N % N I N % 

To ta l  

Tab1 e 24. Age-frequency d i s t r i b u t i o n  f o r  broad w h i t e f i s h  captured by Swedish 
g i l l n e t s  f rom lakes  i n  t h e  Mayogiak Creek watershed, 29 J u l y  t o  
5 August 1981. 

Scale 
Age 

( y r )  

Lake 1 Lake 2 Lake 3 

N % N % N % 

T o t a l  

To ta l  2 19 13 3 4 



Table 25. Food h a b i t s  o f  broad w h i t e f i s h  captured i n  lakes  o f  t h e  Mayogiak Creek watershed, 1981. Resul ts  
a re  expressed as frequency o f  occurrence (FO), percentage composit ion by number ( %  N) ,  and 
est imated percentage composi t ion by volume ( %  Vol.). 

LAKE 1 LAKE 2 LAKE 3 
Food I t e m  FO % N  % V o l .  FO % N  % V o l .  FO % N  N V o l .  

D ip te ra  
Chi ronomi dae 

Or thoc l  adinae 1 arvae 5.6 0.4 1.0 
Unid. l a r v a e  100.0 44.7 10.0 77.8 20.3 9.3 27.3 14.5 3.1 
Unid. pupae 44.4 11.2 3.1 

Empididae la rvae  
Unid. l a r v a e  
Unid. pupae 

T r i  choptera 
L imnephi l idae la rvae  
Unid. a d u l t  

P lec top te ra  

Ephemeroptera 

M o l l  usca 
Valvata sincera he l ico idea  
Lymaea palus tp is  
Sphaeri i dae 

Amphi poda 
Ganvnams lacus t r i s  

Crus tacea 
Notos t r a c a  
Lepidurus sp. 
C l  adocera 
0s tracoda 

Nema toda 50.0 2.1 3.3 

Unid. Animal m a t t e r  100.0 56.7 

P l a n t  m a t e r i a l ,  debr i s ,  mud 

Number stomachs examined 
Number stomachs empty ( % )  

To ta l  food p o i n t s  assigned ( % )  30 (75.0) 
To ta l  food p o i n t s  unassigned (%)  10 (25.0) 



Table 26. Number o f  f i s h  passed ' through t h e  Freshwater Creek coun t i ng  fence  
1981 l. 

Number o f  F i s h  

Species Upstream Downstream Trap 
Trap 16 June-13 Auq. 19 Au9.-1 Sept. 

Broad whi t e f  i sh 

Lake w h i t e f i s h  

Least  c i s c o  

Nor thern  p i k e  

Lake t r o u t  

N inespine s t i c k l e b a c k  

Pond sme l t  

T o t a l  

l B o t h  upstream and downstream t r a p s  operated u n t i l  13 August b u t  o n l y  
downstream t r a p  f u n c t i o n a l  f r om  19 August t o  1 September. 



Table 27. Length-frequency d i s t r i b u t i o n  f o r  broad whi te f ish measured dur ing d i f f e r e n t  seqments of the 
upstream miorat ion i n  Freshwater Creek, 1981. 

Fork Length 24 June- 

(mm) 
16-23 June * i - 3 1  Jul; lil3 Auguit Tota l  
N % N % 

Tota 1 141 
(3.7)' 

'Number o f  measured f i s h  as a percentage o f  the t o t a l  number counted during the designated t ime period. 

Table 28. Length-frequency d i s t r i b u t i o n  f o r  broad wh i te f i sh  measured during 
downstream migrat ion i n  Freshwater Creek. 1981. 

Fork 16 June- 1-13 19 August 

Length 31 Ju ly  August 1 September Total 

(mn) N % N % N % N % 

Total 93 24 1 234 
(8.3)' (4.8) (1.7) 

'Number o f  measured f i sh  as a percentage o f  the t o t a l  number counted dur ing 
the designated time period. 



Table 29. Mean f o r k  l e n g t h  (m), mean weight  ( g ) ,  m a t u r i t y ,  sex r a t i o ,  and c o n d i t i o n  f a c t o r  by aqe qrouo f o r  broad w h i t e f i s h  from the Freshwater 
Creek watershed1. 1981. 

Scale Fork Length Weight Cond i t i on  Males Females Number 
f a c t o r  Sex 

($: Number Mean SO Range Mean SO Range Number % Mature Number E Mature Unknown 

To ta l  343 51 0 62 0 230 

1 Age groups 4-13 inc lude  53 f i s h  g i l l n e t t e d  du r ing  the  l a k e  surveys 

Table 30. Length-frequency d i s t r i b u t i o n  by  age group f o r  broad w h i t e f i s h  from 
the  Freshwater Creek watershed1, 1981. 

----- ---=----A=. -. 4 

Fork Scale Age l y r )  
Length 

(mn! 0 1 2 3 4 5 6 7 8 9 10 13 To ta l  

125 - 149 3 1 4 
150 - 174 76 18 12 106 
175 - 199 12 27 67 106 
200 - 224 13 13 26 
225 - 249 2 4 1  7 
250 - 274 1 4  3 8 
275 - 299 2 2 2 6 
300 - 324 2 5 7 
325 - 349 6 9 4  1 20 
350 - 374 3 6 3  12 
375 - 399 4 1 3 4 1 1  14 
400 - 424 2 1 4 6 2  15 
425 - 449 4 4 2 10 
450 - 474 1 2 2  5 
475 - 499 1 1 
500 - 524 1 1 
525 - 549 
550 - 574 1 1  

To ta l  91 62 102 17 28 9 12 14 9 4 1 349 

Inc ludes 59 f i s h  g i l l n e t t e d  du r ing  the  l a k e  surveys. 



Table 31. Food h a b i t s  o f  broad w h i t e f i s h  captured a t  the Freshwater Creek 
fence s i t e ,  1981. Results are expressed as frequency o f  occurr -  
ence (FO) , percentage composit ion by number (% N) , and est imated 
percentage composit ion by volume (% Vol.) .  

Upstream Downstream 

Food I t em FO X N  % V o l .  FO % N  % V o l .  

D i  p t e r a  
Chi ronomi dae 

Orthocl  ad i  nae 1 arvae 40.9 
Unid. la rvae . 31.8 
Unid. pupae 4.5 

Ceratopogoni dae 1 arvae . 13.6 
S imul i idae la rvae 9.1 
Unid. la rvae 22.7 
Unid. pupae 9.1 
Unid. a d u l t  9.1 

P l  ecoptera 
Nemouri dae 

Ephemeroptera 4.5 

Coleoptera 4.5 

Mol l  usca 
VaZvata sincera heZicoidea 9.1 
Liimnaea palus t r i s  
Sphaeri i dae 18.2 

Crus tacea 
C l  adocera 

Acari  na 9.1 

Nema toda 9.1 

Unid. Animal mat te r  77.3 
Unid. P l a n t  ma te r i a l ,  
debr is ,  mud 18.2 

Number stomachs examined 
Number stomachs empty (%)  

Tota l  food p o i n t s  assigned (%) 
Tota l  food p o i n t s  unassigned (%) 



Table 32. Length-frequency d i s t r i b u t i o n  f o r  l e a s t  c i s c o  measured dur inp  
d i f f e r e n t  seqments of the  upstream migra t ion  i n  Freshwater Creek, 
1981. 

26 June- 1-13 
Fork Length 16-25 June 31 J u l y  Augus t Tota l  

(nun) - N % N % N % 

25-49 2 1.7 2 0.9 

50-74 1 1.7 80 69.6 81 37.2 

75-99 3 2.6 3 1.4 

100-124 

125-149 

150-174 1 1.7 1 0.5 

175-199 17 29.3 11 9.6 28 12.8 

200-224 30 51.7 12 10.4 42 19.3 

225-249 3 5.2 1 0.9 4 1.8 

250-274 1 2.2 1 0.5 

275-299 1 1  24.4 3 5.2 1 0.9 15 6.9 

300-324 21 46.7 3 5.2 1 0.9 25 11.6 

325-349 10 22.2 3 2.6 13 6.0 

350-374 1 2.2 1 0.9 2 0.9 

375-399 

400-424 1 2.2 1 0.5 

Total  45 58 115 218 
(16.3)' (8.9) (47.7) (18.7) 

'Number o f  measured f i s h  as a percentaoe o f  the t o t a l  number counted dur ing  
the  desianated t ime per iod.  

Table 33. Length-frequency d i s t r i b u t i o n  f o r  l e a s t  c i  sco measured dur ing  the  
downstream miqra t ion  i n  Freshwater Creek, 1981. 

Fork Length June J u l y  
(m) N % N % 

August 
N % 

Total  
N % 

To ta l  3 6 7 1 80 



Table 34. Mean fork leng th  (m), mean weight ( g ) ,  matu r i t y ,  sex r a t i o ,  and cond i t i on  f a c t o r  by age group fo r  l e a s t  c i sco  from the Freshwater 
Creek watershed', 1981. 

* _ ~ - ~ = . - A - ~ _ _ i ~ 7 - - - - ~ ~ ~ .  _* ___ . .- 

Scale Fork Lenqth Weiqht Condi t ion Males Females Number 
f a c t o r  

($; Number Mean SO 
Sex 

Range Mean SO Range Number % Mature Number :: Mature Unknown 

Total  101 20 10 32 19 49 

Includes f o u r  f i s h  g i l l n e t t e d  dur ing  the  l a k e  surveys. 

Table 35. Length-frequency d i s t r i b u t i o n  by age group f o r  l e a s t  c i s c o  f r a n  the- 
Freshwater Creek watershed1 , 1981. 

Fork 
Length 
(mn) 

-- 

Scale Age ( y r )  

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

300 - 324 
325 - 350 

To ta l  

1 Inc ludes f o u r  f i s h  g i l l n e t t e d  dur ing  the  l a k e  surveys. 

Table 36. Food hab i t s  o f  l e a s t  c i sco  captured a t  the Freshwater Creek fence 
s i t e ,  19111. Resul ts  are expressed as frequency o f  occurrence (FO), 
percentage composit ion by number (% N), and est imated percentage 
composit ion by volume ( %  V . ) .  

Upstream Downstream 
Food 1 tem FO X N  % V o l .  FO % N  %Val. 

O ip te ra  
Chironomidae la rvae  100.0 94.9 14.3 
U n i d  la rvae  20.0 1.7 4.8 

Plecoptera 20.0 3.4 9.5 

Crustacea 
Cladocera 

Unid. Animal mat te r  100.0 71.4 100.0 93.3 

Number s tomachs examined 
Number stomachs empty (%)  

To ta l  food p o i n t s  assigned (%I 2 1  (15.0) 15 (37.5) 
Total  food po in ts  unassigned (%)  119 (85.0) 25 (62.5) 



Table 37. Length-frequency d i s t r i ' b u t i o n  f o r  l a k e  w h i t e f i s h  captured a t  the  
count ing fence on Freshwater Creek, 1981. 

Upstream Trap 
25 June- 

Downstream $ 

Fork Length 16-23 June 12 August To ta l  Trap 

(lm) N % N X N B N % 

To ta l  32 58 90 219 

Table 3 8 .  Mean fork l e n g t h  (n), mean weight  (g ) ,  m a t u r i t y ,  sex r a t i o ,  c o n d i t i o n  f a c t o r  by  age group f o r  l a k e  w h i t e f i s h  from the Freshwater 
Creek watershed1 , 1981. 

=-- -------- - - . . - - -- - - -. - -. - .- - - .. - - . . - - . 
Scale Fork Lenqth Weiqht Cond i t i on  Ma 1 es Females Number 

Age Number Mean So f a c t o r  Sex 
( ~ r )  Range Mean SD Range Number B Mature Number % Mature Unknown 

To ta l  86 22 0 33 0 3 1 

l Includes 16 f i s h  g i l l n e t t e d  du r ing  t h e  l a k e  surveys. 



Table 39. Lengthofrequency d i s t r i b u t i o n  by a e group f o r  l a k e  w h i t e f t s h  frm 
t h e  Frerhwater Creek watershed1 , 1881. 

- 
Fork Sca le  Age ( y r )  

Length 
(1m.n 0 1 2  3 4 5 6 7 8 9 1 0 1 1  T o t a l  

50 - 74 
75 - 99 

100 - 124 
125 - 149 
150 - 174 5. 5 
175 - 199 9 9 
200 - 224 3 7 10 
225 - 249 2 2 

T o t a l  17 13 4 7 16 12 10 5 2 86 

Inc ludes 16 f i s h  g i l l n e t t e d  d u r i n g  t h e  l a k e  surveys 

Table 40. Food h a b i t s  o f  l ake  w h i t e f i s h  captured a t  t he  Freshwater Creek 
fence s i t e ,  1981. Resul ts  a re  expressed as f requency o f  occurrence 
(FO), percentage composi t ion by number ( %  N), and es t ima ted  
percentage compos i t ion  by volume (% Vol. ) . 

Food I t e m  
Upstream Downstream 

FO % N  % V o l .  FO % N  % V o l .  

Di  p t e r a  
Chi ronomidae l a r v a e  100.0 

T r i  choptera 1 arvae 

Mol l usca  
VaZvata s incem heZicoiclea 50.0 
Sphaer i idae 

Crus tacea 
Notos t r a c a  

Lepidurus sp.  

Acar i  na 

Nematoda 50.0 

Unid. Animal ma t te r  50.0 
Unid. P l a n t  m a t e r i a l ,  
deb r i s ,  mud 

Number stomachs examined 
Number stomachs empty (%)  

T o t a l  food p o i n t s  assigned (%) 6 (10.0) 
T o t a l  food p o i n t s  unassigned ( 8 )  54 (90.0) 



Table 41. Morphometry o f  th ree  lakes i n  t h e  Freshwater Creek watershed, 1981. 

Parameters 
Lake Locat ion  A L W Z f  V S L O  

(ha) (km) (km) (m) (m)(x1000m3)(ha) 

L a k e 1  69°26'N;132049'W 560.2 4.0 2.3 1.5 0.8 4356 14.3 1.7 

Lake 2 6g024'N; 132'46'W 817.3 6.4 2.4 1.0 0.6 5250 16.7 1.6 

L a k e 3  69°27'N;132037'W 180.7 2.0 1.9 5.0 1.2 2238 7.6 1.6 

Abbreviat ions:  A: Surface .area o f  l a k e  7: Mean depth (V/A) 

L:  Maximum l e n g t h  V: Volume 

W: Maximum wid th  SL: Shore l ine  length  

2 :  Maximum depth 0: Shore1 i n e  development 
f a c t o r  

Table 42. Physical  and chemical data from th ree  lakes i n  the Freshwater Creek 
watershed, 1981. 

Lake Date Secchi Depth 0.0. Spec.Con_d. 
(O/M/Y) (m) ( m )  pH [mg.L-1) (umh0.m 1) 

Lake 1 25/7/81 2.25 O(S)l  18.0 21.1 7.35 10.6 163 

1 18.5 21.9 8.25 10.8 162 

2 17.5 21.5 8.13 10.8 162 

Lake 2 25/7/81 1.3 O(S) 18.0 21.5 7.95 10.0 156 

Lake 3 27/7/81 3.8 O(S) 17.0 18.9 8.46 10.3 209 

'Surface 
ZBottom 

Table 43. Zooplankton i d e n t i f i e d  from lakes i n  the  Freshwater Creek water-  
shed, 1981. 

Species Lake 1 Lake 2 Lake 3 

Copepoda 
Cal anoi da 

Eurytemom Sp. 
Epiachum sp. 
fiaptomus pribilofensis 
Di aptomi d copepodi ds 

Cy c l  opoi da 

Cycl opoi d copepodids 
Cyclopoid n a u p l i i  

Cl adocera 
Daphnia Zongiremis 
Daphnia gaZeata 
Bosmina longimstr io  
~ubosmina Zongispina 
XoZopedium g i b b e m  



Table 44. Species composit ion, biomass, and dens i t y  of ben th ic  i n v e r t e b r a t e s  i n  lakes of the  Freshwater Creek watershed, 1981. 
- 

Taxa 
Lake 1 Lake 2 Lake 3 

% % Oensi t y  % % Densi t y  % % Densi ty  
Number Wet W t .  (No./m2) Number Wet W t .  ( ~ o . / m z )  Number Wet W t .  (No./m2) 

D ip te ra  
Chi ronomi dae 

Chi ronominae 
Orthocladinae 
Tan ypodi nae 
U n i d e n t i f i e d  

Empi d i  dae 

Plecoptera 

T r i  choptera 
Limnephi 1 i dae 

Mo l l  usca 
V a l v a t i  dae 

VaZvata sincera helicoidea 

Lymnaei dae 
Lymnaea paZustris 

Sphaeri i dae 
Sphaerium sp. 

Annel ida 
01 igochaeta 

Crus tacea 
Amphi poda 

Ganonams Zacustris 

Cladocera 

To ta l  

Number Oredge Hauls Taken 

Number Animals Counted 

Tota l  Wet Weight (g) 0.05 0.31 0.36 
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Table 45. Catch and s i z e  data f o r  f i s h  captured i n  Swedish g i l l n e t s  from Lake 1, Freshwater Creek watershed, 
27 J u l y  1981 . 

Mean Mean 
Length Weight 

Mesh S ize (mn) 
Species 

(mn) (g )  
10 19 33 45 55 60 To ta l  C/E1 

Broad w h i t e f i s h  341 616 N 3 3 3 2 3 14 3.5 

Lake w h i t e f i s h  322 518 N 3 6 2 1 12 3.0 

% 25.0 50.0 16.7 8.3 46.2 

To ta l  3 6 9 4 4 26 6.5 

'Ca tch -pe r -un i t - e f f o r t  expressed as nurnber o f  f i s h  p e r  gang pe r  hour.  

Table 46. Catch and s i z e  data  f o r  f i s h  captured i n  Swedish g i l l n e t s  from Lake 2, Freshwater Creek watershed, 
27 J u l y  1981. 

Species 
Mean Mean 

Length Weight Mesh S i ze  (mn) 

(mn) (9 )  
10 19 33 45 55 60 To ta l  C/El 

Broad w h i t e f i s h  385 935 N 2 7 11 8 10 38 9.7 

% 5.3 18.4 29.0 21.1 26.3 84.4 

Lake w h i t e f i s h  

Least c i sco  

To ta l  4 10 12 9 10 45 11.5 

' ca t ch -pe r -un i t - e f f o r t  expressed as number o f  f i s h  pe r  gang pe r  hour.  

Table 47. Catch and s i z e  data f o r  f i s h  captured i n  Swedish g i l l n e t s  from Lake 3, Freshwater Creek watershed, 
27 J u l y  1981. 

Mean Mean 
Species Length Weight Mesh Size (mm) 

(4 ( s )  
10 19 33 45 55 60 To ta l  C/E1 

Broad w h i t e f i s h  384 1,166 N 1 3 4 8 2.0 

Least c i s c o  

Northern p i ke  297 215 N 1 1 

% 50.0 50.0 

To ta l  2 2 3 4 11 2.8 

- 
'Catch -pe r -un i t - e f f o r t  exoressed as number o f  f i s h  p e r  gang p e r  hour. 



Table 48. Length-frequency d i s t r i b u t i o n  f o r  b road w h i t e f i s h  captured 
by  Swedish g i l l n e t s  from lakes i n  t he  Freshwater Creek watershed, 
24-27 J u l y  1981. 

Fork Length Lake 1 Lake 2 Lake 3 T o t a l  
(mn) N % N % N % N % 

T o t a l  14 38 8 60 

Table 49. Age-frequency d i s t r i b u t i o n  f o r  broad w h i t e f i s h  captured by Swedish 
g i l l n e t s  f rom lakes  i n  t h e  Freshwater Creek watershed, 24-27 J u l y  
1981. 

Scale 
Age 

Lake 1 Lake 2 Lake 3 T o t a l  

( y r )  N % N % N % N % 

8 
9 

10 
11 
12 
13 

T o t a l  



Table 50. Length-frequency d i s t r i b u t i o n  f o r  l a k e  w h i t e f i s h  cap tu red  
by Swedish g i  1 l n e t s  f rom lakes  i n  the  Freshwater Creek watershed, 
24-27 J u l y  1981. 

Fork Length Lake 1 
(mm) N % 

Lake 2 
N % 

Lake 3 T o t a l  
N % N % 

Table 51. Age-frequency d i s t r i b u t i o n  f o r  l a k e  w h i t e f i s h  captured by Swedish 
g i l l n e t s  f rom lakes  i n  t h e  Freshwater Creek watershed, 24-27 J u l y  
1981. 

Scale 
Age 

Lake 1 Lake 2 Lake 3 T o t a l  

( y r )  N % N % N % N % 

To ta l  



Table 52. Food hab i t s  o f  broad w h i t e f i s h  captured i n  lakes o f  the Freshwater Creek watershed, 1981. Results 
are expressed as frequency o f  occurrence (FO) , percentage composi t i o n  by number (% N) , and 
est imated percentage composition by volume ( %  Vol. ) .  

- 
; LAKE 1 LAKE 2 LAKE 3 

Food I tem FO % N % Vol. FO % N  % V o l .  FO % N % Vol. 

Di p te ra  
Chi ronomi dae larvae 64.3 12.3 3.5 87.1 4.9 1.5 42.9 4.9 3.5 

Simul i idae adu l t s  
Empi d i  dae 1 arvae 
Unid. larvae 
Unid. pupae 
Unid. adu l t s  

T r i  choptera 
L i m e p h i  l i d a e  
Unid. larvae 

Plecoptera 14.3 0.5 0.7 6.5 1.6 0.9 

Mol lusca 

Valvata sincera he Zicoidea 71.4 55.6 24.5 90.3 50.5 22.5 100.0 79.0 26.3 

L y m e a  paZus t r i s  

Sphaeri idae 

Crustacea 
Arnphi poda 

Gmarus lacustris 28.6 1.1 3.5 48.4 2.1 5.1 28.6 1.0 1.8 

Notostraca 
Lepidurus s p . 

01 i gochaeta 

Acarina 

Nema toda 

Unid. Animal mat ter  

P l a n t  rnateri a1 , debr is ,  mud 92.9 49.0 100.0 40.5 100.0 45.6 

Number stomachs examined 
Number stomachs empty ( % )  

To ta l  food p o i n t s  assigned (%)  143 (51.1) 
Tota l  food po in ts  unassigned (%)  137 (48.9) 



Table 53. Food hab i t s  o f  l ake  w h i t e f i s h  captured i n  lakes o f  the Freshwater Creek watershed, 1981. 
Results are expressed as frequency o f  occurrence (FO), percentage composition by number 
( %  N), and est imated percentage composition by volume ( %  Vol.) .  

Food I tem 
LAKE 1 LAKE 2 LAKE 3 

FO % N  % V o l .  FO % N % Vol. FO % N  % V o l .  

D ip te ra  
Chi ronomi dae 

54.6 0.5 0.6 33.3 NO DATA Chi ronominae larvae - 0.2 2.4 
Unid. larvae 63.6 4.7 1.8 
Unid. pupae 
Tanypodinae la rvae  36.4 2.1 1.2 

Cul ic idae a d u l t  
Unid. l a rvae  

T r i  choptera 
Limnephi 1 idae larvae 27.3 1.7 3.0 66.7 11.1 11.9 
Unid la rvae  33.3 0.4 2.4 
Unid. a d u l t  9.1 0.1 1.2 

Plecoptera 9.1 0.2 0.6 33.3 0.4 2.4 

Emphemeroptera 
Baet i  dae 

Mol l  usca 
VaZvata sincera heZicoidea 100.0 55.1 33.1 100.0 69.7 19.1 

Sphaeri idae 36.4 4.6 1.8 66.7 8.0 4.8 

Crus tacea 
Amphi poda 

Gmumms Zacustris 18.2 0.2 1.2 33.3 1.5 7.1 

Notos t raca  
Lepidurus sp. 

C l  adocera 
0s tracoda 

Nematoda 36.4 0.9 1.8 

Acari  na 100.0 3.0 0.6 33.3 1.9 2.4 

Unid. P l a n t  mate r ia l ,  
debr is ,  mud 

Number stomachs examined 
Number stomachs empty ( % )  

NO DATA 

NO DATA 

Tota l  food p o i n t s  assigned (%) 169 (70.4) 42 (70.0) 
Tota l  food po in ts  unassigned (%) 71 (29.6) 18 (30.0 
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F i g .  1. The Mackenzie De l t a  and southern Beau fo r t  Sea showing the  l o c a t i o n  o f  t he  study area.  



1.0 kilometre 

Fig .  2. The Mayogiak Creek watershed i n d i c a t i n g  the l o c a t i o n  o f  t h e  coun t i ng  
fence and the  lakes surveyed i n  1981. 



F ig .  3. The Freshwater Creek watershed i n d i c a t i n a  the  l o c a t i o n  of t he  count ing fence and the lakes surveyed 
i n  1981. 
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F i g .  4. Observed d a i l y  w a t e r  l e v e l  f l u c t u a t i o n s  a t  t h e  Mayogiak Creek fence s i t e ,  1981. 
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Upstream 
( n = 27514) 

Downstream 
( n= 2892) 

F ig .  6. Theo re t i ca l  length- f requency d i s t r i b u t i o n  f o r  broad 
w h i t e f i s h  i n  upstream and downstream runs, Mayogiak 
Creek, 1981. 

June  J u l y  August 

Fork Length (mm) 

F i g .  5. Number o f  broad w h i t e f i s h  captured pe r  day i n  upstream and downstream 
t raps  a t  Mayogiak Creek, 1981. 
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F i g .  8 .  T h e o r e t i c a l  length- f requency  d i s t r i b u t i o n  f o r  l e a s t  
c i s c o  i n  upstream and downstream runs ,  Mayogiak Creek,  
1981. 

June July  August 
F i g .  7 .  Number o f  l e a s t  c i s c o  captured  p e r  day i n  upstream and downstream t r a p s  

a t  Mayogiak Creek,  1981. 



Otolith Age 

FRESHWATER 
n= 70 

Fig. 9. Comparison of fin-ray, scale age pairs for  leas t  cisco from Mayogiak and Freshwater creeks, 
1981. The numbers represent pairs of ages fa l l ing  in each age group. The diagonal l ine 
represents cases where scale age - oto l i th  age. 
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F ig .  10, 

June July August 

, Number of l a k e  w h i t e f i s h  cap tu red  pe r  day i n  upstream and downstream 
t r a p s  a t  Mayogiak Creek, 1981. 
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F ig .  11. Mayogiak Lake 1 i n d i c a t i n g  1981 sampl ing l o c a t i o n s ,  s h o r e l i n e  
vege ta t i on ,  and nearshore s u b s t r a t e  t ypes .  



F i g .  12. Mayogiak Lake 2 i n d i c a t i n g  1981 sampling l o c a t i o n s ,  s h o r e l i n e  vegeta-  
t i o n ,  and nearshore subst ra te  types .  
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F i a .  13. Mayogiak Lake 3  i n d i c a t i n g  1981 sampling l o c a t i o n s  and nearshore 
subs t ra te  types.  
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F i g .  14.  Bathymetr ic  map o f  Mayogiak Lake 1. 
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F i g .  15. Bathymetric map o f Mayogiak Lake 2 
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F i g .  16. Ba thymet r i c  map o f  Mayogiak Lake 3. 
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F i g .  17. Number o f  broad w h i t e f i s h  captured p e r  day i n  upstream and downstream t raps  a t  Freshwater 
Creek, 1981. 



July August September 
F ig .  18. Number of l a k e  w h i t e f i s h  and l e a s t  c i s c o  cap tu red  p e r  day i n  t h e  downstream t r a p ,  Freshwater  Creek, 

30 J u l y  t o  1 September 1981. 



I 

1.0 kilometre 

LEGEND 

A Gillnetting, Plankton, Benthos, 
Water Chemistry 

Gillnetting, Benthos 

Seining 

.- 

F i g .  19. Freshwater  Lake 1 i n d i c a t i n g  1981 sampl ing l o c a t i o n s ,  s h o r e l i n e  
vege ta t i on ,  and nearshore s u b s t r a t e  types.  
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A Gillnetting, Plankton, Benthos, 

F i g .  20. Freshwater  Lake 2 i n d i c a t i n g  1981 sampl ing l o c a t i o n s ,  s h o r e l i n e  v e g e t a t i o n ,  
and nearshore  s u b s t r a t e  types .  
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F i g .  21. Freshwater  Lake 3 i n d i c a t i n g  1981 sampl ing l o c a t i o n s  and nearshore s u b s t r a t e  types.  



F i g .  22. B a t h y m e t r i c  map o f  Freshwater  Lake 1. 
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F i a .  23. B a t h y m e t r i c  map o f  F r e s h w a t e r  Lake 2. 
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F i a .  24. Bathymetr ic  map o f  Freshwater Lake 3.  
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Appendix 1 .  Daily fence counts f o r  broad whitefish (BWF), lake whitefish 
(LWF), and l e a s t  c i sco  ( L C )  a t  Mayogiak Creek,. 1981. 

-- -- - 

Njmber of Fish 

Upstream Downstream 

Date BWF LLIF LC BWF LWF L C  

14 June 
15 June 
16 June 
17 June 
18 June 
19 June 
20 June 
21 June 
22 June 
23 June 
24 June 
25 June 
26 June 
27 June 
28 June 
29 June 
30 June 

1 July 
2 July 
3 July 
4 July 
5 July 
6 July 
7 July 
8 July 
9 July 

10 July 
11 July 
12 July 
13 July 
14 July 
15 July 
16 July 
17 July 
18 July 
19 July 
20 July 
21 July 
22 July 
23 July 
24 July 
25 July 
26 Juljl 
27 July 
28 July 
29 July 
30 July 
31 July 
1 Aug. 
3 Aug. 
3 Aug. 
4 Aug. 
5 Aug. 
6 Aug. 
7 Aug. 
8 Aug. 
9 Aug. 

10 Aug. 
11 Aug. 
12 Aug. 
13 Aug. 

Total 



Appendix 2. Dai ly  fence counts for  broad wh i te f i sh  (BWF), lake whi te f ish 
(LWF), and leas t  c isco (LC) a t  Freshwater Creek, 1981. 

Date 

Number o f  Fish 

Upstream Downstream 
BWF LWF LC BWF LWF LC 

14 June 
15 June 
16 June 
17 June 
18 June 
19 June 
20 June 
21 June 
22 June 
23 June 
24 June 
25 June 
26 June 
27 June 
28 June 
29 June 
30 June 
1 July  
2 Ju ly  
3 Ju ly  
4 Ju ly  
5 Ju ly  
6 Ju ly  
7 Ju ly  
8 Ju ly  
9 Ju ly  

10 Ju ly  
11 July  
12 Ju ly  
13 Ju ly  
14 Ju ly  
15 Ju ly  
16 Ju ly  
17 Ju ly  
18 Ju ly  
19 Ju ly  
20 Ju ly  
21 Ju ly  
22 Ju ly  
23 Ju ly  
24 Ju ly  
25 Ju ly  
26 Ju ly  
27 Ju ly  
28 Ju ly  
29 Ju ly  
30 Ju ly  
31 Ju ly  
1 Aug. 
2 Aug. 
3 Aug. 
4 Aug. 
5 Aug. 
6 Aug. 
7 Aug. 
8 Aug. 
9 Aug. 

10 Aug. 
11 Aug. 
12 Aug. 
13 Aug. 
14 Aug. 
15 Aug. 
16 Aug. 
17 Aug. 
18 Aug. 
19 Aug. 
20 Aug. 
21 Aug. 
22 Aug. 
23 Aug. 
24 Aug. 
25 Aug. 
26 Aug. 
27 Aug. 
28 Aug. 
29 Aug. 
30 Aug. 
31 Aug. 
1 Sept. 

Total 

L 
Trap removed 


