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PREFACE 

The L isburne U n i t  owners have proposed t o  c o n s t r u c t  a  s o l i d - f i l l  causeway i n  

Prudhoe Bay f o r  t h e  most e f f i c i e n t  development o f  t h e  L isburne F i e l d .  Concern 

has a r i s e n  t h a t  t h e  causeway may a l t e r  anadromous f i s h  h a b i t a t  and/or 

movements such t h a t  f i s h  popu la t ions  a r e  a f fec ted .  Because o f  these concerns 

over p o t e n t i  a1 causeway e f f e c t s ,  a  v a r i e t y  o f  m i t i g a t i v e  a c t i o n s  were 

considered, i n c l u d i n g  var ious  causeway and breach designs. The Nor th  Slope 

Borough recognized t h a t  breaches were n o t  c o s t - e f f e c t i v e  m i t i g a t i o n s  and 

agreed t h a t  an o f f s i t e  t echn ica l  program would be an app rop r ia te  use o f  

resources. 

The o f f s i t e  t e c h n i c a l  program was t o  be i n  t h e  form o f  (1) ass is tance i n  

t r a i n i n g  o f  personnel and (2) popu la t i on  m o n i t o r i n g  and e v a l u a t i o n  o f  

harves tab le  f i s h  s tocks  i n  t h e  C o l v i l l e  R iver .  The p o p u l a t i o n  m o n i t o r i n g  w i l l  
p rov ide  base l i ne  d a t a  t o  h e l p  i d e n t i f y  changes i n  t h e  f i s h  popu la t ions  t h a t  

may a r i s e  f rom va r ious  coas ta l  developments. The f i s h e r y  assessment w i l l  

a l l o w  t h e  r e s i d e n t  f ishermen t o  develop t h e  most app rop r ia te  harves t  

s t r a t e g i e s  t o  op t im ize  harves ts  o f  l o c a l  s tocks.  A  m u l t i - y e a r  s tudy f inanced 

by ARC0 Alaska was begun i n  1985. There are two main p a r t s  t o  t h e  study:  t h e  

F i she ry  Assessment and t h e  B i o l o g i c a l  Study. Th i s  volume presents  t h e  r e s u l t s  

o f  t h e  f i r s t  yea r  o f  s tudy.  

The successfu l  complet ion o f  t h e  f i r s t  yea r  o f  s tudy  i nvo l ved  t h e  coopera t ion  

o f  a  v a r i e t y  o f  people f rom many d i f f e r e n t  o rgan iza t i ons .  The study cou ld  no t  

have been accomplished w i t h o u t  t h e  support  o f  t h e  Nu iqsut  C i t y  Counci l  and 

Mayors Ms. Maggie Kovalsky and M r .  Sam Taalak. The F i s h  Advisory Committee, 

composed o f  Ms. Maggie Kovalsky, M r .  Nelson Ahvakana, and M r .  Abe Simmonds, 

p rov ided va luab le  guidance through t h e  f i e l d  season. A d m i n i s t r a t i v e  support 

was e f f i c i e n t l y  handled by Ms. Joy Oyagak. Nor th  Slope Borough coo rd ina t i on ,  

which i nc luded  a c t i v e  p a r t i c i p a t i o n  i n  t h e  f i e l d  e f f o r t ,  was prov ided by M r .  

J.C. George. Nu iqsut  r e s i d e n t s  were respons ib le  f o r  successfu l  complet ion o f  

t h e  f i e l d  and data  e n t r y  tasks.  S i g n i f i c a n t  c o n t r i b u t i o n s  were prov ided by: 



Mr. Abraham Woods 

Mr. Cl arence Ahnupkana 

Mr. Kenneth Harmon 

Ms. Emma Ahvakana 

Mr. Jeff Long 
Ms. Hester Gerke 
Mr. Sam Kunaknana 
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substantial logistical and administrative support and were actively involved 
in the implementation of the study. 
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EXECUTIVE SUMMARY 

1.0  Chapter 1. L i t e r a t u r e  Review 

A l i t e r a t u r e  rev iew  o f  t h e  b i o l o g y  o f  n i n e  species o f  f i s h  i n  t h e  C o l v i l l e  

R i v e r  was conducted. The n i n e  species were se lec ted  f o r  a n a l y s i s  because o f  

known o r  p o t e n t i a l  harves t  value. Species se lec ted  f o r  a n a l y s i s  were: a r c t i c  

c i s c o  (qaaktaq), l e a s t  c i s c o  ( iqa lussaq) ,  broad w h i t e f i s h  (anaakl i q ) ,  humpback 

w h i t e f i s h  (p iku tuuq) ,  char  ( iqa lugaaq),  rainbow smel t  (il haugni,q), a r c t i c  

g r a y l i n g  (sulukpaugaq), round w h i t e f i s h  ( s i g u i l a r a q ) ,  and burbot  ( t i t t a a l  i q )  . 

2.0 Chapter 2.  B i o l o g i c a l  Report 

I n  1985 a b i o l o g i c a l  s tudy was conducted on t h e  lower  r i v e r  t o  ga ther  

i n f o r m a t i o n  on t h e  1 i f e  h i s t o r y ,  growth, age composit ion, and seasonal 

movements o f  f i s h  i n  t h e  C o l v i l l e  R iver .  The s tudy  focused on a r c t i c  and 

l e a s t  c isco ,  and broad and humpback w h i t e f i s h .  F i ve  s t a t i o n s  were occupied 

near  t h e  v i l l a g e  o f  Nuiqsut,  f o u r  on t h e  main C o l v i l l e  channel and one i n  t h e  

N i g l i q  ( o r  Neche l ik )  Channel. Three s t a t i o n s  were occupied i n  t h e  ou te r  

d e l t a ,  two i n  t h e  East Channel and one i n  t h e  Kupigruak ( o r  main) Channel. 

Sampling was p r i m a r i l y  by f y k e  nets.  E a r l y  i n  t h e  season hoop n e t s  were 

f i s h e d  i n  t h e  r i v e r  s t a t i o n s  bu t  these proved i n e f f e c t i v e .  

A l l  f i s h  captured were a t  l e a s t  i d e n t i f i e d ,  counted, and re leased.  The f o u r  

p r imary  species were measured, samples were taken f o r  length-we igh t  and age 

ana lys i s .  Specimens between 120-250 mn f o r k  l e n g t h  were marked w i t h  a b lue  

d o t  and released, w h i l e  f i s h  l a r g e r  than 250 mm were tagged w i t h  a F loy  

i n j e c t i o n  tag.  O t o l i t h s  were c o l l e c t e d  f rom samples i n  t h e  n e t  o r  purchased 

f rom f ishermen. Ages were determined f rom o t o l i t h s  us ing  t h e  break-and-burn 

method. 

Least c i s c o  was t h e  most abundant species i n  bo th  t h e  r i v e r  and d e l t a  ne ts ,  

compr is ing 27 percent  and 50 percent  o f  t h e  t o t a l  ca tch  i n  t h e  two areas. 

Humpback w h i t e f i s h  was second i n  abundance a t  t h e  r i v e r  s t a t i o n s  (22 percent )  

and f i f t h  i n  abundance a t  t h e  d e l t a  s t a t i o n s  (7  percent ) .  Broad w h i t e f i s h  was 



f o u r t h  i n  abundance a t  t h e  r i v e r  s t a t i o n s  (11 percent )  and second i n  t h e  d e l t a  

(12 percent ) .  A r c t i c  c i s c o  were r a r e  i n  t h e  r i v e r  catches b u t  were t h e  t h i r d  

most abundant species i n  t h e  d e l t a  (11 percent  o f  t h e  t o t a l  ca tch ) .  

A l l  f o u r  species showed an e a r l y  season ou tm ig ra t i on  and l a t e  season r e t u r n  

m ig ra t i on .  The a r c t i c  c i s c o  l e f t  t h e  r i v e r  f i r s t  and re tu rned  t h e  l a t e s t .  

Least c i s c o  l e f t  s l i g h t l y  l a t e r  and re tu rned  e a r l i e r .  I n - m i g r a t i o n  began i n  

t h e  m idd le  o f  August, which i s  when t h i s  species normal ly  d isappears f rom the  

coas ta l  reg ion .  Many l e a s t  c i s c o  l e s s  than 120 mm remained i n  t h e  d e l t a  

r e g i o n  t h e  e n t i r e  summer. Broad w h i t e f i s h  showed a l e s s e r  tendency t o  leave , 
t h e  o u t e r  d e l t a  r e g i o n  w i t h  s u b s t a n t i a l  catches o f  a l l  s i z e  groups o c c u r r i n g  

through t h e  summer. The p a t t e r n  w i t h  humpback w h i t e f i s h  was l e s s  

we l l -de f i ned .  Th is  species was captured i n  t h e  d e l t a  o n l y  i n  mid-summer and 

was probab ly  u p r i v e r  i n  e a r l y  and l a t e  summer. 

Age-length r e 1  a t i o n s h i p s  were e s t a b l i s h e d  f o r  each o f  t h e  f o u r  p r imary  

species. Growth was r a p i d  f o r  t h e  f i r s t  6-8 years  and then l e v e l e d  o f f .  The 

age assoc ia ted  w i t h  t h e  onset  o f  reduced growth r a t e s  appears t o  be t h e  age o f  

sexual m a t u r i t y .  Th is  occurred a t  about age-7 t o  8 f o r  a r c t i c  and l e a s t  

c isco,  age-11 f o r  broad w h i t e f i s h ,  and age-10 f o r  humpback w h i t e f i s h .  

On August 26 a rec ru i tmen t  o f  age-0 a r c t i c  c i s c o  began t o  e n t e r  t h e  C o l v i l l e  

d e l t a .  The numbers o f  age-0 a r c t i c  c i s c o  cont inued t o  increase u n t i l  sampling 

ceased on September 11. Catch d a t a  f rom o t h e r  l o c a t i o n s  a long t h e  coast  

conf i rmed t h a t  t h e  smal l  f i s h  moved westward f rom t h e  Mackenzie D e l t a  a t  a 

mean r a t e  o f  approximate ly  7 m i l e s  p e r  day. Movement f rom t h e  Sagavanirktok 

r e g i o n  t o  t h e  C o l v i l l e  was a t  a r a t e  o f  8-9 m i l e s  pe r  day. Larger  f i s h  o f  

t h i s  age group a r r i v e d  f i r s t  f o l l owed  by smal le r  f i s h .  Age-0 f i s h  f o r  t he  

o t h e r  p r imary  species were r o u t i n e l y  captured th rough t h e  summer as they grew 

l a r g e  enough t o  be caught i n  t h e  f y k e  nets.  Catch r a t e s  i n  t h e  C o l v i l l e  d e l t a  

were s i m i l a r  t o  ca tch  r a t e s  a t  o t h e r  l o c a t i o n s  a long t h e  coast .  

3.0 Chapter 3. F i she ry  Assessment Report 

I n  1985 a f i s h e r y  assessment was undertaken on t h e  l ower  C o l v i l l e  R i v e r  and 

d e l t a  t o  es t imate  t h e  t o t a l  e f f o r t  and t o t a l  ca tch  f o r  t h e  open-water summer 



and under-ice fall fisheries. Information was collected on fishing methods, 

species composition, catch rate and fish length by mesh size, age distribution 

of the catch, seasonal variation in the catch, and tag recaptures from fish 

tagged in various tagging programs. 

About 20 groups of fishermen participated in the summer fishery. Gill nets 

60 ft in length with 5.0-inch stretched mesh comprised the main fishing gear. 

Approximately 1,300 net days of effort was expended in the summer fishery 

resulting in an estimated harvest of 4,500 broad whitefish. About 300 char 

and 300 humpback whitefish were also caught. Most of the effort for and catch 

of broad whitefish occurred in the Nigliq (Nechelik) Channel near the village 

of Nuiqsut. The size of broad whitefish in catch samples ranged from 365 to 

650 mm in length and fish averaged 2.0 kg (4.4 lbs) in weight. The catch of 

broad whitefish was dominated by fish between age-ll and age-20. 

An estimated 3 0  groups of fishermen were active in the fall fishery. Gill 

nets of 2.5 to 3.5-inch stretched mesh (primarily 3.0-inch mesh) were used. 

Arctic cisco was the target species in the fall fishery and comprised the 

major portion of the catch. Least cisco was considered a less desirable 

co-occurring species. Fishing was concentrated in three areas: the upper 

Nigl iq Channel, the lower Nigl iq Channel, and the outer Col vil le Delta. 

Almost 900 net-days of effort occurred on the upper Nigliq Channel, 350 

net-days on the lower Nigliq Channel, and about 1,450 net-days on the outer 

Colville Delta. Based on catch and effort data, an estimated 18,000 arctic 

cisco were caught in the fall fishery on the upper Nigliq Channel, about 8,500 

arctic cisco on the lower Nigliq Channel, and almost 44,000 on the outer 

Colville Delta. over 33,400 least cisco were caught in the fall fishery, with 

9 5  percent of the catch occurring in the outer Colville Delta. 

The mean length of arctic cisco in 3.0-inch mesh nets was 330 mm, while the 
mean length of least cisco was 320 nun. Most arctic cisco caught in the fall 

fishery were ages 6 and 7, and most least cisco were estimated to be age-8 

through age-13. 

The larger, 3.5-inch mesh nets were more selective for arctic cisco than 3.0 

inch mesh, substantially reducing the catch per unit effort (CPUE) of the 



l e s s - d e s i r a b l e  l e a s t  c isco .  However, t h e  CPUE o f  a r c t i c  c i s c o  i n  3 .5- inch  

mesh n e t s  was a l s o  reduced. G i l l  n e t s  w i t h  mesh o f  3.125 i n c h  o r  3.25 i nch  

would l i k e l y  reduce t h e  ca tch  o f  l e a s t  c isco ,  w h i l e  m a i n t a i n i n g  acceptable 

ca tch  r a t e s  o f  a r c t i c  c isco .  

Catch r a t e s  dec l i ned  i n  n e t s  l e f t  unchecked f o r  more than  24 h r s  as compared 

t o  ca tch  r a t e s  i n  n e t s  checked on a d a i l y  bas is .  Catch r a t e s  were a l s o  

reduced i n  areas o f  increased f i s h i n g  e f f o r t  (more n e t s  f i s h i n g ) .  As more 

f ishermen e n t e r  t h e  f i s h e r y  i n  f u t u r e  years  o r  i f  s tocks  d e c l i n e  i n  abundance 

ca tch  r a t e s  w i l l  l i k e l y  dec l ine ,  which w i l l  l i k e l y  cause user  c o n f l i c t s .  

I n  t h e  f a l l  f i s h e r y  1,704 tagged f i s h  were recaptured.  About 60 percent  o f  

t h e  recap tu red  f i s h  were tagged and re leased by t h e  1985 E n d i c o t t  P r o j e c t .  

Based on tag/recapture data, t h e  s i z e  o f  a r c t i c  and l e a s t  c i s c o  popu la t ions  i n  

t h e  ca tchab le  pool  ( vu lne rab le  t o  t h e  f i s h i n g  gear)  was 1,139,000 a r c t i c  c i sco  

and 333,000 l e a s t  c i sco .  The est imated t o t a l  c a t c h  o f  70,400 a r c t i c  c i s c o  and 

33,400 l e a s t  c i s c o  i n d i c a t e s  t h a t  t h e  e x p l o i t a t i o n  r a t e  o f  t h e  ca tchab le  

a r c t i c  c i s c o  popu la t i on  was about 6 percent ,  w h i l e  t h e  e x p l o i t a t i o n  r a t e  o f  

t h e  ca tchab le  l e a s t  c i s c o  popu la t i on  was about 10 percent .  These are  

considered l ow  r a t e s  o f  removal. Based on t h e  s t u d i e s  by Healy (1980) on l a k e  

w h i t e f i s h  (Coreaonus c luoeaformi f ) ,  an e x p l o i t a t i o n  r a t e  o f  20 percent  would 

be moderate, w h i l e  a r a t e  o f  removal o f  30 percent  o r  more would be heavy and 

cou ld  r e s u l t  i n  o v e r f i s h i n g .  

The ca tch  o f  a r c t i c  c i s c o  i s  based on t h e  abundant 1978 and 1979 year-c lasses.  

I n  1985, t h e  1978 yea r -c lass  dominated t h e  f i s h e r y .  I n  1986, i t  i s  l i k e l y  

t h a t  t h e  f i s h e r y  w i l l  be dependent on t h e  1979 yea r -c lass  and remnants f rom 

t h e  1978 year -c lass .  Recru i tment  has been weak between t h e  1979 and 1985 

year-c lasses,  thus ca tch  r a t e s  w i l l  1  i k e l y  d e c l i n e  s u b s t a n t i a l l y  i n  1987 and 

remain l ow  u n t i l  t h e  1985 yea r -c lass  en te rs  t h e  f i s h e r y  i n  t h e  e a r l y  1990's. 
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1.0 INTRODUCTION 

F i s h  popu la t i ons  i n  t h e  C o l v i l l e  R ive r  have rece i ved  i n c r e a s i n g  a t t e n t i o n  as a 

r e s u l t  o f  inc reased resource use and i n d u s t r i a l  development i n  t h e  area. A 

number o f  surveys have been conducted s ince  1970, p r i m a r i l y  t o  descr ibe  f i s h  

use o f  t h e  C o l v i l l e  dra inage and surrounding waterbodies. Most o f  these 

surveys have been performed by t h e  Spor t  F i s h  D i v i s i o n  o f  t h e  Alaska Depart-  

ment o f  F i s h  and Game, w i t h  t h e  r e s u l t s  pub l ished i n  t h e  annual performance 

r e p o r t  s e r i e s  (Kogl 1971, A l t  and Kogl 1973, Bendock 1979 t o  1983, Bendock and 

B u r r  1984a). A summary o f  f reshwater  f i s h  d i s t r i b u t i o n  and h a b i t a t  use 

between t h e  I k p i  kpuk and C o l v i l  l e  r i v e r s  was a1 so r e c e n t l y  produced (Bendock 

and Bur r  1984b). Research a c t i v i t i e s  prompted by o i l  and gas l e a s i n g  and 

development i n  t h e  coas ta l  r e g i o n  have prov ided subs tan t i  a1 i n f o r m a t i o n  on 

anadromous f i s h  u t i l i z a t i o n  o f  coas ta l  h a b i t a t s  i n  t h e  C o l v i l l e  R i v e r  area 

(Cra ig  and Haldorson 1981, Dew 1983, Schmidt e t  a l .  1983, Moulton and Fawcett 

1984) and nearby waters ( G r i f f i t h s  and Gallaway 1982, G r i f f i t h s  e t  a l .  1983, 

C r i t c h l o w  1983, Woodward-Clyde Consul tants 1983, Moulton e t  a l .  1985a,b). 

The s t u d i e s  conducted t o  da te  i n d i c a t e  t h a t  t h e  C o l v i l l e  R i v e r  supports an 

abundance o f  f i s h ,  composed o f  a t  l e a s t  twenty species, which are dominated by 

w h i t e f i s h e s  and c i scos  (Table 1). Char and a r c t i c  g r a y l i n g  a re  a l s o  abundant. 

E i g h t  mar ine species have been documented i n  adjacent  coas ta l  waters. Twelve 

species found i n  t h e  C o l v i l l e  R ive r  demonstrate some degree o f  anadromy, 

rang ing  f rom salmon and smelt, which r e t u r n  t o  t h e  r i v e r  o n l y  t o  spawn, t o  

humpback and broad w h i t e f i s h ,  which use t h e  es tua ry  f o r  f eed ing  d u r i n g  the  

s f imer  and r e t u r n  t o  t h e  r i v e r  f o r  spawning and ove rw in te r i ng .  

Residents a long t h e  C o l v i l l e  R ive r  ha rves t  a v a r i e t y  o f  f i s h  f o r  bo th  subsis-  

tence and commercial use. Spor t  harves ts  a re  p r e s e n t l y  1 i g h t .  The commercial 

f i s h e r y  t a r g e t s  p r i m a r i l y  on a r c t i c  and l e a s t  c isco ,  w i t h  some broad and hump- 

back w h i t e f i s h  a l s o  taken. The subsis tence ha rves t  c o n s i s t s  o f  a v a r i e t y  o f  

species, i n c l u d i n g  c iscos ,  wh i te f i shes ,  char,  l a k e  t r o u t ,  gray1 i n g  and burbot .  

Broad w h i t e f i s h  i s  t h e  pr imary  species taken d u r i n g  t h e  summer subsis tence 

f i s h e r y ,  w h i l e  a r c t i c  c i s c o  i s  t h e  t a r g e t  species i n  t h e  f a l l  and w i n t e r  

f i s h e r y .  



Table 1. List of fish species, Inupiaq names, and relative abundance in the Colville River 
drainage system, delta, and nearshore coast outside of the delta. A = abundant, AS = 
seasonally abundant, M = moderate abundance, 0 = occasional. 

U~ver ~iver' Lower River Coastal 
Tribu- Tribu- Lakes & Coastal 
taries Lakes Mainstem taries ~ e l t a ~  Streams Area 

Anadromous: 3 Arctic ciscq (Qaaktag) 0 A A 
Least cisco (Iqalussaq) M M M M A A A 
Bering cisco (Qgaktaq) 0 0 
Broad whitefish (paakliq) M M AS M A A M 
Humpgack whitefish (Pikutuuq) AS M AS 0 M 
Char (Iqaluggaq) 0 M A A M A 
Rainbow smelt (Ilhaugniq) 0 M A 
Pink salmon (Amaqtuq) 0 0 0 0 
Chum salmon (Iqalugruaqpak) 0 0 0, 0 0 
Chinook salmon 0 0 0 0 
Sockeye salmon 0 0 0 
Threespine stickleback 0 

Freshwater: 
N  rayl ling^ (Sulu$paugaq) 

Round yhitefish (Siguilaraq) 
Burbot (Tittaaliq) 
Ninespine stickleback 
Slimy sculpin (Kanayuq) 
Lake trout (Iqalukpik) 
Longnose sucker (Milugiaq) 
Northern pike (Siulik) 

Marine: 
Fourhorn sculpin M A 
Arctic flounder (Puyyagiaq) M 
Arctic cod (Uugaq) A 
Saffron cod 0 M 
Cape1 in (Panmagriq) 0 
Pacific herring (Uqsruqtuuq) 0 
Snail fish 0 
Pacific sandlance 0 

'upstream from Umiat  ownst stream of Itkillik River 
3~pecies selected for analysis 



> .  

The b i o l o g i c a l  i n f o r m a t i o n  on C o l v i l l e  R ive r  f i s h e s  i s  fragmentary and a 

- complete d e s c r i p t i o n  o f  t h e  popu la t i ons  does n o t  e x i s t .  The o b j e c t i v e  o f  t h i s  

paper i s  t o  p resent  a rev iew o f  e x i s t i n g  i n f o r m a t i o n  on t h e  dominant f i s h  

popu la t i ons  so t h a t  i n f o r m a t i o n  needs can be i d e n t i f i e d .  Nine species were - 
se lec ted  f o r  a n a l y s i s  because o f  known o r  p o t e n t i a l  ha rves t  va lue  (Table 1). 

Other species may be harvested on occasion b u t  a re  general  1 y n o t  s u f f i c i e n t l y  - abundant w i t h i n  t h e  r i v e r  t o  be a pr imary  t a r g e t  species. The geographic area 

covered by t h e  l i t e r a t u r e  rev iew i s  t h e  area between t h e  I k p i k p u k  and C o l v i l l e  

- r i v e r s  (F igu re  1). While t h e  pr imary  focus i s  on r i v e r ,  stream and d e l t a  

h a b i t a t ,  some lakes  a r e  a l s o  inc luded.  



HARRISON BAY 

Figure 1 .  Colville River study area including surveyed lakes. 



2.0 SPECIES DESCRIPTIONS 

2.1 ARCTIC CISCO (Coreaonus autumnalif) 

Abundance and Distribution 

In coastal areas of the Beaufort Sea near the Colville River, arctic cisco is 

one of the most abundant species present during the open water season, often 
representing 30 to 50 percent of the anadromous fish captured by gill or fyke 
nets (Bendock 1977, Craig and Haldorson 1981, Dew 1983, Moulton and Fawcett 

1984, Moulton et al. 1985). It is abundant in river deltas as well, 
accounting for 29 percent of fyke net catches and 44 percent of gill net 

catches at the Sagavanirktok River delta (Griffiths et al. 1983). Arctic 
cisco is the dominant species in the commercial catch in the fall/winter 

fishery at the Colville River delta with a mean catch of about 31,000 

fish/year over the last 20 years (Table 2 and Alt and Kogl 1973, Gallaway et 
al. 1983, Moulton et al. 1985). The abundance of arctic cisco rapidly 

declines further upstream in the Colville River. They were found in the 
Itkillik River (Kogl 1971), but Bendock (1979) and Gallaway et al. (1983) 

suggest that there are few arctic cisco upstream from the Itkillik River. No 

arctic cisco were caught at Umiat during sumner gill netting studies in 1970 
(Alt and Kogl 1973) while three were captured in 1977 (Bendock 1979). Except 

for Teshekpuk Lake, no arctic cisco were found in coastal plain lakes or 

streams during two summer surveys (Bendock 1982, Bendock and Burr 1984a). 
Based on studies to date, the distribution of arctic cisco in the Colville 

River appears to be confined to the delta area downstream of the Itkillik 

River. However, extensive surveys have not been conducted between Umiat and 

the Itkillik River. 

Until recently it was thought that the abundance of arctic cisco in the 

Colville River delta was related to a spawning migration as well as 
overwintering use. Alt and Kogl (1973) suggested that spawning occurred in 

the lower Colville River late in the summer (September or later), but 
examination of fish collected in the delta and river revealed few fish in 



Table 2. C o l v i l l e  R i v e r  commercial catches, 1964-1984. 

Broad W h i t e f i s h  Humpback W h i t e f i s h  A r c t i c  Cisco Least  Cisco 

1964 2,951 q/ 16,000 9,000 
1965 3,000 d 50,000 
1966 2,500 q/ 40,000 
1967 Data n o t  a v a i l a b l e  
1968 3,130 42,055 18,180 
1969 Data n o t  ava i  1  a b l e  
1970 2,080 d 19,602 25,930 
1971 3,815 38,016 22,713 
1972 3,850 37,333 13,283 
1973 2,161 71,569 25,188 
1974 3,177 35,601 13,813 
1975 2,201 28,921 20,778 
1976 2,172 31,659 34,620 
1977 443 31,796 14,961 
1978 20 d 17,292 21,589 
1979 S/ 8,684 24,984 
1980 r/ 14,657 31,459 
1981 38,176 15,504 
1982 15,975 27,085 
1983 18,162 37,909 
1984 27,677 13,076 

&/ Inc ludes  smal l  numbers o f  humpback w h i t e f i s h  

A lso  r e p o r t e d  taken were one k i n g  salmon, two r e d  salmon, n i n e  chum salmon 
and 118 p i n k  salmon. 

r/ No f i s h i n g  e f f o r t  d u r i n g  June o r  J u l y .  

(Average weight :  Broad W h i t e f i s h  5.1 pounds, Least c i s c o  0.91 pounds, 
a r c t i c  c i s c o  1.0 pounds) 

SOURCES: F.M. Anderson, D i v i s i o n  o f  Commercial F i she r ies ,  Department o f  F i s h  
and Game. February 1981. 

J. Helmericks, C o l v i l l e  Del ta,  pers.  comm. 1985 



spawning c o n d i t i o n .  Kogl and Sche l l  (1975) found 12 mature female a r c t i c  

c i s c o  ou t  o f  a  sample o f  70 taken i n  t h e  f a l l ,  b u t  o n l y  two showed evidence o f  

spawning. Cra ig  and Haldorson (1981) r e p o r t  one mature a d u l t  i n  pre-spawning 

c o n d i t i o n  o u t  o f  689 f i s h  c o l l e c t e d  i n  t h e  f a l l  f i s h e r y ,  and two mature 

females t h a t  would n o t  spawn t h a t  year  o u t  o f  65 f i s h  c o l l e c t e d  i n  A p r i l .  The 

f a l l  c o l l e c t i o n s  were composed o f  12 t o  57 percent  mature f i s h  t h a t  would no t  

spawn t h a t  same year, t h e  remainder were immature. Three mature males were 

t h e  o n l y  a r c t i c  c i s c o  c o l l e c t e d  a t  Umiat d u r i n g  a  1977 summer survey (Bendock 

1979). However, t h e i r  p o t e n t i a l  f o r  spawning was n o t  determined. Ripe a r c t i c  

c i s c o  have been repor ted  i n  t h e  upper C o l v i l l e  R ive r  by f ishermen (Moulton e t  

a l .  1985), b u t  have n o t  been v e r i f i e d .  These s tud ies  i n d i c a t e  t h a t  major 
spawning runs  o f - a r c t i c  c i s c o  do n o t  occur i n  t h e  C o l v i l l e  R ive r .  Surveys o f  

t h e  C o l v i l l e  R i v e r  d u r i n g  t h e  f a l l  and w i n t e r  have n o t  l o c a t e d  a r c t i c  c i s c o  

spawning s i t e s  (Bendock 1979, 1980, McElderry and Cra ig  1981). Thus, a r c t i c  

c i s c o  u t i l i z a t i o n  o f  t h e  C o l v i l l e  D e l t a  appears t o  be p r i m a r i l y  f o r  

ove rw in te r ing .  Spawning i s  thought  t o  occur i n  t h e  Mackenzie R ive r  drainage 

(see d i scuss ion  below) and r e a r i n g  occurs main ly  i n  t h e  Beaufor t  Sea. 

A r c t i c  c i s c o  spawning migra t ions ,  l oca t ions ,  and t i m i n g  are known i n  t h e  

Mackenzie R ive r  dra inage (Wynne-Edwards 1952, H a t f i e l d  e t  a1 . 1972, Cra ig  and 

Mann 1974). M ig ra t i ons  t o  upstream spawning s i t e s  i n  t r i b u t a r i e s  such as t h e  

Peel, A r c t i c  Red and L a i r d  R ivers  occur  f rom l a t e  June th rough October and are 

fo l l owed  by post-spawning downstream mig ra t i ons  f rom October t o  December 

(F igure  2). A l l  a r c t i c  c i s c o  caught i n  t h e  Mackenzie R i v e r  dra inage between 

June 23 and August 6 were mature green o r  spent f i s h  (Cra ig  and Mann 1974), i n  

c o n t r a s t  t o  t h e  few occurrences o f  mature a r c t i c  c i s c o  i n  t h e  C o l v i l l e  R ive r  

dra inage noted above. 

A r c t i c  c i s c o  move i n t o  coasta l  marine areas o f  Simpson Lagoon d u r i n g  e a r l y  

breakup (Cra ig  and Haldorson 1981). The o l d e r  f i s h  ( i n c l u d i n g  mature adu l t s )  

subsequently l eave  Simpson Lagoon f o r  most o f  t h e  summer, b u t  young f i s h  and 
non-spawning a d u l t s  remain u n t i l  e a r l y  September ( A l t  and Kogl 1973, Cra ig  and 
Haldorson 1981). A r c t i c  c i s c o  was t h e  second most abundant anadromous species 

c o l l e c t e d  by f y k e  ne t  ( f o l l o w i n g  l e a s t  c i sco )  a t  O l i k t o k  Po in t ,  w i t h  t h e  ca tch  



Figure 2. Spawning time of major fish species in the Colville River 

SPAWNING PERIOD 

Species Jan Feb Mar Apr Mav Jun Jul Auq Sep Oct Nov Dec 

Arctic cisco 1 ------- 
Least cisco 

Broad whitefish 

Humpback whitefish 

Round whitefish 

Char 

Rainbow smelt 
cn 

Burbot 

Grayling 

Probable spawning areas are in the Mackenzie River 



p r i m a r i l y  composed o f  young f i s h  sma l l e r  than 250 mm (Dew 1983, Moulton and 

Fawcett 1984). 

Returns o f  tagged f i s h  i n d i c a t e  t h a t  most l a r g e  a r c t i c  c i s c o  r e t u r n  t o  the  

C o l v i l l e  R ive r  d e l t a  between October and December (C ra ig  and Haldorson 1981), 

a l though t h i s  movement apparent ly  does n o t  i nc lude  t h e  segment o f  t he  

popu la t i on  t h a t  w i l l  spawn t h e  same year.  Overwin ter ing  f i s h  were found i n  

t h e  C o l v i l l e  R i v e r  d e l t a  i n  s a l i n i t i e s  o f  18  t o  32 p p t  w i t h i n  a few k i l ome te rs  

o f  t h e  coas t  d u r i n g  A p r i l  and May (Cra ig  and Haldorson 1981). No a r c t i c  c i s c o  

were c o l l e c t e d  i n  coas ta l  o r  marine h a b i t a t s  a t  t h i s  t ime. 

S i x  a r c t i c  c i s c o  tagged i n  Simpson Lagoon o r  Prudhoe Bay were recovered f a r  t o  

t h e  east ;  one a t  G r i f f i n  P o i n t  (Cra ig  and Haldorson 1981). f o u r  a t  B a r t e r  

I s l a n d  ( G r i f f i t h s  and Gallaway 1982), and one a t  t h e  Mackenzie R i v e r  d e l t a  

(Gallaway e t  a l .  1983). Th i s  i n fo rma t ion  supports  t h e  c u r r e n t  t heo ry  t h a t  

a r c t i c  c i s c o  i n  t h e  C o l v i l l e  R ive r  d e l t a  and Prudhoe Bay a r e  p a r t  o f  t h e  

p o p u l a t i o n  o r i g i n a t i n g  i n  t h e  Mackenzie R ive r .  Gallaway e t  a1 . (1983) 

desc r ibe  t h e  evidence suggest ing t h e  s i n g l e - s t o c k  theory:  t h e  l a c k  o f  f i s h  i n  

spawning o r  post-spawning cond i t i on ,  absence o f  a r c t i c  c i s c o  f u r t h e r  upstream 

i n  t h e  C o l v i l l e  R ive r  than Umiat, t h e  Na t i ve  people 's  l a c k  o f  knowledge o f  

a r c t i c  c i s c o  spawning h a b i t s  i n  t h e  area, absence o f  age-0 f i s h  i n  coas ta l  

r e a r i n g  areas, and t h e  l ow  r e t u r n  r a t e  o f  a r c t i c  c i s c o  a f t e r  t h e  f i r s t  year 

t h e y  a re  tagged. It i s  hypothesized t h a t  young a r c t i c  c i s c o  f rom t h e  

Mackenzie R i v e r  d e l t a  a re  c a r r i e d  westward by p r e v a i l i n g  longshore c u r r e n t s  

d u r i n g  t h e  summer and remain i n  t h e  v i c i n i t y  o f  ma jor  r i v e r  d e l t a s  

(Sagavanirktok, C o l v i l l e )  f o r  t h e  f i r s t  few years  o f  t h e i r  l i v e s ,  feed ing  i n  

t h e  coas ta l  areas d u r i n g  t h e  summer and ove rw in te r i ng  under t h e  i c e  i n  t he  

d e l t a s .  Moulton e t  a l .  (1985) suggest t h a t  a coho r t  o f  young a r c t i c  c i s c o  

r e c r u i t e d  i n t o  a r i v e r  d e l t a  t o  t h e  west o f  t h e  Mackenzie R ive r  remain i n  t he  

same d e l t a  area f o r  several  years. Members o f  t h e  1979 yea r -c lass  were marked 

i n  t h e  Sagavanirk tok R ive r  d e l t a  and recaptured near  t h e  d e l t a  i n  1982, 1983, 

and 1984. A s i m i l a r  p a t t e r n  was shown by t h e  1982 yea r -c lass  i n  1984. 

Recruitment o f  young f i s h  f rom t h e  Mackenzie R i v e r  popu la t ion ,  feed ing  i n  

areas a long t h e  Beaufor t  Sea, ove rw in te r i ng  f o r  several  years i n  t h e  C o l v i l l e  

De l ta ,  and a r e t u r n  t o  t h e  Mackenzie R ive r  f o r  spawning as mature a d u l t s  i s  a 



p laus ib le  explanation f o r  movement and composition pat terns o f  the C o l v i l l e  

River a r c t i c  c isco population. Low re tu rn  ra tes o f  tagged a r c t i c  c isco i n  the 

C o l v i l l e  Del ta f ishery ,  as discussed by Moulton e t  a l .  (1985), may be 

explained by migrat ion o f  mature f i s h  away from the C o l v i l l e  River and towards 

the Mackenzie River as they r ipen  for  spawning. Although a r c t i c  c isco are 

abundant along the Beaufort Sea coast l ine,  r e l a t i v e  abundances are higher i n  

the eastern Beaufort than the western Beaufort (Schmidt e t  a l .  1983). 

Growth and Matur i t y  

Beaufort Sea a r c t i c  c isco grow slower and mature l a t e r  than other populations. 

Bendock (1977) repor ts  slower growth f o r  f i s h  along the Alaskan coas t l ine  as 

compared t o  Mackenzie River o r  Siberian f i s h .  Moulton e t  a l .  (1985) provide 

evidence t h a t  i n  recent years small a r c t i c  c isco i n  the Prudhoe Bay reg ion are 

growing slower than the equivalent cohort i n  the C o l v i l l e  River d e l t a  area. 

Male a r c t i c  c isco from the C o l v i l l e  River mature a t  7  t o  9  years, whi le  

females mature l a t e r  a t  8  t o  10 years (Table 3, Craig and Haldorson 1981). 

A r c t i c  c isco i n  Kaktovik Lagoon mature s l i g h t l y  e a r l i e r  a t  6  t o  9  years 

( G r i f f i t h s  e t  a l .  1977) and those i n  Nunaluk Lagoon a t  7  t o  9  years ( G r i f f i t h s  

e t  a l .  1975). I n  comparison, f i s h  i n  S iber ia  are reported t o  reach matur i ty  

a t  5  t o  7  years o r  9  t o  10 years i n  d i f f e r e n t  r i v e r s  i n  the U.S.S.R. (N iko lsk i  

1961). Roguski and Komarek (1971) suggested tha t  Beaufort Sea a r c t i c  c isco 

may be non-consecutive spawners as they are i n  the U.S.S.R. (Niko lsk i  1961). 

Evidence from the Mackenzie River d e l t a  also ind icates t h a t  a r c t i c  c isco are 

non-consecutive spawners (Lawrence e t  a1 . 1984). 

2.2 LEAST CISCO (Coreqonus sardine1 1 q) 

Least c isco are common throughout the C o l v i l l e  River drainage and coastal 

p l a i n  lakes and streams (Bendock 1979, 1982, Bendock and Burr  1984a, McElderry 

and Craig 1981). Two l i f e  h i s to ry  types e x i s t  i n  the area. Some l e a s t  c isco 
populations are anadromous whi le  others are lake  dwel lers and never leave 

fresh water. Fish i n  lakes o f  the K i l l i k  River drainage (e.9. Ud r i v i k  Lake) 



Table 3. Summary of spawning and maturation information. 

Spawnins 
Non- Known/Suspected Time 

Species Maturation Age Annual consecutive Locations & habitat of Year 

Arctic males: 7-9 yr, females: 
Cisco 8-10 yr, Colville River 

(Craig and Haldorson 1981) 

6-9 yr,- Kaktovik Lagoon 
(Griffiths et al. 1977) 

7-9 yr, Nunaluk Lagoon 
(Griffiths et al. 1975) 

5-7 yr, 9-10 yr, U.S.S.R. 
(Nikolski 1961) 

- - Least Anadromous: 
Cisco 4-5 yr (Alt and Kogl 1973), 

males: 6-7 yr, females: 
7-10 yr (Craig and Haldorson 
1981) , Colville River 
7-8 yr, Prudhoe Bay 
(Bendock 1977) 

5-8 yr, Yukon (Wann 1974) 
males: 2-3 yr, females: 
3-4 yr (Morrow 1980) 

5-6 yr, Siberia (MacPhail 
and Lindsey 1970) 

x (? )  Mackenzie River and August- 
tributaries September 

Colville, Ikpikpuk, September 
and Price rivers 
(Bendock and Burr 
198433) 

x(?) Colville River delta September- 
and lower river, down- October 
stream from Ocean Point 

3-7 yr, U.S.S.R. 
(Nikolskii 1961) 



Table 3. (Omtinued) 

Spawnins 
Non- Known/Suspected Time 

species Maturation Age Annual consecutive Locations & habitat of Year 

Char Anadromous: 7-8 yr 
7-8 yr (Griffiths et al. 
1975) 

Stream resident: 
males: 2-4 yr (Glova and 
McCart 1974, Morrow 1980) 

Broad 9 yr, Coastal Plain 
Whitefish Streams and Lakes 

(Bendock and Burr 198433) 

X Anaktuvuk and 
Nanushuk rivers 

fall-early 
winter, 
with peak 
in Septem- 
ber to 
October 

X Fish Creek, Ikpikpuk September 
River, Teshekpuk Lake 

7-8 yr, Colville River upper and middle July- 
(Alt and Kogl 1973) Colville River September 

9-14 yr, Beaufort Sea X 
(Craig and Haldoraon 
1981) 

7 yr, Yenisei River, 
U.S.S.R. (Nikolski 1961) 

Humpback 8-10 yr, Colville River 
Whitefish (Alt and Kogl 1973) 

8 yr, Northern Canada 
(McPhail and Lindsey 
1970) 

X upper Colville River September- 
(females) and delta October 

7 yr, Coastal Plain 
Streams and Lakes 
(Bendock and Burr 1984b) 
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Table 3. (Continued) 

Spawninq 
Non- Known/Suspected Time 

Species Maturation Age Annual consecutive Locations & habitat of Year 

Round 6-8 yr, Colville River 
Whitefish (Bendock 1979) 

6-7 yr, Great Bear Lake, 
Canada (McPhail and 
Lindsey 1970) 

Grayling 4-6 yr, Coastal Plain 
Streams (Bendock and 
Burr 198413) 

7-8 yr, Umiat, 
Kiruktigiak Creek (Kogl 
1971, Bendock 1979) 

8-9 yr, Ikagiak Creek X 
(Kogl 1979) 

5 yr, Great Bear Lake, 
Canada (McPhail and 
Lindsey 1970) 

Burbot 7 yr (Bendock 1979, 
Morrow 1980) 

Colville River and late Sep- 
tributaries tember to 

mid-Oct . 

Colville River drain- late May- 
age, Colville River June 
upriver from Etivluk 
River; also Kikiakrorak, 
Kogosukruk, Killik, 
Chandler rivers and 
Seabee, Rainy, Prince, 
Fossil, Ninuluk creeks 

near Umiat late winter 
(February 
to mid- 
March) 



and severa l  l akes  o f  t h e  dra inages above t h e  K i l l i k  R i v e r  (Tukuto, Aku l iak ,  

unnamed lakes)  may represent  non-migratory l e a s t  c i s c o  popu la t i ons  (McPhail 

and Lindsey 1970, Bendock 1979). Least c i s c o  was t h e  most abundant species 

found i n  surveys o f  coas ta l  p l a i n  l akes  and streams n o r t h  and west o f  t h e  

C o l v i l l e  R ive r  (McElderry and Cra ig  1981, Bendock 1982, Bendock and Bur r  

1984a,b). F i s h  c o l l e c t e d  f rom coas ta l  p l a i n  streams (Kal i k p i  k, K i k iak ro rak ,  

and Kogosukruk r i v e r s )  may be anadromous, w h i l e  l e a s t  c i s c o  i n  coas ta l  p l a i n  

l akes  probab ly  a r e  no t .  

Anadromous l e a s t  c i s c o  i s  t h e  second most abundant species taken (mean ca tch  

o f  about 22,000 f i sh /yea r )  i n  t h e  f a l l  commercial g i l l  n e t  f i s h e r y  a t  t h e  

C o l v i l l e  R i v e r  d e l t a  (Table 1)  ( A l t  and Kogl 1973). They a r e  more common i n  

t h e  deeper Main Channel o f  t h e  d e l t a  than  i n  t h e  sha l lower  East Channel 

(Gallaway e t  a l .  1983). Dur ing  t h e  open-water season l e a s t  c i s c o  occur  

upstream t o  t h e  v i c i n i t y  o f  t h e  Anaktuvuk R i v e r  (140 km) (Bendock, pers. comm. 

1985) and approximate ly  45 km upstream i n  t h e  Kogosukruk R i v e r  (Bendock and 

Bur r  1984b). However, they  were n o t  c o l l e c t e d  a t  Umiat (175 km) by September 

(A1 t and Kogl 1973). 

I n  t h e  nearshore coas ta l  areas and lagoons between t h e  C o l v i l l e  R ive r  and 

Prudhoe Bay, l e a s t  c i s c o  i s  one o f  t h e  t h r e e  most abundant anadromous f i s h  

species present  (along w i t h  a r c t i c  c i s c o  and char)  d u r i n g  t h e  open-water 

season (Kogl 1971, Fu rn i ss  1975, C ra ig  and Haldorson 1981, Dew 1983, Schmidt 

e t  a l .  1983, Moulton and Fawcett  1984, Moulton e t  a1 . 1985). Least c i s c o  i n  

these coas ta l  areas are assumed t o  o r i g i n a t e  i n  t h e  C o l v i l l e  R i v e r  s ince  no 

r i v e r s  between t h e  C o l v i l l e  and Mackenzie r i v e r s  are  known t o  support  spawning 

popu la t i ons  o f  l e a s t  c i s c o  (Schmidt e t  a l .  1983). 

Least  c i s c o  spawn i n  f reshwater  i n  l a t e  September and e a r l y  October (Morrow 

1980). Spawning areas i n  t h e  lower  C o l v i l l e  R i v e r  were l o c a t e d  by McElderry 

and Cra ig  (1981). As many as 75 t o  86 percent  o f  t h e  l e a s t  c i s c o  c o l l e c t e d  

between Ocean P o i n t  and t h e  coast  i n  summer and f a l l  were r i p e  o r  spent ( A l t  

and Kogl 1973, McElderry and Cra ig  1981). The lower  C o l v i l l e  R i v e r  and d e l t a  

apparent ly  con ta in  t h e  most impor tan t  spawning areas f o r  anadromous l e a s t  



c i s c o  o r i g i n a t i n g  f rom t h e  C o l v i l l e  R iver .  The mouth o f  t h e  T i t a l u k  R ive r  i n  

t h e  I kp i kpuk  dra inage i s  a l s o  used f o r  spawning i n  e a r l y  t o  mid-September 

(Bendock and B u r r  1984a). 

Seasonal Movements 

Some l e a s t  c i s c o  remain i n  t h e  lower  C o l v i l l e  R i v e r  and d e l t a  a f t e r  freezeup. 

S i x  f i s h  were c o l l e c t e d  under t h e  i c e  a t  t h e  mouth o f  t h e  I t k i l l i k  R i ve r  i n  

A p r i l  (Kogl and Sche l l  1975) and 42 were caught i n  t h e  d e l t a  (Anachl i k  I s l a n d )  

i n  s a l i n i t i e s  o f  18 t o  32 p p t  i n  A p r i l  and May (Cra ig  and Haldorson 1981). 

The absence o f  l e a s t  c i s c o  a t  lagoon and mar ine s i t e s  suggests t h a t  t hey  do 

n o t  ove rw in te r  i n  t h e  nearshore coas ta l  area. Least c i s c o  a l s o  were absent 

d u r i n g  w i n t e r  surveys o f  t h e  main r i v e r  channel between U luksrak  B l u f f  and 

Pr ince  Creek B l u f f  (156 t o  200 km) (Bendock 1979). 

C ra ig  and Haldorson (1981) propose t h a t  f o l l o w i n g  breakup, l e a s t  c i s c o  move 

from o v e r w i n t e r i n g  areas i n  t h e  C o l v i l l e  R i v e r  d e l t a  i n t o  t h e  b rack i sh  

s h o r e l i n e  waters o f  Simpson Lagoon and eastward i n t o  Prudhoe Bay. Eastward 

movement i n t o  and through Simpson Lagoon was documented d u r i n g  t h e  summers o f  

1978 (Cra ig  and Haldorson 1981), 1983 (Moulton and Fawcett 1984), and 1984 

(Moulton e t  a l .  1985). H ighest  abundance o f  l e a s t  c i s c o  i n  Prudhoe Bay and 

t h e  Sagavanirk tok R i v e r  d e l t a  occurred i n  l a t e  J u l y  and August (Bendock 1977, 

C r i t c h l o w  1983, G r i f f i t h s  e t  a l .  1983, Moulton e t  a l .  1985). Although 

westward movement o f  l e a s t  c i s c o  towards t h e  C o l v i l l e  R i v e r  d e l t a  l a t e r  i n  t h e  

summer i s  n o t  w e l l  d e f i n e d  ( C r i t c h l o w  1983, G r i f f i t h s  e t  a l .  1983, Moul ton and 

Fawcett 1984), many t a g  r e t u r n s  a t  t h e  C o l v i l l e  R i v e r  commercial f i s h e r y  were 

from l e a s t  c i s c o  tagged i n  Prudhoe Bay (Bendock 1977, Doxey 1977, G r i f f i t h s  

and Gallaway 1982, C r i t c h l o w  1983, Moulton e t  a l .  1985) o r  Simpson Lagoon 

(Cra ig  and Haldorson 1981, G r i f f i t h s  and Gallaway 1982, Moulton e t  a l .  1985). 

Growth and M a t u r i t y  

Growth and m a t u r i t y  p a t t e r n s  f o r  l e a s t  c i s c o  show many v a r i a t i o n s  between 

d i f f e r e n t  popu la t ions .  Wohlschlag (1954) found t h a t  l a k e - r e s i d e n t  ( I k r o a v i k  

Lake) f i s h  were f a t t e r  and heav ier  than anadromous f i s h  o f  t h e  same l e n g t h  

from a b r a c k i s h  lagoon (Elson Lagoon) near  Barrow. Lake- res ident  l e a s t  c i s c o  



o f  t h e  K i l l i k  and E t i v l u k  r i v e r s  ( t r i b u t a r i e s  o f  t h e  C o l v i l l e  R ive r )  grow 

s lower and reach a  sma l l e r  maximum s i z e  than anadromous popu la t i ons  (Bendock 

1979). Growth r a t e s  o f  anadromous f i s h  i n  Prudhoe Bay were found t o  be lower 

than Mackenzie R i v e r  f i s h  (Bendock 1977). 

F i s h  i n  t h e  l akes  o f  t h e  K i l l i k  and E t i v l u k  r i v e r  dra inages a r e  repo r ted  t o  be 

s e x u a l l y  mature a t  f o u r  years  (Kogl 1971, Bendock 1979), and those o f  i n t e r i o r  

Alaska a t  2  t o  3  years  f o r  males and 3 t o  4  years  f o r  females (Morrow 1980). 

Anadromous l e a s t  c i s c o  i n  t h e  coas ta l  r e g i o n  o f  Yukon T e r r i t o r y  mature a t  5  t o  

8  years  w h i l e  l ake - res iden t  popu la t ions  mature l a t e r  (6 t o  9  years)  i n  t h i s  
\ 

r e g i o n  (Mann 1974). Bendock and Bur r  (1984b) r e p o r t  two s i z e  modes o f  l e a s t  

c i s c o  i n .  coas ta l  p l a i n  1  akes, i n c l u d i n g  Teshekpuk Lake, w i t h  bo th  s i z e  modes 

c o n t a i n i n g  mature f i s h .  The smal l  s i z e  group (dominant mode o f  140 t o  149 mm) 

matured a t  age-3 w h i l e  t h e  l a r g e  s i z e  group (dominant mode o f  280 t o  289 mm) 

matured a t  age-6. I n  comparison, anadromous Col v i  1  l e  R i v e r  1  eas t  c i  sco mature 

a t  6  t o  7  years  f o r  males, and 7  t o  10 years  f o r  females (Cra ig  and Haldorson 

1981). Bendock (1977) repo r ted  ma tu ra t i on  ages o f  7  t o  8  years  f o r  l e a s t  

c i s c o  captured i n  Prudhoe Bay. Except f o r  r e p o r t e d  ma tu ra t i on  ages o f  4-5 

years ( A l t  and Kogl 1973), ages o f  m a t u r i t y  f o r  C o l v i l l e  R i v e r  f i s h  are  l a t e r  

than l e a s t  c i s c o  i n  S i b e r i a  t h a t  mature a t  5  t o  6  years  (McPhail and L indsey 

1970). N i k o l s k i  (1961) r e p o r t s  v a r i a t i o n s  o f  3 t o  7  years  f o r  t h e  age o f  

m a t u r i t y  o f  l e a s t  c i s c o  i n  d i f f e r e n t  r i v e r  systems o f  t h e  U.S.S.R. Mann 

(1974) and Bendock (1977) b e l i e v e  t h a t  mature l e a s t  c i s c o  do n o t  spawn every 

year .  Other authors have l e f t  t h i s  ques t ion  unanswered (Cra ig  and Haldorson 

1981). 

2.3 BROAD WHITEFISH (Coreqonus w) 

Broad w h i t e f i s h  are d i s t r i b u t e d  throughout  t h e  C o l v i l l e  R i v e r  dra inage and 

coas ta l  p l a i n  water bodies and a r e  common i n  coas ta l  waters i n  t h e  v i c i n i t y  o f  

t h e  C o l v i l l e  d e l t a .  Dur ing  t h e  summer open-water season broad w h i t e f i s h  are  

found i n  t h e  d e l t a  (Kogl and Sche l l  1975). t h e  main r i v e r  channel, t h e  main 

t r i b u t a r i e s  ( I t k i l l  i k ,  Anaktuvuk, Chandler r i v e r s ) ,  sma l l e r  t r i b u t a r i e s  and 

coas ta l  streams (K l  k i a k r o r a k  and Kal i k p i  k  r i v e r s ,  I n i g o k  and Judy creeks),  and 



mountain ( Imiakn ikpak  and unnamed lakes )  and coas ta l  l akes  (Bendock 1979, 

1982, Bendock and B u r r  1984a). Broad w h i t e f i s h  was t h e  most abundant species 

captured a t  Umiat d u r i n g  t h e  summer ( A l t  and Kogl 1973). The commercial 

f i s h e r y  a t  t h e  C o l v i l l e  R ive r  d e l t a  takes about 2800 f i s h / y e a r  (Table 1 ) .  

Highest  abundances i n  coas ta l  mar ine waters a re  near r i v e r  d e l t a s  (Furn iss  

1975, G r i f f i t h s  e t  a l .  1983, Schmidt e t  a l .  1983, Moulton and Fawcett 1984, 

Moulton e t  a1 . 1985). Small broad w h i t e f i s h  seldom t r a v e l  f a r  f rom t h e  r i v e r  

d e l t a s  (Bendock 1977, Moulton e t  a l .  1985), a l though t a g  r e t u r n s  show t h a t  

l a r g e  f i s h  may move a t  l e a s t  between t h e  C o l v i l l e  R i v e r  and Prudhoe Bay reg ion  

(Furn iss  1975, C ra ig  and Haldorson 1981, C r i t c h l o w  1983, Moul t o n  and Fawcett 

1984). Broad w h i t e f i s h  show a s t rong  pre ference - f o r  nearshore h a b i t a t s  when 

i n  coas ta l  waters (Cra ig  and Haldorson 1981), appearing o n l y  r a r e l y  i n  

o f f s h o r e  o r  b a r r i e r  i s l a n d  l o c a t i o n s  ( C r i t c h l o w  1983, C ra ig  1984, Moul t o n  e t  

a l .  1985). C o r r e l a t i o n  o f  CPUE w i t h  temperature and s a l i n i t y  ( G r i f f i t h s  e t  

a l .  1983) suggested t h a t  broad w h i t e f i s h  p r e f e r  warm b rack i sh  water  t h a t  i s  

more common i n  nearshore areas. 

Soawninq 

Fo l l ow ing  a summer o f  f o r a g i n g  i n  coas ta l  and d e l t a  areas, broad w h i t e f i s h  

m ig ra te  upstream i n  t h e  C o l v i l l e  R i v e r  t o  spawn. Small groups o f  f i s h  (86 

percent  mature a d u l t s )  move upstream f rom J u l y  through September, w i t h  a peak 

i n  t h e  r u n  a t  Umiat i n  l a t e  J u l y  ( A l t  and Kogl 1973) o r  August (Bendock 1979). 

It i s  suspected t h a t  spawning occurs i n  t h e  C o l v i l l e  R i v e r  upstream t o  a t  

l e a s t  t h e  E t i v l u k  R i v e r  d u r i n g  September ( A l t  and Kogl 1973, Bendock 1979). 

Broad G h i t e f i s h  were found i n  pre-spawning c o n d i t i o n  i n  t h e  Chandler R ive r  i n  

August (Bendock 1979), and spawning was observed i n  t h e  C o l v i l l e  R ive r  

upstream f rom Umiat by H a b l e t t  (1979) i n  September. Bendock and Bur r  (1984a) 

r e p o r t  broad w h i t e f i s h  i n  spawning c o n d i t i o n  i n  t h e  I kp i kpuk  R ive r  on 

September 10. A l i m i t e d  amount o f  spawning a l s o  occurs i n  t h e  N i g l i q  

(Nechel ik)  Channel o f  t h e  C o l v i l l e  R ive r  d e l t a  i n  September and October (Kogl 

and Sche l l  1975). Rearing areas probab ly  are l o c a t e d  a t  t h e  mouths o f  minor 

t r i b u t a r i e s  such as t h e  K i k i a k r o r a k  and Kogosukruk r i v e r s ,  and Seabee, Rainy, 

Pr ince,  F o s s i l  and N inu luk  creeks (Bendock 1979). S u b s t a n t i a l  r e a r i n g  a1 so 

occurs i n  i s o l a t e d  backwaters, oxbows, and o t h e r  l o w - v e l o c i t y  areas throughout  

t he  midd le  and lower  r i v e r  (Bendock, pers. comm. 1985). 



Seasonal Movements 

Broad wh i te f i sh  were abundant i n  the N i g l i q  (Nechelik) Channel o f  the C o l v i l l e  

River d e l t a  i n  l a t e  September-early October (Kogl and Schell 1975). Broad 

wh i te f i sh  also occur i n  the  main and east channels o f  the  d e l t a  i n  the f a l l  

(Gal 1 away e t  a1 . 1983). 

During w in te r  surveys broad wh i te f i sh  were found under the  i ce  i n  the main 

r i v e r  between the Anaktuvuk River and Ninuluk Creek (Bendock 1979, 1980). 

Broad wh i te f i sh  apparently do not use the  C o l v i l l e  River Del ta  f o r  

overwinter ing as they were absent dur ing winter.surveys o f  the d e l t a  ( A l t  and 

Kogl 1973). 

Growth and M a t u r i t t  

Broad wh i te f i sh  from the C o l v i l l e  River are reported t o  grow fas te r  than the 

same species inhab i t ing  Teshepuk Lake and the Seward Peninsula, but slower 

than Yukon River f i s h  (Bendock 1979). The C o l v i l l e  River population also 

grows slower than f i s h  i n  the U.S.S.R. and i n t e r i o r  Alaska, reaching a mean 

length o f  39 cm a t  8 years as compared t o  the same length a t  4 t o  6 years i n  

the  U.S.S.R. populat ion (McPhail and Lindsey 1970), and a mean leng th  o f  50 t o  

55 cm a t  8 years i n  the Minto population ( A l t  and Kogl 1973). Sexual matur i ty  

occurs over a wide range o f  ages. A l t  and Kogl (1973) repor t  maturation ages 

o f  7 t o  8 years, Craig and Haldorson (1981) repor t  ages o f  9 t o  14 years f o r  

Beaufort Sea f i sh ,  whi le  Bendock and Burr (1984b) repo r t  age-9 as the age o f  - f i r s t  matur i ty  f o r  broad wh i te f i sh  i n  streams. Broad wh i te f i sh  i n  the Yenisei 

River (U.S.S.R.) mature a t  age-7 (Niko lsk i  1961). Spawning appears t o  be 

non-consecutive and i r r e g u l a r  (Bendock, pers. comm. 1985). 

2.4 HUMPBACK WHITEFISH (Coreaonus p idschi  an) 

Abundance and D i s t r i b u t i o n  

The abundance o f  humpback wh i te f i sh  i n  the C o l v i l l e  River drainage and i n  

coastal lakes and streams west o f  the C o l v i l l e  River var ies dramat ica l ly  w i th  

the seasons. Pre-spawning migrations of anadromous humpback wh i te f i sh  r e s u l t  



i n  h i g h  abundance o f  f i s h  i n  t h e  C o l v i l l e  R i v e r  i n  l a t e  summer. Pre-spawning 

f i s h  m ig ra te  through t h e  midd le  r i v e r  d u r i n g  August and September as f a r  

upstream as Umiat where they  were t h e  second most abundant species c o l l e c t e d  

(Kogl 1971). The peak o f  m i g r a t i o n  occurred i n  mid-August (Kogl 1971, A l t  and 

Kogl 1973) o r  l a t e  August and i n t o  September (Bendock 1979). Humpback 

w h i t e f i s h  were found i n  t h e  lower  I t k i l l i k  and Chandler r i v e r s ,  and a t  t h e  

mouth o f  t h e  Anaktuvuk R i v e r  (Kogl and Sche l l  1975, Bendock 1979). Humpback 

w h i t e f i s h  comprise about 10 percent  o f  t h e  summer ca tch  (about 1800 f i sh /yea r )  

and 1 percent  o f  t h e  w i n t e r  ca tch  i n  t h e  C o l v i l l e  R i v e r  d e l t a  commercial 

f i s h e r y  (Table 1, A l t  and Kogl 1973). A few coas ta l  p l a i n  l akes  w i t h  l a r g e  

o u t l e t  streams and t h e  coas ta l  p l a i n  K i k i a k r o r a k  R i v e r  c o n t a i n  a few humpback 

w h i t e f i s h  (Bendock 1982, Bendock and Bur r  1984a). I n  coas ta l  waters humpback 

w h i t e f i s h  are l e s s  common than o t h e r  anadromous species. S tud ies  i n  coas ta l  

areas show t h a t  ca tch  r a t e s  a re  l o w  i n  Simpson Lagoon (Cra ig  and Haldorson 

1981, Dew 1983, Moulton and Fawcett 1984) and Prudhoe Bay (Doxey 1977, 

G r i f f i t h s  and Gallaway 1982, Maulton e t  a l .  1985) d u r i n g  t h e  open-water 

season. 

A l t  and Kogl (1973), Bendock (1979), and Kogl and Sche l l  (1975) suggest t h a t  

humpback w h i t e f i s h  spawn i n  t h e  upper C o l v i l l e  R i v e r  (upstream f rom Umiat) 

d u r i n g  September and October. Spawning a l s o  occurs i n  t h e  C o l v i l l e  R ive r  

d e l t a  and. throughout  t h e  midd le  reach up t o  and beyond Umiat i n  l a t e  September 

t o  e a r l y  October (Kogl and Sche l l  1975, Bendock, pers.  corn.  1985). Bendock 

and B u r r  (1984a) r e p o r t  humpback w h i t e f i s h  i n  spawning c o n d i t i o n  a t  t h e  mouth 

o f  T i t a l u k  R i v e r  i n  t h e  I k p i k p u k  dra inage on September 10. Humpback w h i t e f i s h  
may be t h e  most abundant species i n  some C o l v i l l e  d e l t a  channels d u r i n g  t h e  

spawning season, w i t h  h i g h e r  abundance i n  t h e  deeper main (Kupigruak) channel 

than i n  t h e  East Channel (Kogl and Sche l l  1975, Gallaway e t  a l .  1983). 

Spawning occurs i n  bo th  channels. Spawning by humpback w h i t e f i s h  appears t o  

be non-consecut ive (Bendock and B u r r  1984b). 



Seasonal Movements 

Kogl and Schell  (1975) provide some evidence f o r  a  post-spawning migrat ion 

down r i v e r  i n  October, but  such movements have not  been v e r i f i e d .  Humpback 

wh i te f i sh  have not been co l lec ted  i n  winter  sampling surveys o f  the C o l v i l l e  

River and del ta,  o r  i n  coastal areas (Kogl and Schell  1975, Bendock 1979, 

1980, Craig and Haldorson 1981). Hence, overwintering areas f o r  humpback 

wh i te f i sh  remain unknown, 

Humpback wh i te f i sh  occasional ly move i n t o  coastal waters dur ing the summer, 

but  do not usual ly  move f a r  from the mainland o r  the C o l v i l l e  River d e l t a  

(Bendock 1977, Craig and Haldorson 1981, Craig 1984, Moulton and Fawcett 

1984). G r i f f i t h s  (1983) shows t h a t  the coastal d i s t r i b u t i o n  o f  humpback 

wh i te f i sh  can be re la ted  t o  the stream type i n  the  area (stream types as 

defined by Craig and McCart 1976). Humpback wh i te f i sh  use the  C o l v i l l e  River 

and other "coastal p l a i n  streams" t o  the west f o r  spawning, but do not  use 

"mountain streamsn (such as Sagavanirktok, Canning, and F i r t h  r i v e r s )  between 

the C o l v i l l e  and Mackenzie r i ve rs .  Thus, they are found near the C o l v i l l e  

River (Craig and Haldorson 1981, Dew, 1983 Moulton and Fawcett 1984), and t o  

the west (Schmidt e t  a l .  1983), but  seldom occur i n  the  eastern Beaufort Sea 

( G r i f f i t h s  e t  a l .  1975, 1977, G r i f f i t h s  1983). 

Growth and Ma tu r i t y  

A l t  and Kogl (1973) repor t  t ha t  humpback wh i te f i sh  i n  the  C o l v i l l e  River 

mature sexually a t  8  t o  10 years, which i s  s i m i l a r  t o  the maturation age (8 

years) reported f o r  f i s h  i n  northern Canada (McPhail and Lindsey 1970). 

Humpback wh i te f i sh  mature ear l  i e r  i n  more southern regions (McPhail and 

Lindsey 1970). 

2.5 CHAR (Salve1 i nus  a) 

The anadromous char o f  the  Alaskan North Slope i s  considered by Morrow (1980) 

t o  be D o l l y  Varden (Salvel inus malma) whi le  others consider t h i s  f i s h  t o  be 

the western form o f  a r c t i c  char (Salvel inus aloinus) (McPhail and Lindsey 

1970). Stream and lake res ident  populations are also found. The C o l v i l l e  



River drainage contains a l l  these population types (Bendock 1979). All types 

wil l  be considered together under the general term "char". 

Abundance and Distribution 

Char a re  d i s t r ibu ted  widely in the  Colvi l le  River drainage, including major 

t r i b u t a r i e s  ( I t k i l l  i k,  Anaktuvuk, Chandler and Kill i k r i ve r s )  and smaller 
t r i b u t a r i e s  and lakes  (Ikiakpupi k and Willow creeks, Kiruktagiak River, 

Shainin, Chandler and Tolugak lakes) (Kogl 1971, Bendock 1979, Morrow 1980). 

Kogl (1971) reports  t h a t  char a r e  seldom found upriver from Umiat, but rearing 
young a re  found i n  t h e  upper t r i b u t a r i e s .  These probably represent two 
d i f f e r en t  population types: anadromous f i s h  returning t o  t r i b u t a r i e s  of the  
middle and lower r i ve r ,  and stream resident  f i s h  in the  upper t r i b u t a r i e s .  
Char a r e  normally not found in coastal  plain lakes nor in  streams n o r t h  and 

west of the  Colvi l le  River (Bendock 1982, Bendock and Burr 1984a), although 
one population in  a coastal  plain lake in  t h e  lower Chipp River has been 

ident i f ied  (Bendock and Burr 1985). Char move in to  coastal  waters during the 

summer t o  rear .  Char i s  the most abundant of the anadromous species collected 
offshore of the  ba r r i e r  islands where s a l i n i t i e s  tend t o  be higher (Bendock 

1977, Craig and Haldorson 1981, Dew 1983, Moulton and Fawcett 1984, Craig 
1984, Moulton e t  a1 . 1985). 

Several s tud ies  investigated the spawning and overwintering habi ta t s  of char 
in northern Alaskan and Canadian r ive r s ,  including the Col v i l l e ,  
Sagavanirktok, Kavik, Canning and Mackenzie (Yoshihara 1972, 1973, Furniss 

1975, Craig 1977a, 1977b, Bendock 1983, Bendock and Burr 1984a) (Figure 3).  
Char spawning and overwintering s i t e s  are  generally located where spring fed 
channels remain ice- f ree  through the winter. A major spawning area in the 
Anaktuvuk River near "Rooftop Ridge" i s  surveyed annually by ADFbG (Bendock 

1980, 1981, 1982, 1983, Bendock and Burr 1984a). S i t e s  on the  Nanushuk and 
Kanayut r i ve r s  have concentrations of char in  the  f a l l  (Bendock 1982). 
Spawning takes place during f a l l  and ear ly  winter (peak spawning in 
September-October) (Gr i f f i ths  e t  a1 . 1975). Char apparently remain near the  
spawning area through the  winter. Bendock (1982) showed movements of 0.07 - 
1.6 miles from September 21 t o  April 1 by char tagged in the Anaktuvuk River. 



Seasonal Movements 

Following breakup i n  June, char move out o f  t r i b u t a r y  r i v e r s  t o  the r i v e r  

del ta,  then disperse i n t o  coastal areas (Bendock 1977, 1982, G r i f f i t h s  e t  a l .  

1983). Char are more wide ranging than other anadromous f i s h  species, as long 

distance movements have been documented (Bendock 1977, G r i  ff i t h s  and Gal 1 away 

1982, Moulton e t  a l .  1985). For example, f i s h  from the Sagavanirktok River 

were captured i n  Simpson Lagoon and a t  Barrow (Furniss 1975) and a f i s h  tagged 

a t  Mi lne Point  was recaptured i n  the Canning River (Craig and Haldorson 1981). 

Small char marked a t  Heald Point  were recaptured a t  O l i k tok  Point  (Moulton and 

Fawcett 1984) and char from the C o l v i l l e  and Canning r i v e r s  moved t o  Prudhoe 

Bay dur ing the summer (Critchlow 1983). 

Growth and Matur i t y  

Char populations have d i f f e r e n t  growth ra tes and maturation ages due t o  the 

va r i e t y  o f  1 i f e  h i s to ry  patterns exhib i ted i n  various geographic regions. 

Lake-dwelling char are slow-growing f i sh ,  averaging 424 mm i n  length a t  l o t  
years o f  age and 537 mm a t  14 t  years i n  Chandler Lake (Morrow 1980). Resident 

f i s h  mature e a r l i e r  than anadromous f i sh .  Over 50 percent were mature a t  

age-4 i n  a lake  o f  the Babbage River system (Bain 1974). Kogl (1971) provides 

evidence tha t  char i n  Ikagiak Creek grow slower than f i s h  i n  the Anaktuvuk and 

Ki ruktag iak r i ve rs ,  thus i nd i ca t i ng  t h a t  two separate populations are 

represented. The res ident  f i s h  lagged one year i n  growth behind the 

anadromous f i s h  i n  the r i ve rs .  

Anadromous char grow rap id ly ,  w i t h  f i s h  i n  a r c t i c  Alaska growing fas te r  than 

those i n  southeastern Alaska (Morrow 1980). An e igh t  year o l d  anadromous char 

i n  the a r c t i c  may reach 470 mm, whi le  a ten year o l d  f i s h  t y p i c a l l y  i s  517 mm. 

Glova and McCart (1974) repor t  t ha t  anadromous char i n  the F i r t h  River were a t  

l eas t  twice the length o f  equivalent aged stream-resident f i sh .  Lengths o f  

anadromous char captured i n  Simpson Lagoon averaged 507 mm a t  e igh t  years, 554 

mm a t  10 years, and 643 mm a t  14 years (Craig and Haldorson 1981). 

Char f i r s t  move i n t o  sea between ages 2 and 5 and become sexually mature a t  7 

t o  8 years ( G r i f f i t h s  e t  a l .  1975). Age-3 f i s h  are the youngest char usual ly  



found in Simpson Lagoon (Craig and Haldorson 1981). In some instances, male 

char do not migrate t o  s a l t  water even though females of the  same population 

a re  anadromous. These f i s h  mature ear ly  (age 2 t o  4 ) ,  remain small, and spawn 

annually a f t e r  reaching maturity (Glova and McCart 1974, Morrow 1980). In 
contrast ,  spawning probably occurs every second year in  populations t h a t  

contain anadromous males and females. 

2 .6  RAINBOW SMELT (Osmerus mordax) 

Abundance and Distribution 

Except fo r  local ized concentrations pr ior  t o  spring spawning migrations, 
rainbow smelt occur in r e l a t ive ly  low abundance in nearshore coastal waters 
and the Colvil le River de l ta .  Catch ra tes  a re  generally lower than other 
anadromous f i s h  species (Kogl 1971, Doxey 1977, Bendock 1977, Craig and 

Haldorson 1981, Gr i f f i t h s  and Gall away 1982, Moulton and Fawcett 1984, Moul ton 
e t  a l .  1985), but occasionally catches of rainbow smelt have ranked second t o  
fourth in  abundance i n  fyke nets a t  Oliktok Point and west of the Colvil le 
River (Dew 1983, Schmidt e t  a l .  1983). Higher abundance near the  Colvil le 

River i s  expected s ince rainbow smelt a re  believed t o  remain close t o  natal or  
other  streams (Morrow 1980). During winter surveys in the Colvi l le  River 
de l t a  and the nearshore region, rainbow smelt were abundant near Thetis Island 
while other anadromous f ishes  were absent (Craig and Haldorson 1981). These 
f i sh  apparently were concentrated in preparation f o r  a spawning migration in to  

the  Colvi l le  River immediately a f t e r  breakup. Rainbow smelt a re  not known t o  
occur upstream from the  Colvil le River de l t a  or  i n  coastal  plain lakes o r  
streams (Bendock 1979, Bendock and Burr 1984a). 

In contrast  t o  other anadromous f i shes  in the a r c t i c ,  rainbow smelt spawn in 
the  spring (Morrow 1980). Spawning f i sh  move from marine waters in to  the 

Colvi l le  River Delta as soon as breakup occurs (Morrow 1980, Craig and 
Haldorson 1981), o r  while ice  i s  s t i l l  present (Nikolski 1961). Spawning 
areas m u s t  have gravel o r  stones fo r  attachment of eggs (Nikolski 1961, 



McPhail and Lindsey 1970). Spawning areas f o r  rainbow smelt i n  the C o l v i l l e  

River d e l t a  are unknown. 

Growth and Matur i t y  

The population o f  rainbow smelt i n  the C o l v i l l e  River region i s  slow-growing 

and long- l ived,  reaching ages o f  13 t o  15 years (Craig and Haldorson 1981). 

Rainbow smelt may spawn as young as 2 year olds (Morrow 1980), but  general ly 

mature a t  3 t o  4 years i n  U.S.S.R. waters (N iko lsk i  1961). Fish i n  the 
\ 

C o l v l l l e  River area mature a t  5 years f o r  males and 5 t o  7 years f o r  females 

(Craig and Haldorson 1981). 

2.7 ARCTIC GRAYLING (Thvmallus a rc t i cus)  

Grayl ing i s  one o f  the most abundant and widespread f i s h  species i n  the 

C o l v i l l e  River drainage above the  confluence o f  the Nig l  i q  (Nechel i k )  and main 

r i v e r  channels. Surveys by Bendock (1979) and Kogl (1971) located g ray l ing  i n  

abundance i n  the main r i v e r  channel a t  Umiat dur ing the summer as wel l  as i n  

major t r i b u t a r i e s  ( I t k i l ' l  i k ,  Anaktuvuk, Chandler and K i l l  i k r i v e r s ) ,  smaller 

streams (e.g. K i ruktag iak River and Ikagiak Creek), and lakes (Shainin, 

Si tchiak,  Ahaliorak, Chandler, and T u l i l  i k  lakes).  Grayl ing were also found 

i n  coastal p l a i n  streams (Ka l i kp ik  and In igok creeks) and lakes although they 

were less  abundant i n  these areas (Bendock 1982, Bendock and Burr 1984a,b). 

Several authors repor t  inc identa l  catches o f  g ray l ing  i n  coastal waters 

(Roguski and Komarek 1971, Bendock 1977, Doxey 1977, Craig and Haldorson 1981, 

Dew 1983, G r i f f i t h s  e t  a l .  1983, Moulton and Fawcett 1984, Moulton e t  a l .  

1985). The presence o f  g ray l ing  i n  coastal areas general ly i s  associated w i th  

periods o f  low s a l i n i t y ,  as g ray l ing  p re fe r  t o  inhab i t  freshwater areas. 

Soawnina and Overwinterinq 

Grayl ing spawn throughout the  C o l v i l l e  River drainage. The mainstem C o l v i l l e  
River upstream from the E t i v l uk  River i s  more heav i ly  u t i l i z e d  than mainstem 



areas downstream from the Etivluk River (Bendock 1979). Tributaries provide 

the primary spawning habitat in the middle and lower reaches. Spawning and/or 

rearing sites identified in the middle and lower river include the 
Ki kiakrorak, Kogosukruk, Kill i k, and Chandler rivers, and Seabee, Rainy, 
Prince, Fossil and Ninuluk creeks (Bendock 1979). Gray1 ing spawn during June 

and July, beginning earlier in the middle river and later in the lower and 
upper portions of the drainage (Bendock 1979, pers. comm. 1985). Spawning 

commences in the second week of June and can extend to as late as the second 

week of July (Bendock pers. corn. 1985). 

During winter surveys on the Colville River, grayling was 'the most abundant 

species present (Bendock 1979). Important overwintering areas occur between 

the Anaktuvuk River and Ninuluk Creek. Young grayling were also found near 

open water in the Chandler River in late winter (Kogl and Schell 1975). 

Growth and Maturity 

Young grayling in Kiruktagiak River and Ikagiak Creek are reported to grow 

slower than fish at Umiat, while fish from the Colville River grow slower and 
reach a smaller ultimate size than fish in lakes of the Colville River 

drainage (Bendock 1979). 

Maturation ages of 7 to 8 years in Kiruktagiak River and at Umiat (Kogl 1971) 
are later than that (5 years) reported for fish in Great Bear Lake (McPhail 

and Lindsey 1970). Bendock and Burr (1984b) report ages 4 to 6 as the age of 
first maturity for grayling in coastal plain streams between the Ikpikpuk 

River and the Colville River. Grayling apparently spawn every year after 
reaching maturity (Wilson et al. 1977). 

2.8 ROUND WHITEFISH (Prosooium cvlindraceum) 

Round whitefish is a freshwater species, common in the upper Colville River, 
tributaries and lakes, while only occasionally caught in coastal waters. 

McPhail and Lindsey (1970) state that it prefers shallow areas of lakes and 



c lear  streams. I n  the C o l v i l l e  River drainage, round wh i te f i sh  were caught i n  

the lower reaches o f  the I t k i l l  i k ,  Anaktuvuk, Chandler, K i l l  ik ,  Kogosukruk, 

and Ki ruktag iak r i ve rs ,  Ikagiak, Seabee, and Graylime creeks, and Shainin, 

Chandler, and Tul il i k  lakes (Kogl 1971, Bendock 1979, Bendock and Burr 1984a). 

Round wh i te f i sh  a lso occur i n  lakes and streams o f  the upper C o l v i l l e  River 

( A l t  and Kogl 1973, Bendock 1979). Round wh i te f i sh  were present i n  9 o f  62 

surveyed coastal p l a i n  lakes nor th  o f  the C o l v i l l e  River and were also found 

i n  the Ka l i kp i k  and Kogosukruk r i v e r s  and In igok and Judy creeks on the 

coastal p l a i n  (Bendock and Burr 1984b). They were not  found i n  Teshekpuk Lake 

drainages o r  the Ikpikpuk River drainage (Bendock and Burr  1984b). Occasional 

catches o f  round wh i te f i sh  i n  d e l t a  and coastal areas have been reported 

(Doxey 1977, Craig and Haldorson 1981, G r i f f i t h s  and Gallaway 1982, Dew 1983, 

G r i f f i t h s  e t  a l .  1983, Moulton and Fawcett 1984, Moulton e t  a l .  1985). 

An upstream spawning migrat ion i s  reported f o r  round wh i te f i sh  i n  Canada 

(McPhail and Lindsey 1970). S imi lar  movements i n  the C o l v i l l e  River drainage 

have not  been documented, although round wh i te f i sh  are known t o  spawn i n  the 

r i v e r  and i t s  t r i b u t a r i e s  from l a t e  September t o  mid-October ( A l t  and Kogl 

1973, Bendock 1979). Stream and lake shorel ines are t y p i c a l l y  used f o r  

spawning (McPhail and Lindsey 1970). I n  the C o l v i l l e  River, overwintering 

f i s h  were located between the Anaktuvuk River and Ninuluk Creek (Bendock 

1980). 

- Growth and Matur i t y  

L i t t l e  informat ion i s  ava i lab le  concerning the growth and sexual matur i t y  o f  

round whi te f ish.  Fish i n  lake populations o f  the C o l v i l l e  River drainage are 

heavier than stream populations a t  the same length, but  both have a smaller 

maximum s ize than f i s h  i n  the Kuskokwim River drainage (Bendock 1979). Sexual 

matur i ty  i s  reached a t  6 t o  8 years (Bendock 1979), which i s  s im i l a r  t o  the 

maturation age (6 t o  7 years) reported f o r  round wh i te f i sh  i n  Great Bear Lake, 

Canada (McPhail and Lindsey 1970). 



2.9 BURBOT ( l o t a  l o t a )  

Burbot i s  a freshwater species tha t  i s  abundant i n  the middle and lower 

C o l v i l l e  River (Bendock 1979). I t  occurs i n  the Anaktuvuk, Chandler, and 

lower K i l l i k  r i v e r s  and Seabee Creek as well  as i n  the C o l v i l l e  River near the 

I t k i l l i k  River. I t  i s  found i n  the  .de l ta  throughout the year (Furniss 1974, 

Kogl and Schell 1975, Bendock 1979). Both mountain ( T u l i l i k  and unnamed lakes 

i n  the K i l l i k  River drainage) and coastal p l a i n  lakes, and the coastal p l a i n  

Kogosukruk River contain burbot (Bendock 1979, 1982, Bendock and Burr 1984a). 

Lakes and streams upstream from the E t i v l u k  River are also known t o  contain 

burbot (Bendock 1979). Burbot are ra re l y  reported i n  coastal waters 

( G r i f f i t h s  and Gallaway 1982, Moulton e t  a l .  1985) and apparently are 

i n to le ran t  o f  high s a l i n i t i e s .  

S~awninq and Overwinterinq 

Overwintering burbot were located i n  the Col v i l l e  River between the Anaktuvuk 

River and Ninuluk Creek (Bendock 1980). Burbot are known t o  spawn i n  the 

C o l v i l l e  River near Umiat during l a t e  winter, p r i o r  t o  mid-March (Bendock 

1979). Burbot rear ing areas include the mouths o f  minor t r i b u t a r i e s  o f  the 

lower C o l v i l l e  River such as the Kikiakrorak and Kogosukruk r i ve rs ,  and 

Seabee, Rainy, Prince, Fossi l  and Ninuluk creeks (Bendock 1979). 

Burbot are long- l ived, the oldest f i s h  being recorded a t  24 years o f  age 

(Morrow 1980). The usual l i f e  span i s  probably 15 years w i th  the age o f  

sexual matur i ty  a t  seven years (Bendock 1979, Morrow 1980). 
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1.0 INTRODUCTION 

The C o l v i l l e  R i v e r  i s  t h e  l a r g e s t  r i v e r  system on t h e  A r c t i c  Slope o f  Alaska 

and supports  s u b s t a n t i a l  popu la t ions  o f  f i s h  (F igure  1). These f i s h  stocks 

a r e  used by l o c a l  res iden ts ,  p r i m a r i l y  f rom Nuiqsut  and a  homestead i n  t h e  

lower  d e l t a ,  f o r  food and t r a d e  (F igure  2).  Desp i te  t h e  importance o f  these 

f i s h  popu la t i ons  t o  t h e  r e g i o n  as a  whole, t h e  bas i c  b i o l o g y  o f  t h e  species 

found i n  t h e  r i v e r  i s  n o t  w e l l  documented (see Moulton and Carpenter 1986). 

The o v e r a l l  o b j e c t i v e  o f  t h e  1985 b i o l o g i c a l  s tudy was, t he re fo re ,  t o  o b t a i n  

i n f o r m a t i o n  on t h e  f o u r  most abundant anadromous species: a r c t i c  and l e a s t  

c isco ,  broad and humpback w h i t e f i s h .  The i n fo rma t ion  w i l l  serve a  dual 

purpose - i t  w i l l  p rov ide  a  base l i ne  t o  gu ide  f u t u r e  development dec i s ions  i n  

t h e  r e g i o n  and w i l l  be used t o  support i n f o r m a t i o n  gained d u r i n g  t h e  

concur ren t  assessment o f  t h e  f i s h e r i e s  ope ra t i ng  on Col v i  11 e  R ive r  s tocks.  

S p e c i f i c  o b j e c t i v e s  were t o  g a i n  i n fo rma t ion  on r e l a t i v e  abundance, l e n g t h  

frequency, age composit ion, seasonal movement pa t te rns ,  growth r a t e s ,  

l eng th -we igh t  r e l a t i o n s h i p s ,  rep roduc t i ve  s t a t u s  and r e c r u i t m e n t  p a t t e r n s  f o r  

each o f  t h e  f o u r  dominant species. A d d i t i o n a l  i n f o r m a t i o n  on abundance was 

obta ined f o r  secondary species. 
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-- Figure 2 .  Location o f  fyke and hoop ne t  sampling s i t e s  i n  the C o l v i l l e  River  
during sumner 1985. 



2.0 METHODS 

2.1 GENERAL APPROACH 

The combined study area f o r  t h e  Lower R i v e r  Study and t h e  Outer D e l t a  Study i s  

shown i n  F igu re  2. For  t h i s  r e p o r t ,  t h e  te rm Lower R ive r  r e f e r s  t o  t h a t  area 

between Ocean P o i n t  and P i s i k t a g v i k ,  i n c l u d i n g  t h e  N i g l i q  Channel. The Outer 

D e l t a  i s  t h e  area downstream from P i s i k t a g v i k  on - t h e  main channel. The 

pr imary  study method was d a i l y  f i s h  sampling by f y k e  ne ts  o r  hoop n e t s  arrayed 

as shown i n  F igu re  2. S t a t i o n s  1, 2, and 3 represent  t h e  Outer D e l t a  Study, 

and S t a t i o n s  202 through 205 and 661 represent  t h e  Lower R ive r  Study. The 

study focused on f o u r  anadromous f i s h  species: a r c t i c  c i sco ,  l e a s t  c isco ,  

broad w h i t e f i s h ,  and humpback w h i t e f i s h .  I n d i v i d u a l s  o f  these species ~ 1 2 0  mm 

i n  f o r k  l e n g t h  were measured, then marked o r  tagged, and re leased.  Smal ler  

f i s h  were measured and re leased.  Sample specimens o f  t h e  f o u r  t a r g e t  species 

were c o l l e c t e d  throughout  t h e  open-water season f o r  a n a l y s i s  o f  1  i f e  h i  s t o r y  

fea tu res  such as age- length-weight  r e 1  a t ionsh ips ,  growth, and m a t u r i t y .  F i s h  

o f  o t h e r  species were i d e n t i f i e d ,  counted, and sometimes measured be fo re  

re1 ease. A1 1 anadromous f i s h  captured were examined f o r  tags, f reeze  brands, 

dye dots,  o r  f i n  c l i p s .  

Measurements o f  water  l e v e l ,  wave he igh t ,  and sur face water  temperature were 

taken d a i l y  a t  Sach s t a t i o n .  I n  add i t i on ,  s a l i n i t y  was measured d a i l y  a t  each 

o f  t h e  o u t e r  d e l t a  s t a t i o n s .  Meteoro log ica l  da ta  were ob ta ined from 

meteoro log ica l  s t a t i o n s  a t  Umiat and 01 i k t o k  (Nat iona l  C l i m a t i c  Data Center) .  

Deta i  1 ed d e s c r i p t i o n s  of f i e l d  and l a b o r a t o r y  methods, da ta  management, and 

a n a l y t i c a l  procedures used a re  prov ided below. 



2.2 FIELD METHODS 

2.2.1 Outer D e l t a  Study 

2.2.1.1 Net Deployment 

Fyke n e t  sampling was conducted a t  t h r e e  s t a t i o n s  l o c a t e d  i n  t h e  eas tern  d e l t a  

reg ion ,  as shown i n  F igu re  2. The sampling schedule a t  each s t a t i o n  i s  shown 

i n  Table 1.  Sampling e f f o r t  f o r  each day o f  t h e  study i s  p rov ided  i n  Appendix 

Table A-1. Sampling was conducted d a i l y  f rom Monday through F r i d a y  o f  each 

week except  when prevented by rough seas, - h i g h  water,  o r  o t h e r  c o n d i t i o n s .  

A f t e r  comple t ion  o f  sampling on Fr idays,  t h e  cod end t r a p s  o f  t h e  ne ts  were 

c losed and t h e  leads  l i f t e d  f rom t h e  bottom t o  a l l o w  f i s h  passage. The n e t s  
were r e s e t  on Sunday af ternoons.  

The f y k e  n e t s  cons i s ted  o f  double cod-end t r a p s ,  two wings, and a l e a d  

s t r e t c h e d  f rom t h e  shore t o  t h e  t r a p s  a t  a r i g h t  angle t o  t h e  sho re l i ne ,  as 

shown i n  F igu re  3. Each cod-end t r a p  had a s t a i n l e s s  s t e e l  frame mouth (1 .7  m 

deep, 1.8 m wide) a t tached t o  a kno t l ess  ny lon  n e t  bag (3.7 m long, tapered t o  

0.9 x 0.9 m on a s i d e  o f  1.27 cm s t r e t c h e d  mesh, w i t h  f i v e  i n t e r n a l  s t e e l  

frames and two t h r o a t s  (15 x 25 cm). Leads and wings were composed o f  2.5 cm 
kno t l ess  ny lon  mesh. Wings were 1.5 m 'deep and 15.2 m long.  Leads were 1.5 m 
deep and v a r i e d  i n  l e n g t h  depending on water  depth  and bottom topography. 

Lead l e n g t h  was 30 m a t  S t a t i o n  1 and 26 m a t  S t a t i o n  2. A t  S t a t i o n  3 t h e  

bottom p r o f i l e  had a sha l low slope; consequently,  t h e  l e n g t h  o f  l e a d  immersed 

i n  thD water  v a r i e d  f rom 61 t o  91 m, depending on f l u c t u a t i o n s  i n  water  l e v e l  

caused by r i v e r  r u n o f f ,  t i d a l  ac t i on ,  and storm surges. Nets were h e l d  i n  

p lace  by p ieces  o f  i r o n  r e i n f o r c i n g  r o d  pounded i n t o  t h e  bottom. 

2.2.1.2 Water Q u a l i t y  and Phys ica l  Measurements 

Each t i m e  t h e  n e t s  were sampled measurements were made a t  each s t a t i o n  o f  

water  temperature, s a l i n i t y ,  water  l e v e l ,  and wave h e i g h t .  Temperature and 

s a l i n i t y  o f  sur face water  near t h e  cod end o f  t h e  ne t  were measured w i t h  a 

Beckman Model RS5-3 p o r t a b l e  sa l  inometer.  S a l i n i t y  was recorded t o  t h e  



Table  1. D u r a t i o n  o f  f y k e  and hoop n e t  sampling by s t a t i o n ,  summer 1985. 

Study Area 
S t a t i o n  Date Date  
Number F i r s t  Set Last  Fished 

Outer D e l t a  

Lower R i v e r  



COD END 

I 

Figure 3 .  Schematic diagram o f  double fyke ne t  used i n  outer  d e l t a  study. 



neares t  0.1 p a r t s  p e r  thousand (pp t ) .  Accuracy o f  t h e  s a l i n i t y  measurements 

was checked p e r i o d i c a l l y  w i t h  s tandard s o l u t i o n s  prepared by ARCO's Prudhoe 

Bay Cent ra l  Laboratory.  A t  t h e  end o f  t h e  f i e l d  season t h e  ins t rument  was 

t e s t e d  again by Chemical and Geological  Labora to r i es  o f  Alaska, I nc .  

(ChemLab), and found t o  be accurate w i t h i n  0.2 p p t  throughout  t h e  range o f  

measured s a l i n i t y  (0-32 p p t )  . 

Temperature was recorded t o  t h e  neares t  0.1 '~.  Temperature measured by t h e  

ins t rument  was compared p e r i o d i c a l l y  t o  measurements made w i t h  a hand-held 

Tay lo r  thermometer t h a t  had p r e v i o u s l y  been checked aga ins t  a c e r t i f i e d  

thermometer. 

Water l e v e l  and wave h e i g h t  were es t imated by re fe rence  t o  a s t a f f  gage 

graduated i n  0.1 m increments a t tached t o  t h e  cod-end a r r a y  o f  each n e t .  

I n  a d d i t i o n  t o  t h e  d a i l y  measurements a t  each s t a t i o n ,  a weekly survey o f  

sur face and bottom temperatures and s a l i n i t i e s  i n  deeper p a r t s  o f  t h e  two main 

channels was conducted. The purpose o f  these surveys was t o  d e t e c t  i n t r u s i o n s  

o f  mar ine water,  which have been shown t o  a f f e c t  f i s h  d i s t r i b u t i o n  and 

abundance (Moulton e t  a1 . 1980, Tarbox and Moulton 1980, Dew 1982, WCC 1983, 

1984, Moulton and Fawcett 1984). I f  a l a y e r  o f  co ld,  h i g h  s a l i n i t y  water  was 

detec ted  beneath t h e  warmer r i v e r  water  o f f s h o r e  o f  S t a t i o n s  1 and 3, sampling 

proceeded upstream a t  approximate ly  1 km i n t e r v a l s  u n t i l  t h e  l a y e r  o f  marine 

water  disappeared. I f  no evidence o f  i n t r u d i n g  mar ine water  was found 

o f f s h o r e  t o  1 km seaward o f  S t a t i o n s  1 and 3, no f u r t h e r  sampling was done. 

2.2.1.3 D a i l y  F i s h  Sampling 

F i s h  i n  cod-end t r a p s  were emptied i n t o  f l o a t i n g  l i v e  pens f o r  processing. 

F i sh  o f  non - ta rge t  species were i d e n t i f i e d ,  counted, and re leased.  F i s h  o f  

t h e  f o u r  t a r g e t  species were measured ( f o r k  l e n g t h )  t o  t h e  neares t  m i l l i m e t e r .  

A l l  l a r g e  f i s h  (>250 - mm) o f  t h e  t a r g e t  species were measured each t ime  t h e  

ne ts  were sampled. A l l  t a r g e t  f i s h  between 120 and 249 mm i n  l e n g t h  were 

measured except on one occasion when a r c t i c  c isco ,  l e a s t  c isco ,  and broad 

w h i t e f i s h  were subsampled by measuring a t  l e a s t  100 i n d i v i d u a l s  and count ing  



t h e  r e s t .  The same method o f  subsampling was f r e q u e n t l y  a p p l i e d  i n  t h e  case 

o f  a r c t i c  c isco ,  l e a s t  c isco,  and broad w h i t e f i s h  l e s s  than  120 mm i n  l eng th .  

On a few occasions, l e a s t  c i s c o  l e s s  than 120 mm were measured and recorded i n  

5 mm s i z e  c lasses.  

2.2.1.4 F i s h  Marking 

Large i n d i v i d u a l s  (>250 - mm) o f  t h e  f o u r  t a r g e t  species were measured, tagged 

below t h e  do rsa l  f i n  w i t h  numbered F l o y  FD 68 anchor tags, and then re leased.  

Many o f  these f i s h  were anaesthet ized p r i o r  t o  measurement and tagg ing  i n  a 

ba th  o f  MS 222 ( t r i c a i n  methane su l fona te )  mixed w i t h  seawater i n  a d i s h  pan. 

I n d i v i d u a l s  t o o  l a r g e  f o r  t h e  dishpan were measured and tagged w i t h o u t  

anaesthesia. 

Target  f i s h  between 120 and 249 mm were anaesthet ized, measured, and i n j e c t e d  

beneath t h e  s k i n  w i t h  an aqueous suspension o f  A l c i a n  Blue dye, us ing  a den ta l  

i n o c u l a t o r  (Mizzy, Inc.,  C l i f t o n  Forge, V i r g i n i a ) .  Th i s  method produces a 

b r i g h t  b l u e  d o t  f rom 2-4 mm i n  d iameter  which p e r s i s t s  f o r  two years  o r  more. 

Many f i s h  marked by t h i s  method i n  t h e  Sagavanirktok R i v e r  d e l t a  i n  1982 

( G r i f f i t h s  e t  a l .  1983) were recaptured i n  1983 and 1984 (WCC 1983, Moulton, 

Fawcett and Carpenter 1985, Moulton e t  a l .  1985). A few cont inued t o  be 

captured i n  1985 (Envirosphere 1986). The do ts  were app l i ed  a t  d i f f e r e n t  

s i t e s  on t h e  r i g h t  o r  l e f t  s ides  o f  t h e  f i s h  t o  i n d i c a t e  t h e  s t a t i o n  a t  which 

they  were marked and released. Anaesthet ized f i s h  were a l lowed t o  recover  i n  

a f l o a t i n g  l i v e  pen be fo re  being re leased.  

2.2.2 Lower R i v e r  Study 

2.2.2.1 Net Deployment 

Fyke and hoop n e t  sampling was conducted a t  f i v e  s t a t i o n s  shown i n  F igu re  2. 

The sampling d u r a t i o n  a t  each s t a t i o n  i s  shown i n  Table 1. Hoop n e t s  were 

i n i t i a l l y  i n s t a l l e d  a t  S t a t i o n s  202, 203, 204, and 661. Each hoop n e t  

cons i s ted  o f  a s e r i e s  o f  f i v e  c i r c u l a r  s t e e l  frames, each 1.2 m i n  d iameter ,  

suppor t ing  a k n o t l e s s  ny lon  bag o f  1.27 cm s t r e t c h e d  mesh. 



At  each s t a t i o n  a  s i n g l e  hoop n e t  was i n s t a l l e d  near  t h e  shore w i t h  t h e  mouth 

f a c i n g  downstream. A  wing v a r y i n g  f rom 15 t o  23 m i n  l e n g t h  s t r e t c h e d  from 

t h e  hoop n e t  t o  t h e  shore. A  second 15 m wing was s e t  o f f sho re ,  angled 

downstream f rom t h e  hoop net ,  as shown i n  F igu re  4. Wings were 0.9 m deep and 

were composed o f  2.5 cm kno t l ess  ny lon  mesh. I n  an at tempt t o  increase f i s h  

catches, an a d d i t i o n a l  15 m wing, 2.4 m deep was added t o  t h e  o f f s h o r e  wing o f  

each n e t  on J u l y  16. 

On J u l y  29 S t a t i o n  205 was i n s t a l l e d ,  us ing  a  f y k e  n e t  i n s t e a d  o f  a  hoop ne t ,  

w i t h  an o f f s h o r e  wjng 61 m long.  It was found t h a t  f y k e  ne ts  were much eas ie r  

t o  s e r v i c e  than hoop n e t s  and. f i s h e d  more e f f e c t i v e l y  d u r i n g  pe r iods  o f  low 

water,  so a l l  t h e  hoop n e t s  were rep laced w i t h  f y k e  n e t s  d u r i n g  August 6  t o  8. 

A t  t h e  same t i m e  t h e  o f f s h o r e  wings were increased t o  t o t a l  l eng ths  o f  45 t o  

61 m, depending on depths and cu r ren ts .  For most species, t h i s  m o d i f i c a t i o n  

had l i t t l e  immediate e f f e c t  on ca tch  r a t e  because a r c t i c  c i sco ,  l e a s t  c isco ,  

l a r g e  broad w h i t e f i s h  and char  were v i r t u a l l y  absent f rom t h e  lower  r i v e r  

u n t i l  l a t e r  i n  August. The g r e a t e s t  immediate increase i n  c a t c h  was w i t h  

round w h i t e f i s h .  

The downstream o r i e n t a t i o n  o f  t h e  r i v e r  hoop n e t s  and f y k e  n e t s  was designed 

t o  d e f l e c t  c u r r e n t  t o  r e l i e v e  s t r e s s  on t h e  n e t s  d u r i n g  h i g h  water .  A l l  

s t a t i o n s  were i n  low v e l o c i t y  areas when water  l e v e l  was moderate t o  low. The 

s t a t i o n s  were se lec ted  based on s u b j e c t i v e  judgement t h a t  t h e  areas were where 

f i s h  movement would be expected w i t h i n  o r  between feed ing  areas o r  t o  upstream 

spawning o r  w i n t e r i n g  areas. Dur ing  normal mid-summer f l o w  t h e  v e l o c i t y  i n  

most o f  t h e  lower  r i v e r  was low and f i s h  probab ly  showed l i t t l e  response t o  

f l o w .  

2.2.2.2 Water Qua1 i t y  Measurements 

Sur face water  temperature, water  l e v e l ,  and wave h e i g h t  were recorded a t  each 

s t a t i o n  on each sampling day. Temperature was measured w i t h  a  hand-held 

T a y l o r  thermometer checked f o r  accuracy by comparison t o  a  c e r t i f i e d  

thermometer. Water l e v e l  and wave h e i g h t  were est imated f rom a  s t a f f  gage 

i d e n t i c a l  t o  those used a t  t h e  d e l t a  s t a t i o n s .  



RIVER FLOW 

Figure 4 .  Schematic diagram o f  hoop o r  fyke ne t  used i n  lower r i v e r  study. 



2 . 2 . 2 . 3  D a i l y  F i sh  Sampling and Marking 

F i sh  were handled and marked i n  t h e  same manner as descr ibed above (Sect ions 

2.2 .1 .3  and 2.2 .1 .4)  f o r  t h e  o u t e r  d e l t a  s t a t i o n s .  

2.3 LABORATORY METHODS 

Samples o f  t h e  f o u r  t a r g e t  species were r e t a i n e d  f rom the  n e t  catches 

throughout  t h e  open water  season f o r  aging, length-we igh t  ana lys i s ,  and 

e v a l u a t i o n  o f  m a t u r i t y .  F i s h  spanning t h e  observed s i z e  range o f  each species 

were c o l l e c t e d ,  w i t h  an a t tempt  made t o  o b t a i n  15 specimens o f  each species i n  

each 50 mm s i z e  c l a s s .  

2 .3 .1  D i s s e c t i o n  

Fresh f i s h  were kep t  coo l  o r  on i c e  u n t i l  d i s s e c t i o n  c o u l d  be performed 

( w i t h i n  24 hours) .  Whole f i s h  were weighed t o  t h e  neares t  gram on a  

t r i p l e - b e a m  balance and f o r k  l e n g t h  measured t o  t h e  neares t  m i l  1  imeter .  

Oto l  i t h s  were removed, cleaned, and p laced i n  a  l a b e l e d  v i a l .  The body c a v i t y  

was then  opened and t h e  gonads loca ted.  F i sh  were i d e n t i f i e d  as male o r  

female based on t h e  shape, s ize ,  c o l o r ,  and t e x t u r e  o f  t h e  gonads. Young and 

immature f i s h  were o f t e n  d i f f i c u l t  t o  separate i n t o  males and females due t o  

t h e  undeveloped s t a t e  o f  t h e  gonads. 

The N i k o l s k i  c l a s s i f i c a t i o n  o f  m a t u r i t y  (Lag le r  1978) was used, w i t h  some 

m o d i f i c a t i o n .  T h e c l a s s i f i c a t i o n  scheme used was as f o l l o w s :  

1 .  Immature - l i t t l e  gonad development, d i f f i c u l t  t o  d i s t i n g u i s h  males 

from females. 

2. Immature/Resting stage - males and females d i s t i n g u i s h a b l e ,  bu t  

gonads smal l .  Eggs v e r y  smal l ,  b u t  d i s t i n g u i s h a b l e  t o  t h e  naked 

eye, t e s t e s  t ransparen t  o r  pa le  p ink .  These f i s h  would n o t  have 

spawned i n  t h e  present  year .  



3. Ma tu ra t i on  - gonads developing f o r  spawning i n  t h e  present  year ,  

eggs l a r g e r  than stage 2 eggs, t e s t e s  p a l e  p i n k  and l a r g e r .  

4. M a t u r i t y  - gonads l a r g e  and r i p e ,  eggs f i l l  body c a v i t y ,  b u t  sexual 

p roducts  n o t  ext ruded when l i g h t  p ressure  app l i ed  t o  t h e  b e l l y .  

5. Reproduct ion - sexual p roducts  ext ruded when l i g h t  p ressure  app l i ed  

t o  t h e  b e l l y .  

6. Spent - sexual p roducts  discharged, gonads de f l a ted ,  r e s i d u a l  eggs 

and sperm may be present ,  g e n i t a l  ape r tu re  in f lamed.  - 

2.3.2 Aging 

Small o t o l i t h s  ( f rom young f i s h )  were c l e a r e d  by soaking i n  50 percent  

g l y c e r i n  f o r  several  days t o  two weeks. Cleared o t o l i t h s  were examined i n  50 

percent  g l y c e r i n  under a d i s s e c t i o n  microscope a t  15-25X m a g n i f i c a t i o n .  The 

da rk  c i r c u l  i d i s t i n g u i s h e d  by t h e  c l e a r i n g  process were counted, beg inn ing  

w i t h  t h e  sma l l es t  one surrounding a l i g h t - c o l o r e d  cen te r .  The number o f  

c i r c u l i  was recorded, w i t h  a "+" i f  new, l i g h t - c o l o r e d  growth o u t s i d e  o f  t he  

l a r g e s t  r i n g  was observed. Oto l  i t h s  were examined aga in  severa l  days l a t e r  o r  

by a second person and a second read ing  recorded. I f  t h e  two ages were n o t  

t h e  same t h e  o t o l i t h s  were examined a t h i r d  t i m e  o r  c i r c u l i  were counted by 

t h e  c ross -sec t i ona l  burn  technique (descr ibed below) t o  o b t a i n  t h e  bes t  

p o s s i b l e  age est imate.  O t o l i t h s  were s to red  d r y  a f t e r  t h e  f i n a l  reading.  - 
Large o t o l i t h s ,  f rom f i s h  o l d e r  than about s i x  years, g e n e r a l l y  cannot be aged 

by sur face readings as t h e  r i n g s  a re  crowded a t  t h e  o u t e r  edge. Most o f  t h e  

l a r g e  o t o l i t h s  were n o t  c lea red  i n  g l y c e r i n ,  b u t  aged by t h e  c ross -sec t i ona l  

burn technique ( C h i l t o n  and Beamish 1982). The o t o l i t h  was f i r s t  broken i n  

two across t h e  w ides t  p a r t .  The exposed c ross -sec t i ona l  su r face  was then 

g e n t l y  po l i shed  smooth on a whetstone. The p o l i s h e d  edge was h e l d  b r i e f l y  

over  a candle flame, j u s t  l o n g  enough t o  become l i g h t  brown, a f t e r  which i t  

was once again l i g h t l y  po l i shed.  The o t o l i t h  was coated w i t h  50 percent  

g l y c e r i n  and t h e  po l i shed  edge examined under t h e  microscope. The heavy, dark  



c i r c u l i  mark ing t h e  f i r s t  few years correspond t o  t h e  c i r c u l i  v i s i b l e  by 

sur face readings.  The r i n g s  become f i n e r  and more c l o s e l y  spaced a f t e r  5 t o  7 

years, b u t  u s u a l l y  were v i s i b l e  i n  cross sec t ion .  The age recorded was t h e  

number o f  heavy, da rk  c i r c u l i ,  p l u s  t h e  number o f  f i n e r  r i n g s  o u t s i d e  t h e  

heav ie r  ones. 

O t o l i t h s  o f  ages 1 t o  17 years  were examined by sur face and c ross -sec t i ona l  

methods t o  check t h e  cons is tency  between methods. Ages corresponded w e l l  

between methods f o r  ages up t o  10 t o  15 years, w i t h  some d i f f e r e n c e s  o f  1 t o  2 

years  noted. O t o l i t h s  f rom f i s h  o f  about 15 years  and o l d e r  show few o r  none 

o f  t h e  growth r i n g s  f rom t h e  sur face,  t h u s  c o u l d  n o t  be aged r e 1  i a b l y  except 

by a c ross -sec t i ona l  method. Westrheim (1973) had s i m i l a r  r e s u l t s  f o r  o t o l i t h  

readings w i t h  good cons is tency  up t o  f o u r  years  and decreasing cons is tency  

between readers  f o r  o l d e r  f i s h .  Because o f  t h e  l a c k  o f  cons is tency  i n  read ing  

o l d e r  o t o l i t h s ,  Boeh le r t  and Yok lav ich  (1984) suggest t h a t  c ross -sec t i on  ages 

a re  more accura te  than sur face readings.  Ages determined by c ross-sec t ions  

tend t o  be h i g h e r  than sur face readings, as was t h e  case i n  t h e  C o l v i l l e  R iver  

samples. 

2.4 DATA MANAGEMENT AND ANALYSIS 

2.4.1 Management 

A l l  da ta  were recorded onto  waterproof  paper i n  t h e  boats a t  t h e  t ime 

measurements were made. A t  t h e  end o f  each day da ta  sheets were reviewed f o r  

completeness, l e g i  b i l  i t y ,  and out -o f - range values.  The da ta  c o l l e c t e d  from 
t h e  o u t e r  d e l t a  were brought  t o  Nuiqsut  a t  t h e  end o f  t h e  week. 

Data were en tered i n t o  an E n t r i x  database management system i n  Nuiqsut  

u t i l  i z i n g  customized da ta  e n t r y  programs. A l l  da ta  were double-entered and 

v e r i f i e d .  Fo l l ow ing  da ta  en t r y ,  a number o f  programs were used t o  check f o r  

incomplete o r  unusual da ta  values. Ed i ted  copies o f  t h e  da ta  were arch ived on 
magnetic tape and f l o p p y  d i sks .  



2.4.2 Analyses 

2.4.2.1 F i s h  Catches 

Catch pe r  u n i t  e f f o r t  was c a l c u l a t e d  as t h e  number o f  f i s h  caught p e r  day (24 

hours).  A t  t h e  o u t e r  d e l t a  s t a t i o n s ,  where double t r a p  f yke  n e t s  were used, 

t h e  same s t a r t  and end t imes were used f o r  bo th  t r a p s .  

2.4.2.2 Growth 

I n  o r d e r  t o  determine growth r a t e s  o f  smal l  f i s h  d u r i n g  t h e  summer, s i z e  

frequency p l o t s  and o t o l i t h - b a s e d  age da ta  were used t o  f o l l o w  t h e  average 

l e n g t h  o f  d i f f e r e n t  age groups throughout  t h e  sampling season. I n  most cases 

t h e  separa t i on  o f  age groups by s i z e  mode was r e l a t i v e l y  c l e a r .  The s i z e  

ranges used f o r  c a l c u l a t i n g  a mean s i z e  by week f o r  each age group are l i s t e d  

i n  Appendix Table A-47. Annual growth, as mean l e n g t h  a t  age, was est imated 

f rom o t o l i t h  read ings  o f  f i s h  c o l l e c t e d  throughout  t h e  summer. 

2.4.2.3 Length-weight Re la t i onsh ips  

.Regressions o f  t h e  l o g  t ransformed f o r k  l e n g t h  and weight  va lues f o r  each 

species were used t o  determine t h e  values o f  t h e  cons tant  (a)  and t h e  exponent 
b (b) i n  t h e  equat ion  W = aL . The reg ress ion  was performed f o r  immature, male, 

and female f i s h  combined f o r  each species i n  o rde r  t o  make comparisons w i t h  

p rev ious  s tud ies .  I f  adequate sample s i zes  were a v a i l a b l e  t h e  reg ress ion  was 

a l s o  performed f o r  separate sexes and immature f i s h .  

The d i f f e r e n c e s  between reg ress ion  1 i n e s  f o r  male, female, and immature f i s h  

were eva lua ted by a n a l y s i s  o f  covariance. For n o n - s i g n i f i c a n t  d i f f e r e n c e s  the  

groups were combined f o r  f u r t h e r  comparisons. Regression 1 i nes  were 

c a l c u l a t e d  f o r  tagged a r c t i c  and l e a s t  c i s c o  captured i n  t h e  C o l v i l l e  D e l t a  

f i s h e r y  i n  1984 and 1985. Comparisons were made between tagged f i s h  t h a t  were 

recaptured one o r  two years  a f t e r  t agg ing  and those t h a t  had been tagged i n  

t h e  same year  as recaptured.  Comparisons between tagged and untagged f i s h  

were no t  p o s s i b l e  because tagged f i s h  recovered i n  t h e  f a l l  f i s h e r y  f reeze 

p r i o r  t o  measurements and t h e r e  i s  s i g n i f i c a n t  shr inkage ( p a i r e d  t - t e s t ,  

ps.01) o f  t h e  f i s h  between leng ths  measured l i v e  and l e n g t h s  measured f rozen.  



3.0 RESULTS 

3.1 OUTER DELTA STUDY 

The o u t e r  d e l t a  sampling e f f o r t  extended f rom J u l y  2 t o  September 11. A f i n a l  

a t tempt t o  s e t  t h e  n e t s  on September 15 was abandoned when h i g h  winds, rough 

seas, and i c e  i n  t h e  ne ts  prevented t h e  crew f rom processing t h e  f i s h  on 

September 16. Demob i l i za t i on  t o o k  p lace  on September 17 and 18, and freezeup 

occurred on September 23. Three f y k e  n e t s  ( l o c a t i o n s  shown i n  F igu re  2) were 

f i s h e d  f o r  a cumula t ive  e f f o r t  o f  115.8 days. The d u r a t i o n  o f  f i s h i n g  f o r  

each n e t  i s  shown i n  Table 2; a complete t a b l e  o f  e f f o r t  f o r  each day o f  t h e  

study i s  p rov ided i n  t h e  Appendix (Table A - I ) .  

3.1.1 Environmental Cond i t ions  

The 1985 open-water season f o r  t h e  C o l v i l l e  R i v e r  l a s t e d  f o r  115 days, from 

breakup on May 3 1  t o  f i n a l  f reezeup on September 23 (J. Helmericks, pers.  

comm.). The weather p a t t e r n  was dominated by n o r t h e a s t e r l y  winds, 

p a r t i c u l a r l y  i n  June and J u l y  ( f o r  example J u l y  16-24) (F igu re  5) .  Wind 

d i r e c t i o n  was more v a r i a b l e  i n  August and September, b u t  t h e  winds s t i l l  were 

main ly  f rom t h e  eas t  th rough mid-September. E a s t e r l y  and sou the r l y  winds 

g e n e r a l l y  r e s u l t  i n  lowered water  l e v e l  a long t h e  Beaufor t  Sea coas t  (WCC 

1983, 1984), b u t  t h i s  e f f e c t  was o f t e n  masked on t h e  C o l v i l l e  R i v e r  by t h e  

e f f e c t s  o f  r u n o f f  f rom snowmelt and r a i n f a l l  i n  t h e  Brooks Range. Wester ly 

and n o r t h e r l y  winds were assoc ia ted  w i t h  h ighe r  water  l e v e l  i n  t h e  d e l t a  and 

r i v e r  a t  l e a s t  as f a r  upstream as Nuiqsut  (F igures 6 and 10) .  

Wester ly  and n o r t h e r l y  winds a long t h e  Beaufor t  Sea coast  o f t e n  r e s u l t  i n  

shoreward movement o f  a subsurface l a y e r  o f  co ld ,  h igh  s a l i n i t y  marine water 

(WCC 1983, 1984). A deep l a y e r  o f  c o l d  mar ine water  was detec ted  on two 

occasions i n  1985 (Ju ly  26 and August 29) d u r i n g  mid-channel s a l i n i t y  surveys. 

However, t h e  o n l y  corresponding e f f e c t  observed a t  t h e  s h o r e l i n e  f yke  n e t  



Table 2. Total  catch and species composition from outer d e l t a  fyke nets, 
summer 1985. 

Species 
Percent o f  Percent o f  

Total  Total Catch Anadromous Catch 

ANADROMOUS 

Least c isco 
Broad wh i te f i sh  
A r c t i c  c isco 
Humpback wh i te f i sh  
Rainbow smelt 
Char 
Pink salmon 

MARINE 

Fourhorn scul p i n  
A r c t i c  f lounder 
Saffron cod 
A r c t i c  cod 

FRESHWATER 

Round wh i te f i sh  1,499 3.9 
A r c t i c  g ray l ing  326 0.9 
Longnose sucker 29 0.1 
Ninespine st ickleback 9 <0.1 
Burbot 5 <0.1 

TOTAL 38,236 





Figure 6 .  Water level a t  delta sampling s i t e s ,  adjusted to the mean water level 
(mean - 0). 
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s t a t i o n s  was an increase i n  s a l i n i t y  on August 29 and 30 a t  S t a t i o n s  1 and 3 

(F igu re  7 and 8 ) .  The h ighes t  s a l i n i t y  observed a t  any o f  t h e  f y k e  ne t  

s t a t i o n s  was 12.8 ppt,  which occurred on August 8 a t  S t a t i o n  1. Each o f  t he  

t h r e e  observed i n t r u s i o n s  o f  mar ine water  was assoc ia ted  w i t h  a b r i e f  pe r iod  

o f  w e s t e r l y  winds (F igu re  5). 

I n  general ,  t h e  s a l i n i t i e s  and temperatures recorded i n  1985 a t  t h e  o u t e r  

d e l t a  f y k e  n e t  s t a t i o n s  i n d i c a t e  t h a t  t h e r e  was s l i g h t  m i x i n g  o f  r i v e r  water 

and sea water  a t  most t imes, and a gradual d e c l i n e  i n  water  temperature from 

10 -12 '~  e a r l y  i n  t h e  summer t o  1 - 3 ' ~  near  freezeup. 

Beginning i n  e a r l y  September, a i r  temperatures dropped below f r e e z i n g  and 

remained there .  By September 11 ponds and smal l  r i v e r  channels were f rozen,  

and a combinat ion o f  h i g h  winds, s t rong  cu r ren ts ,  deep water, and spray i c i n g  

o f  boats  and f y k e  n e t s  c rea ted d i f f i c u l t  f i s h i n g  cond i t i ons .  By September 15, 

shal low areas a long t h e  banks o f  t h e  r i v e r  were f rozen,  and f r a z i l  ( s l ush )  i c e  

and pans o f  s o l i d  i c e  were f l o a t i n g  downr iver .  On t h e  morning o f  September 18 

t h e  su r face  o f  t h e  East Channel was f rozen  complete ly  across t h e  r i v e r  i n  some 

places, b u t  broke up again l a t e r  i n  t h e  day. F i n a l  f reezeup occurred d u r i n g  

t h e  n i g h t  o f  September 23. 

3.1.2 F i s h  D i s t r i b u t i o n ,  Abundance, and Movements 

A t o t a l  o f  38,236 f i s h  were caught, rep resen t i ng  16 species. 'The t o t a l  ca tch  

and percent  c o n t r i b u t i o n  o f  each species i s  shown i n  Table 2. The f o u r  key 

anadromous species ( a r c t i c  c isco ,  l e a s t  c i sco ,  broad w h i t e f i s h ,  and humpback 

w h i t e f i s h )  comprised 81 percent  o f  t h e  catch.  Tables o f  d a i l y  ca tch  and ca tch  

per  u n i t  e f f o r t  (CPUE) f o r  a l l  s izes, and ca tch  f o r  smal l  (< I20  mm), medium 

(120-249 mm), and l a r g e  (>250 - mm) f i s h  o f  t h e  f o u r  key species are prov ided i n  

t h e  Appendix (Tables A-6 through A-33). The use o f  250 mm as t h e  l e n g t h  f o r  

d i v i d i n g  f i s h  i n t o  two s i z e  ca tego r ies  was cont inued f o r  comparison w i t h  

p rev ious  s tud ies .  I n  t h e  1984 L isburne and Water f lood F i sh  Stud ies  (Moulton, 

Fawcett and Carpenter 1985, Moulton e t  a l .  1985) i t  was found t h a t  anadromous 

f i s h  i n  those two s i z e  groups e x h i b i t e d  d i s t i n c t  d i f f e r e n c e s  i n  h a b i t a t  

preference,  movements, and o t h e r  aspects o f  behavior .  The occurrence o f  l a r g e  
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Figure 7 .  Surface water s a l i n i t y  measured a t  d e l t a  sampling s i t e s ,  summer 1985. 
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Figure 8. Surface water temperature measured a t  d e l t a  sampling s i t e s ,  summer 
1985. 



numbers o f  smal l  ( t120 mm) f i s h  o f  t h e  f o u r  key species i n  t h i s  study 

suggested t h a t  a f u r t h e r  d i v i s i o n  o f  f i s h  i n t o  those l e s s  than 120 mm and 

those f rom 120 t o  249 mm would be u s e f u l  i n  enhancing our  understanding o f  

f i s h  d i s t r i b u t i o n ,  abundance, and behavior .  

To ta l  d a i l y  ca tch  and CPUE f o r  non-key species are  prov ided i n  Appendix Tables 

A-34 through A-43. 

O f  t h e  f o u r  key anadromous species, l e a s t  c i s c o  were by f a r  t h e  most abundant 

throughout  t h e  summer, f o l l owed  by broad w h i t e f i s h ,  a r c t i c  c isco ,  and humpback 

w h i t e f i s h  (Table 2). A r c t i c  c i s c o  were n o t  abundant u n t i l  t h e  l a s t  t h ree  

weeks o f  t h e  study, whereas t h e  o t h e r  t h r e e  species were caught c o n s i s t e n t l y  

throughout  t h e  sampling per iod .  

3.1.2.1 A r c t i c  Cisco 

A r c t i c  c i s c o  was t h e  th i rd -mos t  abundant anadromous species captured i n  ou te r  

d e l t a  f y k e  n e t s  (Table 2) .  The t o t a l  number caught was 4,172, o f  which 92 

percent  (3,856) were captured d u r i n g  t h e  l a s t  t h r e e  weeks o f  sampling 

(Appendix F igu re  B-1). Some f i s h  were i n  t h e  area when sampling was begun i n  

e a r l y  J u l y ,  bu t  few were captured f rom then  u n t i l  t h e  l a t t e r  h a l f  o f  August. 

P r e f e r e n t i a l  use o f  t h e  East channel o f  t h e  C o l v i l l e  R ive r  i s  i n d i c a t e d  by t h e  

much g r e a t e r  catches a t  S t a t i o n  1 than a t  S t a t i o n  3 i n  t h e  Kupigruak Channel 

(Appendix F igu re  8-1).  P r e f e r e n t i a l  use o f  t h e  East channel by a r c t i c  c i s c o  

has a l s o  been r e p o r t e d  by J. Helmericks (pers. comm., 1985), based on many 

years  o f  g i l l  n e t t i n g  i n  t h e  f a l l .  

Approximately t h r e e - f o u r t h s  o f  a l l  a r c t i c  c i s c o  captured a t  o u t e r  d e l t a  

s t a t i o n s  were c l a s s i f i e d  as smal l  (Appendix Table A-8). The subpopulat ion o f  

smal l  a r c t i c  c i s c o  was apparent ly  composed p r i m a r i l y  o f  age-0 f i s h ,  i .e., t h e  

1985 yea r  c l a s s  (see Sect ion  3.3.1). T h i s  group o f  smal l  f i s h  appeared i n  t he  

study area on August 26 and 27 (Appendix F igure  8-2).  'The number o f  small 

f i s h  increased d u r i n g  t h e  f o l l o w i n g  week (September 2 through 6) a t  S t a t i o n  1 

and appeared t o  be i nc reas ing  f u r t h e r  d u r i n g  t h e  l a s t  week o f  sampling. A 



l a r g e  ca tch  o f  smal l  a r c t i c  c i s c o  occur red  a t  S t a t i o n  1 on September 11, t he  

l a s t  day o f  sampling, b u t  i s  n o t  shown on Appendix F igu re  B-2. Bad weather on 

t h a t  day f o r c e d  t h e  crew t o  s top  measuring f i s h  o f  a l l  s izes ,  so t h e  ac tua l  

numbers o f  smal l ,  medium, and l a r g e  f i s h  on t h a t  day a re  unknown. However, i t  

was es t imated t h a t  90 percent  o f  t h e  708 unmeasured a r c t i c  c i s c o  (Appendix 

Table A-8) were smal l ,  which would make t h e  CPUE over  750/24 h r .  

Some l a r g e  and medium-sized a r c t i c  c i s c o  were present  i n  t h e  study area when 

sampling was begun i n  e a r l y  J u l y  (Appendix F igures  6-3 and 8-4) .  Catches 

d e c l i n e d  t o  low l e v e l s  through t h e  remainder o f  J u l y  and e a r l y  August, as t h e  

f i s h  presumably moved o u t  i n t o  nearshore areas o f  t h e  Beaufor t  Sea t o  feed. 

A r c t i c  c i s c o  began moving back i n t o  t h e  d e l t a  i n  t h e  second week o f  August and 

were c o n s i s t e n t l y  abundant f rom then u n t i l  t h e  end o f  sampling i n  September. 

Concent ra t ion  i n  d e l t a  areas f o r  o v e r w i n t e r i n g  as f reezeup approaches i s  

t y p i c a l  behav ior  f o r  a r c t i c  c i s c o  i n  t h e  western Beaufor t  r e g i o n  ( G r i f f i t h s  e t  

a1 . 1983, WCC 1983, Moulton, Fawcett and Carpenter 1985). 

There were no c o n s i s t e n t  p a t t e r n s  o f  movement w i t h i n  t h e  d e l t a  area revea led  

by t h e  d i r e c t i o n a l  f y k e  n e t  catches (Appendix F igu re  B-1, Appendix Tables A-10 

through 12) .  S h i f t s  i n  abundance from one s i d e  o f  a n e t  t o  t h e  o t h e r  were n o t  

c o n s i s t e n t l y  r e l a t e d  t o  any o f  t h e  phys i ca l  parameters measured. S i m i l a r l y ,  

t h e  mark- tag recap tu re  study d i d  n o t  p rov ide  s u f f i c i e n t  i n f o r m a t i o n  on 

movements t o  i d e n t i f y  movement pa t te rns .  R e l a t i v e l y  few a r c t i c  c i s c o  were 

dye-dot ted (534) o r  tagged (158) and most o f  t h e  marking was done near t h e  end 

o f  t h e  sampling season. Four dye-dot ted  a r c t i c  c i s c o  were recaptured d u r i n g  

t h e  open-water season, and o f  those four ,  o n l y  one was recaptured a t  a 

d i f f e r e n t  s t a t i o n  than  where i t was re leased.  None o f  t h e  tagged f i s h  were 

recaptured d u r i n g  t h e  open-water season. F i ve  o f  t h e  tagged a r c t i c  c i s c o  were 

recaptured d u r i n g  t h e  f a l l  f i s h e r y .  Four were recaptured i n  t h e  lower  d e l t a  

near t h e  p o i n t  o f  re lease  ( S t a t i o n  3 and S t a t i o n  1)  and t h e  o t h e r  moved from 

S t a t i o n  3 i n t o  t h e  N i g l i q  (Nechel ik)  Channel (Appendix Table A-46) .  

One a r c t i c  c i s c o  freeze-branded by  t h e  E n d i c o t t  P r o j e c t  was recaptured a t  

S t a t i o n  1. Release i n f o r m a t i o n  was n o t  prov ided.  Four a r c t i c  c i s c o  tagged by 

t h e  E n d i c o t t  P r o j e c t  i n  1985 were recaptured a t  d e l t a  s t a t i o n s .  Two o f  t h e  



tagged a r c t i c  c i s c o  were tagged and re leased a t  West Beach i n  Prudhoe Bay (13 

and 39 days e a r l i e r ) ,  t h e  t h i r d  was tagged and re leased a t  t h e  Kuparuk D e l t a  

and t h e  f o u r t h  a t  01 i k t o k  P o i n t  (Appendix Table A-46). 

3.1.2.2 Least Cisco 

More l e a s t  c i s c o  were captured than any o t h e r  species i n  o u t e r  d e l t a  f yke  n e t s  

i n  1985 (Table 2). There were 19,256 i n d i v i d u a l s  caught, account ing f o r  f i f t y  

percent  o f  t h e  t o t a l  ca tch  and s i x t y  percent  o f  t h e  ca tch  o f  anadromous f i s h .  

The h ighes t  ca tch  r a t e s  occurred a t  S t a t i o n  1, f o l l o w e d  by S t a t i o n  3 (Appendix 

F igu re  8-5). 

About 73 percent  o f  a l l  t h e  l e a s t  c i s c o  caught were l e s s  than 120 mm i n  l e n g t h  

(Appendix Table A-15). Catches o f  smal l  l e a s t  c i s c o  were i n i t i a l l y  h igh,  

dec l i ned  i n  mid-summer, and rose  again l a t e  i n  t h e  summer (Appendix F igure  

B-6). Downstream movement i n  mid-Ju ly  i s  suggested by t h e  t i m i n g  o f  h igh  

catches a t  S t a t i o n  2 vs. S t a t i o n s  1 and 3. I n  t h e  second week o f  J u l y  h igh  

catches o f  small l e a s t  c i s c o  occurred a t  S t a t i o n  2, w h i l e  moderate numbers 

were caught a t  S t a t i o n  1 ( S t a t i o n  3 was no t  i n  s e r v i c e  y e t ) .  I n  t h e  f o l l o w i n g  

week h igh  catches occurred a t  S t a t i o n s  1 and 3, and moderate catches a t  

S t a t i o n  2 f u r t h e r  upstream. Dur ing  t h e  same two week p e r i o d  catches dec l i ned  

t o  low l e v e l s  a t  t h e  s t a t i o n s  f u r t h e r  upstream near Nu iqsut  (see Sect ion 

3.2.2.2 below). 

The ca tch  p a t t e r n  suggests t h a t  smal l  l e a s t  c i s c o  moved down t h e  r i v e r  i n  J u l y  

t o  o u t e r  d e l t a  and coas ta l  areas t o  feed. A r e t u r n  m i g r a t i o n  i n  l a t e  summer 

i s  i n d i c a t e d  by  increased catches a t  d e l t a  and r i v e r  s t a t i o n s  i n  l a t e  August 

and e a r l y  September (Appendix F igu re  B-7 and Sect ion  3.2.2.2). 

Medium-sized (120-249 mm) l e a s t  c i s c o  comprised about 22 percent  o f  t h e  t o t a l  

ca tch  o f  l e a s t  c i s c o  a t  d e l t a  s t a t i o n s  i n  1985 (Appendix Table A-15). The 

p a t t e r n  o f  abundance f o r  medium l e a s t  c i s c o  (Appendix F igu re  8-7) i s  s i m i l a r  

t o  t h a t  f o r  smal l  f i s h  (Appendix F igu re  8-6).  I n i t i a l l y  h i g h  catches i n  e a r l y  

t o  m id -Ju l y  dec l i ned  t o  very low catches i n  l a t e  J u l y  t o  mid-August as t h e  

f i s h  moved ou t  i n t o  summer feeding grounds i n  coas ta l  waters. The f i s h  began 



r e t u r n i n g  t o  t h e  d e l t a  i n  mid-August. The h ighes t  catches o f  t h e  season 

occurred i n  t h e  l a s t  week of August and f i r s t  week o f  September. Catch r a t e s  

were s i m i l a r  a t  S t a t i o n s  1 and 3 throughout  t h e  sampling per iod ;  fewer f i s h  

were caught a t  S t a t i o n  2. 

Large (1250 mm) l e a s t  c i s c o  were scarce i n  t h e  study area u n t i l  mid-August 

(Appendix F igu re  8-8).  Catches increased dramat ica l  1 y a t  S t a t i o n  3 d u r i n g  t h e  

spawning r u n  i n  l a t e  August. Samples taken f o r  l i f e  h i s t o r y  a n a l y s i s  d u r i n g  

t h i s  t ime  showed t h a t  many o f  t h e  l a r g e  l e a s t  c i s c o  were i n  spawning c o n d i t i o n  

(Appendix Table A-49). Large f i s h  comprised about f o u r  percent  o f  t h e  t o t a l  

ca tch  o f  l e a s t  c i s c o  a t  d e l t a  s t a t i o n s .  

As was t h e  case w i t h  a r c t i c  c isco ,  l i t t l e  i n s i g h t  on movements o f  l e a s t  c i s c o  

was gained f rom t h e  d i r e c t i o n a l  f y k e  n e t  catches.  Changes i n  r e l a t i v e  

abundance f rom one s i d e  o f  a n e t  t o  t h e  o t h e r  were n o t  c o r r e l a t e d  w i t h  any o f  

t h e  phys i ca l  parameters measured. 

There were 3,765 medium l e a s t  c i s c o  dye-dot ted a t  d e l t a  s t a t i o n s  d u r i n g  t h e  

1985 open-water season. Twenty-two (0.6 percent )  o f  those f i s h  were 

recaptured,  b u t  o n l y  e i g h t  were recaptured a t  a d i f f e r e n t  s t a t i o n  than where 

they  were released. F i v e  f i s h  had moved f rom one d e l t a  s t a t i o n  t o  another,  

and t h r e e  were recaptured a t  r i v e r  s t a t i o n s  near  Nuiqsut .  Two a d d i t i o n a l  

l e a s t  c i s c o  w i t h  dye-dots were recaptured i n  t h e  E n d i c o t t  s tudy area, one a t  

O l i k t o k  P o i n t  and t h e  second on t h e  west s i d e  o f  t he  West Dock causeway. 

There were a l s o  t o o  few tagged f i s h  recaptured t o  p r o v i d e  d e t a i l  on sho r t - t e rm 

movements i n  t h e  r i v e r  and d e l t a .  A t o t a l  o f  646 l e a s t  c i s c o  were tagged a t  

d e l t a  s t a t i o n s .  Two were recaptured one day a f t e r  t agg ing  and a t  t h e  same 

s t a t i o n  as re leased (such f i s h  a re  n o t  considered recaptures  f o r  purposes o f  

ana lys i s ) .  Twenty-one tagged l e a s t  c i s c o  were recaptured d u r i n g  t h e  f a l l  

under - ice  f i s h e r y  (Appendix Table A-46). Seven moved f rom t h e  main channel 

s t a t i o n s  202, 204, and 205 t o  t h e  d e l t a  near S t a t i o n  3 o r  S t a t i o n  1. The 

o the r  f ou r teen  were re leased f rom S t a t i o n s  1, 2, and 3 and were recaptured i n  

t h e  o u t e r  d e l t a .  Eleven l e a s t  c i s c o  tagged i n  t h e  concur ren t  1985 E n d i c o t t  

Study were ' recaptured a t  C o l v i l l e  D e l t a  s t a t i o n s  (Appendix Table A-46). One 



l e a s t  c i s c o  freeze-branded by t h e  E n d i c o t t  P r o j e c t  i n  1985 was recaptured a t  

S t a t i o n  3 (Appendix Table A-46). Release i n f o r m a t i o n  was n o t  prov ided.  

Twenty-four l e a s t  c i s c o  tagged near  Prudhoe Bay i n  t h e  1984 Water f lood 

M o n i t o r i n g  Program F i s h  Study and one from 1982 were recaptured a t  d e l t a  and 

r i v e r  s t a t i o n s  i n  1985 (Appendix Table A-46). 

3.1.2.3 Broad W h i t e f i s h  

Broad w h i t e f i s h  was t h e  second-most abundant anadromous species captured i n  

o u t e r  d e l t a  f y k e  n e t s  i n  1985 (Table 2 ) .  The 4,734 i n d i v i d u a l s  caught 
\ 

represented twe lve  percent  o f  t h e  t o t a l  ca tch  and f i f t e e n  percent  o f  t h e  c a t c h -  

o f  anadromous f i s h .  ~ p p e n d i x  F igu re  6-9 shows how t h e  ca tch  o f  broad 

w h i t e f i s h  was d i s t r i b u t e d  over  t h e  sampling p e r i o d  a t  each o f  t h e  t h r e e  d e l t a  

s t a t i o n s .  Catch r a t e s  a t  each s t a t i o n  were r e l a t i v e l y  c o n s i s t e n t  throughout  

t h e  sampling per iod ,  i n d i c a t i n g  t h a t  broad w h i t e f i s h  tended t o  remain w i t h i n  

the  d e l t a  area throughout  t h e  open-water pe r iod .  Th i s  cons is tency  was t r u e  

f o r  smal l ,  medium, and l a r g e  f i s h  (Appendix F igures  8-10 t o  8-12).  I t  was 

noted i n  p rev ious  s t u d i e s  i n  t h e  western Beaufor t  Sea t h a t  broad w h i t e f i s h  

tend t o  remain w i t h i n  t h e  i n f l u e n c e  o f  t h e i r  r i v e r  o f  o r i g i n  (WCC 1983, 

Moulton, Fawcett and Carpenter 1985, Moulton e t  a l .  1985). 

Small broad w h i t e f i s h  comprised about 51 percent  o f  t h e  ca tch  o f  broad 

w h i t e f i s h ,  medium-sized f i s h  41 percent,  and l a r g e  f i s h  6 percent  (Appendix 

Tab1 e  A-22). 

There were 1,759 broad w h i t e f i s h  marked w i t h  dye d o t s  a t  d e l t a  s t a t i o n s .  

F i f t e e n  were recaptured a t  a  d i f f e r e n t  s t a t i o n  than  where re leased.  Seven 

f i s h  had moved f rom S t a t i o n  2 t o  S t a t i o n  1. Two f i s h  moved f rom S t a t i o n  3 t o  

1, and two f rom S t a t i o n  3 t o  2. The o t h e r  moves by s i n g l e  f i s h  were from 

S t a t i o n  1 t o  3, 1 t o  2, 2 t o  3, and 2 t o  205. These r e s u l t s  suggest f r e e  

movement o f  broad w h i t e f i s h  between t h e  two main r i v e r  channels. 

A  t o t a l  o f  238 broad w h i t e f i s h  were tagged a t  d e l t a  s t a t i o n s .  Two were 

recaptured d u r i n g  t h e  open-water season, one a t  t h e  same s t a t i o n  e i g h t  days 

l a t e r ,  and t h e  second one moved f rom S t a t i o n  1 t o  S t a t i o n  2 i n  22 days 



(Appendix Table A-46). One f i s h  re leased a t  S t a t i o n  3 was recaptured near 

S t a t i o n  3 d u r i n g  f a l l  subsis tence f i s h i n g .  E i g h t  broad w h i t e f i s h  tagged i n  

t h e  E n d i c o t t  s tudy  area i n  1985 were recaptured a t  d e l t a  s t a t i o n s  d u r i n g  the  

summer. Four o f  t h e  tagged broad w h i t e f i s h  were re leased a t  t h e  Kuparuk 

Del ta,  w h i l e  another  was re leased a t  O l i k t o k  P o i n t  (Appendix Table A-46). One 

broad w h i t e f i s h  tagged and re leased i n  Foggy I s l a n d  Bay on J u l y  29 was 

recaptured 16 days l a t e r  by a l o c a l  f isherman i n  t h e  N i g l i q  Channel, having 

t r a v e l e d  a d i s t a n c e  o f  about 140 km (87 mi) .  Another f i s h  moved f rom t h e  west 

s i d e  o f  West Dock on J u l y  29 t o  t h e  N i g l i q  Channel (100 km) i n  10 days. Two 

broad w h i t e f i s h  freeze-branded by t h e  E n d i c o t t  P r o j e c t  were captured a t  d e l t a  

s t a t i o n s .  Release i n f o r m a t i o n  was n o t  prov ided.  

3.1.2.4 Humpback W h i t e f i s h  

There were 2,801 humpback w h i t e f i s h  caught i n  o u t e r  d e l t a  f y k e  ne ts ,  

rep resen t i ng  seven percent  o f  t h e  t o t a l  ca tch  and n i n e  percent  o f  t h e  ca tch  o f  

anadromous f i s h  (Table 2) .  D a i l y  CPUE f o r  a l l  humpback w h i t e f i s h  a t  each 

d e l t a  s t a t i o n  i s  shown i n  Appendix F igu re  6-13. CPUE f o r  smal l ,  medium and 

l a r g e  f i s h  i s  shown i n  Appendix F igures  8-14 t o  6-16. Some humpback w h i t e f i s h  

were present  i n  t h e  d e l t a  area throughout  t h e  open-water season, bu t  ca tch  

r a t e s  f o r  a l l  t h r e e  s i z e  groups tended t o  increase a f t e r  t h e  f i r s t  week o f  

August, then d e c l i n e  near t h e  end o f  August. 

S i x t y - f o u r  percent  o f  t h e  humpback w h i t e f i s h  were smal l ,  31  percent  medium, 

and 4 percent  l a r g e  (Appendix Table A-29). - 
A t o t a l  o f  751 humpback w h i t e f i s h  were dye-dot ted  a t  o u t e r  d e l t a  s t a t i o n s .  

Three o f  these were recaptured a t  a d i f f e r e n t  s t a t i o n  than  where re leased.  

Two moved f rom S t a t i o n  2 t o  S t a t i o n  1, and one f rom S t a t i o n  1 moved u p r i v e r  t o  

S t a t i o n  205. 

There were 99 humpback w h i t e f i s h  tagged a t  d e l t a  s t a t i o n s .  One was recaptured 

i n  t h e  lower  d e l t a  d u r i n g  t h e  f a l l  under - ice  f i s h e r y .  One humpback w h i t e f i s h  

tagged i n  J u l y  1984 i n  Gwydyr Bay was recaptured a t  S t a t i o n  1 d u r i n g  t h e  

summer (Appendix Table A-46). 



3.1.2.5 Char 

There were 251 char captured a t  o u t e r  d e l t a  f y k e  nets, rep resen t i ng  about one 

percent  o f  t h e  t o t a l  ca tch  o f  f i s h  and one percent  o f  t h e  anadromous f i s h  

ca tch  (Table 2 ) .  Char were caught i n  low bu t  c o n s i s t e n t  numbers a t  S t a t i o n s  2 
and 3 i n  J u l y  and e a r l y  t o  mid-August (Appendix F igu re  8-17) .  Few were caught 

a t  S t a t i o n  1 u n t i l  mid-August. Catch r a t e s  increased a t  a l l  t h r e e  s t a t i o n s  i n  

t h e  t h i r d  week o f  August, t hen  dec l i ned  t o  near  zero  by t h e  end o f  t h e  f i r s t  

week o f  September. The increased catches i n  l a t e  August i n d i c a t e  t h a t  char 

were l e a v i n g  t h e i r  summer feed ing  grounds i n  t h e  Beaufor t  Sea a t  t h i s  t ime and 

moving up t h e  r i v e r  t o  spawning and ove rw in te r i ng  grounds i n  sp r i ng - fed  

t r i b u t a r i e s  (see rev iew i n  Moulton and Carpenter 1986).  Increased catches o f  

char  a t  t h e  lower  r i v e r  s t a t i o n s  (Sect ion  3 .2 .2 .5 )  occurred about a week l a t e r  

than a t  t h e  d e l t a  s t a t i o n s ,  which a l s o  suggests upstream movement. 

One char  tagged i n  t h e  1985 End ico t t  study was recaptured on September 10 a t  

S t a t i o n  2.  It had been re leased a t  t h e  Kuparuk D e l t a  t h r e e  days e a r l i e r  

(Appendix Table A-46). 

3.1 .2 .6  A r c t i c  Gray l i ng  

There were 326 a r c t i c  g r a y l i n g  captured i n  o u t e r  d e l t a  f y k e  ne ts ,  represent ing  

about one percent  o f  t h e  t o t a l  ca tch  (Table 2) .  Moderate numbers o f  g r a y l i n g  

were caught a t  S t a t i o n s  1 and 2 i n  J u l y  and e a r l y  August, w h i l e  few were 

caught i n  t h e  Kupigruak Channel a t  S t a t i o n  3 (Appendix F igu re  8-18) .  Catches 

dec l i ned  t o  40w l e v e l s  a f t e r  mid-August, i n d i c a t i n g  t h a t  most gray1 i n g  had 

l e f t  t h e  d e l t a  area and moved upstream. Th is  i s  supported by cont inued 

catches o f  moderate numbers o f  g r a y l i n g  a t  r i v e r  s t a t i o n s  u n t i l  e a r l y  

September (Sect ion 3 .2 .2 .6 ) .  

3 .1 .2 .7  Round Wh i te f i sh  

There were 1,499 round w h i t e f i s h  captured a t  o u t e r  d e l t a  s t a t i o n s ,  

rep resen t i ng  f o u r  percent  o f  t h e  t o t a l  ca tch  (Table 2 ) .  D a i l y  CPUE a t  each 



station is shown in Appendix Figure B-19. Catch rates were highest in July 

and early August, declining from mid-August to the end of the sampling period. 

3.1.2.8 Rainbow Smelt 

Rainbow smelt was the fifth-most abundant anadromous species captured in the 

outer delta fyke nets, with 783 individuals representing about two percent of 
the total catch and two percent of the catch of anadromous species (Table 2). 

Daily CPUE at each station is shown in Appendix Figure B-20. 

3 .1 .2 .9  Fourhorn Sculpin 

There were 4,078 fourhorn sculpin captured at outer delta stations, 
representing about eleven percent of the total catch (Table 2 ) .  Daily CPUE at 

each station is shown in Appendix Figure B-21. Fifty-seven percent of the 
fourhorn sculpin were caught at Station 1 (Appendix Table A-42). Appendix 

Figure 8-22 shows that fourhorn sculpin were caught consistently throughout 
the sampling period. 

3.2 LOWER RIVER STUDY 

The lower river sampling effort extended from July 8 to September 6 .  Five 

nets were fished at the locations shown in Figure 2. The combined fishing 
effort for the five stations was 180.4 days. Table 1 shows the sampling 
schedule for each net. The sampling effort for each day of the study for each 
station is provided in the Appendix (Table A - I ) .  

3 .2.1 Environmental Conditions 

Wind and weather patterns for the lower river study area were generally the 

same as described above (Section 3.1.1) for the outer delta area. Air and 
water temperatures (Figure 9) were higher in the lower river area than in the 
outer delta area, and fog occurred less frequently. Variations in water level 
were more extreme at the lower river stations than in the outer delta (Figure 
10). On September 7 the water suddenly rose so high that the nets and staff 



Figure 9. Surface water temperature measured at lower river sampling sites, 
summer 1985. 
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- F i g u r e  10. Water l e v e l  a t  lower  r i v e r  sampling s i t e s ,  ad justed  t o  t h e  mean water  
l e v e l  (mean - 0 ) .  
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gages were comple te ly  submerged o r  washed away. The water  l e v e l  remained h igh  

u n t i l  freezeup, apparent ly  due t o  r a i n f a l l  i n  t h e  Brooks Range. 

3.2.2 F i s h  D i s t r i b u t i o n ,  Abundance, and Movements 

A  t o t a l  o f  11,205 f i s h  were caught, rep resen t i ng  16 species. The t o t a l  catch 

and percent  c o n t r i b u t i o n  o f  each species i s  shown i n  'Table 3. The f o u r  key 

anadromous species ( a r c t i c  c isco,  l e a s t  c isco,  broad w h i t e f i s h ,  and humpback 

w h i t e f i s h )  comprised 61 percent  o f  t h e  catch. Tables o f  d a i l y  ca tch  and CPUE 

f o r  t h e  f o u r  key species p l u s  char,  g r a y l i n g ,  round w h i t e f i s h ,  fourhorn  

s c u l p i n  and longnose sucker a re  prov ided i n  t h e  Appendix (Tables A-6 t o  A-43). 

O f  t h e  f o u r  key anadromous species, catches o f  l e a s t  c i s c o  were h ighes t ,  

f o l l owed  by humpback w h i t e f i s h ,  broad w h i t e f i s h ,  and a r c t i c  c i s c o  (Table 3 ) .  

I n  general ,  catches o f  t h e  key anadromous species were lower  a t  lower  r i v e r  

s t a t i o n s  than a t  t h e  o u t e r  d e l t a  s t a t i o n s  (Table 2) .  

3.2.2.1 A r c t i c  C isco  

A r c t i c  c i s c o  was t h e  f i f t h - m o s t  abundant anadromous species captured i n  t he  

lower  r i v e r  n e t s  (Table 2). Only 52 i n d i v i d u a l s  were caught. D a i l y  CPUE f o r  

smal l ,  medium, and l a r g e  f i s h  i s  p l o t t e d  i n  Appendix F igures  8-22 t o  8-27. 

More than two t h i r d s  o f  t h e  a r c t i c  c i s c o  caught were medium-sized f i s h  

(Appendix Table A-9).  Only t h r e e  a r c t i c  c i s c o  were captured a t  lower  r i v e r  

s t a t i o n s  p r i o r  t o  August 20 (Appendix Table A-6).  The n e t  a t  S t a t i o n  205 

caught t h e  most a r c t i c  c i s c o  (17), f o l l owed  by S t a t i o n s  661 and 202. 

Th i r t y -one  a r c t i c  c i s c o  were dye-dot ted and s i x  tagged a t  lower  r i v e r  

s t a t i o n s .  None were recaptured.  One freeze-branded a r c t i c  c i s c o  from t h e  

E n d i c o t t  P r o j e c t  was recaptured a t  S t a t i o n  205. Release i n f o r m a t i o n  was n o t  

provided. 



Table 3. T o t a l  ca tch  and species composi t ion f rom lower  r i v e r  f y k e  and 
hoop nets,  summer 1985. 

Species 
Percent o f  Percent  o f  

T o t a l  T o t a l  Catch Anadromous Catch 

ANADROMOUS 

Least c i s c o  
Humpback w h i t e f i s h  
Broad w h i t e f i s h  
Char 
A r c t i c  c i s c o  
Rainbow smel t  
P ink  salmon 

MARINE 

Fourhorn s c u l p i n  
S a f f r o n  cod 

FRESHWATER 

Round w h i t e f i s h  
Longnose sucker 
A r c t i c  gray1 i n g  
Burbot  
Ninespine s t i c k l e b a c k  
Sl imy s c u l p i n  
A r c t i c  1 amprey 

TOTAL 



3.2.2.2 Least Cisco 

There were 3,076 least cisco captured at the five lower river stations in 

1985, representing 27 percent of the total catch and 44 percent of the catch 

of anadromous species (Table 3). Sixty-one percent of the least cisco were 

caught at Station 205 (Appendix Table A-13). 

Small least cisco comprised 54 percent of the catch of least cisco at river 

stations (Appendix Table A-15). Daily CPUE for small least cisco is shown for 

each station in,Appendix Figures 8-28 to 6-29. Small least cisco were present 

in moderate numbers in the study area during the second and third weeks of 

July, and then left the area, presumably moving downriver to coastal feeding 

grounds. The return migration began in late August, with peak numbers caught 

in the last week of August and first week of September at Station 205. 

Medium and large least cisco showed essentially the same pattern and timing of 

abundance as described for small fish (Appendix Figures B-30 to B-33). A 
total of 1,072 (35 percent) medium and 350 (11 percent) large least cisco were 

captured at lower river stations. 

There were 1,019 least cisco dye-dotted and 297 tagged at lower river 
stations. None were recaptured in the river during the open-water season. 

Four fish tagged at lower river Stations 202, 204, and 205 were recaptured in 

the outer delta during the under-ice fisheries (Appendix Table A-46). 

Two least cisco tagged in the Endicott study area were recaptured at river 

stations 203 and 205. Both of the tagged fish were released from Kuparuk 

Delta stations (Appendix Table A-46). 

3.2.2.3 Broad Whitefish 

Broad whitefish were third in abundance at lower river stations in 1985, 

representing 11 percent of the total catch and 18 percent of the anadromous 

catch (Table 3). About twice as many broad whitefish were caught at Station 



205 as a t  e i t h e r  o f  t h e  two s t a t i o n s  n e x t  h ighes t  i n  abundance (S ta t i ons  661 

and 202, Appendix Table A-20). 

Small broad w h i t e f i s h  comprised 64 percent  o f  t h e  ca tch  o f  broad w h i t e f i s h  a t  

r i v e r  s t a t i o n s ,  medium 29 percent,  and l a r g e  7 percent  (Appendix Table A-22).  

D a i l y  CPUE o f  smal l ,  medium, and l a r g e  f i s h  a t  each s t a t i o n  i s  p l o t t e d  i n  

Appendix F igures  8-34 t o  8-39. The f i g u r e s  show t h a t  broad w h i t e f i s h  were 

present  i n  t h e  lower  r i v e r  area throughout  t h e  open-water season. 

There were 338 broad w h i t e f i s h  dye-dot ted  a t  lower  r i v e r  s t a t i o n s .  Three were 

recaptured.  One had moved from t h e  N i g l i q  Channel t o  t h e  . Main Channel 

( S t a t i o n  661 t o  205), one f rom S t a t i o n  204 across t h e  r i v e r  t o  S t a t i o n  205, 

and one f rom S t a t i o n  203 downr iver  t o  S t a t i o n  3. 

S ix ty -seven broad w h i t e f i s h  were tagged a t  lower  r i v e r  s t a t i o n s ;  none were 

recaptured d u r i n g  t h e  open-water season. Two f i s h  tagged i n  t h e  main channel 

(S ta t i ons  202 and 205) were recaptured by l o c a l  f ishermen f rom under t h e  i c e  

i n  t h e  lower  N i g l i q  Channel i n  October. 

3.2.2.4 Humpback W h i t e f i s h  

Humpback w h i t e f i s h  were second i n  abundance a t  lower  r i v e r  s t a t i o n s  i n  1985 

(Table 3 ) .  There were 2,472 i n d i v i d u a l s  caught, compr is ing 22 percent  o f  t h e  

t o t a l  ca tch  and 35 percent  o f  t h e  anadromous catch.  Over h a l f  o f  t h e  humpback 

w h i t e f i s h  captured a t  r i v e r  s t a t i o n s  were caught a t  S t a t i o n  205 (Appendix 

Table A-27). 
- 

The ca tch  o f  humpback w h i t e f i s h  was composed o f  71 percent  smal l  f i s h ,  26 

percent  medium f i s h ,  and 3 percent  l a r g e  f i s h  (Appendix Table A-30). D a i l y  

CPUE f o r  smal l ,  medium, and l a r g e  f i s h  i s  shown i n  Appendix F igures  8-40 t o  

8-45. Catch r a t e s  f o r  a l l  s i z e  groups g e n e r a l l y  increased i n  mid-August a t  

a l l  s t a t i o n s .  T h i s  increase occurred about a week l a t e r  than a t  d e l t a  

s t a t i o n s  (Sect ion  3.1.2.4 above), which suggests an upstream mig ra t i on .  The 

wings were lengthened a t  a l l  t h e  r i v e r  s t a t i o n s  except S t a t i o n  205 d u r i n g  

August 6-8, b u t  catches d i d  n o t  inc rease s u b s t a n t i a l l y  u n t i l  t h e  f o l l o w i n g  



week. Therefore, t h e  observed increase i n  ca tch  r a t e s  probab ly  r e f l e c t s  a 

t r u e  increase i n  t h e  d e n s i t y  o f  f i s h  i n  t h e  area. 

There were 631 humpback w h i t e f i s h  marked w i t h  dye d o t s  a t  lower  r i v e r  s t a t i o n s  

i n  1985. One f i s h  marked a t  S t a t i o n  205 was recaptured downr iver  a t  S t a t i o n  

2. Fo r t y - two  f i s h  were tagged a t  r i v e r  s t a t i o n s ,  and none were recaptured.  

One humpback w h i t e f i s h  tagged and re leased on t h e  west s i d e  o f  Prudhoe Bay i n  

1984 was recaptured a t  S t a t i o n  204. 

3.2.2.5 Char 

There were 141 char  captured i n  lower  r i v e r  n e t s  in-1985, rep resen t i ng  about 

one percent  o f  t h e  t o t a l  ca tch  and two percent  o f  t h e  anadromous ca tch  (Table 

3 ) .  E i g h t y  percent  o f  t h e  char  were caught a f t e r  August 25, mos t l y  d u r i n g  the  

week o f  August 26-30 (Appendix F igures  B-46 and 8-47). Char a t  t h a t  t ime  were 

probab ly  on t h e i r  way upstream t o  spawning and o v e r w i n t e r i n g  areas i n  

sp r i ng - fed  t r i b u t a r i e s  such as t h e  Anaktuvuk R i v e r  (Bendock 1980, 1981, 1982, 

1983, Bendock and B u r r  1984a). 

One char  tagged near t h e  West Dock i n  1982 was recaptured on August 16 a t  

S t a t i o n  661. 

3.2.2.6 A r c t i c  Gray l i ng  

There were 510 a r c t i c  g r a y l i n g  captured a t  lower  r i v e r  s t a t i o n s  i n  1985, 

rep resen t i ng  a b u t  f i v e  percent  o f  t h e  t o t a l  ca tch  (Table 3) .  D a i l y  CPUE a t  

each s t a t i o n  i s  shown i n  Appendix F igures  8-48 and 8-49. Catch r a t e s  d i d  n o t  

vary  g r e a t l y  d u r i n g  t h e  sampling season, suggest ing t h a t  g r a y l i n g  i n  t h e  lower  

r i v e r  area a r e  summer-long res iden ts .  

3.2.2.7 Round W h i t e f i s h  

Round w h i t e f i s h  was t h e  th i rd -mos t  abundant species captured i n  lower  r i v e r  

ne ts  (Table 3).  The 2,018 i n d i v i d u a l s  caught comprised 18 percent  o f  t he  

t o t a l  ca tch  a t  r i v e r  s t a t i o n s .  Round w h i t e f i s h  were c o n s i s t e n t l y  more 



abundant a t  Stat ion 661 in the  Nigliq Channel than a t  the  other  s ta t ions  

(Appendix Figures 6-50 and B-51). Over f i f t y  percent of a l l  the  round 

whitefish caught a t  r i ve r  s t a t ions  were caught a t  Station 661 (Appendix Table 

A-38). 

3.2.2.8 Fourhorn Sculpin 

There were 705 fourhorn sculpin caught a t  lower r i v e r - s t a t i o n s  in  1985 (Table 

3 ) .  Daily CPUE a t  each s t a t ion  i s  shown in Appendix Figures 8-52 and 6-53, 

which shows tha t  most (72 percent) of the fourhorn sculpin were caught a t  
Station 661 in  the  Nigliq Channel. Few sculpin were caught before July 20, 
but catch r a t e s  were f a i r l y  consistent from then unt i l  the end of the sampling 

period. 

3.2.2.9 Longnose Sucker 

Longnose sucker comprised seven percent of the to t a l  catch a t  lower r ive r  
s ta t ions  (Table 3) .  Catch r a t e s  were highest in July and ear ly  August 

(Appendix Figures 6-54 and 6-55). 

3.3 LIFE HISTORY ANALYSIS OF KEY SPECIES 

3.3.1 Arctic Cisco 

3.3.1.1 Size and Age Structure  

The s i ze  frequency d is t r ibu t ion  of a r c t i c  cisco f o r  each week of sampling i s  
shown in Figure 11. 'Three length modes are  apparent. The group showing a 

modal s i ze  of 60 t o  70 mm represents age-0 f i s h  (based on o to l i t h  readings) i n  

t h e i r  f i r s t  summer of growth. The s i ze  frequency d is t r ibu t ion  of small 

(<I20 mm) a r c t i c  cisco in  5 mm s i z e  groups fo r  the  l a s t  three weeks of 
sampling i s  shown in Figure 12. A l a rge  peak of age-0 f i s h  shows a mode a t  70 
t o  74 mm f o r  August 26 t o  30. The mode decreases t o  65 t o  69 mm the  following 
two weeks, probably as  a r e s u l t  of the  l a t e r  arr ival  of the smaller, slower 
swimming members of the  age group. By o to l i t h  readings the known s i z e  range 



DELTA STATIONS 

JUL 3-12 

!m 

a 
JUL 15-19 

m 

OL 
I 

.m 
JUL 22-26 

m ! 

01 I 
0 0 1  

JUL 29 - RUG 2 

- 

d 1 rn 
RUG 26-33 

I 

- 

SEP 2-6 

.m 

m 
BP 

40 
SEP 9-11 

m n 1 

RUG 8-9 

Figure 11. Size frequency of arctic cisco by week of sampling. 

39 

I I L  o s ~ m ~ s m ~ ~ ~ - o m ~ ~ ~ ~  

m- 

m. 
BP. 

*OD. 

0 
OD 

rn' 
zm. 

im. 

. 
W 12-16 

Trc 

RUG 19-23 



Figure 12. Size frequency of small (<I20 mn) arctic cisco in 5 mm size groups for 
three reeks in late summer. 
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o f  age-0 f i s h  was 62 t o  80 mm and f o r  age-1 f i s h  was 82 t o  98 mm. The age-1 

group i s  weakly represented, showing a  mode a t  85 o r  90 mm. 

The group o f  a r c t i c  c i s c o  w i t h  a  late-summer mode o f  160 t o  170 mm (F igure  11) 

represents  t h e  1982 year  c lass .  The weakly represented group f rom about 250 

t o  320 mm i n  l e n g t h  i n  t h e  l a s t  week o f  sampling probab ly  c o n s i s t s  o f  f i s h  o f  

t h e  1979 year  c lass .  The f i s h  f rom 320 t o  360 mm may represent  t h e  1978 year  

c lass .  The 1980, 1981, 1983 and 1984 year  c lasses  are  v i r t u a l l y  absent from 

t h e  popu la t i on  i n  t h e  C o l v i l l e  d e l t a .  

3.3.1.2 Growth and M a t u r i t y  

Growth r a t e s  were c a l c u l a t e d  from t h e  mean l e n g t h  o f  t h e  s i z e  groups p i c t u r e d  

i n  t h e  length- f requency  histograms. The s i z e  ranges used f o r  c a l c u l a t i n g  

weekly means are l i s t e d  i n  Appendix Table A-47. Age-0 and age-1 a r c t i c  c i sco  

appeared o n l y  d u r i n g  t h e  l a s t  t h r e e  weeks o f  sampling, thus  growth r a t e s  cou ld  

n o t  be c a l c u l a t e d  f o r  those age groups. Age-3 f i s h  had a  mean l e n g t h  o f  

151 mm when sampling began i n  e a r l y  J u l y  (F igure  13).  When they  reappeared i n  

mid-August t h e  mean l e n g t h  o f  t h e  sample was about 170 mm and e v e n t u a l l y  

reached 177 mm by t h e  end o f  sampling. The est imated growth r a t e  was 0.45 

mm/day through t h e  end o f  August (Table 4) .  Th i s  growth r a t e  i s  l e s s  than t h e  

est imated r a t e  o f  0.67 mm/day f o r  t h e  same group o f  f i s h  (1982 year  c lass )  i n  

t h e  1984 Prudhoe Bay study (Moulton, Fawcett and Carpenter 1985) o r  t h e  

est imated 0.52mm/day f o r  s i m i l a r  s i z e  f i s h  i n  t h e  1982 E n d i c o t t  study 

( G r i f f i t h s  e t  a l .  1983). 

Mean l e n g t h  a t  age f o r  a r c t i c  c i s c o  c o l l e c t e d  i n  1985 i s  shown i n  F igure  14. 

Growth appears t o  s low a t  about seven t o  e i g h t  years  o f  age. Few f i s h  o lde r  

than age-7 were captured i n  t h e  C o l v i l l e  o r  Prudhoe Bay areas. I t i s  assumed 

t h a t  a r c t i c  c i s c o  mature a t  age 7  t o  8  and m ig ra te  t o  t h e  Mackenzie R ive r  t o  

spawn, thus  are  scarce i n  t h e  western Beaufor t  Sea. Mean leng ths  a t  age f o r  

a r c t i c  c i s c o  c o l l e c t e d  f rom Prudhoe Bay and the  C o l v i l l e  R ive r  a re  compared i n  

F igure  15. There i s  cons iderab le  v a r i a t i o n  between growth curves f o r  age-5 

and o l d e r  1984 Prudhoe Bay f i s h  and t h e  o t h e r  sample groups. Age-1 t o  age-4 

f i s h  from t h e  1985 C o l v i l l e  R ive r  sample were r e l a t i v e l y  smal l  as compared t o  

t h e  o t h e r  samples. The mean s i zes  o f  o l d e r  (ages 5  t o  7) f i s h  were smal ler  
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Table  4 .  Summer growth and growth r a t e s  f o r  0 t o  3 y e a r  o l d  f i s h .  

S t a r t  End Growth 
Year Length Std .  Length Std.  Rate 

Age Class Date (mm) Dev. Date (mm) Dev. (mm/day) Source 

A r c t i c  c isco  

Least c i s c o  

Broad w h i t e f i s h  

Humpback w h i t e f i s h  

Sources: 

1 t h i s  studv 
2 Moulton, Fawcett  and Carpenter 1985 
3 G r i f f i t h s  e t  a l .  1983 



Figure  14. Mean l e n g t h  a t  age f o r  a r c t i c  c isco.  
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Figure 15. Mean length at  age for arct ic  c i sco  col lected in Prudhoe Bay and the 
Colv i l l e  River region. 
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than those f rom p rev ious  s t u d i e s  (except 1984 Prudhoe Bay f i s h ) ,  bu t  t h e  

d i f f e r e n c e s  become sma l le r  w i t h  i nc reas ing  age. 

Growth o f  i n d i v i d u a l  l a r g e  f i s h  tagged i n  1984 and recaptured more than a year  

l a t e r  i s  shown i n  Table 5. The increases i n  l e n g t h  were 30 t o  53 mm w i t h  a 

mean growth r a t e  o f  0.338 mm/day over  a 90 day summer growing season. These 

f i s h  probab ly  were sub-adu l ts ,  ages 5 t o  7. T h e i r  annual growth was s i m i l a r  

t o  t h e  mean annual growth f o r  300 t o  350 mm a r c t i c  c i s c o  shown i n  F igu re  14. 

The growth r a t e s  were lower  than those o f  younger f i s h  shown i n  Table 4. 

Ana lys i s  o f  covar iance showed no s i g n i f i c a n t  d i f f e r e n c e  between t h e  reg ress ion  

l i n e s  f o r  e i t h e r  mature o r  immature male and female a r c t i c  c i s c o  (Appendix 

Table A-52). Thus, males and females were grouped and comparisons made 

between m a t u r i t y  c lasses .  'The length-we igh t  r e l a t i o n s h i p  f o r  t h e  youngest 

immature f i s h  (0-3 years)  o f  unknown sex was s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  

r e l a t i o n s h i p  f o r  immature female and male f i s h  (ages 3-7) ,  and t h e  

r e l a t i o n s h i p  f o r  mature f i s h  (ages 5-14) was s i g n i f i c a n t l y  d i f f e r e n t  f rom t h a t  

f o r  immature female and male f i s h .  No s i g n i f i c a n t  d i f f e r e n c e s  were found 

between f i s h  t h a t  had been tagged i n  two d i f f e r e n t  years (1984 and 1985). 

There a l s o  was no d i f f e r e n c e  between t h e  f i s h  t h a t  had c a r r i e d  a t a g  f o r  over  

a year  and those t h a t  were tagged r e c e n t l y .  

A l eng th -we igh t  r e l a t i o n s h i p  f o r  a l l  s i zes  o f  a r c t i c  c i s c o  captured i n  t h e  

C o l v i l l e  R i v e r  d e l t a  was c a l c u l a t e d  f rom t h e  d a t a  shown i n  F igu re  16. The 

r e l a t i o n s h i p  i s :  

l o g  weight  (g)  = -5.6695 t 3.28 l o g  l e n g t h  (mm) 

N = 122, r = 0.997 

For comparison, p r e v i o u s l y  r e p o r t e d  l eng th -we igh t  r e l a t i o n s h i p s  are:  

l o g  we igh t  (g) = -5.321 t 3.135 l o g  l e n g t h  (mm) 

N = 279, r = 0.991 (Moulton, Fawcett and Carpenter 1985) 

and 

l o g  weight  (g)  = -5.617 t 3.279 l o g  l e n g t h  (mm) (C ra ig  & Haldorson 1981). 



Table 5. Growth of arctic cisco tagged near Prudhoe Bay in 1984 and 
recaptured in the Colville Delta in 1985. 

Release Recapture Length Estimated 
Re1 ease Length Recapture Length Increase Growipg OL/day 
Date (mm) Date Imm) (mml Days (mm) 

Mean OL/day = 0.338 mm/day 
standard deviation = 0.054 

N = 24 

assumes 90 day growing season beginning June 1 
(see Moulton, Fawcett and Carpenter 1985) 
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- Figure  16. S c a t t e r  p l o t  o f  l eng th  and weight da ta  f o r  a r c t i c  c isco c o l l e c t e d  i n  
t h e  C o l v i l l e  R ive r ,  sumner 1985. 
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For l e n g t h s  up t o  250 mm t h e  r e l a t i o n s h i p  suggests t h a t  f i s h  i n  t h e  1985 study 

were n o t  as heavy as those f rom 1984 Prudhoe Bay s tud ies ,  w h i l e  f o r  lengths  

g r e a t e r  than 250 mm the  C o l v i l l e  R iver  f i s h  were heav ier .  

3.3.2 Least  Cisco 

3.3.2.1 S i ze  and Age S t r u c t u r e  

The s i z e  frequency d i s t r i b u t i o n  o f  l e a s t  c i s c o  shows t h r e e  s i z e  modes du r ing  

t h e  f i r s t  two weeks o f  sampling (F igu re  17) .  Age-1 f i s h ,  w i t h  an i n i t i a l  s i z e  

mode a t  60 t o  79 mm, were captured throughout  t h e  summer sampling a t  d e l t a  

s t a t i o n s .  By mid- t o  l a t e  August when age-1 f i s h  aga in  appeared i n  l a r g e  

numbers and a t  r i v e r  s t a t i o n s  t h e  modal s i z e  was between 90 t o  109 mm. Age-2 

and age-3 l e a s t  c i s c o  appeared as s i z e  modes o f  100 t o  109 mm and 130 t o  

149 mm i n  e a r l y  Ju l y .  These s i z e  groups were r a r e  o r  absent f rom a l l  sampling 

s i t e s  f o r  t h r e e  t o  f o u r  weeks i n  mid-summer. 8y mid-August l e a s t  c i s c o  o f  a l l  

s i zes  were captured more o f ten .  The age-2 and age-3 groups appeared again and 

age-0 f i s h  were f i r s t  seen i n  t h e  40 t o  69mm range. I n  a d d i t i o n ,  f i s h  

g r e a t e r  than 200 mm i n  l e n g t h  were captured a t  bo th  r i v e r  and d e l t a  s t a t i o n s .  

The l a r g e r  f i s h  (g rea te r  than about 170 mm) showed l i t t l e  modal p a t t e r n .  Ages 

as determined f rom o t o l i t h s  show a g r e a t  deal o f  o v e r l a p  i n  t h e  s i z e  ranges o f  

f o u r  year  o l d  and o l d e r  f i s h .  

3.3.2.2 Growth and M a t u r i t y  

Age-0 f i s h  apparent ly  grew from a mean o f  56 mm t o  61 mm over  a two week 

p e r i o d  (F igu re  18). T h i s  growth may be an a r t i f a c t  o f  choosing s i z e  groups 

f rom t h e  s i z e  frequency d i s t r i b u t i o n .  For t h e  f i r s t  t h r e e  weeks (August 

12-30) t h e  age-0 group i nc luded  a r e l a t i v e l y  g r e a t e r  p r o p o r t i o n  o f  t h e  l a r g e r  

s i z e  f i s h  (60-79 mm) whereas d u r i n g  t h e  l a s t  two weeks l a r g e  numbers o f  age-0 

f i s h  were caught w i t h  a mode o f  50 t o  59 mm. The September means a re  based on 

a sample o f  over  500 f i s h  and probab ly  a re  a b e t t e r  est imate,  t hus  no growth 

would be apparent f rom mid-August t o  e a r l y  September. The mean s i z e  o f  age-1 

f i s h  increased f rom 72 mm i n  e a r l y  J u l y  t o  102 mm by t h e  end o f  sampling i n  

September. Age-2 l e a s t  c i s c o  had a mean l e n g t h  o f  119 mm when sampling began, 
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Figure 18. Mean l engths  o f  age-0, age-1 and age-2 l e a s t  c i s c o  by week of sampling. 
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and grew t o  a mean of 136 mm i n  September. Estimated growth r a t e s  were 0.52 

and 0.48 mm/day f o r  age-1 and age-2 l e a s t  cisco, respectively (Table 4 ) .  The 
differences between the  l a s t  length estimate and the f i r s t  estimate f o r  the 

next older group suggest t h a t  the  sampling period did not cover the  en t i r e  
growing season. An additional 26 days a t  the  estimated growth ra tes  

approximates the  difference.  

Mean length a t  age f o r  l e a s t  cisco collected in the  Colvi l le  River de l t a  in 

1985 are  plotted separately in Figure 19 and plot ted w i t h  data collected from 
the  Colvi l le  area and Prudhoe Bay in previous years in Figure 20. The 1985 

data show a slowing of growth r a t e  a f t e r  about age-7, o r  about 270 mm. Male 
- 

and female l e a s t  c isco apparently mature a t  s i x  t o  nine years.  Non-spawning 

mature f i s h  were found a t  ages 7 t o  16. Age-1 through age-3 f i sh  were s imilar  
i n  s i z e  t o  the  1984 Prudhoe Bay sample, b u t  smaller than other  samples (Figure 

20). Age-4 through age-8 f i sh  were smaller than a l l  the  other  samples. 

Length-weight regression l i nes  calculated separately f o r  male and female, 
mature and immature l e a s t  cisco showed only one s ign i f i can t  difference by 

analysis of covariance (Appendix Table A-52). The relat ionship fo r  immature 

female and male f i s h  (3 t o  6 years) was d i f f e ren t  than the  immature f i sh  of 

unknown sex (1 t o  3 years) .  

A length-weight equation was calculated f o r  the  e n t i r e  l e a s t  c isco sample for  
comparison w i t h  previous s tudies .  The length and weight data used i s  plotted 

in Figure 21. The equation is: - 
log weight (g) = -5.633 + 3.256 log length (mm) 

N = 121, r = 0.997 

Comparable re la t ionships  from previous s tudies  in  Prudhoe Bay and Simpson 

Lagoon are:  
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Figure 19. Mean length a t  age f o r  l eas t  cisco.  
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Figure 20. Mean leng th  a t  age f o r  l e a s t  c isco co l l ec ted  i n  Prudhoe Bay and the  
C o l v i l l e  R iver  area.  
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t h i s  study 

2 
Noul ton,  Fawcett and Carpenter 1985 

3 
Craig and Haldorson 1981 

4 
Bendock 1979 
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Figure 21 .  Scatter plot of length and weight data for l eas t  c i sco  collected i n  the 
Colv i l l e  River, sunmer 1985. 
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l o g  we igh t  (g) = -5.333 + 3.148 l o g  l e n g t h  (m) 

N - 187, r = 0.993 (Moul ton,  Fawcett and Carpenter  1985) 

and 

l o g  weight  (g) = -5.151 + 3.070 l o g  l e n g t h  (mm) 
N = 384, r - 0.97 (Cra ig  and Haldorson 1981) 

The equat ions suggest t h a t  t h e  C o l v i l l e  R i v e r  f i s h  were n o t  as heavy as 

s i m i l a r  s i z e d  f i s h  i n  t h e  o t h e r  samples. 

3.3.3 Broad W h i t e f i s h  

3.3.3.1 S i ze  and Age S t r u c t u r e  

The s i z e  frequency 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 s  shown i n  F igu re  22. The 

most apparent s i z e  modes a re  t h e  age-1 f i s h  a t  80 t o  129 mm and age-0 a t  40 t o  

69 mm. Age-1 broad w h i t e f i s h  showed a s t rong  peak th rough most o f  t he  

sampling a t  d e l t a  s t a t i o n s  and d u r i n g  l a t e  summer a t  r i v e r  s t a t i o n s .  Age-0 

f i s h  o f  40 t o  69 mm appeared i n  r i v e r  ne t  samples d u r i n g  t h e  week o f  

J u l y  22-26 and cont inued t o  make up a l a r g e  p o r t i o n  o f  t h e  broad w h i t e f i s h  

ca tch  throughout  t h e  sampling per iod .  A t  d e l t a  s t a t i o n s  a few age-0 f i s h  

appeared between J u l y  29 and August 2, w i t h  numbers i n c r e a s i n g  each week i n t o  

September. Age-2 and age-3 f i s h  l i k e l y  comprise t h e  120 t o  200 rnm segment o f  

t h e  popu la t ion .  Th i s  group i s  l e s s  abundant i n  t h e  r i v e r  samples than younger 

f i s h  a t  d e l t a  s t a t i o n s  throughout  t h e  summer and appears i n  smal l  numbers i n  

August and September a t  r i v e r  s t a t i o n s .  Larger  broad w h i t e f i s h  (>200 mm) were 

present  i n  smal l  numbers throughout  t h e  summer. 

3.3.3.2 Growth and M a t u r i t y  

Growth r a t e s  were est imated f rom weekly mean leng ths  o f  age-0, age-1, and 

age-2 broad w h i t e f i s h  as p l o t t e d  i n  F igu re  23 ( s i z e  ranges l i s t e d  i n  Appendix 

Table A-47). Age-0 broad w h i t e f i s h  grew f rom a mean o f  47 mm when f i r s t  

caught i n  l a t e  J u l y  t o  62 mm f i v e  weeks l a t e r .  Age-1 f i s h  were about 80 mm i n  
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e a r l y  J u l y  and 116 mm by t h e  end o f  August. The age-2 group increased i n  s i z e  

f rom 129 mm t o  158 mn over  t h e  same per iod .  The growth r a t e s  through t h e  end 

o f  August were 0.42, 0.68 and 0.55 mn/day f o r  age-0, age-1 and age-2 f i s h ,  

r e s p e c t i v e l y  (Table 4). An a d d i t i o n a l  15 t o  20 mm o f  growth d u r i n g  t h e  w i n t e r  

o r  most l i k e l y  d u r i n g  t h e  e a r l i e r  p a r t  o f  t h e  summer i s  suggested by t h e  s i z e  

gaps between age groups. 

Age groups 1 t o  3 appeared t o  grow f a s t e r  i n  t h e  Prudhoe Bay area i n  p rev ious  

years (Table 4). The est imated r a t e  was 0.83, 0.73 and 0.78 mm/day f o r  age-1, 

age-2, and age-3 f i s h ,  r e s p e c t i v e l y ,  i n  t h e  1982 E n d i c o t t  s tudy ( G r i f f i t h s  e t  

a l .  1983), and was about t h e  same f o r  broad w h i t e f i s h  i n  t h e  1984 L isburne 

study (Moulton, Fawcett and Carpenter 1985). 

Annual growth o f  C o l v i l l e  R i v e r  broad w h i t e f i s h  i s  shown i n  F igu re  24. The 

break i n  t h e  growth curve from r a p i d  t o  s lower growth occurs a t  about age-11 

and 525 mm. The age o f  mature, non-spawning f i s h  was age 7 t o  9 f o r  males and 

age 8 t o  11 f o r  females. These f i s h  were 300 t o  500 mm i n  l e n g t h .  P o t e n t i a l  

spawners were seen as young as ages 7 and 9 (male and female, r e s p e c t i v e l y )  

bu t  more commonly were a t  l e a s t  ages 11 t o  13 and 450 mm o r  l a r g e r .  Mean 

leng ths  a t  age (F igure  25) f o r  broad w h i t e f i s h  f rom t h e  C o l v i l l e  R iver  

correspond c l o s e l y  w i t h  those repo r ted  f rom Prudhoe Bay i n  1984 (Moulton, 

Fawcett and Carpenter 1985). Mean leng ths  a re  a l s o  p l o t t e d  f o r  f i s h  from a 

1978 survey near  t h e  Mackenzie R ive r  d e l t a  (Lawrence, Lacho and Davies 1984). 

The Mackenzie f i s h  were much l a r g e r  a t  a l l  ages p a s t  age- I .  

A length-we igh t  r e l a t i o n s h i p  was c a l c u l a t e d  separa te ly  f o r  a l l  female, a1 1 

male, and unknown immature broad w h i t e f i s h  as t h e r e  were few mature f i s h  i n  

t h e  sample (F igu re  26).  The equat ions and comparisons by ana lys i s  o f  

covar iance a re  l i s t e d  i n  Appendix Table A-52. No s i g n i f i c a n t  d i f f e r e n c e  was 

found between t h e  female and male f i s h ,  b u t  when these two groups were 

combined and compared w i t h  t h e  smal les t  immature f i s h  o f  unknown sex (1-2 

years)  a s i g n i f i c a n t  d i f f e r e n c e  occurred. 

For t h e  e n t i r e  sample c o l l e c t e d  t h e  equat ion  i s :  
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Figure  24.  Mean length  a t  age f o r  broad wh i te f i sh .  
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Figure 25. Mean length at age for broad whitefish collected in Prudhoe Bay and the 
Colvil le and Mackenzie rivers. 
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Figure 26. Sca t te r  p l o t  o f  l eng th  and weight data  f o r  broad w h i t e f i s h  c o l l e c t e d  i n  

- t h e  C o l v i l l e  R iver ,  sumer  1985. 



l o g  weight  (g) = -5.591 + 3.26 l o g  l e n g t h  (mm) 

N - 138, r = 0.998 

The r e l a t i o n s h i p  f o r  t h e  1984 Prudhoe Bay sample ( a l l  f i s h  t250  mm) was 

s i m i l a r :  

l o g  we igh t  (g) = -5.708 + 3.325 l o g  l e n g t h  (mm) 

N = 127, r = 0.981 

'The r e l a t i o n s h i p s  suggest t h a t  a t  any s i z e  over  67 mm i n  l e n g t h  t h e  Prudhoe 

Bay f i s h  were heav ier .  

3.3.4 Humpback W h i t e f i s h  

3.3.4.1 S ize  and Age S t r u c t u r e  

Humpback w h i t e f i s h  s i z e  frequency d i s t r i b u t i o n  by week i s  shown i n  F igu re  27. 

Age-1 f i s h ,  w i t h  a mode a t  70 t o  109 mm, were t h e  l a r g e s t  p a r t  o f  t h e  catch 

f o r  a l l  weeks a t  bo th  r i v e r  and d e l t a  s t a t i o n s .  The age-1 group appeared i n  

t h e  d e l t a  between J u l y  22 and 26 and remained through August 30. Age-1 f i s h  

appeared l a t e r  a t  r i v e r  s t a t i o n s ,  i n  smal l  numbers f rom J u l y  29 through August 

9, and then i n  h i g h  numbers f rom August 12 through 16, b u t  were present  

through September 6 when sampling ended. Age-2 humpback w h i t e f i s h  w i t h  a mode 

a t  130 t o  149 mm, and a smal l  number o f  l a r g e r  f i s h  appeared a t  t h e  same t imes 

as t h e  more numerous age-1 group. Age-0 f i s h  were f i r s t  caught between August 

12 and 16 and appear as a d i s t i n c t  mode a t  50 t o  69 mm by l a t e  August a t  r i v e r  

s t a t i o n s .  Few age-0 f i s h  were caught i n  t h e  d e l t a .  

3.3.4.2 Growth and M a t u r i t y  

Weekly mean leng ths  o f  t h e  age-0, age-1 and age-2 groups a re  p l o t t e d  i n  F igure  

28. Since few o r  none were caught d u r i n g  t h e  f i r s t  two o r  t h r e e  weeks o f  

sampling growth r a t e s  were c a l c u l a t e d  f o r  t h e  l a t e - J u l y  t o  August 30 p e r i o d  

which probab ly  does n o t  represent  maximum growth r a t e s .  Growth r a t e s  were 

approximate ly  t h e  same f o r  t h e  t h r e e  age groups, 0.38, 0.44, and 0.39 mm/day 
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Figure 28. Mean lengths  o f  age-0, age-1 and age-2 humpback w h i t e f i s h  by week o f  
sampl i ng . 
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f o r  age-0, age-1 and age-2 f i s h ,  r e s p e c t i v e l y  (Table 4) .  Age-0 f i s h  were 

f i r s t  seen a t  t h e  end o f  J u l y  a t  about 48 mm and grew t o  a mean o f  63 mm by 

t h e  end o f  sampling i n  e a r l y  September. Age-1 f i s h  were about 81  mm when 

f i r s t  captured between J u l y  22 and 26 and grew t o  about 98 mm. Age-2 f i s h  

grew f rom 123 mm t o  143 mm by t h e  f i r s t  week o f  September. The d i f f e r e n c e  o f  

about 20 mm between t h e  mean leng ths  i n  September and l e n g t h s  i n i t i a l l y  

measured f o r  t h e  nex t  year  o l d e r  age group i n  l a t e  J u l y  suggests t h a t  a t  l e a s t  

h a l f  o f  t h e  annual growth occurred o u t s i d e  o f  t h e  sampling per iod .  

Mean l e n g t h  a t  age f o r  humpback w h i t e f i s h  i s  p l o t t e d  i n  F igu re  29. The curve 

shows r a p i d  growth u n t i l  about age-10 and 375 t o  400 mm l eng th .  Th i s  

corresponds w i t h  age a t  f i r s t  m a t u r i t y  as suggested by d i s s e c t i o n .  Age 10 and 

o l d e r  f i s h  (male and female) were 360 mm o r  l a r g e r  and were i n  pre-spawning o r  

mature, non-spawning c o n d i t i o n  d u r i n g  J u l y  and August. 

There were t o o  few mature f i s h  t o  c a l c u l a t e  separate length-we igh t  

r e l a t i o n s h i p s  f o r  mature males and females. Equations f o r  a l l  females (2-25 

years) ,  a l l  males (2-37 years) ,  and a l l  immature f i s h  o f  unknown sex (1 -4  

years)  were c a l c u l a t e d  and compared by a n a l y s i s  o f  covar iance (Appendix Tab1 e 

A-52). There was no s i g n i f i c a n t  d i f f e r e n c e  between male and female f i s h ,  b u t  

t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  between t h e  combined female and male f i s h  

and t h e  immature f i s h  o f  unknown sex. The combined equat ion  f o r  a l l  humpback 

w h i t e f i s h  c a l c u l a t e d  f rom t h e  da ta  shown i n  F igu re  30 i s :  

l o g  we igh t  (g) - -5.474 + 3.20 l o g  l e n g t h  (mm) 

N = 105. r = 0.998 



Figure 29. Mean length  a t  age f o r  humpback wh i te f i sh .  
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Figure 30. Scatter plot of length and weight data for humpback whitefish collected - in the Colville R i v e r .  sumner 1985. 



4.0 DISCUSSION 

4.1 SEASONAL DISTRIBUTION AND MOVEMENTS OF ANADROMOUS FISH 

4.1.1 E a r l y  Summer ( J u l y  3 - August 2) 

A few a r c t i c  c isco ,  p r i m a r i l y  medium-sized f i s h  (120-249 mm), were caught a t  

bo th  r i v e r  and d e l t a  s t a t i o n s  d u r i n g  t h e  f i r s t  few days o f  sampling i n  e a r l y  

J u l y  (F igu re  11) .  From J u l y  15 u n t i l  mid-August a r c t i c  c i s c o  were e s s e n t i a l l y  

absent f rom bo th  t h e  lower  r i v e r  and o u t e r  d e l t a  s tudy  areas. It i s  presumed 

t h a t  t h e  main ou tm ig ra t i on  o f  a r c t i c  c i s c o  t h a t  overwin tered i n  t h e  C o l v i l l e  

R i v e r  and d e l t a  had occurred by t h e  t ime  sampling was i n i t i a t e d  i n  e a r l y  Ju l y ,  

and t h a t  most o f  t h e  popu la t i on  was feed ing  i n  t h e  Beaufor t  Sea o u t s i d e  t h e  

C o l v i l l e  D e l t a  d u r i n g  t h e  e a r l y  summer per iod .  Data c o l l e c t e d  i n  two coas ta l  

areas conf i rmed t h a t  a r c t i c  c i s c o  had entered Simpson Lagoon and Gwydyr Bay by 

t h e  f i r s t  week i n  J u l y  (Envirosphere 1986). T h i s  i s  c o n s i s t e n t  w i t h  t h e  

t i m i n g  o f  a r c t i c  c i s c o  movements i d e n t i f i e d  a t  O l i k t o k  P o i n t  by Moulton and 

~ a k c e t t  (1984). 

Small and medium-sized l e a s t  c i s c o  were present  a t  r i v e r  and d e l t a  s t a t i o n s  

d u r i n g  t h e  f i r s t  two weeks o f  sampling, d e c l i n i n g  from then through t h e  end o f  

t h e  e a r l y  summer per iod .  Larger  s i z e  c lasses  o f  f i s h  disappeared f i r s t  

(F igure  17). Catches d e c l i n e d  t o  n e a r l y  zero  a t  t h e  r i v e r  s t a t i o n s  by-Ju ly  

22. I n  t h e  o u t e r  d e l t a  area, age-1 f i s h  (60-100 mm) were almost t h e  on l y  

l e a s t  c i s c o  l e f t  by  t h e  end o f  J u l y  and catches o f  t h i s  group were l e s s  than 

e a r l  i e r  i n  t h e  summer. 

Broad w h i t e f i s h  were scarce a t  r i v e r  s t a t i o n s  d u r i n g  t h e  f i r s t  t h r e e  weeks o f  

sampling, b u t  moderate numbers spanning a wide range o f  s i zes  were caught a t  

d e l t a  s t a t i o n s  (F igu re  22). Catch r a t e s  a t  t h e  d e l t a  s t a t i o n s  were cons i s ten t  

throughout  t h e  summer, i n d i c a t i n g  t h a t  many broad w h i t e f i s h  used t h e  d e l t a  

area throughout  t h e  open-water season. However, c a t c h  r a t e s  f o r  t h e  l a r g e r  

s i z e  c lasses  decreased a f t e r  t h e  f i r s t  week o f  sampling a t  d e l t a  s t a t i o n s ,  



suggest ing t h a t  t h e  l a r g e r  f i s h  moved o u t  i n t o  coas ta l  waters t o  feed. 

Previous s t u d i e s  i n  t h e  r e g i o n  have i n d i c a t e d  t h a t  l a r g e  broad w h i t e f i s h  range 
more w i d e l y  than sma l l e r  ones (WCC 1983, Moulton and Fawcett 1984, Moulton e t  

a l .  1985). A s i m i l a r  p a t t e r n  was i n d i c a t g d  i n  1985 (Envi rosphere 1986, da ta  

appendices). Several t a g  r e t u r n s  i n  t h e  C o l v i l l e  R i v e r  f rom f i s h  marked i n  

t h e  E n d i c o t t  s tudy area as f a r  eas t  as Foggy I s l a n d  Bay a l s o  i n d i c a t e  l o n g  
d i s tance  movement by 1 arge broad w h i t e f i s h .  Young-of-the-year (age-0, 

40-79 mm) broad w h i t e f i s h  f i r s t  appeared a t  r i v e r  s t a t i o n s  i n  t h e  t h i r d  week 

o f  J u l y  (F igure  22), and dominated catches t h e r e  f o r  several  weeks. The same 
s i z e  group began appearing i n  s u b s t a n t i a l  numbers a t  d e l t a  s t a t i o n s  about two 

weeks l a t e r ;  these f i s h  probab ly  moved downr iver  f rom spawning areas upstream. 

Few humpback w h i t e f i s h  were caught i n  t h e  lower  r i v e r  s tudy area du r ing  t h e  

e a r l y  summer per iod .  Low numbers o f  f i s h  i n  a l l  s i z e  c lasses  were caught i n  

t h e  d e l t a  area du r fng  t h e  f i r s t  two weeks o f  sampling. Age-l  (60-109 mm) 

humpback w h i t e f i s h  sudden1 y appeared i n  subs tan t i  a1 numbers a t  d e l t a  s t a t i o n s  

i n  t h e  t h i r d  week o f  J u l y  (F igu re  27) and were a dominant p a r t  o f  t h e  ca tch  

t h e r e  f o r  t h e  remainder o f  t h e  summer. The d e l t a  r e g i o n  i s  p robab ly  t h e  main 
summer r e a r i n g  area f o r  smal l  humpback w h i t e f i s h  o f  C o l v i l l e  R i v e r  stock, as 

i t  appears t o  be f o r  broad w h i t e f i s h  and l e a s t  c i s c o .  

I n  summary, t h e  e a r l y  summer p e r i o d  was cha rac te r i zed  by general  movement o f  

a r c t i c  c isco ,  l e a s t  c isco ,  humpback w h i t e f i s h ,  and t o  a l e s s e r  ex ten t ,  broad 

w h i t e f i s h ,  o u t  o f  t h e  lower  r i v e r  area and i n t o  t h e  d e l t a  and coas ta l  waters 

f o r  summer feeding.  Subs tan t i a l  numbers o f  l e a s t  c isco ,  broad w h i t e f i s h ,  and 

humpback w h i t e f i s h  ( e s p e c i a l l y  sma l l e r  s i z e  c lasses)  remained i n  t h e  d e l t a  

area, b u t  n e a r l y  a l l  o f  t h e  a r c t i c  c i s c o  l e f t  t h e  d e l t a  area. The above 

p a t t e r n  f i t s  w e l l  w i t h  p rev ious  observat ions on summer movements o f  these 

species, i.e., a r c t i c  c i s c o  range more w i d e l y  f rom o v e r w i n t e r i n g  areas than 
t h e  o t h e r  w h i t e f i s h e s  (Cra ig  and Haldorson 1981, WCC 1983, C ra ig  1984, Moulton 

and Fawcett  1984, Moulton, Fawcett and Carpenter 1985, Moulton e t  a l .  1985). 



4.1.2 Mid-Summer (August 3-30) 

A r c t i c  c i s c o  reappeared i n  t h e  d e l t a  s tudy area d u r i n g  t h e  week o f  August 12 

t o  16. The ca tch  was dominated by age-3 f i s h  (1982 year  c l a s s )  u n t i l  t h e  l a s t  

week o f  August, when newly r e c r u i t e d  age-0 f i s h  appeared i n  g r e a t e r  numbers 

than any o t h e r  s i z e  group (F igu re  11). Assuming a  Mackenzie R i v e r  o r i g i n  f o r  

a r c t i c  c i s c o  i n  t h e  Cent ra l  Beaufor t  r e g i o n  (Gallaway e t  a l .  1983), t h e  s t rong  

r e c r u i t m e n t  o f  t h e  1985 yea r  c l a s s  was l i k e l y  f a c i l i t a t e d  by t h e  p e r s i s t e n t  

e a s t e r l y  winds i n  1985 (F igure  5 ) .  

Low numbers o f  medium and l a r g e  a r c t i c  c i s c o  were caught a t  r i v e r  s t a t i o n s  i n  

t h e  t h i r d  and f o u r t h  weeks o f  August. 

Least c i s c o  increased i n  number a t  bo th  d e l t a  and r i v e r  s t a t i o n s  d u r i n g  t h e  

mid-summer p e r i o d  as f i s h  re tu rned  f o r  spawning and ove rw in te r i ng .  Medium and 

l a r g e  l e a s t  c i s c o  were e s s e n t i a l l y  absent f rom bo th  study areas p r i o r  t o  t h e  

week o f  August 12 t o  16, when moderate numbers o f  f i s h  began t o  appear a t  

d e l t a  s t a t i o n s  (F igu re  17). The spawning r u n  was w e l l  underway by the  

f o l l o w i n g  week, when la rge ,  mature f i s h  formed a  s i g n i f i c a n t  p a r t . o f  t h e  ca tch  

a t  bo th  d e l t a  and r i v e r  s t a t i o n s .  Young-of-the-year l e a s t  c i s c o  (40 t o  69 mm) 

appeared f o r  t h e  f i r s t  t i m e  i n  t h e  t h i r d  week o f  August, p r i m a r i l y  a t  d e l t a  

s t a t i o n s .  

Broad w h i t e f i s h  catches increased a t  r i v e r  s t a t i o n s  d u r i n g  t h e  mid-summer 

per iod ,  bu t  remained s t a b l e  a t  d e l t a  s t a t i o n s .  Young-of-the-year broad 

w h i t e f i s h  decreased i n  number a t  r i v e r  s t a t i o n s  w h i l e  i n c r e a s i n g  a t  d e l t a  

s t a t i o n s ,  i n d i c a t i n g  some downstream movement i n t o  d e l t a  r e a r i n g  h a b i t a t  

(F igu re  22). 

Humpback w h i t e f i s h  increased i n  abundance i n  bo th  t h e  lower  r i v e r  and d e l t a  

areas d u r i n g  t h e  mid-summer per iod .  The increase was most d ramat ic  a t  t h e  

r i v e r  s t a t i o n s  d u r i n g  t h e  week o f  August 12 t o  16. Catches i n  bo th  areas were 

dominated by age-1 f i s h  (20-109 mm, F igu re  27). Age-0 f i s h  (40-79 mm) became 

a  s i g n i f i c a n t  p a r t  o f  t h e  c a t c h  a t  r i v e r  s t a t i o n s  a f t e r  August 19, b u t  few 

were caught i n  t h e  d e l t a .  



The mid-summer p e r i o d  was cha rac te r i zed  by g e n e r a l l y  i n c r e a s i n g  concent ra t ions  
o f  f i s h  o f  t h e  f o u r  key species i n  r i v e r  and d e l t a  areas. The spawning r u n  o f  

l e a s t  c i s c o  was noted. Young-of-the-year l e a s t  c isco ,  broad w h i t e f i s h ,  and 

humpback w h i t e f i s h ,  which presumably o r i g i n a t e d  i n  t h e  C o l v i l l e  R ive r  system, 

became abundant d u r i n g  t h e  mid-summer per iod .  

4.1.3 La te  Summer (August 31  - September 11) 

A r c t i c  and l e a s t  c i s c o  increased i n  abundance a t  d e l t a  and r i v e r  s t a t i o n s  

d u r i n g  t h e  l a t e  summer pe r iod .  A r c t i c  c i s c o  were probab ly  s t i l l  a r r i v i n g  from 

coas ta l  waters when sampling was d i scon t i nued  on September 11. Broad and 

humpback w h i t e f i s h  l e f t  t h e  d e l t a  area and presumably moved u p r i v e r  t o  

ove rw in te r i ng  areas. Decreased catches o f  broad and humpback w h i t e f i s h  a t  

r i v e r  s t a t i o n s  d u r i n g  t h i s  p e r i o d  may be p a r t l y  due t o  r i s i n g  water  over-  

t opp ing  n e t s  and t raps ,  decreasing t r a p  e f f i c i e n c y .  

4.2 AGE STRUCTURE, GROWTH, AND LENGTH-WEIGHT RELATIONSHIPS OF KEY SPECIES 

4.2.1 A r c t i c  Cisco 

a. Popu la t ion  S t r u c t u r e  

Dominant age groups o f  a r c t i c  c i s c o  i n  1985 were t h e  1985, 1982, and 1979 year  

c lasses.  The 1978 yea r  c l a s s  appeared t o  be weakly represented i n  t h e  

b i o l o g i c a l  survey b u t  were a major  component o f  t h e  a r c t i c  c i s c o  caught i n  t he  

g i l l  n e t  f i s h e r y  (Moulton e t  a l .  1986). Th i s  yea r  c l a s s  was represented i n  

t h e  O l i k t o k  area i n  t h e  1982 and 1983 s tud ies  (Dew 1983, Moulton and Fawcett 

1984), b u t  was n o t  represented i n  t h e  Prudhoe Bay area i n  t h e  1981-84 Prudhoe 

Bay s tud ies .  I t  has been suggested (Moulton e t  a l .  1985) t h a t  1978 yea r  c l a s s  

migrants  f rom t h e  Mackenzie R ive r  bypassed t h e  Sagavanirk tok D e l t a  b u t  r e -  

c r u i t e d  t o  t h e  C o l v i l l e  D e l t a  i n  1978 o r  1979. The 1979 year  c l a s s  dominated 

t h e  catches i n  t h e  O l i k t o k  P o i n t  area i n  1982 and 1983 s tud ies .  The 1979 year  

c l a s s  a l s o  dominated a r c t i c  c i s c o  catches i n  t h e  Prudhoe Bay area i n  t h e  years 

1981 t o  1983 ( G r i f f i t h s  and Gallaway 1982, C r i t c h l o w  1983, WCC 1983) and was a 

major  component o f  t h e  p o p u l a t i o n  sampled i n  1984 (Moulton, Fawcett, and 

Carpenter 1985, Moulton e t  a l .  1985). The 1982 year  c l a s s  f i r s t  appeared as 

age-1 f i s h  i n  t h e  Prudhoe Bay area i n  l a t e  August /ear ly  September 1983 (WCC 



1983). Fyke n e t s  f i s h e d  near O l i k t o k  P o i n t  i n  1983 (Moulton and Fawcett 1984) 

were removed a t  about t h e  t i m e  t h i s  rec ru i tmen t  was observed i n  t h e  Prudhoe 

Bay area, t h u s  i t i s  l i k e l y  t h a t  r e c r u i t m e n t  t o  t h e  C o l v i l l e  D e l t a  occurred i n  

t h a t  year  a f t e r  sampling was completed. Age-0 (1985 year  c l a s s )  f i s h  a r r i v e d  

l a t e  i n  t h e  summer t h u s  t h e i r  growth r a t e s  were n o t  ca l cu la ted .  The growth 

r a t e  f o r  age-3 f i s h  and t h e  mean l e n g t h s  a t  age f o r  C o l v i l l e  R i v e r  f i s h  were 

s i m i l a r  t o  those r e p o r t e d  f o r  o t h e r  areas o f  t h e  Nor th  Slope o f  Alaska 

(Bendock 1979, C r a i g  and Haldorson 1981, Moulton, Fawcett and Carpenter 1985). 

D i f f e r e n c e s  between a l l  growth curves f o r  younger age groups f rom t h e  d i f -  

f e r e n t  s t u d i e s  and areas may be due t o  t h e  d i f f i c u l t y  o f  i d e n t i f y i n g  t h e  f i r s t  

annul us and d i f f e r e n c e s  encountered when read ing  sca les  o r  o t o l  i t h s  by 

d i f f e r e n t  methods. 

The l eng th -we igh t  r e l a t i o n s h i p s  suggest t h a t  age-1 t o  age-4 (<250 mm) C o l v i l l e  

R i v e r  a r c t i c  c i s c o  i n  1985 were n o t  as heavy as t h e  same age and s i z e  ranges 

i n  p rev ious  s tud ies .  A c o n s i s t e n t  p a t t e r n  o f  s l i g h t l y  smal le r ,  l i g h t e r  f i s h  

i n  1985 was shown by t h e  d i f f e r e n t  analyses, b u t  these d i f f e r e n c e s  may be an 

a r t i f a c t  caused by t h e  smal l  range o f  l eng ths  a v a i l a b l e  i n  t h i s  group o f  

f i s h  - o n l y  one age group was present .  Growth o f  tagged a r c t i c  c i s c o  

recaptured i n  t h e  C o l v i l l e  R i v e r  and d e l t a  (Table 5) was c o n s i s t e n t  w i t h  t h e  

age- length  r e l a t i o n s h i p  f o r  sub-adu l t  f i s h  o f  t h a t  s i z e  group. 

Length-weight equat ions c a l c u l a t e d  f o r  t h e  d i f f e r e n t  m a t u r i t y  stages o f  a r c t i c  

c i s c o  showed s i g n i f i c a n t  d i f f e rences .  F i s h  show d i f f e r e n t  length-we igh t  

r e l a t i o n s h i p s  as they  pass through developmental stages and beg in  t o  mature 

(Bagenal and Tesch 1978). The smal l  number o f  mature f i s h  examined i n  t h e  

sample were i n  e a r l y  m a t u r i t y  stages o r  were n o t  spawners t h i s  year ,  and o f  

those t h a t  may have spawned p rev ious l y ,  most were females. Thus, t h e  l e n g t h -  

we igh t  r e l a t i o n s h i p s  c a l c u l a t e d  f o r  mature females and mature males probab ly  

do n o t  represent  what would be found i n  an o lde r ,  spawning p o p u l a t i o n  (e.g. a t  

t h e  Mackenzie R ive r )  where d i f f e r e n c e s  would be expected between t h e  sexes. 

The leng th -we igh t  equat ions a l s o  suggested t h a t  t h e r e  was no d i f f e r e n c e  

between f i s h  t h a t  had c a r r i e d  a t a g  f o r  over  a year  and those t h a t  were tagged 

r e c e n t l y .  Thus, no e f f e c t s  o f  t agg ing  were i nd i ca ted .  As d iscussed above and 



in Section 3.3.1.2 the tagged fish grew approximately 30 mm in a year, as 

expected for their size group. 

b. Recruitment Patterns 

A westward movement of age-0 arctic cisco along the Beaufort Sea coast was 
indicated by the catch of young-of-the-year arctic cisco at various sampling 

locations between the Mackenzie and Colville rivers (Table 6). Except for the 

Colville Delta stations of this study and Kay Point, all sampling locations 
along the Beaufort Sea coast were monitored as part of the Endicott Project 

(Envirosphere 1986). Data from Kay Point were obtained from Canadian studies 
(W. Bond, Canadian Fisheries and Oceans, pers. comm. 1985). The date of first 

capture of age-0 arctic cisco at the various sampling locations demonstrates a 
westward movement of fish from Kay Point (50 miles west of the Mackenzie 

River) on July 13 to the Colville River delta on August 26 (Figures 31 and 

32). The criterion for date of first capture was a catch of two or more age-0 

arctic cisco followed by increasing catches in subsequent days. At each of 
the sampling locations peak catches of age-0 fish generally occurred a few 

days after the date of first capture, with the eastern-oriented fyke nets 
usually recording the highest catches. 

Larger fish were dominant in the first catches of age-0 arctic cisco in 

Colville delta fyke nets as indicated by a decrease in the size mode of fish 

from 70-74 mm for August 26-30 to 65-69 mm in the following two weeks (Figure 
11). Thus, the date of first capture at sampling stations along the Beaufort 
Sea coast, timing and duration of peak catches, occurrence of higher catches 
in eastern-oriented fyke nets, and presence of larger age-0 fish in first 
catches (1 arger, stronger-swimming fish would be expected at the forefront of 
a migration) provide evidence for a westward movement of age-0 arctic cisco 
from the Mackenzie River to the Colville River in 1985. 

Gallaway et al. (1983) suggested that under average summer wind and current 

conditions (5 m/sec and 15 cm/sec, respectively), passive drift of 70 to 
110 mm arctic cisco from the Mackenzie River to the Colville River would 
require 35 days, or about 8 mi/day. This rate is similar to the rates 



Table 6.  Est imated r a t e s  o f  movement f o r  age-0 a r c t i c  c i s c o  between var ious  
l o c a t i o n s  a long t h e  Beaufor t  Sea coas t  and t h e  C o l v i l l e  De l ta .  

Approximate Days between f i r s t  
Date o f  d i s tance  t o  catches o f  a r c t i c '  Rate o f  
I n i t i a l l  C o l v i l l e  D e l t a  c i s c o  a t  l o c a t i o n  movemeet 

Loca t i on  Capture (mi ) and C o l v i l l e  D e l t a  (mpd) 

Kay P o i n t  J u l  13 300 

Kaktov i  k  Aug 11 160 

Foggy I s l a n d  Bay Aug 16 65 

Eastern Sagavan- 
i r k t o k  D e l t a  Aug 20 56 

Niakuk I s l a n d  Aug 20 50 

East Base o f  
West Dock Aug 21 40 

Storkersen P o i n t  Aug 23 30 

b a y  o f  f i r s t  cap tu re  was d e f i n e d  as day when two o r  more f i s h  were caught 
f o l l  owed by i n c r e a s i n g  catches i n  subsequent days. 

2mpd = m i l e s  per  day. 
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Figure 31. CPUE (No./24 hours) of small (<I00 mm) arctic cisco at locations 
between the Mackenzie River and the Sagavanirktok River delta. 
Sampling at Kaktovik was not continuous from the first catch shown 
(data from Envirosphere 1986). 
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- Figure  32 .  CPUE (no./24 hours) o f  small (~100 mn, o r  (120 mm a t  C o l v i l l e )  a r c t i c  
c isco  a t  loca t ions  between Prudhoe Bay and the  C o l v i l l e  D e l t a  ( d a t a  
from Envirosphere 1986 and t h i s  r e p o r t ) .  



c a l c u l a t e d  f o r  t h e  movement o f  f i s h  i n  1985 (Table 6) .  A comparison was made 

between t h e  s i z e  d i s t r i b u t i o n  o f  age-0 a r c t i c  c i s c o  i n  t h e  C o l v i l l e  d e l t a  and 

t h e  Sagavanirktok d e l t a ,  us ing  Sagavanirktok da ta  f rom Envirosphere (1986) 
(F igu re  33). Al though a l l  d i f f e r e n c e s  i n  mean s i z e  between the  two areas were 

s i g n i f i c a n t  ( t - t e s t ,  x-0.05), t h e  d i f f e r e n c e s  between age-0 f i s h  were g rea tes t  
i n  t h e  f i r s t  week w i t h  t h e  d i f f e r e n c e  decreasing i n  t h e  f o l l o w i n g  two weeks. 

The i n d i c a t i o n  i s  t h a t  smal l  f i s h  cont inued t o  move i n t o  t h e  C o l v i l l e ,  thus 

reduc ing  t h e  apparent d l  f ferences.  I t  i s  apparent, however, t h a t  t h e  smal les t  

o f  t h e  group, 45-55 mm, were s t i l l  under-represented i n  t h e  C o l v i l l e  d e l t a  

when sampl i n g  ceased. 

4.2.2 Least Cisco 

Age-1 l e a s t  c i s c o  were captured a l l  summer, age-2 and age-3 f i s h  were captured 
d u r i n g  most o f  t h e  summer, and age-0 f i s h  were present  o n l y  f o r  t h e  l a s t  few 

weeks. Growth r a t e s  c a l c u l a t e d  f o r  these groups were l e s s  than t h e  r a t e s  f o r  

o the r  f i s h  species, b u t  t h e r e  a re  no comparable da ta  f o r  l e a s t  c i s c o  i n  o the r  

s tud ies  (Table 4) .  Mean l e n g t h  a t  age was g e n e r a l l y  s i m i l a r  t o ,  a l though 

s l i g h t l y  sma l l e r  than, f i s h  i n  o t h e r  western Beaufor t  Sea s t u d i e s  f o r  ages 
f o u r  through e i g h t .  

Male and female l e a s t  c i s c o  showed no d i f f e r e n c e  i n  1 ength-weight  re1  a t i o n -  

sh ips  even f o r  mature f i s h ,  a l though sample s i zes  o f  males were t o o  smal l  t o  

p lace  much conf idence i n  t h e  a n a l y s i s  o f  covariance. The d i f f e r e n c e  between 

t h e  one t o  t h r e e  yea r  o l d  immature f i s h  and t h e  o l d e r  immature females and - 
males i s  a normal change i n  growth p a t t e r n s  as t h e  f i s h  develop. 

The d i f f e r e n c e  i n  length-we igh t  r e l a t i o n s h i p s  f o r  tagged f i s h  suggest t h a t  

t h e r e  was a s i g n i f i c a n t  e f f e c t  o f  t agg ing  o r  t h e r e  was a s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  length-we igh t  r e l a t i o n s h i p s  o f  f i s h  g r e a t e r  than 250 mm i n  

l e n g t h  i n  1984 and 1985. The 1985 tagged f i s h  were heav ier  a t  a g i ven  l e n g t h  
f o r  a l l  s i z e s  up t o  330 mm. 

The growth curve  and age a t  f i r s t  m a t u r i t y  as determined by d i s s e c t i o n  
correspond w e l l  w i t h  ma tu ra t i on  ages repo r ted  i n  t h e  l i t e r a t u r e  (see Moulton 
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Figure 33. Comparison of s i z e  d i s t r i b u t i o n  o f  young a r c t i c  c isco 
i n  C o l v i l l e  and Sagavanirctok d e l t a s ,  l a t e  summer, 1985. 

(Sagavanirktok data frun Emrimsphere 1986 data apperdix). 



and Carpenter 1986). Least  c i s c o  appeared t o  mature a t  s i x  t o  n i n e  years. 

Non-spawning, mature f i s h  f rom seven t o  s i x t e e n  years  were found, suppor t ing  

t h e  hypothesis  t h a t  l e a s t  c i s c o  do n o t  spawn every year .  

4.2.3 Broad W h i t e f i s h  

Age-0, age-1, and t o  a l e s s e r  ex ten t ,  age-2 f i s h  dominated t h e  broad w h i t e f i s h  

ca tch  throughout  t h e  summer. Growth r a t e s  c a l c u l a t e d  f o r  these groups were 

lower  than those f rom p rev ious  s tud ies  ( G r i f f i t h s  e t  a l .  1983, Moulton, 

Fawcett and Carpenter 1985), a l though t h e  mean l e n g t h  a t  age curves f o r  t h e  

1984 and 1985 s tud ies  a re  almost t h e  same. Mackenzie R i v e r  f i s h  a re  l a r g e r  

f o r  most ages. 

The length-we igh t  equat ions es t imated f o r  C o l v i l l e  R i v e r  broad w h i t e f i s h  i n  

1985 and Prudhoe Bay f i s h  i n  1984 suggest t h a t  t h e  C o l v i l l e  f i s h  were n o t  as 

heavy. The Prudhoe Bay sample cons i s ted  o f  f i s h  sma l l e r  than 250 mm, w h i l e  

about 30 percent  o f  t h e  C o l v i l l e  sample was l a r g e r  than 250 mm. Length-weight 

r e l a t i o n s h i p s  a re  expected t o  be d i f f e r e n t  f o r  d i f f e r e n t  developmental stages, 

thus  comparisons between samples o f  d i f f e r e n t  l e n g t h  ranges may n o t  be v a l i d .  

The youngest (1-2 years)  immature f i s h  f rom t h e  C o l v i l l e  sample had a 

s i g n i f i c a n t l y  d i f f e r e n t  length-we igh t  r e l a t i o n s h i p  than t h e  o l d e r  f i s h  as 

expected f o r  t h e  d i f f e r e n t  developmental stages. 

A wide range o f  ages a t  f i r s t  m a t u r i t y  f o r  broad w h i t e f i s h  a r e  r e p o r t e d  i n  t h e  

l i t e r a t u r e  (see Moulton and Carpenter 1986). The ages o f  seven t o  n i n e  years 

f o r  males and e i g h t  t o  e leven years  f o r  females f rom t h e  C o l v i l l e  D e l t a  sample 

a re  w i t h i n  t h e  repo r ted  ranges ( N i k o l s k i  1961, A l t  and Kogl 1973, C r a i g  and 

Haldorson 1981, Bendock and Bur r  1984b). Few pre-spawning o r  mature, 

non-spawning broad w h i t e f i s h  were c o l l e c t e d ,  t hus  no evidence i n  support  o f  

annual o r  non-consecut ive spawning was prov ided.  

4.2.4 Humpback W h i t e f i s h  

The ca tch  o f  humpback w h i t e f i s h  was l a r g e l y  composed o f  age-1 f i s h ,  w i t h  age-2 

f i s h  appearing i n  sma l l e r  numbers, and age-0 f i s h  appearing i n  t h e  l a t e r  p a r t  



o f  t h e  sampling pe r iod .  Growth r a t e s  f o r  these groups were t h e  lowest  o f  a l l  

t h e  species considered (Table 4). Humpback w h i t e f i s h  a r e  more r e s t r i c t e d  t o  

f r e s h  water  t han  t h e  o t h e r  species, t hus  may no t  be ab le  t o  u t i l i z e  the  

abundant mar ine and brack ish-water  food organisms found i n  low t o  moderate 

s a l i n i t y  water  by t h e  o t h e r  anadromous species. 

Length-weight r e l a t i o n s h i p s  showed t h e  expected d i f f e r e n c e  between t h e  

youngest immature f i s h  and t h e  o l d e r  f i s h .  S i g n i f i c a n t  d i f f e r e n c e s  between 

males and females were n o t  found. Sample s i z e s  were o f  marginal  s i z e  f o r  

these analyses, thus  a d d i t i o n a l  da ta  may c l a r i f y  d i f f e r e n c e s .  Also, mature 

f i s h  o f  e i t h e r  sex were n o t  compared due t o  smal l  sample s i zes  and t h e  

d i f f e r e n c e s  would probab ly  be g r e a t e s t  between mature females and mature 

inal es. 

Humpback w h i t e f i s h  i n  t h e  C o l v i l l e  D e l t a  sample appeared t o  mature a t  about 

t e n  years  by t h e  mean l e n g t h  a t  age curve  and examinat ion o f  gonads. T h i s  age 

corresponds w i t h  t h e  ages o f  e i g h t  t o  t e n  years  r e p o r t e d  f o r  f i s h  from t h e  

same area by A l t  and Kogl (1973). Non-spawning mature f i s h  o f  13, 19, and 37 

years were found, suggest ing t h a t  humpback w h i t e f i s h  a re  non-consecut ive 

spawners. 



5.0 SUMMARY AND CONCLUSIONS 

A significant concern related to the hypothesized Mackenzie River origin of 

arctic cisco is the effect of causeways at Prudhoe Bay and Endicott on the 
movements of young-of-the-year arctic cisco. Assuming a Mackenzie River 

origin for arctic cisco in the Colville River, successful migration to the 
Colville River is a critical life history phase that insures continued arctic \ 

cisco utilization of the Colville River delta and availability to local 
fisheries. The 1985 data indicate that the larger individuals of the 

young-of-the-year arctic cisco successfully migrated past (or through the 

breaches of) the causeways and reached rearing and overwintering areas in the 

Colville River delta with no apparent delay. Catch rates were still 
increasing when sampling was discontinued because of ice formation. The 
difference in size between age-0 fish in the Colville and Sagavanirktok deltas 

was greatest during the first week of recruitment but decreased by the end of 
sampling. Environmental conditions (e.g. persistent easterly winds) and a 

strong year-class of age-0 arctic cisco likely facilitated the movement of 
young arctic cisco from the Mackenzie River to the Colville River in 1985. 
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To ta l  ca tch  o f  humpback w h i t e f i s h  by s i z e  group a t  o u t e r  d e l t a  
s t a t i o n s .  

T o t a l  ca tch  o f  humpback w h i t e f i s h  by s i z e  group a t  r i v e r  
s t a t i o n s .  

To ta l  ca tch  o f  l a r g e  humpback w h i t e f i s h  by s t a t i o n  and 
d i r e c t i o n .  

To ta l  ca tch  o f  medium humpback w h i t e f i s h  by s t a t i o n  and 
d i r e c t i o n .  

To ta l  ca tch  o f  small humpback w h i t e f i s h  by s t a t i o n  and 
d i r e c t i o n .  

T o t a l  ca tch  o f  char  by s t a t i o n .  

Catch pe r  e f f o r t  (no./24 h r )  o f  char  by s t a t i o n .  

T o t a l  ca tch  o f  a r c t i c  g r a y l i n g  by s t a t i o n .  

Catch pe r  e f f o r t  (no./24 h r )  o f  a r c t i c  g r a y l i n g  by  s t a t i o n .  

T o t a l  ca tch  o f  round w h i t e f i s h  by s t a t i o n .  

Catch pe r  e f f o r t  (no./24 h r )  o f  round w h i t e f i s h  by  s t a t i o n .  

T o t a l  ca tch  o f  boreal  smelt  by s t a t i o n .  

Catch per  e f f o r t  (no./24 h r )  o f  borea l  smelt  by  s t a t i o n .  

T o t a l  ca tch  o f  fourhorn  s c u l p i n  by s t a t i o n .  

Catch per  e f f o r t  (no./24 h r )  o f  fourhorn s c u l p i n  by s t a t i o n .  

To ta l  ca tch  o f  longnose sucker by s t a t i o n .  

Catch pe r  e f f o r t  (no./24 h r )  o f  longnose sucker by s t a t i o n .  

Release and recap tu re  data  f o r  t ags  recaptured d u r i n g  summer 
sampl i ng . 
Release and recapture  data f o r  1985 C o l v i l l e  tags recaptured i n  
t h e  f a l l  f i s h e r y .  



APPENDIX TABLES (cont inued) 

Table A-48. 

.- 
Table A-49. 

- 
Table A-50. 

- 
Table A-51. 

- Table A-52. 

- Table A-53. 

S i ze  groups used f o r  c a l c u l a t i n g  weekly mean leng ths  o f  0  t o  3 
year  old  f i s h .  

B i o l o g i c a l  da ta  f o r  a r c t i c  c i s c o  used i n  length-we ight  analyses, 
aging, and mean l e n g t h  a t  age. 

B i o l o g i c a l  da ta  f o r  l e a s t  c i s c o  used i n  length-we ight  analyses, 
aging, and mean l e n g t h  a t  age. 

B i o l o g i c a l  da ta  f o r  broad w h i t e f i s h  used i n  length-we ight  
analyses, aging, and mean l e n g t h  a t  age. 

B i o l o g i c a l  da ta  f o r  humpback w h i t e f i s h  used i n  length-we ight  
analyses, aging, and mean l e n g t h  a t  age. 

Length-weight r e l a t i o n s h i p s  and a n a l y s i s  o f  covariance 
comparisons f o r  tagged and untagged f i s h  captured i n  t h e  
C o l v i l l e  R i v e r  and d e l t a .  



TPBLE n-1. Sanplinp *? for t  (days) by mtation. 

DClTE STITION 

RIVER 
203 

Jul 3 
4 
5 
6 
7 

TOT- EFFORT 39.87 40.98 34.90 40.39 39-50 



TnBLE n-2. Sal ln l ty  (ppt) by station.  

WTE STnTI W 

l u l  3  
4 
S 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2e 
29 
30 
31 



#Tar ION 

E L T l  RIVER 
1 P 3 ssi ooe 203 

ie. o 

11.0 
ie. o 
12. 0 
12.0 
12.0 

LO. 0 
10.5 



TIULE R- 

DOTE 

cr) by station. 

BTRTf ON 



???  ? ? ? ? ?  ? ? ? ? ?  ? ? ? ? ?  ??"? ? ?  ? ? ? ?  ? ? ? ? ?  P ? ? ? ?  ? ? ?  
- 0 -  N o o r -  0 0 - 0 -  - - - - 0  0 - 0 0 -  0 0  0 0 N - or. . - -  r r r r r  r r r  



Total catch o f  arctic CISCO by statton and alrretzon. 

R I V E R  
202 203 204 205 



Catch Pmr e f f o r t  (no./21 hr) o f  l r c t i c  c isco  by . tat ion.  

STOT I O N  
OELTl R I V E R  
8 3 66 1 202 203 204 

Jul 3 
4 
5 
6 
7 
8 
9 
10 
I 1  
12 
13 



Total  catch QI a r c t i c  c i u o  by mtzo proup 
a t  o u t r r  do l t -  . ta t tom.  

SIZE GROUP DRTE 

~ M ~ C I L L  MEDIUM LRRGE 
( 120 m n  120-249 mm ) 249 c n  

0 11 3 Jul 3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
re  
19 
20 
21 
2P 

TOTRL 2645 613 206 

Not., On Srptmbor 11. 708 r i r h  w - r r  not n.a.urld. 
but a p p r ~ ~ ~ m s t o l y  90% - r e  i n  t h e  sm*ll  mizo group. 



Table  R-9. T o t a l  catch of a r c t i c  c isco  by size group 
a t  rlv.? s t a t l o n r .  

DRTE SIZE GROUP 

SMALL MEDIUM LRRGE 
( I20 m e  120-249 m ) 249 m 

Jul 9 
10 

TOTRL 



DPTE STeTION 
DELTl  R I V E R  

1 2 3 66 1 PO2 203 PO4 205 
N S E W L1 6 



Total catch o f  ardiun Prctlc cisco by ntrtlon and dip-ction. 

DELTP 
I 2 3 66 1 202 

N 5 E W N 5 



T o t a l  catch ~ 1 . ~ 0  by s t a t r o n  

STITION 

3 
N S 

and d i r - e t i o n .  

66 I 202 
DELTI 

d 
E W 

0 0 

RIVER 
203 204 PO5 



T l b l .  R-13. 

W T E  

r o t a 1  catch or 1.a.t ci-co by .t.t,on ."d dir.ctlon. 

S T P T I O N  
RIVER 

3 6 6 1  2 0 2  2 0 3  8 0 4  
N 5 



Catch per mf f o r t  (no./24 hr) of least eisco 

DRTE STRTION 
DELTR 
2 3 66 I 202 

RIVER 
203 

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

RUB 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 



Table n-15. 

DATE 

Tota l  catch of lmsr t  crsco by 
a t  outer d e l t a  s tat ions.  

SIZE GROUP 

SMALL MEDIUM 
( 120 mm 120-249 m n  

LARGE 
) 249 nn 

J u l  3 
4 
5 
6 
7 
8 
9 

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

Rup 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Not., On Sept.mbmr 11. 917 limh nrr. not mRasurmd. 
but .pproMim.tmly 90% were i n  thm .mall m i z r  proup. 



Total catch of Iwast cisco by mizm proup 
at riw-r station.. 

SIZE O R W P  

SMlLL MEDIUM 
( 120 nn 120-249 mm 

Jul 9 
10 
I 1  



R I V E R  
203 204 105 

30 
31 

aup 1 
2 
3 



Total catch of nedrun 1.a.t c~sco by station and dl?-ctron. 

R I V E R  
203 204 105 



10 
11 
12 
13 
14 
I S  
16 
17 
18 
19 
20 
21 
22 
23 
2 1  
25 
26 
27 
28 
29 
30 
31 

S I P  1 
2 
3 
4 

Total  catch o f  11.11 least cxsco by rtatlon and dlrcct lon.  

STPT l O N  
DELTP RIVER 

I 2 3 661 PO2 203 ?04 205 
N S E U N S 

68 34 



broad Whlt.fl.h by .t.t,on and dir.ctron. 

STPTION 
DELTn 
2 3 661 

E Y N S 

10 21 

RIVER 
203 

1 
1 
0 

0 
0 
0 
0 
0 

0 
e 
0 
1 
1 

0 
0 
0 
1 
2 

6 
3 

7 
9 
5 
7 
6 

14 
7 
1 
0 
0 

4 
3 
6 
7 
5 

2 
3 
10 
6 
1 

I21 



TARE R-21. 

DATE 

Catch pmr effort (no./?) h*) o f  broad wh1t.fI.h by stat ion. 

204 

STATION 
R I V E R  

661 202 203 
DELTI 

1 2 3 

38.75 



Tablm Total catch of  broad *kitmfl.h by slam proup 
a* oubw dmlt. s t a t l a .  

an15 SIZE (IIIOUP 

81YYL IIEDIlJ4 LIIlWli 
< 1- r lW-L49 mm ) 849 ir 

Jul 3 23 3 5 
4 
3 
6 
7 
8 
9 21 20 7 

10 21 17 12 
11 5 18 5 
12 6 3 1 
13 
14 
15 23 a 2 
16 67 34 2 
17 75 16 2 
18 110 46 2 
I9 M 13 2 
PO 
91 
e2 77 45 1 
23 90 62 14 
P4 29 i?O 9 
25 24 8 8 
26 51 21 5 
e7 
28 
29 
30 97 48 11  
31 926 90 11  

Run 1 68 4i! 1 1  
2 83 56 1 0  
3 



Tabl. a-23. Total catch of broad uhit lCl9h by 9lxe group 
at r l v l r  .tatton.. 

DLITE S IZE  GRWP 

SMPLL MEDIUM LRROE 
( 120 ma 120-249 nn ) 249 r 

Jul 9 
10 
11 
12 
13 
I 4 

TOTAL 



Tabl. a-24. rota1 catch or l r r p  broad whxt.71.h by statron .W dxrectton. 

DELTQ R I V E R  
I 2 3 66 1 202 203 204 

N S E U N S 



Total catch O f  nmdlu. broad whlt.~l.h by .t.tlon and dlr.ctlon. 

STPTION 
DELTP R I V E R  

1 2 3 66 1 202 203 204 
N 5 E U N 5 

TOTPL 



.mall bread wh1t.fl.h by mtatlon and dlr.ctlon. 

STPTION 
OELTP RIVER 
2 3 66 1 202 203 

E U N 5 



W T E  STRTION 
DELTR RIVER 

1 2 3 66 1 202 203 204 
N S E U N S 

Jul  3 
4 
5 
6 



TRBLE R-28. 

DATE 

por offort (n0./24 hr) of humpback nhltoflsh by stat ion. 

204 205 

STATION 
DELTA RIVER 
2 3 66 1 202 PO3 

Jul 3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
1s 



Tablm a-29. Total catch o f  humpback whltmfleh by el=. nroup 
a t  outer  dmlta e ta t ione .  

Jul 3 
4 
5 
6 
7 
8 
9 

1 0  



Tablm It-. Total eat& of humpback dtikmfimh by aixm proup 
' at river seatiom. 

DL)TE BILE BROUP 

Jul 9 
10 
11 
19 
13 



DATE 6 T a T I O N  
DELTn R I V E R  

1 2 I 661 202 203 



RIVER 
a02 a03 



I.81. a-33. 

WTE 

Total eat& OI .mall h ~ e b a = M  *nlt.rl.h by s ta t ion  and d i r r t l o n .  

RIVER 
20.2 a03 

Jul 3 



Total catch o f  char by station. 

STI2TION 
DELTI2 R I V E R  

1 2 3 66 1 202 203 264 205 

0 



Catch prr r fror t  (no./24 hr) o f  char by s t a t i o n .  

R I V E R  
202 203 

J u l  3 
4 
5 
6 
7 
8 
9 



Total catch of arctic praylins by station. 

RIVER 
203 204 205 

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

nug I 
2 
3 



Catch p r  offort  (no./24 I lr) of a r c t i c  pray1 ing by * t a t  zcn. 

ST67T ION 
RIVER 

66 1 202 203 204 205 



Total catch of round nhit.Clmh by station. 

RIVER 
203 

Jul 3 
4 
s 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2s 
26 
27 
28 
29 
30 
31 

aug 1 
2 
3 



T W  n-39. 

WTE 

hr)  of round whitefish by stat ion. 

204 

STPTION 
RIVER 

66 1 202 203 



Total catch o f  borm.1 umolt by statlon. 

STATION 
DELTA 

1 P 3 661 eoe 

TABLE R-40. 

RIVER 
-3 



hr) or borm.1 mmlt w station. 

BTRTION 
R I V E R  

66 1 m2 203 204 

Jul 3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
1s 
16 
17 
1 8 
19 
20 
91 
P2 
23 
24 
25 
26 
97 
Pa 
t9 
30 
31 

Clun 1 
P 
3 
A 



TABLE 0-42. 

DATE 

Jul 3 
4 

Total catch of fournorn ssulpin by station. 

STATION 
DELTA RIVER 

1 2 3 66 1 202 203 204 205 



Catch prr  wffort (no./24 hr) of fourhorn mculpin by stat  ion. 

204 

STnTIW 
R I V E R  

66 1 202 203 

Jul 3 
A 

60.44 13.83 17.33 
48.91 it. 09 28.00 



TABLE A-44. 

DRTE 

Total catch of lonpnosw muckwr by station. 

STATION 
DELTCI 

1 2 3 661 202 

Jul 3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2s 
26 
27 
28 
29 
30 
31 

Aup 1 
2 
3 

TOTRL CATCH 



TPBLE 0-45. Catch prr .?To* -t Ino./24 hr) or longno.. '8 

STPT I O N  

3 66 1 202 

stat ion. 

204 
DELTP 

1 2 
RIVER 
203 

Jul 3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 

25 
26 
27 
28 
29 
30 
31 

Pug 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  



Table A-46. Release and recapture data  f o r  tags recaptured during summer 
sampling. 

Fork Length Release 
Species (mm) Date Location 

R e c a ~ t u r e  
Date Location 

A r c t i c  297 
Cisco 302 

336 
283 

Least 331 
C i  sco 309 

* 317 
365 
258 
313 
277 
305 
326 
300 
306 
328 
323 
320 
305 
272 
274 



- 
Table A-46 (Continued) 

Fork Length Release 
Species (mm) Date Loca t i on  

Recaoture 
Date Locat ion  

Broad 281 7/23/85 1 7/31/85 1 
W h i t e f i s h  276 7/30/85 1 8/21/85 2 

308 8/11/85 F25 8/15/85 1 

Humpback 460 7/27/84 PB 6 7/26/85 204 
W h i t e f i s h  317 7/20/84 GB 25 7/31/85 1 

Char 228 9/7/85 F25 9/10/85 2 

F = E n d i c o t t  1985 s t a t i o n s  
P8 = Prudhoe Bay, GB = Gwydyr Bay; 1984 Lisburne/Water f lood s t a t i o n s  
( )  = approximate s t a t i o n  l o c a t i o n s  
* t h i s  f i s h  was a l s o  recaptured 3 m i l e s  downstream f rom Ocean P o i n t  on 8/21/85 

by T. Bendock 
+ f i s h  was i d e n t i f i e d  as a r c t i c  c i s c o  when tagged 
+ + f i s h  was i d e n t i f i e d  as a r c t i c  c i s c o  when recaptured 



Table  A-47. Release and recapture  d a t a  f o r  1985 C o l v i l l e  tags  recaptured i n  
t h e  f a l l  f i s h e r y .  

Fork Length Release 
(mm) Date  Locat ion 

R e c a ~ t u r e  
Date Locat ion Species 

10/18/85 N i a l i a  A r c t i c  
Cisco 

Least 
C i  sco 

Broad 
W h i t e f i s h  10/16/85 N i g l  i q  

1 O/ 16/85 N i g l i q  
10/31/85 (3)  

Humpback 
W h i t e f i s h  



Table A-48. S ize  groups used f o r  c a l c u l a t i n g  weekly mean leng ths  o f  0 t o  3 
yea r  o l d  f i s h .  

s 
S e i e s  s e-1  e-2 Aqe-3 

A r c t i c  c i s c o  7/3-7/12 100-139 140-179 
8/12-8/16 140-199 
8/19-8/23 150-199 
8/26-8/30 50-84 85-109 110-149 150-199 
9/2-9/6 50-84 85-109 110-149 150-199 
9/9-9/11 50 - 84 85-109 110-149 150-199 

Least c i s c o  7/3-7/12 50-89 90-124 
7/15-7/19 50-89 90-124 
7/22-7/26 50-99 100-129 
7/29-8/2 50-99 100-129 
8/8-8/9 50-99 100-129 
8/12-8/16 30-69 70-109 110-139 
8/19-8/23 30-69 70-109 110-139 
8/26-8/30 30-79 80-119 120-149 
9/2-9/6 30-79 80-119 120-149 
9/9-9/11 30-79 80-119 120-149 

Broad w h i t e f i s h  7/3-7/12 
7/15-7/19 
7/22-7/26 40-59 

Humpback w h i t e f i s h  7/22-7/26 60-109 110-149 
7/29-8/2 60-109 110-149 
8/8-8/9 40-59 60-109 110-149 
8/12-8/16 40-69 70-109 110-149 



Table A-49. Biological data for arct ic  c i s co  used in length-weight analyses, 
aging, and mean length at  age. 



Table A-49 (Continued) 

Station Date 
. .. .~ .... 
..,, 2 ,  ; i. . .J;j 

I , . ~ . : '  . - .  i E,, 5" 
: :16/ i i i85 
t:)B/ 1 &:/ *r:, 

1:)8/ 16/85 
08/ l i i 8 5  
ir8/':i:85 
r:1:3i 16/05 
1:18/etJ,.'tj5 
r, (j ,, ! .- .> ,. ez, 
q /' 1 & ;' 8 3 .. L 

t:j9/!:)3i 85 
,-) i, / 1 ,' I C " 

i. i Y I_' 
(?,3 ; 1 ;' ?,,X 

,: 2 7 >.' 85 
1:1ij,'r,3;'.35-: 

1:18/ 16/85 
<:I&/ L6/ 85 
1:13/t:!2/85 
!:I3 ,/ r:j.z/ $j5 
r:l$j,'E&.,'E!E; 
03/ 05/ 85 

C17/13/85 
i>B/Zt/E\5 
03,'i:13,,35 
i!Q;'i&/s:j 
03/r:)3/85 
. ~ \.)k, ,/ ;:,I; ;? :,>-, 
i)g/i:13/85 
.), /.' ."i : ' 2  c 
L. ... 1, $2 J 

r:lg;Z3/85 
Ci3/.55/8J 
8 3 9  / i:!Z / 35 
C!'3/lSSi85 
::i8/Z€/85 
(.)8;'sE.;'E5 
r:13/::15/85 
e:13/ 1 o/' a5 
OH.r":'8/85 
03/ ?0/85 
03/05/85 
!:13j 1(>/85 
C13/<)5/85 
!:)3/ 1 l:!/'e.5 
!26/2.:/85 
;;) 

/' ~= ,  -;, / sz: 
r L . .  J 

::!8,'2F,/85 
.:,,.s ./ : ,:! ./ s,z 
;->,x " - . -- 
.. ., , &i., ,' ?,.> 
,.,a ., ,zx,, 85 

Length 
Species (mn) 

< .. , 
A !.I , 1:: , .., 
:. ,I> 1 . 7 , .. 7, 

1 ::I 1 1 7'"s 
1 i:i 1 :7:3 
1 'I 1 1 ,3 0 
1 1 't A\ 32 
1 C! 1 134 
? i l L I dB 

(:r 1 ;.:,,-)7 -. 
1 0  1. <? 2 c, 
1 1:) 1 -, - -, C:,:lC 

:. !:I 1 L'i.15 

1 (:! I ...., ... ik y 
L. 

1 ::I 1 r- - iZ j,.! 

1 t::, 1 8- .::, !: 4 
... . - 

I I:! 1 Lt.2 

1 0 1 :, = 
LC,;, 

'I Ci 1 .=, = - ,. ..- LLZ 

1 0 1  275 -. -. 1 !. i. 3 

1 1:) 1 ;ijo 
1 ;:I 1 #- . <= 0 (-1 

1 111 1 29 1 
l ( 1 8  1 :, qL, 

L. L. 

1 C! : ,L. Z . 8 7  

10 1 ;, 1.1, 
L -L 

i (:I 1 .-.r - 5s 
: i:i 1 C' - 9 4 
1 i:) ; 2 , 3 L +  

1 0 1 .=, 3 c 
L>J 

1. (1) 1 235 
1 ,.:, 1 .=, 0 c, 

L.- . , .. .- 
;, '., A At.) 1 
10; 3 i:, 7 
1 i:) 1 3 1 !:i 
101 3 1 i  
1 2:) 1 3 1 7 
1 (5 1 3:3 - .-, - 1 (1) 1 2C2 

1 (:I 1 327 
1 C11 228 
i :: i 328 
1 Ci 1 -. .. : 

320 

: l:! 1 330 
1 ,:) i 33 1. 
101 333 
. < - >  1 .. . 335 . : - .: ,..I I Y -. ' 
l <- A -.i I ::c 

..,Y" 

1 1.1' i -. ' 4 2  

Weight Matu- 
(g) Sex rity 

. S T  i! 

- 
Q. ? r- 

-I.& i 
5 .:< " - 
51 F 1 
r+'? p! 1 
52 4 I 

64 11 
84. 1st 

. I .L ?! 

. 1 i ?i . 7,: 
:. .J kr 
,* 5 3 i: 

.I.!'. ' 7 '  

J. n5 I' J. 
.L i3Z WI 1 

1 94 in 2 
187 F 
204 M 1 
ifi':r ;'I 
E ;  i- 1 
1 ;  i 
2 :  1 iz i 

..-, .. ., . - =.=/ F- - 
. - - -  - . . 

3.3 ;- I 
2 6 ;  : - 
-27 7 - 
. & ; t7 

251 .I - 
2 ~ 6  y i 

Z F , 7  i 

d 
27" " 2 
27 1. :?1 i 
3,114 F i 

31:) g !q ;, 

3s3 F i 
317 ': - 
.339 Y 
337 F 
"4'3 : 
.a 

364 Y .Z 
339 ,7, 

;31 M ? 
! PI I 

4"' n! 1 
LL 

366 rl 2 
3 y 3  <r 
&62 1 

;.- 
?,>" 
2 .  v L:' 



Tab1 e A-49 (Continued) 

Station 

; i ., - .. 
i l  ( 8  

i; 
.! - 
,- 

!-i 
-i 

.7.l 

,-, , , 

, 8 

%.. . , 

7 

+< 

. . 
Ti 

d 
t- 
:i 

i-i 

4 . . 

H 
C 
,-- 
e; - . . . - 
.. . 
n 
,.., 
: ,  

ti 

Ci 

... - 
151 

Date 
k;>E) '..' 2 :> ,* ,g, 5 
: , j ;  3.7 ,')JCZ - .  . -  
- -  ,.t35 

' . . l ' j ,  t.?C., 

L:I'~/ 'l!5 ,'a5 
li:r/:51Y5 
1<:!/15!t35 
i:),9/26/35 
.(.),.'" " 5  . .L,,'L.- 

if:]/ 15,/e5 
. A...!.15/s5 ,-> 

I;:;./ 15iBS 
' ,-!/i5/p,5 - .. 
I!:)/ 15/05 
- ;; ; ' " ' BC - .. , A -, ! 
1 ,:;/ 1 5;',35 
-C,/ 15/85 
l('!i15/95 
?Oj15/05 
LO,., 15/95 
:!:,/15/p,; 
LC:!/ 15/S5 
iC~!/'I5,'55 
1.:); 15/95 
;,:)/i".,rBt 
i ::,i 15/95 

t;) ,:.' 2 .z ,t LJ 5 
i'>/15,'85 
"" :5,>2,5 - .. , 
:;:,/ j.5,'$5 
: ,> , . L: - . , *.-. 1.65 
*(-!,'ls .. .. ,' * :3 
1<:,,. :s/p5 
!:i 9 ,, 1 iil ;' 35 
I 1:) / 1 5 1" 8 5 
10i'13/%5 

,-, i . r= I . . ., . 2 5  
1iI!/15./Y4 

Species 
'!. (> : . .' - '> .. 
1 0 1 
1 1:) : 
i "1  '; * .. 
11) 1 
1 0 1 
I. I:) 1 
1 1:) 2 
1 0  1 
1 11) 1 
1 i:! 1 
+ - t.! 1 
1 ' 2 1  
1 i:! 1 
1 i:, 

101 
141 
1 I:! 1 
1,:l 

1 1:) 1. 
1 1:; 1 
< ,-, < . l.., 
1 i> i 
: Oi 
': :., 1 

I V i  

:<'I 
1 i:! 1 
i C i l  

L 8:) 1. 
1 1:) 1 
l!jl 

: 1:j 1 
: !:I 1 
. . ,  , :  , . 
1 \:I 1 

Length 
(111) 

Z i + 3  
3 '3.1, 

. -- 
d Lt , 
35 i 
356 

350 
361:) 
361.3 -. - ,- 
3bb 

365 
. -. ,- ,. Ji>b 
3 6 D  - ... 
2 / 8: 

:', 7 ( 5  

37E 
3,3? 
392 
3 8 ' LI 

353 

.384 
..~ . 
398 
38 9 
395 
3?E. 
4 i:! i> 

'.si:\h;) 

L, (-'T 
rC;i 

: . - ~,. A >., 
.>. 1 ':; 
4 13 
4 1 (J 

4.2,:: 

427 
",35 

443 
.- . . -. > 

si:15 

Weight Hatu- 
(g) Sex rrty Age 
478  !< 'L 

c: . ,.. . . . 
,.. '.'b - -  - 

... " +7 j< l  j 

r.. it..,€ F c 

i !  1 1 
6.1. 1 !Y, 2 
:&5 M 2 

, . 'ii 
593 ,g i :, 

613 ? 2 
hi:!% ;:; i 

c,Ei:> 1,: I 
: ,.. . ,... 
:t.n. 1- 

. ~ ,  . 
:. .. t2c'3 c .- i. 
? -, .-, -- .. . z :. ,> .. 
'7 L y  ' , F  i: - - 
6::)s p- C - I. 114 F ,_ 
&SS F ,- ,- 

7 l : ! 3 V  2 
iti. " c 

-- 9 1 5 - 2 
77,+ " -. i 
7 .3 !?4 7 L. -. - i - . z  z Z' - L. L 

,:> r2 , -. . 
93,. 7 ... 
133 .; F ..: 

c. 
a <.: ,3 F' .- 
,3*.'3 <= -. .- .. , ,. > . 
an5 F 2 
Q.7, .-, - 
>LC F - 
: : r  2 ,: t ,., 

7.- - -. 3 ,. '.I F :I. 
,:! ~. .. 

.: ,..L-: '1: . -. . . 

ZE4 PI 



- A-50. Biological  data f o r  l e a s t  cisco used i n  length-weight analyses, 
aging, and mean length a t  age. 

WEIGhT SEX '4'-'- , I.., I b? E> ,:I 
.:, - 
L I I - 
2 i 1 
2 I 1 
3 I 1 
2 1 1 
2 1 i 
3 1 1 - 
3 1 Z A 

3 1 1 .- 
. 7  
u I 1 ! 
4 1 1 ! 

4 1 -. .s I L 

4 i A 

4 r ! A 

4 1 1 
4 1 1 - , 
4 1 1 
5 l 1 ~. 

4 i i 1. 

9 1 - 
1 1 0 I ,.2 

1 1 i:1 I - 
:<I I i - 
3 i L , .. 

3 1 1 ' -  

1 i:) F i 

1 C 1  : 1 i 

1 2  I 1 i 

11 I 1 .:. 
L. 

14 I 1 . , 
i 

1 1s I L. 

1 6  I 1 C 

1 8  I 1 L., 

20 I 1 - 
5 

1 3  I 1 - 
-, 

25 i 1 - .. 
21 I 1 -: .: 
24  M 1 5 

31 F 1 ... 
.!, 

23 I 1 - - - - 1 
.- 

5,i M ,.A - .- ad M 1 - 
-, 

7 r-- 1 
- 

d.2 1 ,.$ 

1 .- 
33 I -, 

4 I. 1- 1 
,.- ~ 

..,l.I F 1 i,. 

51 F ; 'I. 

4i F 1 ~t 
.- 
2.b F t 



Tab1 e A-50 (Continued) 

S ta t ion  Date Species 
. .- 

1 I.:: 
1 (:IS 
1 (35 
1 1:) 5 
1 i:15 
1 !:I 5 
1 i::5 
10% 
1 il5 
1 (:I 5 
1 <:I5 
1,:z 
1 t:i:, 
1 05 
1 1:15 
: i115 
1C)S 
1. l:i5 
1 (:I5 
1 I:,S 
:t:15 
105 
1 ,-, 5 . .. 
1 05 
105 
1 i,5 
" V L' d 

105 
1I)Z 
: 1:)s 
z, 5 
105 
1 1:)s 
1 1:) 5 
1 I:) 5 
1 0 1 1  
i . .d 

1 (:I5 
1 l:l5 
1 05 
105 
1135 
1 i:r 
105 
1 1:)s 
1 C!S 
, - C  ., 1.) ., 
1 1:)s 
1 (:I% 

i <:!5 
1 ':I5 

Length 
(m) 

Weight Matu- 
(g) Sex r i t y  Age 

"' - 
, .. - .- 
LC,,' 7 - .. ; (= ..; F " 
?hi+ 6: ,- 

I 7:: .? ,:. ,.. :, 
-., I 3  p: S .. 

2,.3!3M 3 
2.:,7? :, - 
214 r: v:: - 
194hl 3 ,-, 

212 F 1, .... .>, 
.-, .-, -, 
C ?I 3 
224 F 2 I 

2<,& F: 7 -. i!, - ,- .-. 
i 5 U  i- 

... 
L 

267 1: 4 7 , -; >. .. 
. - - -  7 Ld s 71 -. 2 3 7 7  s .. . 

2 7 ~ ,  c 4 
2 ,,? 2 
2'" i -. 
273 ' - - 7 

= 2 I 1 F .-, 
-... - j f . i  1 ;.- 

.:. 
L. ' 2  

2 . z . c  .- 
ULcl i' 

e -, . . 
233 F " -, .? - Z l > 3 F  .: , - 

- F -. C :. 4 

213 3 



Table A-50 (Continued) 

S t a t i o n  Date Species 
Length 
(m) 
3 1 .g 
3 i 3 
7.-. r 
-,C L - -  .. 
-..-, , 
3 c . t  
SZF, 
3z;7 
3z$j .. - ~- j;c, 
331 --- Ads 
340 
34.3 
7 ,  C .,+I, - = ..-, 
5dC 

353 
355 
357 
7 8:-, [3 - ... 
36i2 -.- - 
2, L, 2, ..-- 
j ; j 

Weight Matu- 
(g) Sex r i t y  Age 

-. . .. . ,. .. 
'. c,..,. I .. 

> 

7.; 3 :r .., A 

-= ... ,:; . . A&,,= , 'i. .. ... 
316 F L .. ! .  . 
.7c- .. , ' 3  1- 3 .. i - 1 

'7 q ,::, -- ...~ 
., 

,- 
U . -. - '> -. 
;.:,.Li ,? 

.. . . .- , .. - .. .. . . 
j d i . !  - L, .- 

355 F- C - 
c 391 F 1 .. 

413  F .? : ?L 
465 17 5 . 8:. 

-, ~ .> z,  - 
SYL. F 2 , . . .. 
. . .. L- ')i:.y C 1 

4  5 ;=, 1.: ,:.' - i i 
. - ,- + 
4iJ .- i .. a,.:., 

c L..I? ,- F 2'. : 5: ... -> 
c , F - ..... - ., .. , 
r .  - L 2 3  .: 

. , - -., 
, . , -, -. . .: A . ,- 
.. - 

'ill .., , . ,.... 
-. . ,- ,-,>,.> - ,.7' 





Table A-51  (Continued) 

Stat ion Date 
T .. 

.: , , ,.- , ., :3: 
.., ',..,, ...;., 
,..,: , <L..k, a, 
[;) ~, ..:. , ' '- ,-t/Y5 
''7 , .:, , , , ,4 

1:17/,?4/85 
,:,;71~5/85 
!:!7,<25/a5 
(;)7,.'.=,L; Y L  = 

L-, ,3-; . . 
I.! 7/25/65 
r:)7/::5../85 
(:! 7 . --.c . , "- G., , 3d 
. : 7 :" ~ 3 i 8 ;  :. -' 

,;! > :, -:.: / \55 , ,L. ,4 ,. ,. ... , .3C ...... 
~ . l  ; , Ld/ ~> 
i:)7/25/05 
(:17/25/85 
<:, 7 i 3C , , Ld/%5 
(-) 7 ; C,U . , ., , -r / U 5 
< ) 7 / . z . r  . L.,, ,35 
,:!;1,/25/85 

!:)7,';26/%5 
1:!7/25/85 
(:17/;3€;'85 
(:17/2i,,'5)5 
(:!.7,25/05 
r:!7/)Ci85 
(> -7 ,< :- .- i a / 5 5  
(.') 7 ;' 2 6 / 8 5 

I:! 7 / 2 6 / 9 5 
r:>;.i'26./$5 
7 i z .  , .. ,&/I35 

r::s/?:rqiZ5 
1:18/(:!2,'85 
(:!8/i>2/55 
1:1a,:o2i95 
.:I 8 / 2 .i' 8 5 
!:)8,'!>2./85 
r:!Y!'OZ/85 
I:,t3/!:);2: 05 
~.Id/!112/85 
<:)8/1:!9/85 
i:18/i:)Oi85 
(:)nios/oc, 
i:15/i:!a/a5 
l:!i3/!:lG i5S 

;:.!Alf05 
(:>8,)~:!8,'@5 
'>!, /,I> >3 ,,. ~2 5 . . .  

1:)0 ;i:)8,:05 
;, L, ' ' '  r, ' ,. r- 

L, / '.),.! i ,.3> 

Species 
Length 
(m) 

.. -. 

Weight Matu- 
(g) Sex r i t y  Age 

, .#, 

g ;, ,= - ,  
52 1 >! L .., ,.:, 

564 M '-, .- ... L. -. , - a  N 2 ... 

94.  PI 

1:) F .I. ... 

65 IY! 1 - 
G'3 F i ... 

53 w1 1 
1 6,:) PI I. 
.- ~.. ~.. ., -2 , ," ; ,>? - 
t? -. v- -8YS !V <. - 

38 i- .. 

51:, iri .... 

284 F 1 k. 

236 F 1 b: -~ :. - 
a .  M i 1:. 

583 i-1 
-, 582 PI - 

655 F 2 C \.. 

1 5 1 7 irl !:: 
4C!5 F 
248 M 

" 3  F * .. 
233 I'! 

2. i 

129 F I 
L.. c 

i 2: 3 ,'.: I 

1 I:! irl ?, ... 

133 p'! 1 A, 

E?P, F 'I. :, 
--. 1 ! . I  lrl *.. 

... 425 M 1 
:,cF; ... ... ,-;a F . 
Z 4 i M  I 

1 
. . 

317 M 
;?I:!? iv! i 

- 
i 
... 

232 M 1 -. 

,253 F 1 c 
97 M 1 

.. - 
1 43 M . , 

2.. 

7 :. F - 1 6 
?G2 M 1 '.,. 
57 F 1 . - . 
41 ?l A #.. 

221 F 1 L 

1 
- 

437 M 
7- !.I 
d ,  1 ... 

1 I F >... 

15 F 1 



Table A-51 (Continued) 

Station Date Species 
.. .. . . , ;., .:': '.;::, 

~ .. . ;- 

.., 8, >.."3/ $5 2, 1:)s 
!:in/' i:r2.'~5 1 0;3 
<&5l,',.:!7/85 1 I:] 3 
OR/Sr3,'85 i (11 3 
!:18ii:r3/05 1 I:] 3 
(:it?/ 13/85 1 C13 
08/13/05 1 1113 
ir8/13/85 1 03 
erg/ 13./25 103 
!:la/' 13/95 1 I:) 3 
i:18.,.' 1 ;:, / 85 1. r:r 3 
1:!3/ 13,/g5 1 rr3 
<:is..' I 4 i 8 5  1 ~ : 3  
!:r8/16/85 1 1:) 3 
,-)8/26,r&r a 1 i:r 3 

i:r.3/26;'H5 103 
i:18/261'85 1 CIS 
(:)t?/z6/a5 1 13 ,x 
, : I & i 2 ~ , / ~ 5  ! 03 

!:rH/Z6/85 1 t:) ;; 
!:18/27/85 j r : .  + t . 1 ~  

r:r8/~7/85 102 .J 

:r8/213i!35 1 1:12 
I:) 8 /' 3 I:! / 8 5 1 1.:) 3 
1:r5/.3;:r/B~ -.-, , !.I -: 
!:!0: 30 ;'85 j. !:I :3 - . . , , .  1.18, .;N! 85 1 8.1) 2, 
::18/3i:!/!2.5 ': 0;3 
::re/ 21:1;'85 103 
Cri3/?3/85 1 ,:IS 
Cl,!3/Si:i/85 1 1:12 
~:)3/1:13,/a5 1 1113 
i:1'3/1:13/85 1 (:I 3 
!:13/1:14/85 1 1:) ~3 
Cr9/04/85 I. 1:r3 
(:rg,r:i4/85 1 1:) 3 
Cr3/04/85 1 !:I 3 
1:)7/21/85 . I ti,y ..., 
r:r7/21 /a5 1C13 
1:17/'21 l.85 I <I3 
~ : r i /  2 1 ;'85 1 C ~ J  
07,:'1/t35 1 03 
07/21 /:a5 103 

7 / 2 1 ,? 8 5 1 1:) ~2 
\i7,,'?1 /a5 102 
i-i7/.zit,'~5 1 Cr3 
r:r7/:?4,ia~ 1 !:I 3 
::r7,~4/fi5 I ,;, d 7 

07 / 24 ,'8 5 103 

Length Weight 
(m) (9) Sex 

. .. 
8 ,:> . , 

I)L\. ? .. 
< 2 

I,l:rf -. - .- , t .  M 
:.C7 
LJd 182 7 
299 scr.1 - -  - rl 

171:) 54 .K - .-, i L.C 21 1 
1 2,:) 17 I 
-c 1s.J 22 1 

133 21 I 
121 17 1 
115 1.J I 
1 6 '  L. :+:> r.7 

..> ' - ... .- -, 

.1 1 ;1 .: 2 i ;* 
28:rs 92 F 
-: 

J 4.) 341 ir! 

1' 1 2 m- - - 2 ;  t - ,- - L,bL 543 I* 

345 Lt&2 .r 
't 3 5 1 1 cj .:, 7: 

L. , 
4a8 14.73 i- 

36 1 507 F 
39 1 7 c r.- , d.J F 
323 -. .- <;a 5 by 

c. ,z !:i 117 F 
;? 8[:) ;26<, ;:: 
2 7 :z 4 C' 
;LC? j. i4& Pi 
? 2-:, . - r~ .. 
.,LL j 2 j :Fi 

3-36 "; 1 0 M 

358 5 1 !:I iM 
4 4 (:I 1 ;:iS32 PI 

353 5E'3 M 
430 917 PI 

341 , 448 M 
.? 5 1 454 i'l 
3 1 r:r -. .-c6 M 
513 19.35 PI 
c , c  
d4.d 1 )  F 
5 4 i:' 0 irl 
525 I F 
4 30 1:) F' 
575 I M 
L--= 
-s:. .J !:I M 
505 3 w 

. 
d.5O i:, ,= 
4'35 I:, i- 
=- 
- I C  J 1:) [Y! 

531:l I ?? 
-.-- 
2 j C I  !:I ;?I 

Matu- 
rity Age 



Table A-51 (Continued) 

S ta t ion  
_I , .I 

.. i ! 

.> . 
. 1 4 

.:, 1 L+ 
::s3 
,1'93 
2 '3 9 
,: 9.3 
:. ,.q 5 -. . 
3 '2s - 
,:::q<, 
'39 ,. 
" 3 9 
., ,-> 
.. 2 . 
r 1'3 

8.. 

.. .. - > , .. .: 2 
&.=, .::. 

LL 

.. - - p r x  
!:, .:> 9 
r:., 2 8 
638 
638 
533 
... . , 
: j  .:.a 
5.36 
;:, 7 17 .. -, .d 

, i,JS 
. .. . . 'i,. ~. .- . 

F Z '  .., L 4 
... ... ;.>, . ' r 
6 ,!: 4 
,:.; 4 
6 :, 4. 
2.- 

,: '24 .> L 

;: ::, 4 
..,L 

t524 

624 
;;z ib 
624 
748 

'7 4 8 
'7 /+ 8 

-743 
;>y 

748 --. , 
7 4 D 
- 7 .  ,.:> - 
/4!3 
7 'i ,I*, 

Date 
. .., .. . .- ~T . ,A:. 

;:, ;'/ ,:.i/fi5 
,I, '7 ,<' 2 ,.+ ,, \3 5 
:>?, ,54/fi5 
i:,7/>4/ta5 
i:17,:;l*+,'f15 
<:>.;, /' 2 /+ ,' ;3*5 
(11.7 ,/2<+/?,5 
r:1-7/'?4/85 
i:,7j::.+ 
,;: 7 ?/ 2 q. ; 9 f; 
!:: 7 , ;3 !+ / SZ 
$-. -, .:,& :.<:,,c: .. , . . -., 
,:: 7.> ;14.,'85 

1 .?1 / - t 85 
i:,7/25,.: 85 

(:,7/25,'85 
i>7,'25/85 
7 ,":.7,'a5 
8 . L  - -  

i.1,; c ,  ('85 
<.:! 7 ,' 2 7 ,I Y'r; 
07/27/85 
i:j'7,'27/ 35 
(11 7 :' '2 7 ;',:,5 
<:, 7 ,' 2.7 / 8s 
:,7/ 2 7  

L i  i J 

(3 7 ,' 2 7 ,,' fi :; 
\I, 7 ,, ;z 73 ,,' 8 5 
<:>7/2'3/8s 
i:)7/23/85 
6:,7/)'3/&3? 
i.17;"Ti3/95 
;:I 7/23/85 
fi7/&?3/Y5 

\ - 
C!7/29/'8S 
1:17/23/95 
i:,7/23/85 
i:17/23/85 
137/23 iO5 
r:l8/c;1/95 
i:rs;i:~i /85 
1:18/~11 /a5 
i:>t3/<:11 185 
r:IB :i:r ; ./ 
(>s,,:l1/85 
i:lQ/i:!l ;'55 
i:> 3 / 12 1 ,' 3 5 
<:Is ,.'I 11 ,fez 
,:I 53 / ,.::I 1 i t3 5 
1:1.3/'i:)! 1'85 

Species 
. . .  . . .. 

8 - i  - . -, 
1 <:I3 
1C3 
1 <:I 3 
1 i:13 
1 i:13 
1 (113 
:L \:I .3 
1 $:1.3 
1 t::: 
1 i:>.3 
i 0;3  
., ,-, '7 
L .2 

103 
1 i:, 3 
1 I:] 3 
103 
103 
. -. 1 ,.I 3 

1 i112 
r (-1 7 
1 .d 

1 i:! 3 
i C13 
. - i ir; 

103 
. - .- - i.) -2 

1 
1 1:13 
1 i:r 3 
103 
1 i:,3 

1 03 
1 <:I3 
1 C I ~  
1 (3 
1 !:I3 
i i:!3 
1 I:, 3 
1i:13 
103 
i i:>z 
1 (-1 "2 
+.d 

1 r:;: 
1 1:I.z 
103 
1 <;I 3 
:. i:,.z 
1 i:> 3 
1 ,:I3 

Length 
(mm) 
- 
-1-t l., 

i , j . J  (:> 

635 
65!:1 
475 
431:l 
4 3 0 
49i:j 
435 
,: -. =. 
..s ,-.. d 
.. - 

L 4 3 -'= 
:< 3 5 

5 .t !:I 
.. 
.j s i:, 
c?- - 
4 / 1.1 
c:.w 
dL.J 
"71Z 
-d.J 

r - z r  
J.3 J 

48G 
= -  - 
. ,i)l.'  

5i:Ii:~ 
Y -. 1 1:) 
5 15 
';" 
i- .. d 
c -,c 
.i C J 

535 
555 
* i i c ,  
4ar:i 
485 
5 1:) i:1 

5 (:I l':1 
c- - . 
J CI Cl 
e + <- 
J .. ..I 

515 
525 
L- ... - 4;CI 
zr-cr a34 

565 
c- - J5C) 

481:) 
"35 
480 
5 5 <:I 
520 
"/ ' 
-t t k . )  

52111 
535 

621:1 
530 

Weight 
(9) Sex 

Matu- 
r i t y  

- 

- 
-, 

7 -, 
-> ,> 

- - 
, , 
-> - 
3 

.- 

,, -~ 
.; 

.- - 
w 

7 ., 
- 
-, - 
.I 
--. 
; 

-, 
.... 
- 
- ., - - 
- 
A -~ 
.., 
7 

2 - 
-. 
-.;> -. -. - 
2, - ., 
.. 

- 
G 

7 - 
.. - 
5 - - ., 
. . - 
7 d 

-, - 
G 
- 
d - 
; - 
.> 

2 
7 - - .> - ., 
7 -. 
3 ... 



Table A-51 (Continued) 

S t a t i o n  Date Species 

<.,a/ ,.',i; 55 1 <:I 2 
j:~e/i:!i ,'85 1 i:l .? 
0:3/!:l? /a5 1 i:!2 
i:lB/Cll it35 1 <:12 
i:1!3,'<:;1 /a:? 1 !:I 3 
(.lB/Oi /a5 103 
<> -,, / .=. >- , 3/85 1 (:12 
- -7 :.-'3/as 

I.1 r i <: i 0 3 
<.j?,,2r- .,:r ' - 2; d d  ? I:> 3 
<:1'7,.'.29/55 1 i:i3 

t:Ia;'(:)Z/85 < : -. 
1 1.) 5 

i:~B/(:13/Ej5 1 ,:I 3 
r:: 9 1' (:I 3 ,' 8 5 1 0 3 
i:18/!:13/85 L i;3 
i313/r:i3/85 1 !:; 2 
i:16/i:IB/Ej5 i i:~? 
i:18/08/85 ?. !:I 3 
i:13./f:3Hi85 1 !:I 2 
r>a,;i:,B/Bs L i:12 
. - :.,L:: .::Q' 85 , . -  

A t.. , :, 

Length Weight 
(mn) (g)  Sex 

5,:lij I 1 - 
c:: 
2 1 i:1 .I) ,'-- 
5 5 i:i I:! M 
525 i:, F' 
€?!:I 1:) F 
575 i:l Pi 
r? - c -it.; $:I 

58Ci 0 
" ' 7 ., + ? !.., 

568 ! :, 
435 i: 1'1 
435 ,;I ,z 

575 r:) in 
<+y'j i:i CI 

6C25 i: F 
585 i:r ivl 
475 i:r F' 
=-c= 
J d i i:; F' 
L* ,z " : ,- 
a ., t _ J  .- 

. .~? 
>t3 -. *I . . 

Matu- 
r i t y  



Table A-52 .  B io logica l  da ta  f o r  humpback wh i te f ish  used i n  length-weight 
analyses, aging, and mean length  a t  age. 



Tab1 e A-52 (Continued) 

S ta t ion  
-. 
. 
i. 

1 
7 

1 

Date 
... 

:..,L ' . .- 

*,>8/'13'_'.'85 
i:!7../13/35 
i:i8/3i:)/85 
i:l7/ac/85 
07/13/85 
07/26/@5 
1)7/26./85 
i:!B/Sc,k=; 
(:!8/2&/85 
i:19/04/35 
1:18/27/35 
<;7/25:35 
138/1&/.35 
i:!7/26/85 
i:!8/2'7/85 
i:r&/E7/85 
(:1'3,' 11 /Q5 
i:17/25/85 
1?8/3(:!/85 
07iE&,'85 
i:17/26/65 
03/04/75 
l:18/2&,'85 
i:!9/3i2/85 
I:! 8 ,J 2 r:! / 8 5 
i:18/27/85 
r:!&/E8/85 
i::S/'' 14/85 
i:!'31(:!5/'85 
i:lO/16i85 
!:!8/14/85 
i:17,'EE/85 
08/27/65 
'.:>8/14/95 
c'rg/'iie/a5 
08/08/95 
t:!3/(:1Z,f 05 
(:17,'i?&iY5 
1:!9/03/85 
l:18/01/65 
!38/ 14/85 
!:18,23/85 
(:r7/25."85 
<:!7 i 2 3 / 5 5  
i:, 7 / 2 & ,,' Q 5 
r:!3/08/35 
'?B/1:!'"3/r35 
::~8/,?5.'85 
!:,a / i:,3 / 85 

Species 
:.: ,, 
: !>if 

: 04 
' i-14 - - 
1C!4 
104 
1 (:Lit 

1 i:!4 
1 i:i ;+ 

, ! I +  

1 ,:14 
1 ill4 
1 (:I 
:. C!!+ 
'!, < : > A +  

: i:i "1. 

1 ,I! L;. 

1 i:i /+ 
'1 (:If, 
1 \:I 4 
1 i:!Ll. 
1 i:! l+ 

i 1:!4 

1 i:! 4 
1 !:! 4 
1 i04 
: (:! 4 
., .. ., c.> 1.; . :, ' .d t  
i (11 Li 

"-1 Lt * .. 
1 i:! L+ 

1 i:r ct 

1 i:r ZL 

1 (:)A:+ 
1 0 't 
1 1:) 4 
1 1:) i t  

1 i:! I+ 

104 
1 r:] L, 

: 0 4 
1 !:! /+ 
i Ci't 

1 i:! tb 
' ,~ '+ .- 

1 (;>Lt 
1 <, ~l 
, : . .. '.., 't . - 
r ,.I 't 

Length 
(m) 

. ,,,.. 
,-, :. -, 
i i  ,li..! 

ZiZI 1 
;1 i:! Q 

=' 1 ='  .- L 

.-, -. CCCI 
eedt 
225 - - 
L i I.! 

el 
- - .. 
.. -\ - d 2 Z  
.-., ?. L-7 
2:3C3 
;z A,. (1) 
24!,> 
.-, L. .=, 
i P L  

254. 
.:.c 

EC 1 
2.&.::, 

L 

?&I+ 

268 
27!:! 

7 2  
- . - .  . . 
c;; 
2-77 
L., - - - .. 
i< ! .> 
I 7  ii. - ,  

'Y ,  At ;= 1 
.:.a .: 
L. L. 

233 
292 - .- - 
j<Id 

3i::7 
3 1 i:: 
3 1 i:! 
7.3 
d .  

33 1 - -. 
Ifi L C  

352 
- ?  st21 
3115 -- : 
sat3 
373 
79; 
d 

395 
4. $1 5 

(3 

Weight Matu- 
(g)  Sex r i t y  Age 

.~ .. 
.. . , .. - 
; , <  ,- 

1 <:I il. ,.: i 

f i  'j T 1. 
97 i.! 

1 (:i '!" >: A 

1 1 3  F i . . 
1 ' 7  t: ,. :L 

'.', .: r-.- 
L. d 

115 :z - 
1 :. - :" I. .-, , ,  

:l 311 I.! i 8: ... 

141 :' 1. 
, :" 

:LIZ i' 
It:> ;- 

-. 1 '&Z ,. 
+ 

!.7? :[ ? 

175 M L: 

176 ?i 
' 7 1 i'! 

1B.:i F 
j 94 7.- L . . 
... - \! I 

:?<>g :rr 1 
"(:,'3 i ; 

: Cl.3 :r, - - 
ZCiE .,, 
.. . - . .. . . .  . .. -. * , ,. 
L. L .. > 

2 (I! /+ <: 

5, i, ,:, ,;: i 
Z1Y F I .  
226 Z 1 .. 

p&/+ !>I 1 
F 1 

ZT(i, = - - ;vi:1 fl 
318 M I 
3Zi:r 71 i 
381 !W 

417 F : 
52r:! ?t .I 
5.77 - L .:, 

1114 "1 2 . , .. 
8 171 3 . , ' .  . 
,. ,.. ... .. 
D5(2 = > 
C 0 7  1: .. . 

d , . 3 .. 
A= .- ,- 
,at7 i- L 

(?,;? !? :: 

-, 
! 1'3 'C a 



Table A-52 (Continued) 

Length Weight Matu- 
S ta t ion  Date 

-. 
Species (mn) (g) Sex r i t y  Age - - , . , . .  . . . . . . . . .  .... 1- , . v  i .! 

.. , ,  ..,.<, , ..:,. 5:i i ' 5  . ,. ,- " ..... . . . . - .. 
.... ... z:;:,+ <, ' 2 .; / c , r :  .- ,.95 10.; - ! . +I . ..... I-(,>- 

. . . .  :, ,-; '.: !'j c. , {-, 0 . c, L- .'! i:? A., , .,.il : ... ..: c: - 
L . .., .,..' .L,, . -, ... , . . ... 

. . . . .  ..... .... ,..,3,,:,5,. ,?,S ! :,.<, , ;. -7 ... -.,> . .7 . > -  ~' 



Table A-53. Length-weight r e l a t i o n s h i p s  and a n a l y s i s  o f  covar iance comparisons 
f o r  tagged and untagged f i s h  captured i n  t h e  C o l v i l l e  R ive r  and 
d e l t a .  

N Slope Constant 

A r c t i c  c i s c o  

untagged f i s h :  

NS rm a t u r e  female 
mature male 

mature female t male 
[ immature female + male 

* [immature, unknown sex 

a1 1 t o g e t h e r  

tagged f i s h :  

tagged & recaptured 1985, 150 3.14 
NS tagged & recaptured 1984 88 3.43 

[tagged 1984, recaptured 1985 e 42 3.58 

Least Cisco 

untagged f i s h :  

mature female 
NS [mature male 

a l l  female  all male 

mature female & male 
NS[immature female & male 

[immature, unknown sex 

a1 1 toge the r  121 

tagged f i s h :  

tagged & recaptured 1985 429 
NS Gagged 1984, recaptured 1985 312 



 able A-53 (Continued) 

- -- 

N Slope Constant 

a l l  femaj,eb 
NS [a1 1 male 

a l l  female & male 
[immature, unknown sex 
a1 1 t oge the r  

Humpback W h i t e f i s h  

b 
NS c~~ a l l  l male femaJe 

a1 1 female & male 
NS[immature, unknown sex 

a1 1 t o g e t h e r  

* S i g n i f i c a n t l y  d i f f e r e n t  a t  p=0.05 

adata f rom 1984 L isburne s tudy  (Moulton, Fawcett  and Carpenter  1985) 

b too  few mature f i s h  were examined t o  c a l c u l a t e  separate equat ions f o r  mature 
female and male f i s h .  
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APPENDIX FIGURES 

F igure  8-1. D a i l y  CPUE (no./24 hr . )  o f  a l l  a r c t i c  c i s c o  by s i d e  o f  n e t  a t  
d e l t a  s t a t i o n s .  

F igu re  8-2. D a i l y  CPUE (no./24 h r )  o f  smal l  ( 4 2 0  mm) a r c t i c  c i s c o  a t  d e l t a  
s t a t i o n s .  

F igu re  8-3. D a i l y  CPUE (no./24 h r )  o f  medium (120-249 mm) a r c t i c  c i s c o  a t  
d e l t a  s t a t i o n s .  

F igure  8-4. D a i l y  CPUE (no./24 hr . )  o f  l a r g e  (2250 mm) a r c t i c  c i s c o  a t  d e l t a  
s t a t i o n s .  

F igu re  8-5. D a i l y  CPUE (no./24 hr . )  o f  a l l  l e a s t  c i s c o  by s i d e  o f  n e t  a t  
d e l t a  s t a t i o n s .  

F igure  8-6. D a i l y  CPUE (no./24 h r )  o f  smal l  (<I20 mm) l e a s t  c i s c o  a t  d e l t a  
s t a t i o n s .  

F igure  8-7. D a i l y  CPUE (no./24 h r )  o f  medium (120-249 mm) l e a s t  c i s c o  a t  
d e l t a  s t a t i o n s .  

F igure  8-8. D a i l y  CPUE (no./24 hr . )  o f  l a r g e  (2250 mm) l e a s t  c i s c o  a t  d e l t a  
s t a t i o n s .  

F igu re  8-9. D a i l y  CPUE (no./24 hr . )  o f  a l l  broad w h i t e f i s h  by s i d e  o f  ne t  a t  
d e l t a  s t a t i o n s .  

F igure  8-10. D a i l y  CPUE (no./24 h r )  o f  smal l  (c120 mm) broad w h i t e f i s h  a t  
d e l t a  s t a t i o n s .  

F igure  B-11. D a i l y  CPUE (no./24 h r )  o f  medium (120-249 mm) broad w h i t e f i s h  a t  
d e l t a  s t a t i o n s .  

F igu re  B-12. D a i l y  CPUE (no./24 hr . )  o f  l a r g e  (2259 mm) broad w h i t e f i s h  a t  
d e l t a  s t a t i o n s .  

F igu re  8-13. D a i l y  CPUE (no./24 h r . )  o f  a l l  humpback w h i t e f i s h  by s i d e  o f  ne t  
a t  d e l t a  s t a t i o n s .  

F igu re  8-14. D a i l y  CPUE (no./24 h r )  o f  smal l  (<I20 mm) humpback w h i t e f i s h  a t  
d e l t a  s t a t i o n s .  

F igure  8-15. D a i l y  CPUE (no./24 h r )  o f  medium (120-249 mm) humpback w h i t e f i s h  
a t  d e l t a  s t a t i o n s .  

F igure  B-16. D a i l y  CPUE (no./24 hr . )  o f  l a r g e  (2250 mm) humpback w h i t e f i s h  a t  
d e l t a  s t a t i o n s .  

F igu re  8-17. D a i l y  CPUE (no./24 hr . )  o f  char  a t  d e l t a  s t a t i o n s  



L I S T  OF APPENDIX FIGURES (cont inued) 

F igu re  8-18. 

F igu re  8-19. 

F igu re  8-20. 

F igu re  8-21. 

F igu re  8-22. 

F igu re  8-23. 

F igu re  B-24. 

F igu re  8-25. 

F igure  B-26. 

F igure  8-27. 

F igu re  8-28. 

F igu re  8-29. 

F igure  8-30. 

F igu re  8-31. 

F igu re  8-32. 

F igure  B-33. 

F igu re  8-34. 

F igu re  8-35. 

F igure  8-36. 

F igu re  8-37. 

D a i l y  CPUE (no./24 hr . )  o f  a r c t i c  g r a y l i n g  a t  d e l t a  s t a t i o n s .  

D a i l y  CPUE (no./24 hr . )  o f  round w h i t e f i s h  a t  d e l t a  s t a t i o n s .  

D a i l y  CPUE (no./24 hr . )  o f  ra inbow smel t  a t  d e l t a  s t a t i o n s .  

D a i l y  CPUE (no./24 hr . )  o f  fourhorn  s c u l p i n  a t  d e l t a  s t a t i o n s  

D a i l y  CPUE (no./24 hr . )  o f  smal l  ( 4 2 0  mm) a r c t i c  c i s c o  a t  lower  
r i v e r  s t a t i o n s  205, 202 and 204. 

D a i l y  CPUE (no./24 hr.)  o f  smal l  (< I20  mm) a r c t i c  c i s c o  a t  lower 
r i v e r  s t a t i o n s  203 and 661. 

D a i l y  CPUE (no./24 hr . )  o f  medium (120-249 mm) a r c t i c  c i s c o  a t  
lower  r i v e r  s t a t i o n s  205, 202 and 204. 

D a i l y  CPUE (no./24 hr . )  o f  medium (120-249 mm) a r c t i c  c i s c o  a t  
lower  r i v e r  s t a t i o n s  203 and 661. 

D a i l y  CPUE (no./24 hr . )  o f  l a r g e  ( ~ 2 5 0  mm) a r c t i c  c i s c o  a t  lower 
r i v e r  s t a t i o n s  205, 202 and 204. 

D a i l y  CPUE (no./24 hr . )  o f  l a r g e  (2250 mm) a r c t i c  c i s c o  a t  lower 
r i v e r  s t a t i o n s  203 and 661. 

D a i l y  CPUE (no./24 hr . )  o f  smal l  (c120 mm) l e a s t  c i s c o  a t  lower 
r i v e r  s t a t i o n s  205, 202 and 204. 

D a i l y  CPUE (no./24 hr . )  o f  smal l  ( 4 2 0  mm) l e a s t  c i s c o  a t  lower  
r i v e r  s t a t i o n s  203 and 661. 

D a i l y  CPUE (no./24 hr . )  o f  medium (120-249 mm) l e a s t  c i s c o  a t  
lower  r i v e r  s t a t i o n s  205, 202 and 204. 

D a i l y  CPUE (no./24 hr . )  o f  medium (120-249 mm) l e a s t  c i s c o  a t  
lower  r i v e r  s t a t i o n s  203 and 661. 

D a i l y  CPUE (no./24 hr . )  o f  l a r g e  (2250 mm) l e a s t  c i s c o  a t  lower  
r i v e r  s t a t i o n s  205, 202 and a 4 .  

D a i l y  CPUE (no./24 hr . )  o f  l a r g e  (2250 mm) l e a s t  c i s c o  a t  lower  
r i v e r  s t a t i o n s  203 and 661. 

D a i l y  CPUE (no./24 hr . )  o f  smal l  ( 4 2 0  mm) broad w h i t e f i s h  a t  
lower  r i v e r  s t a t i o n s  205, 202 and 204. 

D a i l y  CPUE (no./24 hr . )  o f  smal l  (< I20  mm) broad w h i t e f i s h  a t  
lower  r i v e r  s t a t i o n s  203 and 661. 

D a i l y  CPUE (no./24 hr . )  o f  medium (120-249 mm) broad w h i t e f i s h  
a t  lower  r i v e r  s t a t i o n s  205, 202 and 204. 

D a i l y  CPUE (no./24 hr . )  o f  medium (120-249 mm) broad w h i t e f i s h  
a t  lower  r i v e r  s t a t i o n s  203 and 661. 



Figure 8-38. 

Figure 8-39. 

Figure 8-40. 

Figure 8-41. 

Figure 8-42. 

Figure 8-43. 

Figure 8-44. 

Figure 8-45. 

Figure 8-46. 

Figure 8-47. 

Figure 8-48. 

Figure 8-49. 

Figure 8-50. 

Figure 8-51. 

Figure 8-52. 

Figure 8-53. 

Figure 8-54. 

Figure 8-55. 
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Daily CPUE (no./24 hr.) of large (2250 mm) broad whitefish at 
lower river stations 205, 202 and 204. 

Daily CPUE (no./24 hr.) of large (2250 mm) broad whitefish at 
lower river stations 203 and 661. 

Daily CPUE (no./24 hr.) of small (<I20 mm) humpback whitefish at 
lower river stations 205, 202 and 204. 

Daily CPUE (no./24 hr.) of small (t120 mm) humpback whitefish at 
lower river stations 203 and 661. 

Daily CPUE (no./24 hr.) of medium (120-249mm) humpback 
whitefish at lower river stations 205, 202 and 204. 

Daily CPUE (no./24 hr.) of medium (120-249mm) humpback 
whitefish at lower river stations 203 and 661. 

Daily CPUE (no./24 hr.) of large (2250 mm) humpback whitefish at 
lower river stations 205, 202 and 204. 

Daily CPUE (no./24 hr.) of large (2250 mm) humpback whitefish at 
lower river stations 203 and 661. 

Daily CPUE (no./24 hr.) of char at lower river stations 205, 202 
and 204. 

Daily CPUE (no./24 hr.) of char at lower river stations 203 and 
661. 

Daily CPUE (no./24 hr.) of arctic grayling at lower river 
stations 205, 202 and 204. 

Daily CPUE (no./24 hr.) of arctic grayling at lower river 
stations 203 and 661. 

Daily CPUE (no./24 hr.) of round whitefish at lower river 
stations 205, 202 and 204. 

Daily CPUE (no./24 hr.) of round whitefish at lower river 
stations 203 and 661. 

Daily CPUE (no./24 hr.) of fourhorn sculpin at lower river 
stations 205, 202 and 204. 

Daily CPUE (no./24 hr.) of fourhorn sculpin at lower river 
stations 203 and 661. 

Daily CPUE (no./24 hr.) of longnose sucker at lower river 
stations 205, 202 and 204. 

Daily CPUE (no./24 hr.) of longnose sucker at lower river 
stations 203 and 661. 
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Figure B-6. Daily CPUE (no./24 hr) of small ( 4 2 0  mn) least cisco at delta 
stations. 
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stations. 
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delta stations. 
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Figure 6-11. D a i l y  CPUE (no./24 hr )  o f  medium (120-249 mn) broad whi tef ish a t  
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Figure 6-13. Daily CPUE (no./24 hr.) of all humpback whitefish by side of net - at delta stations. 
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Figure 6-14. Daily CPUE (no./24 hr) of small (<I20 mn) humpback whitef ish at 
delta stations. 
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Figure 8-15. D a i l y  CPUE (no./24 h r )  of medium (120-249 mn) humpback whi tef ish 
a t  d e l t a  stat ions.  

I I I ,cJL 

START 

I I I _ 
a 10 t 7 a+ a 1 7 14 a, a- 4 1 1  

JULY AUGUST SLPT 
DATE 

I 



20 

1 5  

W z 1 0 . -  
U 

5 

STATION 1 

-- 

START 

.- 1 

JULY AUGUST SEPT 
DATE 

Figure B-16. D a i l y  CPUE (no./24 hr . )  of l a r g e  (2250 mn) humpback whi tef ish a t  
d e l t a  stat ions.  
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Figure 8-17. D a i l y  CPUE (no./24 hr . )  o f  char  a t  d e l t a  s ta t ions .  
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Figure 6-18. Daily CPUE (no./24 hr.) of arctic grayling at delta stations. 
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Figure 8-19. Daily CPUE (no./24 hr.) of round whitefish at delta stations. 
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Figure 8-20. Daily CPUE (no./24 hr . )  of rainbow smelt at delta stations. 
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Figure 6-21. D a i l y  CPUE (no./24 hr.) of fourhorn sculpin a t  d e l t a  s ta t ions .  
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Figure 6-22. Daily CPUE (no./24 hr.) of small (~120 n) arctic cisco at lower 
river stations 205, 202 and 204. 
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Figure 8-23. Daily CPUE (no./24 hr.) o f  small (<I20 mm) arctic cisco at lower - river stations 203 and 661. 



1 0  - 
C)  

6 

2 U 

4 

2 

I 
O a 1 0  1 7  04 3 1  7 1  4 2.7 2. 4 

JULY AUOUST SEPT 
DATIE 

- 

STATION 205 

.- 

.- 

.- 
START 

-- 1 

1 0  

a 

6 

4 

2 

Figure 8-24. D a i l y  CPUE (no./24 h r . )  o f  mdlum (120-249 mn) a r c t i c  c isco a t  
lower r i v e r  s ta t ions 205, 202 and 204. 
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- Figure 8-25. Daily CPUE (no./24 hr.)  of medium (120-249 mm) arctic cisco a t  
lower river stations 203 and 661. 
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Figure 8-26. Daily CPUE (no./24 hr.) of large (2250 mn) arctic cisco at lower 
river stations 205, 202 and 204. 
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- Figure 8-27. Daily CPUE (no./24 hr.) of  large (2250 mn) arct ic  c i sco  at  lower 
river stat ions 203 and 661. 
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Figure 8-28. Daily CWE (no./24 hr.)  of small (<I20 mn) least  cisco at lower 
river stations 205, 202 and 204. 
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Figure 8-29. Daily CPUE (no./24 hr . )  o f  small ( 4 2 0  mn) l east  cisco a t  lower 
- r i v e r  stations 203 and 661. 

O ' j  
I "  8 4 1 .  I 

1 0  1 7  24 3 1 7 7 4 a I an 4 1 1  
U I 

JULY AUGUST SEPT 
DATE 

80 

STATION 6 6 7  

-- 



STATION 204 

Figure 8-30. Da i ly  CPUE (no./24 h r . )  o f  medium (120-249 inn) l e a s t  cisco a t  
lower r i v e r  stat ions 205, 202 and 204. 
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- Figure B-31. Dally CPUE (no./24 hr.) of medium (120-249 mn) least c i s c o  at 
lower river stations 203 and 661. 
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Figure 8-32. Da i ly  CPUE (no./24 h r . )  o f  l a rge  (>250 mn) l e a s t  cisco a t  lower 
r i v e r  stat ions 205. 202 and 204. 
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- Figure B-33. Da i ly  CPUE (no./24 h r . )  o f  l a r g e  (2250 mn) l e a s t  cisco a t  lower 
r i v e r  s tat ions 203 and 661. 

O ~a 
1 1 ,  1 I 

1 0  I T  a4  a1 7 34 a r am L 1 
JULY AUGUST SEPT 

DATE 



I STATION 205 

s o ,  
STATION 2 0 2  

so 
STATION 204 

1 0 

START 

-- + 

Figure 8-34. Daily CPUE (no./24 hr.) of small (<I20 mn) broad whitefish at 
lower river stations 205, 202 and 204. 
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Figure 6-35. Da i ly  CWE (no./24 hr . )  o f  small ( 4 2 0  mn) broad whi tef ish a t  
lower r i v e r  stat ions 203 and 661. - 
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Figure 8-36. Daily CPUE (no./24 hr.) of medium (120-249 m) broad whitefish 
at lower river stations 205, 202 and 204. 
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Figure 6-37. Daily CPUE (no./24 hr.) of medium (120-249 nun) broad whi te f i sh  - at lower river stations 203 and 661. 
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Figure B-38. Da l ly  CPUE (no./24 hr.) of large (>250 mn) broad whi tef ish a t  
lower r i v e r  stations 205, 202 and 204. 
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- Figure 8-39. Daily CPUE (no./24 hr.) of large (2250 mn) broad whitefish at 
lower river stations 203 and 661. 



Figure 8-40. Daily CPUE (no./24 hr.) of small ((120 m) humpback whitefish at 
lower river stations 205, 202 and 204. 
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- Figure 6-41. Dai ly  CPUE (no./24 hr.)  o f  small (t120 mm) humpback wh i te f i sh  at  
lower r i v e r  s ta t ions  203 and 661. 
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Figure 8-42. Dai ly  CPUE (no./24 hr . )  of medium (120-249 mm) humpback 
whi tef ish a t  lower r i v e r  stations 205, 202 and 204. 
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- Figure 8-43. D a i l y  CPUE (no./24 hr. )  o f  medium (120-249 m) humpback 
whi tef ish a t  lower r i v e r  stat ions 203 and 661. 
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Figure 8-44. Daily CPUE (no./24 hr.) o f  large (2250 mn) humpback whitefish at 
lower rfver stations 205, 202 and 204. 
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Figure 5-45. D a i l y  CPUE (no./24 h r . )  o f  l a r g e  (2250 mn) humpback whi te f ish  a t  - lower r i v e r  s ta t ions 203 and 661. 
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Figure 8-46. Daily CPUE (no./24 hr . )  of char at lower river stations 205, 202 
and 204. 
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Figure B-47. D a i l y  CPUE (no./24 h r . )  o f  char a t  lower r i v e r  s ta t ions 203 
and 661. 
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Figure 8-48. Daily CPUE (no./24 hr.) of arctic grayling at lower river 
stations 205, 202 and 204. 
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Figure 8-49. Daily CPUE (no./24 hr.) o f  arctic grayling at lower river 
stations 203 and 661. 
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Figure 6-51. Daily CPUE (no./24 hr.) o f  round wh i te f i sh  a t  lower r i ve r  
s ta t ions  203 and 661. 
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Figure B-52. D a i l y  CPUE (no./24 hr.) o f  fourhorn sculpin a t  lower r i v e r  
s ta t ions 205, 202 and 204. 
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Figure 8-54. Daily CPUE (no./24 hr.) of longnose sucker a t  lower river 
stations 205, 202 and 204. 
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Figure  8-55. Daily CPUE (no./24 h r . )  o f  longnose sucker a t  lower r i v e r  - stat ions 203 and 661. 

I 

JULY AUGUST SEPT 
DATE 

STATION 203 

- 

Y 
14  STATION 661 

I 

i 
I I 

.x 

a m  I' 

ZTA"T 

I 
1 I I 

1 1 ,  I ?  I 1 
3 1 0  1 7  24 3 1 7 14 21 20 4 1 7  

JULY AUGUST SEPT 
DATE 

1TII .T 

1 

1 

I 
3 10 1 7  a+ 3 3 7 14 21 1.1 + 7 7 

I Lll 



CHAPTER 3 

ASSESSMENT OF THE COLVILLE 

RIVER FISHERY I N  1985 

Prepared by 

Lawrence L. Moulton 
L. Jay F i e l d  

and 
Sel ena Brotherton 



TABLE OF CONTENTS 

INTRODUCTION .......................................................... 1 

METHODS ............................................................... 2 
2.1 STUDY AREA ....................................................... 2 
2.2 SUMMER FISHERY ASSESSMENT ........................................ 2 

2.2.1 E f f o r t  .................................................... 2 
2.2.2 Catch Sampling ............................................ 4 
2.2.3 Tag Recovery .............................................. 5 

2.3 FALL FISHERY ASSESSMENT .......................................... 5 
.................................................... 2.3.1 E f f o r t  5 

............................................ 2.3.2 Catch Sampling 5 
.............................................. 2.3.3 Tes t  F i sh ing  5 

2.4 DATA MANAGEMENT AND ANALYSIS ..................................... 6 
2.4.1 Data C o l l e c t i o n  ........................................... 6 
2.4.2 Data En t r y  ................................................ 6 
2.4.3 Ana lys i s  .................................................. 6 

............................................................... RESULTS 9 
3.1 SUMMER FISHERY ASSESSMENT ........................................ 9 

3.1.1 Est imated F i s h i n s  E f f o r t  .................................. 9 . 
3.1.2 Sampling E f f o r t  ........................................... 11 
3.1.3 Catch ..................................................... 11 
3.1.4 S i ze  and Age Composit ion .................................. 14 
3.1.5 Est imated T o t a l  Catch ..................................... 14 

3.2 FALL FISHERY ASSESSMENT .......................................... 19 
3.2.1 Est imated F i s h i n g  E f f o r t  .................................. 19 
3.2.2 Sampling E f f o r t  ........................................... 20 
3.2.3 Catch Composit ion ......................................... 22 
3.2.4 Catch Per U n i t  E f f o r t  (CPUE) .............................. 26 
3.2.5 S i z e  Composit ion .......................................... 31 
3.2.6 Tag Returns ............................................... 38 
3.2.7 Est imated T o t a l  Catch ..................................... 40 
3.2.8 Est imates o f  T o t a l  Weight ................................. 45 
3.2.9 Popu la t ion  Est imates ...................................... 45 
3.2.10 E f f e c t s  o f  F i s h i n g  on M o r t a l i t y  Rates ..................... 50 

DISCUSSION ............................................................ 59 
4.1 SUMMER FISHERY ................................................... 59 
4.2 FALL FISHERY ..................................................... 60 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.3 ESTIMATES OF TOTAL CATCH ......................................... 62 
4.4 HISTORICAL PERSPECTIVE ........................................... 65 
4.5 IMPACT OF FISHERY ON STOCKS ...................................... 68 

............................................................ REFERENCES 71 



LIST OF TABLES 

Table 1. Species composi t ion by area f rom ca tch  samples i n  t h e  
summer f i s h e r y  ................................................... 12 

Table 2. Mean counts p e r  u n i t  e f f o r t  by area and 10 day i n t e r v a l  i n  
t h e  summer f i s h e r y  f o r  3 species.. .............................. .13 

Table 3. Mean l e n g t h  (mn) o f  major species i n  ca tch  samples f o r  t h e  
summer f i s h e r y  .................................................. .I6 

Table 4. Est imated ca tch  o f  broad w h i t e f i s h ,  char,  and humpback 
w h i t e f i s h  by 10 day i n t e r v a l  and area i n  t h e  summer f i s h e r y  ...... 18 

Table 5. T o t a l  ca tch  o f  a r c t i c  and l e a s t  c i s c o  by mesh s i z e  and 
10 day i n t e r v a l  f o r  two f ishermen i n  t h e  o u t e r  C o l v i l l e  
D e l t a  f a l l  f i s h e r y  ............................................... 24 

Table 6. Percent a r c t i c  c i s c o  i n  o u t e r  C o l v i l l e  D e l t a  ca tch  by 
10 day i n t e r v a l  and mesh s i z e  ( i n ) .  ............................. .25 

Table 7. Mean CPUE o f  a r c t i c  c isco ,  l e a s t  c i sco ,  and broad w h i t e f i s h  
by mesh s i z e  and 10 day p e r i o d  i n  t h e  upper N i g l  i q  i n  t h e  
f a l l  f i s h e r y  ..................................................... 27 

Table 8. Mean CPUE o f  a r c t i c  c i s c o  and l e a s t  c i s c o  by f ishermen, 
mesh s i z e  and 10 day p e r i o d  i n  t h e  f a l l  f i s h e r y  i n  t h e  
o u t e r  C o l v i l l e  D e l t a  ............................................. 30 

Table 9. Average ca tch  pe r  u n i t  e f f o r t  o f  a r c t i c  and l e a s t  c i s c o  
by soak t ime i n  t h e  o u t e r  C o l v i l l e  D e l t a  ......................... 32 

Table 10. Mean l e n g t h  (mm) and est imated mean weight  (g) by area 
......................................................... and s i z e  33 

Table 11. Summary o f  t a g  r e t u r n s  from t h e  f a l l  f i s h e r y  by species, 
........................................ area, and year  o f  re lease  39 

Table 12. Estimated harves t  i n  t h e  upper N i g l i q  channel i n  t h e  f a l l  
f i s h e r y  based on t o t a l  sample CPUE by 10 day i n t e r v a l  ............ 41 

Table 13. Est imated t o t a l  ca tch  o f  a r c t i c  c i s c o  and l e a s t  c i s c o  
.......... by area i n  t h e  f a l l  f i s h e r y  based on t o t a l  CPUE data.. .42 

Table 14. Est imated t o t a l  ca tch  o f  a r c t i c  c i s c o  and l e a s t  c i s c o  
.......... by  area i n  t h e  f a l l  f i s h e r y  based on t a g  r e t u r n  data. .  .43 

Table 15. Estimated t o t a l  weight  of a r c t i c  c i s c o  and l e a s t  c i s c o  by 
area i n  f a l l  f i s h e r y  based on ca tch  est imated by CPUE data  ....... 46 

Table 16. Number o f  cases i n  which tagged a r c t i c  c i s c o  re leased on 
t h e  same day a t  t h e  same s t a t i o n  i n  t h e  E n d i c o t t  s tudy  . area were recaptured a t  d i f f e r e n t  areas i n  t h e  C o l v i l l e  Delta..  .49 



LIST OF TABLES 
(cont inued) 

Tab le  17. Est imates o f  t h e  number o f  a r c t i c  c i s c o  a v a i l a b l e  t o  
3 i n c h  mesh g i l l  n e t s  and number g r e a t e r  t han  250 mm 
i n  t h e  C o l v i l l e  r e g i o n  ........................................... 51 

Table 18. Est imates o f  t h e  number o f  l e a s t  c i s c o  a v a i l a b l e  t o  
3 i n c h  mesh g i l l  ne ts  and number g r e a t e r  than 250 mm 
i n  t h e  C o l v i l l e  r e g i o n  ........................................... 52 

Table 19. Est imate o f  changes i n  t h e  number o f  a r c t i c  and l e a s t  
c i s c o  i n  t h e  C o l v i l l e  r e g i o n  ..................................... 53 

Table 20. Number o f  tagged l e a s t  c i s c o  recaptured annua l l y  i n  t h e  
Helmericks f a l l  f i s h e r y  s ince  1980 ............................... 55 

Table 21. Decrease i n  tagged l e a s t  c i s c o  captured i n  t h e  Helmericks 
f i s h e r y  a f t e r  i n i t i a l  r e lease  year.. ............................ .56 

Table 22. Number o f  tagged a r c t i c  c i s c o  recaptured annua l l y  i n  t h e  
Helmericks f a l l  f i s h e r y  s ince  1980.. ............................ .57 

Table 23. Decrease i n  tagged a r c t i c  c i s c o  captured i n  t h e  Helmer icks 
f i s h e r y  a f t e r  i n i t i a l  r e lease  year. .  ............................ .58 

Table 24. Comparison o f  t o t a l  ca tch  es t imates  f rom CPUE and t a g  r e t u r n  
da ta  ............................................................. 64 



LIST OF FIGURES 

F igu re  1. Map o f  C o l v i l l e  R i v e r  study area ............................... 3 

F igure  2. Seasonal v a r i a t i o n  i n  summer f i s h i n g  e f f o r t  based on 
est imated e f f o r t  f rom i n t e r v i e w s  and n e t  counts ................ 10 

F igu re  3. Length frequency o f  broad w h i t e f i s h  sampled f rom t h e  
summer ca tch  ................................................... 15 

F igu re  4. Age frequency o f  broad w h i t e f i s h  sampled i n  t h e  
summer ca tch  .................................................... 17 

F igure  5. Length frequency o f  tagged a r c t i c  c i s c o  ( top)  and 
. l e a s t  c i s c o  (bottom) recaptured by Helmericks and 
Fisherman B .................................................... 21 

F igure  6. Catch composi t ion o f  f a l l  harves t  i n  t h e  N i g l i q  
Channel ........................................................ 23 

F igure  7. Helmer icks d a i l y  CPUE i n  Main and East channels by 
mesh s i z e  ...................................................... 29 

F igure  8. Length f requencies o f  a r c t i c  c i s c o  caught by 
Helmericks and Fisherman A by mesh s ize. .  ..................... .34 

F igure  9. Length f requencies o f  a r c t i c  c i s c o  caught i n  N i g l i q  
Channel by mesh s i z e  ........................................... 35 

F igure  10. Length f requencies o f  l e a s t  c i s c o  caught by Helmericks 
and Fisherman A by mesh s ize. .  ................................ .36 

F igure  11. Length f requencies o f  l e a s t  c i s c o  caught i n  N i g l i q  
Channel by mesh s i z e  ........................................... 37 

F igure  12. Length d i s t r i b u t i o n  o f  tagged and re leased a r c t i c  c i s c o  
compared t o  l e n g t h s  o f  a r c t i c  c i s c o  caught i n  3.0 i n c h  
g i l l  n e t s  (top-1984, bottom-1985). ............................ .47 

F igure  13. Length d i s t r i b u t i o n  o f  tagged and re leased l e a s t  c i s c o  
compared t o  l e n g t h s  o f  l e a s t  c i s c o  caught i n  3.0 i nch  
g i l l  ne ts  (top-1984, bottom-1985). ............................ .48 

F igure  14. A r c t i c  c i s c o  and l e a s t  c i s c o  ca tch  p e r  24-hours based 
on t h e  number o f  days o f  soak t ime by l o c a t i o n  and mesh 
s i z e  ........................................................... 63 

F igure  15. Helmericks CPUE f o r  a r c t i c  and l e a s t  c isco,  1981-1985 .......... 67 

F igure  16. Mean l e n g t h  a t  age f o r  f o u r  harvested species (based 
on da ta  c o l l e c t e d  i n  1985) ..................................... 70 



1.0 INTRODUCTION 

The C o l v i l l e  R i v e r  supports  s u b s t a n t i a l  popu la t i ons  o f  c iscos ,  w h i t e f i s h e s  and 

char  t h a t  a re  harvested by people f rom a l l  p a r t s  o f  t h e  Alaskan Nor th  Slope 

(Murdoch 1884, S te f fanson 1922). The Helmericks f i s h e r y  t h a t  has operated i n  

t h e  C o l v i l  l e  d e l t a  f o r  over  t h i r t y  years  has a  w e l l  -documented h i s t o r y  because 

o f  t h e  d e t a i l e d  c a t c h  records  mainta ined by t h e  p a r t i c i p a n t s  i n  t h e  f i s h e r y .  

D e t a i l s  o f  t h i s  f i s h e r y  a re  presented i n  C r a i g  and Haldorson (1981) and 

Gallaway e t  a l .  (1983). Aside f rom t h i s  f i s h e r y ,  f o r  which t h e r e  i s  an 

abundance o f  data, t h e r e  i s  scant  i n fo rma t ion  on ha rves t  l e v e l s  f o r  f i s h e r i e s  

i n  t h e  C o l v i l l e  dra inage.  C ra ig  and Haldorson (1981) es t imated t h a t  t he  

Helmer icks f i s h e r y  accounted f o r  approximate ly  h a l f  o f  t h e  t o t a l  d e l t a  

harves t .  I n  a  p r e l i m i n a r y  survey o f  t h e  Nuiqsut-based f i s h e r y ,  George and 

Nageak (1985) repo r ted  on t h e  c h a r a c t e r i s t i c s  o f  t h e  summer and f a l l  f i s h e r y  

and d e t a i l s  o f  t h e  c a t c h  r a t e  f o r  one f i s h i n g  group. 

The pr imary  o b j e c t i v e  o f  t h i s  s tudy was t o  o b t a i n  an i n i t i a l  es t imate  o f  t o t a l  

e f f o r t  and t o t a l  ca tch  f o r  t h e  summer and f a l l  f i s h e r i e s .  Secondary 

o b j e c t i v e s  were t o  ga the r  s p e c i f i c  i n f o r m a t i o n  needed t o  c h a r a c t e r i z e  t h e  

f i s h e r y .  'This inc luded c o l l e c t i n g  i n f o r m a t i o n  on t h e  s i z e  and l o c a t i o n  o f  

ne ts ,  d i f f e r e n c e s  i n  species composit ion, ca tch  r a t e  and f i s h  l e n g t h  by mesh 

s ize ,  age d i s t r i b u t i o n  o f  t h e  c a t c h  and seasanal v a r i a t i o n  i n  t h e  ca tch .  I n  

a d d i t i o n ,  tags  re leased f rom va r ious  tagg ing  programs, p r i m a r i l y  i n  t h e  

Prudhoe Bay region,  were c o l l e c t e d  f rom t h e  fishermen. 

The i n f o r m a t i o n  developed i n  t h i s  s tudy can be used t o  make recommendations on 

f i s h i n g  s t r a t e g y  t o  h e l p  op t im ize  harves t .  Such recommendations may i nc lude  

s e l e c t i o n  o f  mesh s i z e s  t o  reduce c a t c h  o f  undes i reab le  species and s e l e c t  f o r  

t h e  l a r g e r  i n d i v i d u a l s  o f  t he  t a r g e t  species - t h i s  would reduce m o r t a l i t y  on 

i n c i d e n t a l  species and reduce t h e  work needed t o  o b t a i n  t h e  des i red  harves t .  



2.0 METHODS 

2.1 STUDY AREA 

The s tudy  area i nc luded  t h e  C o l v i l l e  R i v e r  f rom t h e  d e l t a  t o  upstream o f  Ocean 

P o i n t  and t h e  F i sh  Creek dra inage (F igure  1) .  The s tudy  area was subdiv ided 

i n t o  sec t ions :  (1) o u t e r  C o l v i l l e  Del ta,  i n c l u d i n g  t h e  d e l t a  and bo th  t h e  

Main (Kupigruak) and East ( C o l v i l l e )  channels upstream t o  P i s i k t a g v i k ;  

(2)  lower  C o l v i l l e  River ,  f rom P i s i k t a g v i k  t o  t h e  I t k i l l i k  River ;  (3)  upper 

C o l v i l l e ,  f rom t h e  I t k i l l i k  R i ve r  t o  Ocean Po in t ;  (4) i n land ,  upstream from 

Ocean Po in t ;  (5)  N i g l i q  Channel ( r e f e r r e d  t o  as t h e  Nechel ik '  Channel on most 

area maps), f rom t h e  N i g l i q  d e l t a  t o  t h e  j u n c t i o n  o f  t h e  channel w i t h  t h e  main 

r i v e r  upstream o f  t h e  v i l l a g e ;  and (6) F i s h  Creek. 

F i e l d  personnel conducted observa t iona l  surveys and i n te rv iewed  l o c a l  f i s h e r -  

men t o  determine p a t t e r n s  o f  f i s h i n g  e f f o r t  and ca tch  w i t h i n  t h e  study area. 

The h e a v i l y  f i s h e d  areas were surveyed more f r e q u e n t l y  t han  areas t h a t  

rece ived l i t t l e  o r  sporad ic  f i s h i n g  e f f o r t .  The N i g l i q  Channel rece i ved  more 

u t i l i z a t i o n  than  d i d  o t h e r  areas w i t h i n  t h e  s tudy  area, due t o  i t s  p r o x i m i t y  

t o  Nuiqsut .  

2.2 SUMMER FISHERY ASSESSMENT 

The assessment o f  t h e  summer f i s h e r y  began i n  e a r l y  J u l y ,  w i t h  t h e  f i s h e r y  

beg inn ing  on t h e  N i g l  i q  channel, and cont inued u n t i l  e a r l y  September, j u s t  

p r i o r  t o  f reeze-up.  Thus, sampling occurred throughout  t h e  e n t i r e  summer 

f i s h i n g  season. 

2.2.1 E f f o r t  

(a)  D e f i n i t i o n  o f  E f f o r t  

G i l l  n e t s  were used i n  bo th  t h e  summer and f a l l  f i s h e r i e s .  A u n i t  o f  e f f o r t  

was de f i ned  as a net-day, based on a 6 0 - f t  (20 m) g i l l  n e t  f i s h e d  f o r  24 



Map o f  Col v l l l e  River study area. 

I I ENTRIX 1 FIGURE 1 



hours. Net depth was not considered in the calculation of effort, since most 

nets were of comparable depth (6 or 8 feet). 

(b) Estimation of Total Effort 

Two methods were used to estimate the total effort in each area during the 
fishing season: periodic net counts and interviews with local fishermen. The 

net count method provided a simple means of keeping track of fishing activity 

patterns without identifying individual nets. 

Interviews with fishermen provided more detailed and continuous information on 

effort in each area over the fishing season, including mesh size and net 

length. Interviews were conducted using the following methods: 

(1) Interviews of returning fishermen were conducted at the Nuiqsut boat 

launch on the Nigliq Channel. This technique was effective because the 

Nuiqsut boat launch is the major point of access for fishermen into the 

fishery from Nuiqsut. (2) Fishermen were sometimes accompanied on trips to 

check their nets and interviews were conducted when fishermen were encountered 
during net count surveys. This provided survey personnel with first-hand data 

of net location, effort (number of nets, net length, mesh size), and catch. 

(3) Occasional visits to fishermen's residences were made to interview 

fishermen and sample their catch. (4) Telephone interviews of fishermen were 
also conducted to obtain information on effort and catch. 

2.2.2 Catch Sampling 

Catches were sampled whenever possible for species composition, number, and 
fork length to the nearest 5 mm. Whether the catch was sampled directly at 

the fishing site, the boat landing, or the fisherman's home, often determined 

the nature of the catch data that could be obtained. Catches from several 

nets (and sometimes days) would frequently be combined, making it difficult to 
separate catch information by mesh size. Also, particularly in the summer 

fishery, nets of different mesh sizes were sometimes joined together into a 

single net. In the case of these combined catches, information on the total 
catch was collected along with effort data (number of net-days by mesh size). 



Oto l  i t h s  were c o l l e c t e d  from some 1  arge broad and humpback w h i t e f i s h  t o  

supplement age- length da ta  f o r  t h e  b i o l o g i c a l  study (Chapter 2 ) .  F i s h  f o r  

o t o l i t h  c o l l e c t i o n  were purchased f rom l o c a l  f ishermen. 

2.2.3 Tag Recovery 

A reward system was es tab l i shed  t o  f a c i l i t a t e  t h e  r e t u r n  o f  tags f rom 

f ishermen. Whenever poss ib le ,  i n f o r m a t i o n  c o l l e c t e d  i nc luded  da te  and 

l o c a t i o n  o f  capture,  species, length ,  weight,  sex, and m a t u r i t y .  

2.3 FALL FISHERY ASSESSMENT 

Mon i to r i ng  o f  t h e  f a l l  unde r - i ce  f i s h e r y  began on t h e  N i g l i q  Channel near 

Nu iqsut  i n  e a r l y  October and cont inued u n t i l  November 19. Catch and e f f o r t  

da ta  f rom t h e  o u t e r  C o l v i l l e  D e l t a  f i s h e r y  were prov ided by C. George (George 

and Kovalsky 1986) and J. Helmericks (1985). 

2.3.1 E f f o r t  

The d e f i n i t i o n  o f  e f f o r t  and methods o f  e s t i m a t i o n  were t h e  same as f o r  t h e  

summer f i s h e r y  (Sect ion  2.2.1). 

2.3.2 Catch Sampling 

Catch sampling procedures were i d e n t i c a l  t o  t h e  summer f i s h e r y  assessment 

(Sect ion  2.2.2). 

2.3.3 Test  F i s h i n g  

Two m u l t i - p a n e l  g i l l  n e t s  were g i ven  t o  a  l o c a l  f isherman t o  use i n  exchange 

f o r  d a i l y  i n f o r m a t i o n  on t h e  ca tch  (number and f o r k  l e n g t h  by species)  from 

each mesh s i ze .  Each n e t  had t h r e e  20 - foo t  panels o f  d i f f e r e n t  mesh. The 

small mesh n e t  had mesh s i zes  o f  0.75 (19 mm), 1.50 (38 mm), and 2.25 (57 mm) 

inches, and t h e  l a r g e  mesh n e t  had mesh s i zes  o f  3.00 (76 mm), 3.75 (95 mm), 



and 4.50 (114 mm) inches.  The n e t s  were s e t  w i t h  e x t r a  weights t o  keep t h e  

n e t s  f i s h i n g  on t h e  bottom. 

2.4 DATA MANAGEMENT AND ANALYSIS 

2.4.1 Data C o l l e c t i o n  

F i e l d  personnel kep t  a notebook ( l og )  o f  i n f o r m a t i o n  r e l a t i n g  t o  f i s h i n g  

a c t i v i t y  i n  a d d i t i o n  t o  c o l l e c t i n g  d e t a i l e d  c a t c h - e f f o r t  i n f o r m a t i o n  on custom 

data  forms. Notebooks and d a t a  forms were checked, p r i o r  t o  da ta  en t r y ,  f o r  

any m iss ing  o r  unusual values. 

2.4.2 Data E n t r y  

Catch and e f f o r t  da ta  were double-entered us ing  customized data  e n t r y  and 

e r ro r - check ing  programs. The l o g  book da ta  and t h e  c a t c h - e f f o r t  da ta  were 

en tered i n t o  a microcomputer database management system (dBASE 111). Copies 

o f  t h e  database were mainta ined on f l o p p y  d i sks ,  hard  d i sk ,  and magnetic tape. 

2.4.3 Ana lys i s  

(a) E f f o r t  

Es t ima t ion  o f  e f f o r t  f rom n e t  count  da ta  was c a l c u l a t e d  u s i n g  t h e  formula:  

where F = es t imated e f f o r t  i n  net-days 

Ni= number o f  n e t s  i n  count on t h e  i t h  day o f  sampling 

Di= day o f  count  on i t h  day o f  sampling 

n = t o t a l  number o f  days sampled 

This assumes t h a t  each n e t  counted was 60 ft i n  l eng th .  



(b)  Catch Per U n i t  o f  E f f o r t  

Catch pe r  u n i t  o f  e f f o r t  (CPUE) was est imated by two methods: average CPUE 

and t o t a l  CPUE. Average CPUE was c a l c u l a t e d  by t r e a t i n g  each i n d i v i d u a l  

sample ( u s u a l l y  t h e  ca tch  f rom one n e t  on a g i ven  day) as an independent 

sample and us ing  t h e  formula: 

N 
Average CPUE - C (Ci/Fi)/N 

i-1 

where N - number o f  samples 

Ci= ca tch  i n  t h e  i t h  sample 

Fi = e f f o r t  on t h e  i t h  sample 

T o t a l  CPUE was c a l c u l a t e d  by d i v i d i n g  t h e  t o t a l  ca tch  f o r  a g i ven  t ime 

i n t e r v a l  by t h e  t o t a l  e f f o r t :  

L i Tota l  CPUE = - 
i 

where Ci = t o t a l  ca tch  i n  i t h  i n t e r v a l  

Fi = t o t a l  e f f o r t  f o r  i t h  i n t e r v a l  

( c )  Es t ima t ion  o f  Average Weight 

Average weights by species group were c a l c u l a t e d  f rom l e n g t h  frequency 

d i s t r i b u t i o n s  u s i n g  weights f o r  i n d i v i d u a l  f i s h  es t imated f rom species 

length-we igh t  r e l a t i o n s h i p s  from t h e  b i o l o g i c a l  s tudy (Chapter 2 ) .  

(d)  Es t ima t ion  o f  T o t a l  Catch from CPUE Data 

Average ca tch  pe r  u n i t  e f f o r t  da ta  were used t o  es t imate  ca tch  by t ime 

i n t e r v a l  and mesh s i z e  when adequate numbers o f  samples were a v a i l a b l e .  To ta l  



CPUE was used t o  es t ima te  t o t a l  catches when i n s u f f i c i e n t  da ta  were a v a i l a b l e  

t o  use average CPUE o r  t o  compare w i t h  r e s u l t s  f rom o t h e r  s tud ies .  

(e) Es t ima t ion  o f  T o t a l  Catch f rom Tag Recovery Data 

T o t a l  ca tch  da ta  and t a g  recovery  i n f o r m a t i o n  were a v a i l a b l e  f rom two o f  t he  

f ishermen on t h e  o u t e r  C o l v i l l e  D e l t a  i n  t h e  f a l l  f i s h e r y .  The t o t a l  ca tch  by 

species and t o t a l  number o f  t ags  from t h e  1985 E n d i c o t t  s tudy (Envi rosphere 

1986) f rom both  f ishermen were combined t o  c a l c u l a t e  a  r a t i o  o f  t o t a l  ca tch  t o  

t o t a l .  number o f  tags.  T h i s  r a t i o  was then  used t o  es t ima te  t o t a l  ca tch  f o r  

o t h e r  f ishermen o r  f o r  an area, based on t h e  number o f  1985 E n d i c o t t  tags 

recaptured by a  f isherman o r  re tu rned  f rom an area. T h i s  c a l c u l a t i o n  assumes 

t h a t  t h e  p r o p o r t i o n  o f  tagged f i s h  i n  t h e  popu la t i on  remains t h e  same from 

area t o  area, t h a t  t h e  c a t c h a b i l i t y  o f  tagged f i s h  i s  t h e  same f o r  a l l  mesh 

s i zes  and t h a t  t h e  f ishermen r e t u r n  a l l  tagged f i s h  caught f rom each area. 

( f )  M o r t a l i t y  Rates 

M o r t a l i t y  r a t e s  f o r  a r c t i c  and l e a s t  c i s c o  i n  t h e  C o l v i l l e .  D e l t a  were 

es t imated us ing  da ta  ob ta ined f rom tag / recapture  s tud ies .  The p a r t i t i o n i n g  o f  

t h e  t o t a l  annual m o r t a l i t y  i n  a  f i s h e r y  i s  expressed by t h e  f o l l o w i n g  equat ion  

(R icker  1975): 

where A = annual m o r t a l i t y  r a t e  

u  = t h e  e x p l o i t a t i o n  r a t e  ( f i s h i n g  m o r t a l i t y )  

v = n a t u r a l  m o r t a l i t y  r a t e  

The r a t e  o f  e x p l o i t a t i o n  (u)  was c a l c u l a t e d  as t h a t  p o r t i o n  o f  t h e  t o t a l  s tock  

t h a t  i s  harves ted  by t h e  f i s h e r y  (R icker  1975). The t o t a l  annual m o r t a l i t y  

r a t e  was es t imated by t h e  decay o f  t a g  recaptures  from a  g i ven  re lease  year  

over  subsequent yea rs  (R icker  1975). The n a t u r a l  r a t e  o f  m o r t a l i t y  was 

est imated by s u b t r a c t i n g  t h e  es t imated f i s h i n g  m o r t a l i t y  from t h e  est imated 

annual mor ta l  i t y .  



3.0 RESULTS 

3.1 SUMMER FISHERY ASSESSMENT 

3.1.1 Est imated F i s h i n g  E f f o r t  

The summer f i s h e r y  began i n  e a r l y  J u l y  and extended u n t i l  e a r l y  September when 

h igh  water  and t h e  beg inn ing  o f  f reeze-up ended t h e  open-water f i s h i n g  season. 

E f f o r t  i n  t h e  f i s h e r y  was concentrated i n  t h r e e  areas,: t h e  N i g l  i q  channel, 

t h e  upper C o l v i l l e  ( p r i m a r i l y  T i ragruaq reg ion ) ,  and F i sh  Creek. About 20 

groups o f  f ishermen were a c t i v e  i n  t h e  summer f i s h e r y .  G i l l  ne t s  w i t h  

5 .0- inch  mesh were t h e  main f i s h i n g  gear. Net l e n g t h  ranged f rom 50 t o  

100 ft, b u t  6 0 - f t  ne ts  were t h e  most common. 

T o t a l  f i s h i n g  e f f o r t  (net-days) was est imated by area and mesh s i z e  from 

i n t e r v i e w s  w i t h  f ishermen (Appendix Table A - I ) .  E f f o r t  was a l s o  est imated by 

f requent  n e t  counts i n  each area (Appendix Table A-2). Most o f  t h e  f i s h i n g  

e f f o r t  was concent ra ted  i n  t h e  N i g l i q  channel w i t h i n  an easy commute o f  t h e  

v i l l a g e .  The r e s u l t s  f rom t h e  two techniques o f  e s t i m a t i o n  show s i m i l a r  

p a t t e r n s  o f  f i s h i n g  e f f o r t :  f i s h i n g  began i n  e a r l y  Ju l y ,  reached a peak 

around t h e  end o f  Ju l y ,  and remained h i g h  u n t i l  t h e  midd le  o f  August (F igure  

2) .  Based on t h e  i n t e r v i e w  and n e t  count techniques, t o t a l  est imated e f f o r t  

was approximate ly  1,000 net-days. J. Helmericks ( C o l v i l l e  V i l l a g e ,  pers. 

comm., 1985) repo r ted  an a d d i t i o n a l  120 net-days o f  f i s h i n g  e f f o r t  i n  t h e  

lower N i g l i q  r e g i o n  d u r i n g  t h e  l a t t e r  p a r t  o f  J u l y .  

The upper C o l v i l l e  r e g i o n  a l s o  rece i ved  cons iderab le  use (about 150 net-days) ,  

w i t h  t h e  g r e a t e s t  amount o f  e f f o r t  occu r r i ng  i n  August. The shallowness o f  

t h e  N i g l i q  channel between Nu iqsut  and t h e  main r i v e r  channel probably l i m i t e d  

access t o  t h e  upper C o l v i l l e .  As a r e s u l t ,  most o f  t h e  n e t s  were f i s h e d  from 

f i s h  camps. 

Whi le o n l y  a smal l  t o t a l  amount (34 net-days) o f  f i s h i n g  e f f o r t  took  p lace on 

F i s h  Creek, as soon as t h e  C o l v i l l e  D e l t a  was i c e  f ree ,  several  groups 

t r a v e l e d  t o  f i s h  camps a t  F i s h  Creek. 





3.1.2 Sampling Effort 

The large geographic area and logistical difficulties made it impossible to 

collect data from all areas on a continuous basis. An attempt was made to 
allocate the sampling effort in proportion to the distribution of fishing 

activity. The sampling effort was greatest on the Nigliq channel, partly due 

to the proximity to town, and represented about 10 percent of the total 

estimated fishing effort in that area. The percentage of estimated effort 

sampled was greater for the upper Colville and Fish Creek areas, but rather 
than indicating better coverage of these areas it probably indicates 

under-estimation of total fishing effort. 

Several fishermen used nets that contained more than one mesh size, and, as a 
result, catches from different mesh sizes were frequently combined in the 

catch samples. This, along with the generally low catch rates, resulted in 

sample sizes too small to compare catch rates by mesh size, Examination of 
the limited data suggests no major difference in catch by mesh size. 

3.1.3 Catch 

Broad whitefish was the primary target species of the summer fishery and 
dominated the catch in all areas, accounting for almost 80 percent of the 
total catch sampled (Table 1). Char were also important, particularly on the 
upper Colville, where they represented 23 percent of the catch. Humpback 

whitefish, pink salmon, and arctic grayling were minor components of the 
catch. 

Catch rates were highest for broad whitefish in the Nigliq channel during 

early July, averaging 4.9 fish per net-day, dropped during late July, 
increased in early August, and then generally declined until the end of the 
season (Table 2). Few samples were taken from the upper Colville area during 

July, but it appears that the catch of broad whitefish per net-day was highest 
in late July, dropped to a low point in early August, and then increased until 
early September. All of the samples from the Fish Creek area were collected 
during a one week period from July 28 to August 3. While the catches sampled 



Table 1. Species composition by area from catch samples i n  the  summer 
f i s h e r y .  

N iq l  i a  C o l v i l l e  F ish  Creek 
Species N X N X N % 

Broad w h i t e f i s h  

Humpback w h i t e f i s h  

A r c t i c  c isco 

Least c isco 

Char 

Pink salmon 

Chum salmon 

Gray1 i n g  

Boreal smelt 

Northern p ike  

Tota l  

N = number o f  f i s h  i n  catch  samples. 



Table  2 .  Mean ca tch  p e r  u n i t  e f f o r t  (CPUE) by a r e a  and 10 day i n t e r v a l  in 
t h e  summer f i s h e r y  f o r  3 species.  

Humpback 
I n t e r v a l  Char W h i t e f i s h  
Date  N CPUE SD CPUE SD CPUE SO 

N i q l i q  

F i s h  Creek 

- - - -  

N - number o f  c a t c h  samples 

CPUE - Catch p e r  u n i t  e f f o r t  (number o f  f i sh /ne t -day)  

SD = standard d e v i a t i o n  



were s i m i l a r  t o  t h e  o t h e r  regions,  catches as h i g h  as 70 f i s h  pe r  day were 

repor ted .  The o v e r a l l  average ca tch  r a t e s  were s i m i l a r  a t  a l l  areas, w i t h  a 

mean c a t c h  r a t e  o f  approximate ly  3 t o  5 broad w h i t e f i s h  pe r  net-day. 

Humpback w h i t e f i s h  occurred i n f r e q u e n t l y  i n  t h e  catches, account ing f o r  l e s s  

than 5 percent  o f  t h e  t o t a l  c a t c h  sampled f rom t h e  N i g l i q  channel. 

Few char  were caught i n  t h e  N i g l i q  channel (Table 2). Most o f  t h e  char  were 

taken i n  n e t s  on t h e  upper C o l v i l l e  f rom l a t e  J u l y  t o  l a t e  August. Catch per  

u n i t  e f f o r t  was g e n e r a l l y  l e s s  than 2 f i sh /ne t -day .  

3.1.4 S ize  and Age Composit ion 

Broad w h i t e f i s h  i n  t h e  ca tch  samples o f  t h e  summer f i s h e r y  ranged i n  s i z e  f rom 

365 t o  650 mm (F igu re  3) w i t h  a mean o f  529 mm (Table 3 ) .  Age de te rm ina t i on  

based on o t o l i t h  samples from t h e  ca tch  i n d i c a t e  t h e  ca tch  i s  dominated by 

f i s h  o l d e r  than age-10 (F igu re  4).  Th i s  i s  c o n s i s t e n t  w i t h  t h e  age- length 

r e l a t i o n s h i p  developed i n  Chapter 2. The mean s i z e  i n  t h e  ca tch  appeared t o  

decrease s l i g h t l y  over  t h e  course o f  t h e  summer f rom 540 mm i n  e a r l y  J u l y  t o  

510 mm a t  t h e  end o f  August (Appendix Table A-3). The average weight  (based 

on we igh ts  es t imated f rom length-we igh t  r e l a t i o n s h i p s )  o f  broad w h i t e f i s h  was 

2.0 kg  (4.4 l b s ) .  The average s i z e  o f  char  i n  t h e  samples was about 600 mm, 

w i t h  a minimum s i z e  o f  520 mm and a maximum o f  765 mm (Table 3). 

3.1.5 Est imated To ta l  Catch 

Based on es t imates  o f  t o t a l  e f f o r t  and t h e  average ca tch  pe r  e f f o r t  observed 

f o r  each species d u r i n g  t e n  day i n t e r v a l s ,  t o t a l  es t imated catches were 

. c a l c u l a t e d  f o r  each area (Table 4) .  According t o  these est imates,  

approximate ly  3,600 broad w h i t e f i s h  were taken i n  t h e  summer f i s h e r y  on the  

N i g l i q  channel. The upper C o l v i l l e  and t h e  F i s h  Creek areas accounted f o r  

another 600 and 200 broad w h i t e f i s h  r e s p e c t i v e l y .  These a re  conserva t ive  

es t imates  as t h e  ac tua l  f i s h i n g  e f f o r t  was probab ly  underestimated, 

p a r t i c u l a r l y  i n  t h e  upper C o l v i l l e  and F i sh  Creek reg ions .  The t o t a l  

es t imated ca tch  o f  broad w h i t e f i s h  i n  a l l  areas was a t  l e a s t  9,000 kg 
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Table 3 .  Mean length  (mm) o f  major species i n  catch samples f o r  t h e  summer 
f i s h e r y  ( a l l  areas and mesh s i zes  combined). 

Lenath 
Species Mean (Range) Number 

Broad w h i t e f i s h  529 (365-650) 426 

Humpback wh i te f i sh  

Char 

Pink salmon 524 (475-595) 19 



AGE (YEARS) 



Table 4. Est imated ca tch  o f  broad w h i t e f i s h  (BWF), char,  and humpback 
w h i t e f i s h  (HBWF) by 10 day i n t e r v a l  and area ( a l l  mesh s i zes  
combined) i n  t h e  summer f i s h e r y .  

Est imated C P U E ~  
I n t e r v a l  E f f o r t  BWF Char HBWF 

Est imated Catch 
BWF Char HBWF 

T o t a l  

C o l v i l l e  

To ta l  

F i s h  Creek 

7/26-8/4 

T o t a l  N i g l i q  Catch 

'CPUE - ca tch  p e r  u n i t  e f f o r t  (number o f  f i sh /ne t -day)  

'estimated Helmericks ca tch  

3n0 catches f rom t h i s  area sampled d u r i n g  t h i s  i n t e r v a l .  



(20,000 l b s ) .  An es t imated 300 char  and 300 humpback w h i t e f i s h  were caught i n  

a l l  areas combined. 

3.2 FALL FISHERY ASSESSMENT 

Approximate ly  30 f i s h i n g  groups were i d e n t i f i e d  i n  t h e  f a l l  unde r - i ce  f i s h e r y .  

E f f o r t  was concentrated i n  t h r e e  areas: t h e  upper N i g l i q  channel ( w i t h i n  15 

t o  20 minutes o f  Nu iqsut  by snow machine), t h e  lower  N i g l i q  d e l t a  (Woods 

Camp), and t h e  o u t e r  C o l v i l l e  D e l t a  i n c l u d i n g  bo th  t h e  main (Kupigruak) and 

t h e  eas t  channels. There was a l s o  a smal l  amount o f  e f f o r t  on t h e  upper 

C o l v i l l e  and i n  t h e  F i s h  Creek area, b u t  these areas were n o t  covered i n  t h i s  

s tudy i n  o rde r  t o  concent ra te  sampling e f f o r t  i n  t h e  areas o f  g r e a t e s t  f i s h i n g  

e f f o r t .  

F i s h i n g  commenced i n  e a r l y  October as soon as t h e  r i v e r  i c e  was considered 

sa fe  f o r  t r a v e l  (about 3 t o  4 inches i n  t h i ckness ) .  Dur ing  t h e  f i r s t  couple 

o f  weeks w h i l e  t h e  i c e  was s t i l l  r e l a t i v e l y  t h i n ,  some n e t s  were moved t o  

d i f f e r e n t  l o c a t i o n s  i n  search o f  b e t t e r  f i s h i n g  ho les .  By t h e  t h i r d  week o f  

October most n e t s  remained i n  t h e  same l o c a t i o n .  Most f ishermen checked t h e i r  

n e t s  a t  l e a s t  every o t h e r  day except d u r i n g  h i g h  wind and extreme co ld ,  o r  

when ove r f l ow  c o n d i t i o n s  made t r a v e l  unsafe. 

G i l l  n e t s  o f  2.5 t o  3.5 inches ( s t re t ched  mesh) were t h e  standard gear used i n  

t he  f i s h e r y ,  w i t h  3 .0- inch  mesh t h e  most common. 

3.2.1 Est imated F i s h i n g  E f f o r t  

(a)  N i g l i q  Channel 

F i s h i n g  e f f o r t  on t h e  upper N i g l i q  began about October 2, was g r e a t e s t  du r ing  

l a t e  October and e a r l y  November, and remained a t  a r e l a t i v e l y  h i g h  l e v e l  

throughout  t h e  season (Appendix Table A-4). A l l  n e t s  i n  t h i s  area were f i s h e d  

by f ishermen who commuted f rom Nuiqsut .  A low l e v e l  o f  e f f o r t  cont inued 

beyond t h e  end o f  t h e  study (November 20). About 25 groups p a r t i c i p a t e d  i n  



t h e  f i s h e r y  on t h e  upper N i g l i q  and accounted f o r  almost 900 net-days o f  t o t a l  

f i s h i n g  e f f o r t .  

The lower  N i g l i q  area was f i s h e d  by about 4 groups f rom t h e  f i r s t  week o f  

October u n t i l  t h e  f i r s t  week o f  November. Approximately 350 net-days o f  

f i s h i n g  e f f o r t  occurred i n  t h i s  area, about 40 percent  o f  t h e  upper N i g l i q  

t o t a l .  

(b) Outer C o l v i l l e  D e l t a  

The f i s h e r y  i n  t h e  o u t e r  C o l v i l l e  D e l t a  r e g i o n  was comprised o f  groups f rom 

f i s h  camps o r  C o l v i l l e  V i l l a g e .  The main (Kupigruak) channel rece i ved  an 

est imated 800 net-days o f  e f f o r t  by 3 groups compared t o  about 650 net-days on 

t h e  eas t  channel by 2 groups (Appendix Table A-5). E f f o r t  was g r e a t e s t  i n  

bo th  areas d u r i n g  t h e  l a s t  two weeks o f  October. Most o f  t h e  ne ts  were ou t  o f  

t h e  water  by t h e  end o f  t h e  f i r s t  week i n  November. On t h e  eas t  channel, bo th  

Helmericks and Fisherman C used a l l  3.0- inch mesh nets .  On t h e  main channel, 

Helmericks used f i v e  3.0- inch and one 3 .5- inch  mesh ne ts  and Fisherman A used 

2.5, 3.0, and 3.5- inch mesh nets .  The n e t s  used by Fisherman B were repo r ted  

t o  be 2.5- inch mesh b u t  were n o t  a c t u a l l y  measured (George and Kovalsky 1986). 

However, l e n g t h  frequency d i s t r i b u t i o n s  f o r  recaptured tagged a r c t i c  and l e a s t  

c i s c o  f rom Fisherman B a re  n e a r l y  i d e n t i c a l  w i t h  Helmer icks '  recaptures 

(F igu re  5). Since Helmericks used p r i m a r i l y  3.0- inch mesh n e t s  (10 o f  11 

ne ts ) ,  i t  i s  l i k e l y  t h a t  Fisherman B was a l s o  u s i n g  3 .0- inch  mesh nets ,  and 

t h i s  w i l l  be assumed t o  be t h e  case i n  t h e  remainder o f  t h i s  r e p o r t .  

3.2.2 Sampling E f f o r t  

(a)  N i g l i q  Channel 

About 13 percent  o f  t h e  upper N i g l i q  t o t a l  es t imated e f f o r t  was sampled 

(Appendix Table A-5), b u t  most o f  t h e  samples came f rom t h e  f i r s t  t h r e e  weeks 

o f  f i s h i n g  a c t i v i t y .  Tes t  f i s h i n g  r e s u l t s  p rov ided an a d d i t i o n a l  25 net-days 

o f  sampling f rom t h e  upper N i g l i q .  Due t o  l o g i s t i c a l  d i f f i c u l t i e s ,  l i t t l e  

i n f o r m a t i o n  was c o l l e c t e d  f rom t h e  lower  N i g l i q  f i s h e r y .  
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(b)  Outer C o l v i l l e  D e l t a  

Complete ca tch  records  were ob ta ined f rom 2 o f  t h e  3 f ishermen w i t h  ne ts  on 

t h e  main channel o f  t h e  C o l v i l l e .  Catch records  f rom one o f  t h e  two f ishermen 

on t h e  eas t  channel p rov ided coverage o f  over  65 percent  o f  t h e  t o t a l  e f f o r t  

on t h e  eas t  channel. 

3.2.3 Catch Composit ion 

A r c t i c  c i s c o  was t h e  pr imary  t a r g e t  species i n  t h e  f a l l  under - ice  f i s h e r y ,  

w h i l e  l e a s t  c i s c o  was considered a l e s s  d e s i r a b l e  co -occu r r i ng  species. Small 

broad w h i t e f i s h  were impor tan t  e a r l y  i n  t h e  f i s h e r y  on t h e  upper N i g l i q  

channel. 

(a)  Upper N i g l i q  Channel 

I n  e a r l y  October, broad w h i t e f i s h  were t h e  most abundant species i n  t h e  ca tch  

f rom t h e  upper N i g l i q  channel, rep resen t i ng  over  45 percent  o f  t h e  t o t a l  ca tch  

sampled ( a l l  mesh s i zes  combined) (F igure  6) .  Least c i s c o  were second i n  

abundance (30 percent) ,  w h i l e  a r c t i c  c i s c o  accounted f o r  o n l y  20 percent  o f  

t h e  t o t a l  ca tch  i n  t h e  i n i t i a l  t e n  day per iod .  However, f rom l a t e  October 

u n t i l  t h e  end o f  t h e  f i s h i n g  season, t h e  t o t a l  ca tch  was comprised o f  about 95 

percent  a r c t i c  c isco,  w h i l e  l e a s t  c i s c o  accounted f o r  t h e  remain ing p o r t i o n  o f  

t h e  catch.  Broad w h i t e f i s h  had e s s e n t i a l l y  disappeared f rom t h e  ca tch  by l a t e  

October and presumably had moved f u r t h e r  upstream. 

(b) Outer  C o l v i l l e  D e l t a  

Complete ca tch  records  were ob ta ined f rom two o f  t h e  f o u r  groups f i s h i n g  on 

t h e  o u t e r  C o l v i l l e  D e l t a  (Table 5). On t h e  main channel, t h e  catches i n  3.5 

i n c h  mesh n e t s  were about 90 percent  a r c t i c  c i s c o  f o r  bo th  Helmericks and 

Fisherman A (Table 6 ) .  I n  Helmericks'  3 .0 - inch  mesh nets,  t h e  ca tch  was c lose  

t o  50 percent  a r c t i c  c i s c o  and 50 percent  l e a s t  c i s c o  throughout  t h e  f i s h i n g  

season, compared t o  about 65 percent  a r c t i c  c i s c o  i n  Fisherman A's 3.0- inch 

mesh nets .  I n  2.5- inch mesh ne ts  (Fisherman A on l y ) ,  approximate ly  equal 
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Table 5. T o t a l  ca tch  o f  a r c t i c  and l e a s t  c i s c o  by mesh s i z e  ( i n )  and 10 day 
i n t e r v a l  f o r  two f ishermen i n  t h e  o u t e r  C o l v i l l e  D e l t a  f a l l  
f i s h e r y .  

Mesh Oct 31- 
S i ze  Oct 1-10 Oct 11-20 Oct 21-30 Nov 5 To ta l  

ARCTIC C I S C O  

Main Channell 
Helmericks 

3.0 3,731 
3.5 452 

Fisherman A 2 

2.5 
3.0 
3.5 

East Channel 
Helmer icks 

3.0 3,259 

LEAST C I S C O  

Main Channel 
Helmericks 

3.0 2,987 
3.5 44 

Fisherman A 2 

2.5 
3.0 
3.5 

East Channel 
Helmer icks 

3.0 3,009 

'data f rom Helmericks 1985 data  r e p o r t  

'data f rom J.C. George (North Slope Borough) 



Table 6. Percent a r c t i c  c isco i n  outer  C o l v i l l e  D e l t a  catch by 10 day 
i n t e r v a l  and mesh s i z e  ( i n ) .  

Oct 31- 
Oct 1-10 Oct 11-20 Oct 21-30 Nov 5 Overa l l  

Main Channel 
Helmericks 

3.0 55.5 52.1 49.7 49.0 52.5 
3.5 91.1 83.3 92.3 94.1 89.3 

Fisherman A 
2.5 
3.0 
3.5 

East Channel 
Helmericks 

3.0 52.0 58.2 64.5 72.4 59.9 



numbers o f  a r c t i c  and l e a s t  c i sco  were caught. I n  c o n t r a s t  t o  t h e  r e s u l t s  

from t h e  main channel, t h e  percentage o f  a r c t i c  c i s c o  i n  t h e  ca tch  on t h e  east 

channel (Helmericks, 3.0- inch mesh on ly )  increased from about 52 percent  i n  

e a r l y  October t o  over  70 percent  by e a r l y  November. 

3.2.4 Catch Per U n i t  E f f o r t  (CPUE) 

(a)  Upper N i g l  i q  

Catch p e r  u n i t  e f f o r t  (CPUE) o f  a r c t i c  c i s c o  i n  t h e  upper N i g l i q  area 

increased f rom about 5 f i s h  p e r  net-day i n  e a r l y  October t o  about 40 f i s h  pe r  
net-day i n  e a r l y  November (Table 7). Catch r a t e s  i n  a l l  mesh s i zes  fo l l owed  

the  same general  pa t te rn ,  a l though ca tch  r a t e s  from 3.0- inch mesh (by f a r  t h e  

most commonly used mesh s i z e )  were g e n e r a l l y  lower  than those observed f o r  

o t h e r  mesh s izes .  Tes t  f i s h i n g  r e s u l t s  showed t h e  h ighes t  catches o f  a r c t i c  

c i s c o  i n  t h e  2.25-inch mesh panel :  approximate ly  50 f i s h  pe r  net-day compared 

t o  about 10 f i s h  pe r  net-day i n  3.0- inch mesh. However, i t  i s  impor tan t  t o  

no te  t h a t  t h e  two t e s t  n e t s  were s e t  i n  d i f f e r e n t  l o c a t i o n s ,  which cou ld  have 

accounted f o r  some o f  t h e  observed d i f f e r e n c e s  i n  ca tch  r a t e s .  

CPUE o f  l e a s t  c i s c o  was low f o r  a l l  mesh s i zes  (2.25- t o  3 .5- inch  mesh) 

throughout  t h e  f a l l  f i s h i n g  season, rang ing  f rom about 5 f i s h  p e r  net-day i n  

e a r l y  October t o  l e s s  than 2 f i s h  pe r  net-day i n  November (Table 7 ) .  Test  

f i s h i n g  r e s u l t s ,  however, showed a h i g h  CPUE o f  over  200 l e a s t  c i s c o  pe r  

net-day i n  1 .5- inch  mesh and about 22 f i s h  pe r  net-day i n  2.25-inch mesh. 

Catch r a t e s  dec l i ned  f o r  bo th  mesh s i zes  f rom l a t e  October t o  e a r l y  November, 

w h i l e  t h e  CPUE i n  t h e  sma l l es t  mesh panel (0.75 i nch )  remained cons tant  a t  

about 18 l e a s t  c i s c o  p e r  net-day.  

A maximum CPUE o f  10 broad w h i t e f i s h  p e r  net-day i n  3.0- inch mesh was observed 

i n  e a r l y  October (Table 7). By t h e  second 10 day p e r i o d  i n  October t h e  CPUE 

dec l i ned  t o  5 f i s h  p e r  net-day.  Few broad w h i t e f i s h  were caught a f t e r  

mid-October. 



Table 7. Mean CPUE o f  a r c t i c  c isco,  l e a s t  c isco.  and broad w h i t e f i s h  by mesh s i z e  and 10 day p e r i o d  i n  t h e  upper W i g l i q  i n  t he  f a l l  
f i shery .  

Oct 1.10 Oct 11-20 Oct 21 -30 Oct 31-Wov 9 YOV 10-20  
Mesh S ize  (in.) CPUE SO W CPUE SD . Y CPUE SD N CPUE SD N CPUE SD W 

A r c t i c  Cisco 

Least Cisco 
2.25 

IU 
U 

2.50 
3.00 

Broad Wh i t e f i sh  

CPUE = ca tch  per u n i t  e f f o r t  

SO = standard d e v i a t i o n  

N = number o f  ca tch  samples 



(b) Lower N i g l i q  

Catch records  f rom t h e  lower  N i g l i q  r e g i o n  were l i m i t e d .  Based on 4 samples, 

a r c t i c  c i s c o  CPUE averaged about 25 f i s h  p e r  net-day, w h i l e  l e a s t  c i s c o  were 

uncommon i n  t h e  catch.  

(c) Outer  C o l v i l l e  D e l t a  

Helmericks began f i s h i n g  a t  t h e  beg inn ing  o f  October and cont inued u n t i l  e a r l y  

November on both  t h e  main (Kupigruak) and eas t  channels o f  t h e  o u t e r  C o l v i l l e  

De l ta .  A r c t i c  c i s c o  CPUE a t  h i s  main channel s i t e s  e x h i b i t e d  a steady d e c l i n e  

i n  bo th  3.0- and 3 .5- inch  mesh n e t s  (F igure  7 ) .  I n  3.0- inch mesh nets ,  CPUE 

i n  e a r l y  October was 60 f i s h  pe r  net-day, dropped t o  35 f i s h  pe r  net-day i n  

t h e  second 10 day per iod ,  and i n  e a r l y  November was about 8 f i s h  pe r  net-day 

(Table 8) .  S i m i l a r l y ,  t h e  CPUE f o r  3.5- inch mesh n e t s  dec l i ned  f rom an 

i n i t i a l  h i g h  o f  24 f i s h  pe r  net-day t o  9 f i s h  pe r  net-day i n  t h e  second 

per iod,  and f u r t h e r  dec l i ned  t o  about 1 f i s h  pe r  net-day i n  t h e  f i n a l  pe r iod .  

I n  comparison, Fisherman A f i s h e d  on t h e  main channel f rom October 10 t o  19, 

and d u r i n g  t h a t  p e r i o d  had an average CPUE o f  a r c t i c  c i s c o  o f  about 100 f i s h  

pe r  ne t -day  i n  2.5- inch mesh nets,  80 f i s h  pe r  net-day i n  3.0- inch mesh nets, 

and 25 f i s h  per  ne t -day  i n  3 .5- inch  mesh nets .  I t should be noted t h a t  

Fisherman- A's n e t s  were s e t  downstream f rom t h e  Helmericks ne ts .  The 

downstream n e t s  may have reduced catches i n  t h e  upstream nets.  However, 

f a c t o r s  such as n e t  type,  days between p i c k i n g  nets, t h e  l o c a t i o n  o f  ne ts  i n  

t h e  water  column, and n e t  mesh s i z e  can a l s o  a f f e c t  gear  e f f i c i e n c y .  

A r c t i c  c i s c o  ca tch  r a t e s  i n  Helmericks eas t  channel n e t s  were more cons i s ten t  

throughout  t h e  f i s h i n g  season. The maximum CPUE was 40 f i s h  per  net-day 

d u r i n g  t h e  second 10 days o f  October, w h i l e  t h e  minimum was 26 f i s h  per 

net-day i n  e a r l y  October. 

CPUE o f  l e a s t  c i s c o  i n  t h e  main channel showed a p a t t e r n  s i m i l a r  t o  t h e  CPUE 

o f  a r c t i c  c i sco :  Helmericks ca tch  i n  3.0- inch mesh ne ts  dec l i ned  f rom a h igh  

o f  43 f i s h  p e r  net-day i n  e a r l y  October t o  l e s s  than  10 f i s h  pe r  net-day i n  
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Table 8. Mean CPUE o f  a r c t i c  c i s c o  and l e a s t  c i s c o  :by f i ihermen,  mesh s i z e  and 10 
day p e r i o d  i n  t h e  f a l l  f i s h e r y  i n  t h e  o u t e r ' C o l v i l l e  De l ta .  

F i she r -  Mesh Oct 1-10 Oct 11-20 Oct 21-30 Oct 31-Nov 5 ~. . 

man S ize  CPUE SD N CPUE SD N CPUE SD N CPUE SD N 

ARCTIC CISCO 
Main Channel 

Helmer- 
i c k s  3.0 

3  .5 

East Channel 

Helmer- 
i c k s  3.0 

LEAST C I S C O  
Main Channel 

Helmer- 
i c k s  3.0 

3.5 

East Channel 

Helmer- 
i c k s  3 .0  26.2 14.2 30 29.9 17.9 22 17.9 8.7 28 12.7 5.6 17 

' ~ a t a  prov ided by J.C. George (North Slope Borough) 
'catch samples f rom one day o n l y  

CPUE = ca tch  p e r  u n i t  e f f o r t  
SO = s tandard d e v i a t i o n  
N = number o f  ca tch  samples 



ear ly  November (Figure 7 ,  Table 8 ) .  Fisherman A's CPUE of l e a s t  cisco in 

3.0-inch mesh nets (October 11 t o  20) averaged 45 f i s h  per net-day compared to  

26 f i sh  per net-day f o r  Helmericks. The highest catch r a t e ,  however, was over 
100 f i sh  per net-day in 2.5-inch mesh nets.  Few l e a s t  cisco were captured in 

the 3.5-inch mesh nets.  

East channel ne ts  (3.0-inch mesh) had r e l a t ive ly  constant average c a t c h e s  of 
s l i g h t l y  l e s s  than 30 l e a s t  c isco per net-day through the f i r s t  two 10 day 

periods in October, then catch r a t e s  decreased about 50 percent by early 

November. 

While most nets  were checked on a dai ly  o r  every other day basis,  sometimes 

nets remained unchecked f o r  several days with apparent e f f ec t s  on CPUE (Table 

9 ) .  In most cases, the  average CPUE was considerably reduced for  nets  not 
checked every day, and the  e f f ec t  appeared t o  be most pronounced in the main 

channel. 

3.2.5 Size Composition 

(a)  Arctic Cisco 

The mean s i z e  of a r c t i c  cisco increased with la rger  mesh s i zes  in a l l  areas, 
ranging from about 200 mm in 1.5-inch mesh nets t o  approximately 360 mm in 

3.5-inch mesh nets (Table 10). The mean s izes  of a r c t i c  c i sco  caught in the 
same mesh s i ze  appear t o  be s imilar  in  the d i f f e ren t  areas. 

Length frequency histograms (Figures 8 and 9)  show tha t  few a r c t i c  cisco l e s s  
than 300 mm in length were caught in 3.0-inch mesh nets.  Few f i sh  were l e s s  
than 320 mm in 3.5-inch mesh nets ,  while 2.5-inch mesh nets  caught f i sh  250 t o  
350 mm. 

(b) Least Cisco 

Least c isco exhibited a s imilar  pattern of increasing mean length with 
increasing mesh s i z e  (Figures 10 and 11).  Least cisco averaged 124 mm in the 



Table 9. Average catch per  u n i t  e f f o r t  (CPUE) o f  a r c t i c  and l e a s t  c isco by 
soak t ime (days) i n  t h e  outer  C o l v i l l e  D e l t a .  

No. o f  A r c t i c  Cisco Least Cisco 
Soak Days CPUE N CPUE N 
- 

Main Channel 

Mesh = 3 . 5  ( i n )  1 24.1 5 
2 8.5 7 

>3 - 6 . 8  4 

East Channel 

Mesh = 3.0  ( i n )  1 36.6 40 
2 32 .3  4 1 

>3 - 25.5 16 

N = number o f  ne t  checks. 



Table 10. Mean length  (m) and est imated mean ueight  (g )  by area and s ize.  

A r c t i c  Cisco Least Cisco Broad U h i t e f i s h  Humpback U h i t e f i s h  
Mesh Wean Mean Wean Wean 
Size Length (nun) Ueight Lensth (nun) Ueight  Length (m) Ueight Length (on) Weight 
( i n )  Wean (Range) (g)  Y Wean (Range) (g) Y Wean (Range) (g)  N Mean (Range) (g) N 

UDoer W i s l i q  

3.00 335.8 (290-395) 423 199 311.4 (255-360) 314.2 65 309.3 (230.435) 352 92 312.5 (305-330) 329 6 
3.25 352.6 (320-405) 496 29 
3.50 361.2 (300-425) 538 230 324.3 (275-375) 363.1 7 363.0 (345-375) 575 5 

W 
W Outer C o l v i l l e  De l ta  

Helmericks 
3.0 333.6 (290-410) 415 200 318.4 (260-370) 333 200 338.9 (290.440) 441 100 
3.5 371.3 (330.450) 593 153 349.7 (320-370) 450 37 322.1 (290-360) 39 398.8 (330-4701 730 64 

Fisherman A 
2.5 303.5 (201-356) 310 188 288.6 (2LO-34.81 7LL ?PO 

' r es t  f i s h i n g  on ly  

N = number of  f i s h  i n  sample 



Length frequencies o f  a r c t i c  c i  sco 
caught by Helmericks and Fisherman A 
by mesh s ize .  
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Length frequencies o f  a r c t i c  cisco 
caught i n  N i g l i q  Channel by mesh 
size. 
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Length frequencies o f  l e a s t  cisco 
caught by Hellnericks and Fisherman A 
by mesh s ize .  
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sma l les t  mesh s i z e  n e t s  (0.75 i nch )  and about 330 mm i n  3 .5- inch  mesh ne ts  

(Table 10) .  Few l e a s t  c i s c o  smal le r  than 300 mm occurred i n  t h e  ca tch  f rom 

3.0- inch nets,  b u t  t h e  m a j o r i t y  o f  t h e  l e a s t  c i s c o  i n  t h e  ca tch  f rom 2.5- inch 

n e t s  were l e s s  than 300 mm. 

(c)  Broad W h i t e f i s h  

Broad w h i t e f i s h  had mean l e n g t h s  o f  about 275 and 300 mm i n  2.25- and 3 .0- inch  

mesh i n  upper N i g l i q  n e t s  and about 320 mm i n  3.5- inch mesh ne ts  i n  t h e  o u t e r  

C o l v i l l e  De l ta .  Most broad w h i t e f i s h  captured i n  t h e  f a l l  f i s h e r y  were l e s s  

than 350 mm i n  l e n g t h .  

(d)  Humpback W h i t e f i s h  

Humpback w h i t e f i s h  on t h e  o u t e r  C o l v i l l e  D e l t a  averaged 340 and 400 mm 

r e s p e c t i v e l y  i n  3.0- and 3.5- inch mesh nets,  and most ranged between 300 and 

450 mm. 

3.2.6 Tag Returns 

A t o t a l  o f  1,704 tagged f i s h  were recaptured i n  t h e  f a l l  f i s h e r y :  1,543 

tagged f i s h  i n  t h e  o u t e r  C o l v i l l e  Del ta,  82 tagged f i s h  i n  t h e  lower  N i g l i q ,  

and 79 tagged f i s h  i n  t h e  upper N i g l i q  (Table 11). Over 60 percent  o f  t h e  

recaptured f i s h  were tagged and re leased by t h e  1985 E n d i c o t t  P ro jec t .  

About 25 percent  o f  t h e  recaptured tagged f i s h  were a r c t i c  c i s c o .  Recaptures 
on t h e  upper N i g l i q  o f  f i s h  tagged i n  1985 were almost 70 percent  a r c t i c  

c isco ,  w h i l e  on t h e  lower N i g l i q  recaptures  were 100 percent  a r c t i c  c i sco .  On 
t h e  o u t e r  C o l v i l l e  De l ta ,  however, l e a s t  c i s c o  accounted f o r  60 t o  80 percent  

o f  t h e  recaptured f i s h  tagged i n  1985. 

About 33 percent  o f  recaptures  o f  a l l  tagged f i s h  were re leased i n  prev ious 

years. Approximately 37 percent  o f  t h e  l e a s t  c i s c o  recaptures  were f rom 

prev ious  years,  compared t o  o n l y  19 percent  o f  t h e  a r c t i c  c i sco .  



Table 11. Summary of tag re turns from the f a l l  f i she ry  by species, area, and year of release. 

Area 
A r c t i c  c isco l e a s t  Cisco Broad U h i t e f i s h  M w ~ b a c k  U h i t e f i s h  

EN085 COL85 YCC84 pre-84 END85 COL85 UCC84 pre-84 END85 COL85 YCC84 pre-84 EN085 COL85 UCC84 pre-84 
Unknown 
Species 

Outer C o l v i l l e  Del ta 
nelmericks 147 3 42 0 436 9 316 84 6 0 2 0 2 1 0 1 11 
Fisherman A 23 0 5 0 36 2 14 5 0 0 0 0 0 0 0 0 
Fisherman B 61 1 * * 211 8 0 1 t 0 t . 0 
Fisherman C 14 0 2 0 37 2 24 0 0 0 1 0 0 1 0 0 5 

Upper Y i g l i q  32 1 16 1 11 0 10 0 6 1 1 0 0 0 0 0 
W 
rD 

Lower Y i g l i q  60 0 15 0 0 0 4 0 1 1 1 0 0 0 0 0 

'Only 1985 tags were returned 

END85 = Endicot t  Pro jec t  1985 
COL85 = C o l v i l l e  Project  1985 
YCC84 = Lisburne/Uaterf lood 1984 



The percentage o f  f i s h  w i t h  End ico t t  1985 tags  i n  t h e  t o t a l  ca tch  o f  a r c t i c  

c i s c o  f o r  bo th  Helmer icks and Fisherman A on t h e  o u t e r  C o l v i l l e  D e l t a  was 

0.6-0.7 percent  (about one t a g  f o r  every  150 a r c t i c  c i s c o  caught) .  The 

corresponding va lue  f o r  l e a s t  c i s c o  was 1.9-2.5 percent  (about one t a g  f o r  

every 45 l e a s t  c i s c o  caught).  

3.2.7 Est imated T o t a l  Catch 

To ta l  ca tch  was es t imated f rom CPUE da ta  f o r  t h e  same mesh s i z e  and per iod ,  

when a v a i l a b l e  (Tables 12 and 13), and f rom t a g  recap tu re  da ta  (Table 14). 

(a)  Upper N i g l  i q  

The ca tch  da ta  ob ta ined f rom t h e  upper N i g l i q  channel f i s h e r y  d i d  n o t  p rov ide  

complete coverage o f  a l l  mesh s i zes  d u r i n g  each 10 day i n t e r v a l ,  and, i n  

add i t i on ,  t h e  number o f  samples used t o  es t imate  average CPUE was o f t e n  q u i t e  

l i m i t e d .  Consequently, t o t a l  ca tch  was es t imated from t h e  t o t a l  CPUE f o r  a l l  

mesh s i zes  combined f o r  each 10-day pe r iod .  The es t imated t o t a l  ca tch  d u r i n g  

t h e  f a l l  f i s h e r y  on t h e  upper N i g l i q  was about 18,000 a r c t i c  c i sco ,  w i t h  t h e  

g r e a t e s t  number caught d u r i n g  l a t e  October and e a r l y  November. Approximately 

2,000 l e a s t  c i s c o  and 1,500 broad w h i t e f i s h  were a l so  caught. 

T o t a l  ca tch  was a l s o  es t imated f rom t a g  recap tu re  data, u s i n g  t h e  p r o p o r t i o n  

o f  recaptured (End ico t t  1985 tags  on ly )  f i s h  i n  t h e  combined catches o f  

Helmer icks and Fisherman A on t h e  lower  C o l v i l l e  d e l t a  as t h e  standard f a c t o r .  

Th i s  assumes t h a t  t h e  percentage o f  tagged f i s h  i n  t h e  popu la t i on  a v a i l a b l e  t o  

t h e  f i s h e r y  on t h e  N i g l i q  channel i s  t h e  same as on t h e  l ower  C o l v i l l e  and 

t h a t  t h e  r e t u r n  r a t e  o f  recaptured tags i s  s i m i l a r .  The es t imates  f rom t h i s  

technique a r e  cons iderab ly  lower  than those obta ined us ing  t h e  CPUE data:  

approximate ly  5,200 a r c t i c  c i s c o  and 450 l e a s t  c i sco .  

(b)  Lower N i g l  i q  

L im i ted  ca tch  da ta  were a v a i l a b l e  f rom t h e  lower  N i g l i q  f i s h e r y ,  bu t  ca tch  

r a t e s  o f  a r c t i c  c i s c o  were known t o  be much h i g h e r  than those repo r ted  f rom 



Table  12. Est imated h a r v e s t  i n  t h e  upper N i g l i q  channel i n  t h e  f a l l  f i s h e r y  
based on t o t a l  sample CPUE by 10 day i n t e r v a l .  

Sampl i n g  E f f o r t y  S a m ~ l e  Catch Est imated Catch 
I n t e r v a l  T o t a l  Sample ARCS LSCS BWF ARCS LSCS BWF 

10/1-10/10 78.7 30.8 120 185 275 307 473 703 

10/11-10/20 227.0 48.6 483 177 126 2,256 949 676 

10/21-10/30 260.7 13.7 330 12 2 6,280 228 38 

10/31-11/9 178.0 8.1 172 9 0 3,780 198 0 

11/10-11/20 125.1 12.2513- 13 - 5 5.260 133 - 5 1 

T o t a l s  869.5 113.4 1,618. 396 408 17,883 1,981 1,468 

ARCS = A r c t i c  c i s c o  

LSCS = Least  c i s c o  

BWF = Broad w h i t e f i s h  



Table 13. Estimated t o t a l  ca tch  o f  a r c t i c  c i s c o  (ARCS) and l e a s t  c i s c o  (LSCS) 
by  area i n  t h e  f a l l  f i s h e r y  based on t o t a l  CPUE data. 

F i  sherrnan 

T o t a l  
E f f o r t  

(net-days) 
Est imated Catch 

ARCS LSCS 

Outer C o l v i l l e  D e l t a  

Main Channel 

Hpl rnericks 1 
A 
B 

East  Channel 

Uooer N i q l i q  869.5 17,878 1,871 

Lower N i q l i q  339.7 8.500 0 

To ta l  2,659.6 70,359 33,410 

'actual  repo r ted  ca tch  



Table 14. Est imated t o t a l  ca tch  o f  a r c t i c  c i s c o  (ARCS) and l e a s t  c i s c o  (LSCS) 
by area i n  t h e  f a l l  f i s h e r y  based on t a g  r e t u r n  data. 

Fisherman 
Number o f  Taqs 1 

ARCS LSCS 
Est imated T o t a l  Catch 
ARCS LSCS 

Outer Col v i  11 e D e l t a  

Helmericks 147 436 23,678 17,596 
A 23 36 3,141 1,803 
B 61 241 9,623 9,905 
C 14 37 2,209 1,521 

Upper N i g l i q  32 11 5,048 452 

Lower N i g l i q  3 2  - 0 9.466 0 

Tot  a1 335 751 53,165 31,277 

' ~ n d i c o t t  1985 tags  o n l y  



t h e  upper N i g l i q  f i s h e r y .  Using an est imated CPUE o f  25 a r c t i c  c i s c o  pe r  

net-day (which i s  probably conserva t ive) ,  a  t o t a l  ca tch  o f  8,500 a r c t i c  c i s c o  

was est imated.  Tag recap tu re  da ta  y i e l d  an es t ima te  o f  about 9,750 a r c t i c  

c i s c o  and 0  l e a s t  c i sco .  

( c )  Outer C o l v i l l e  D e l t a  

Complete ca tch  and e f f o r t  i n f o r m a t i o n  was obta ined from two o f  t h e  f o u r  

p r imary  f i s h i n g  groups on t h e  ou te r  C o l v i l l e  Del ta,  and these data  were used 

t o  es t ima te  t h e  t o t a l  ca tch  by 10 day i n t e r v a l  f o r  t h e  o t h e r  two groups 

(Appendix Table A-6).  

Complete ca tch  records  were prov ided by two o f  t h e  t h r e e  f ishermen on t h e  main 

(Kupigruak) channel o f  t h e  o u t e r  C o l v i l l e  De l ta .  Helmer icks '  t o t a l  ca tch  was 

10,321 a r c t i c  c i s c o  and 8,657 l e a s t  c i s c o  ( f rom f i v e  3.0- inch and one 3.5- inch 

mesh nets ) .  Helmerick's CPUE da ta  f o r  3 .0 - inch  mesh f o r  each 10 day pe r iod  

(Table 8)  were used t o  es t imate  t h e  t o t a l  ca tch  f o r  Fisherman B. The CPUE 

da ta  y i e l d  es t imates  o f  about 9,256 a r c t i c  and 6,895 l e a s t  c i s c o  (Table 13) .  

Based on t h e  t a g  recap tu re  da ta  f rom Helmericks and Fisherman A, es t imates  o f  

about 9,623 a r c t i c  c i s c o  and 9,905 l e a s t  c i s c o  were obta ined.  

On t h e  eas t  channel o f  t h e  o u t e r  C o l v i l l e  De l ta ,  bo th  Helmer icks and Fisherman 

C used 3.0- inch mesh n e t s  e x c l u s i v e l y  and t h e i r  p e r i o d  o f  f i s h i n g  was s i m i l a r .  

Based on CPUE da ta  f o r  10 day per iods  f rom Helmer icks and est imated t o t a l  

e f f o r t  by 10 day per iods  f o r  Fisherman C, t o t a l  ca tch  f o r  Fisherman C was an 

est imated 7,906 a r c t i c  c i s c o  and 5,245 l e a s t  c i s c o  (Table 13). Using t o t a l  

ca tch  and t o t a l  e f f o r t  f o r  t h e  e n t i r e  f i s h i n g  season, t h e  es t imates  are 

s l i g h t l y  lower (7,000 a r c t i c  c i s c o  and 4,700 l e a s t  c i s c o ) .  Based on t o t a l  

number o f  tagged f i s h  recaptures  (assuming t h e  same p ropo r t i ons  o f  tagged t o  

untagged f i s h  by species as Helmericks) and percentage o f  tagged f i s h  t h a t  

were a r c t i c  c isco ,  es t imates  were about 2,209 and 1,521 f o r  a r c t i c  c i s c o  and 

l e a s t  c isco ,  r e s p e c t i v e l y .  



3.2.8 Est imates o f  To ta l  Weight 

T o t a l  weight  o f  t h e  ca tch  by species f rom t h e  o u t e r  C o l v i l l e  D e l t a  was 

es t imated f rom t h e  average weights o f  f i s h  f rom t h e  d i f f e r e n t  mesh s i zes  used 

(Table 15).  Since t h e  necessary da ta  were l a c k i n g  f rom t h e  upper and lower 

N i g l i q  t o  b reak  down t h e  ca tch  by mesh s ize ,  t h e  average we igh t  f rom 3.0 i nch  

mesh n e t s  was used t o  es t imate  weight  o f  t h e  t o t a l  ca tch  i n  these areas. 

3.2.9 Popu la t ion  Est imates 

The recap tu re  o f  a s u b s t a n t i a l  number o f  tagged c i s c o  i n  t h e  f a l l  f i s h e r y  

a l l ows  an es t imate  o f  t h e  t o t a l  number o f  f i s h  a v a i l a b l e  t o  t h e  f i s h e r y .  

Since s i m i l a r  da ta  are a v a i l a b l e  f o r  bo th  1984 and 1985, changes between t h e  

two years  can be evaluated.  The method f o r  e s t i m a t i n g  t h e  popu la t i on  s i z e  i s  

t h e  same as used by Cra ig  and Haldorson (1981) f o r  C o l v i l l e  R i v e r  a r c t i c  and 

l e a s t  c i s c o  and i s  based on a n a l y s i s  techniques descr ibed i n  R icker  (1975). 

Key da ta  are: (1)  t h e  number o f  tags  released, (2) t h e  number o f  tags 

recaptured,  and (3)  t h e  number o f  f i s h  examined f o r  tags.  With these data, 

t h e  Peterson e s t i m a t o r  can be used t o  generate an es t imate  o f  ca tchab le  f i s h .  

One adjustment must be made t o  t h e  t o t a l  number o f  tags  re leased.  F i sh  used 

f o r  t agg ing  were captured by f y k e  n e t  whereas tagged f i s h  were recaptured by 

g i l l  ne t .  G i l l  n e t s  a re  s u b s t a n t i a l l y  more s e l e c t i v e  f o r  s i z e  than are f yke  

ne ts  (F igures  12 and 13) .  Therefore, t h e  number o f  tags  re leased must be 

co r rec ted  t o  t h e  number o f  "catchable"  tags  i n  g i l l  ne ts .  The c o r r e c t i o n  

f a c t o r  i s  c a l c u l a t e d  as demonstrated i n  Appendix Tables 2 and 3. 

A key assumption i n  us ing  t h e  Peterson es t ima to r  i s  t h a t  tagged f i s h  are 

wel l -mixed i n  t h e  harvested stock. Data on t a g  r e t u r n s  f rom 1985 i n d i c a t e  

t h a t  s u b s t a n t i a l  m ix ing  does occur .  There are  many cases where tagged a r c t i c  

c i s c o  re leased f rom t h e  same re lease  event ( i .e .  f rom t h e  same s t a t i o n  on t h e  

same day) a r e  caught a t  w i d e l y  separated l o c a t i o n s  (Table 16) .  There was a l so  

separa t i on  w i t h i n  t h e  areas t h a t  i s  n o t  demonstrated i n  t h e  t a b l e .  A s i m i l a r  

p a t t e r n  occurs w i t h  l e a s t  c isco ,  b u t  s ince  l e a s t  c i s c o  were i n f r e q u e n t l y  

caught i n  t h e  N i g l  i q  Channel, t h e  p a t t e r n  i s  n o t  as c l e a r .  For  l e a s t  c i sco ,  



Table 15. Est imated t o t a l  weight  o f  a r c t i c  c i s c o  and l e a s t  c i s c o  by area i n  
f a l l  f i s h e r y  based on ca tch  est imated by CPUE data. 

A r c t i c  Cisco Least Cisco 
Est imated Est imated 

Mesh E s t i  - ~ v e r a ~ e  Est imated E s t i  - ~ v e r a ~ e  Est imated 
S ize  matedl Weight Weight o f  matedl Weight Weight o f  

Fisherman ( i n )  Catch (kg) ca tch  (kg) Catch (kg) ca tch  (kg) 

Outer C o l v i l l e  D e l t a  

Main Channel 

Helmericks 3.0 9,474 .41 3,884 8,556 .32 2,738 
3.5 847 .55 466 101 .34 34 

East Channel 

Helmericks 3.0 13,357 .41 5,476 8,939 .32 2,860 
C 3.0 7,906 .41 3,241 5,245 .32 1,678 

Uooer N i q l i q  ( 3 . 0 ) ~  17,878 .41 7,330 1,871 .32 599 

Lower N i q l i q  ( 3 . 0 ) ~  8.500 .41 3.485 0 .32 0 

T o t a l  70,359 28,962 33,410 10,673 

'est imated ca tch  based on CPUE da ta  

2used average weight  f o r  3.0 i n .  mesh 





%a 
LENGTH (mm) 



Table 16. Number o f  cases i n  which tagged a r c t i c  c i s c o  re leased on t h e  same 
day a t  t h e  same s t a t i o n  i n  t h e  E n d i c o t t  s tudy area were recaptured 
a t  d i f f e r e n t  areas i n  t h e  C o l v i l l e  De l ta .  

1 A1 1  Recaptures A1 1  Recaptures Recaptures i n  
Case i n  N i g l i q  i n  Main D e l t a  Both Areas 
- - - - 

3 recaptures  0 

4 recaptures  0 

5 recaptures  0 

6+ recaptures  0 

l ~ u m b e r  o f  recaptures  f rom t h e  same re lease  event  ( i  .e. f rom f i s h  re leased the  
same day a t  t h e  same s t a t i o n ) .  



t h e r e  were 11 cases where two o r  more recaptures  f rom t h e  same re lease  event 

were recaptured i n  bo th  t h e  N i g l i q  and Main De l ta .  The i n d i c a t i o n  i s  t h a t  

tagged f i s h  re leased toge the r  d i spe rse  t o  va r ious  p a r t s  o f  t h e  d e l t a  and are 

thus  mixed w i t h  t h e  non-tagged f i s h .  

The es t imates  o f  ca tchab le  a r c t i c  c i s c o  and l e a s t  c i s c o  are  presented i n  

Tables 17 and 18. 'The number o f  ca tchab le  f i s h  was conver ted t o  number o f  

f i s h  g r e a t e r  t han  250 mm (240 mm f o r  1985 l e a s t  c i sco )  by app ly ing  the  

c o r r e c t i o n  f a c t o r  f rom Appendix Tables A-7 and A-8 t o  t h e  number o f  catchable 

f i s h .  

There i s  an es t imated 16.5 percent  inc rease i n  t h e  number o f  ca tchab le  a r c t i c  

c i sco  between 1984 and 1985 (Table 19). Concurrent ly ,  t h e  es t imated number o f  

a r c t i c  c i s c o  g r e a t e r  t han  250 mm o n l y  increased by 9.9 percent .  F igure  12 

i l l u s t r a t e s  t h e  reason f o r  these annual d i f f e r e n c e s - - i n  1984 t h e r e  was a much 

l a r g e r  pool  o f  uncatchable a r c t i c  c i sco ,  which by 1985 had grown l a r g e  enough 

t o  be captured by  g i l l  nets.  I n  1985 t h e r e  i s  s t i l l  a  s u b s t a n t i a l  percentage 

o f  f i s h  t h a t  w i l l  e n t e r  t h e  f i s h e r y  i n  1986. The two modes apparent i n  t h e  

1985 re1  eased f i s h  1 ength frequency 1 i k e l  y  rep resen t  t h e  1978 y e a r - c l  ass 

(320-340 mm) and 1979 yea r -c lass  (270-310 mm) as descr ibed i n  p rev ious  s tud ies  

(Moul t o n  and Fawcett  1984, Moul t o n  e t  a1 . 1985). 

The est imated number o f  ca tchab le  l e a s t  c i s c o  shows a 21 percent  decrease from 

1984 t o  1985 (Table 19), i n d i c a t i n g  t h a t  t h e  number o f  a d u l t  l e a s t  c i s c o  i s  i n  

a p e r i o d  o f  dec l  ine .  

3.2.10 E f f e c t s  o f  F i s h i n g  on M o r t a l i t y  Rates 

That p o r t i o n  o f  a r c t i c  and l e a s t  c i s c o  s tocks  removed by f i s h i n g  was est imated 

f o r  t h e  f a l l  f i s h e r y  a t  t h e  C o l v i l l e  De l ta .  Est imates o f  f i s h i n g  m o r t a l i t y  

were based on t h e  es t imates  o f  harves t  (Table 13) and ca tchab le  f i s h  (Table 17 

and 18). I n  1985, approximate ly  70,400 a r c t i c  c i s c o  were harvested d u r i n g  the  

f a l l  f i s h e r y  f rom an es t imated pool o f  1,139,000 ca tchab le  a r c t i c  c i s c o .  Th is  

i n d i c a t e s  t h a t  annual f i s h i n g  m o r t a l i t y  on a r c t i c  c i s c o  s tocks  was about 6 

percent  i n  1985. About 33,400 l e a s t  c i sco  were caught i n  t h e  f a l l  f i s h e r y  



Table 17. Est imates o f  t h e  number o f  a r c t i c  c i s c o  a v a i l a b l e  t o  3 i n c h  mesh 
g i l l  n e t s  and number g r e a t e r  than 250 mm i n  t h e  C o l v i l l e  reg ion .  

_1984 1985 
9 5% 95% 

Confidence Confidence 
Number I n t e r v a l  Number I n t e r v a l  

Number o f  Tags 
Released 
( f i s h  >250 mm) 5,840~ 

Number o f  
"Catchable" (5840) ( 1  - .462) (11,695)(1-.37912 
Tags (M) = 3142 = 7263 

Number o f  Tags 
Caught (R) 

Catch Sampled (C) 27, 6863 26,819~ 

Est imate o f  978,000 798,000- 1,139,000 979,000- 
Catchable F i sh  ( N ) ~  1,209,000 1,325,000 

Est imate o f  F i s h  1,430,000 1,167,000- 1,571,000 1,350,000- 
Greater  t han  250 mm 1,768,000 1,827,000 

From Envirosphere (1986) 

C o r r e c t i o n  Fac tor  f rom Appendix Table A-7 

From Helmericks 1984 ca tch  da ta  

From Helmericks 1985 ca tch  da ta  and George and Kovalsky (1986) 

5 From N = / M  + 1 ) ( C  + 11 
(R + 1) where M = number o f  f i s h  tagged 

C - ca tch  sampled 

R = number o f  recaptured tags  



Table 18. Est imates o f  t h e  number o f  l e a s t  c i s c o  a v a i l a b l e  t o  3 i n c h  mesh 
g i l l  n e t s  and number g r e a t e r  than 250 mm i n  t h e  C o l v i l l e  reg ion .  

1984 1985 
95% 95% 

Confidence Confidence 
Number I n t e r v a l  Number I n t e r v a l  

Number o f  Tags 
Re1 eased 
( f i s h  >250 mm) 14,126~ 

Number o f  
"Catchable" (14,126)(1-.30212 
Tags (MI = 9860 

Number o f  Tags 
Caught (R) 3 0 4 ~  

Catch Sampled (C) 13 ,076~  

Est imate o f  423,000 378,000- 
Catchable F i s h  ( N ) ~  472,000 

Est imate o f  F i s h  551,000 492,000- 
Greater  than 250 mm 615,000 

From Envirosphere (1986) 

Cor rec t i on  Fac to r  f rom Appendix Table A-8 

From Helmericks 1984 ca tch  da ta  

From Helmericks 1985 ca tch  da ta  and George and Kovalsky (1986) 

From N - I M  t l ) ( C +  '1 
(R + 1)  where M = number o f  f i s h  tagged 

C - ca tch  sampled 

R = number o f  recaptured tags 



Table 19. Est imate o f  changes i n  t h e  number o f  a r c t i c  and l e a s t  c i s c o  i n  t h e  
C o l v i l l e  reg ion .  

Percent Change 
1985 1984 t o  1985 

A r c t i c  Cisco 

Number o f  
Catchable ~ i s h '  

Number Greater  
Than 250 mm 1,430,000 1,571,000 

Least  C isco  

Number o f  
Catchable ~ i s h '  423,000 333,000 -21.3 

Number Greater  
Than 250 mm 551,000 391,000 

Based on v u l n e r a b i l i t y  t o  3 i nch  s t r e t c h e d  mesh g i l l  ne ts  (see Appendix 

Tables A-7 and A-8) 



from an estimated pool of 333,000 catchable l e a s t  cisco,  resu l t ing  in fishing 

mortali ty of approximately 10 percent. 

The decl ine of tag recaptures from a given re lease over subsequent years i s  a 
measure of t o t a l  annual mortali ty (Ricker 1975). Table 20 shows tag and 

recapture data f o r  l e a s t  c isco in the  Helmericks f ishery over a period of s i x  

years.  The percent decrease per year of tagged l e a s t  c isco in the Helmericks 
f ishery a f t e r  the  i n i t i a l  year of re lease  i s  presented in Table 21. The 

annual decrease in tag recaptures of l e a s t  cisco for, the f i r s t  four years 
a f t e r .  re lease  averages 40 percent, which indicates  t ha t  t o t a l  annual mortali ty 

f o r  adul t  l e a s t  c isco in  the  Colvi l le  Delta was about 40 percent. By the 
f i f t h  year the-number of re turns  i s  t o o  low t o  be of much value. Since annual 

f ishing mortali ty in  1985 was about 10 percent, the remaining 30 percent of 
the t o t a l  annual mortal i t y  i s  a t t r ibu ted  t o  natural mortal i ty .  

Tag and recapture data f o r  a r c t i c  c isco in the  Helmericks f ishery over a s i x  
year period a re  presented in Table 22. The percent decrease per year of 
tagged a r c t i c  c isco in the  Helmericks f ishery a f t e r  the  i n i t i a l  year of 
re lease  i s  shown in Table 23. The dramatic decl ine in tag recaptures of 

a r c t i c  c isco a f t e r  t he  year of re lease  (58 percent a f t e r  the  f i r s t  year, 84 

percent a f t e r  the  second year) would indicate  tha t  annual mortal i ty  fo r  a r c t i c  
c isco in the  Colvi l le  Delta may be qu i te  high i f  t h i s  species remains in the 
Colvi l le  region f o r  i t s  e n t i r e  l i f e  cycle. However, a r c t i c  c isco u t i l i z ing  
the Colvi l le  Delta a re  thought t o  leave the  area when they mature sexually and 
return t o  the  Mackenzie River f o r  spawning. Thus, the  estimated annual 

mortali ty f o r  a r c t i c  c isco in the  Colvi l le  Delta i s  not meaningful i f  almost 
a l l  a r c t i c  c i sco  leave the  area. 



Table 20. Number o f  tagged l e a s t  c i s c o  recaptured annua l l y  i n  t h e  Helmericks 
f a l l  f i s h e r y  s ince  1980. 

Re1 ease 
Year 

Release , 
Organ iza t i on  

Number 
o f  Tags 
Re1 eased 

1980 LGL 1067 32 20 8 12 3 5 

1981 LGL 6157 90 155 159 52 45 

1982 LGL 1798 
WCC 2131 

1983 - - -  0 

1984 WCC 14,126 304 318 

1985 ENV 9915 436 

LGL = LGL Eco log ica l  Research Associates 

WCC = Woodward-Clyde Consul tants 

ENV = Envirosphere 

Data on number o f  LGL tags  recaptured i n  1980-1983 prov ided  by 
B. Gallaway, LGL 



Table 21. Decrease in tagged least  cisco captured in the Helrnericks fishery 
after in i t ia l  release year. 

Re1 ease Percent Reca~tured After 8eina At-Larqe 
Year 0 Yr 1 yr 2 Yr 3 Yr 4 Yr 5 yr 

1980 3 .0  1 .9  0 .7  1 .1  0 .28  0.47 

1982 (LGL) 8 . 6  2 .7  1.2 1 .1  
(wee) 4 . 1  2.6 0.66 0 .52  

- - - - - - 
Mean : 3.95 2.40 1.29 0.89 0.51 0 .47  

SD: 2.54 0.32 0 .91  0 .28  0.32 - - -  

Percent Decrease 
Per Year 39.2 46.3 31 .0  42.7 7.8 



Table 22. Number o f  tagged a r c t i c  c i s c o  recaptured annua l ly  i n  t h e  Helmericks 
f a l l  f i s h e r y  s ince  1980. 

Number 
Re1 ease Release o f  Tags 1 

Year Organ iza t i on  Released 1980 1981 1982 1983 1984 1985 

1980 LGL 229 10 6 0 0 0 0 

1981 LGL 1,756 62 4 4 0 0 

1982 LGL 439 
WCC 435 

1984 WCC 5,840 88 42 

1985 ENV 11,695 147 

LGL = LGL Eco log ica l  Research Associates 

WCC = Woodward-Clyde Consul tants 

ENV = Envirosphere 

Data on number o f  LGL tags  recaptured i n  1980-1983 prov ided by 
B. Gallaway, LGL 



Table 23. Decrease i n  tagged a r c t i c  cisco captured i n  the Helmericks f ishery  
a f t e r  i n i t i a l  release year.  

Re1 ease Percent Recaotured A f t e r  Being At-Large 
Year 0 y r  1 Yr  2 y r  3 y r  4 Yr  5 y r  

- - - - 

1980 4 . 4  2.6 0 0 0 0 

1981 3 .5  0.23 0.23 0 0 

1982 (LGL) 1 .8  0 .91 0.46 0 
(wee) 2 .8  0 .92  0 0 

1983 - - -  - - -  - - -  

1984 1 .5  0.72 

1985 1.3  

- - - - - - 
Mean: 2.55 1.08 0.17 0 0 0 

SD : 1.23 0.90 0.22 

Percent Decrease 
Per Year 57.6 84.3 100 - - -  - - -  



4.0 DISCUSSION 

4.1 SUMMER FISHERY 

The pr imary  t a r g e t  o f  t h e  summer f i s h e r y  was l a r g e  broad w h i t e f i s h .  Catch 

r a t e s  were g e n e r a l l y  low (2-5 f i s h  pe r  net-day),  and f i s h i n g  e f f o r t  was spread 

out  over  a l a r g e  area. Although most o f  t h e  summer f i s h e r y  f o r  broad 

w h i t e f i s h  took  p l a c e  on t h e  N i g l i q  Channel, cons iderab le  f i s h i n g  took  p lace  on 

t h e  upper C o l v i l l e  ( p r i m a r i l y  T i ragruak) ,  p a r t i c u l a r l y  d u r i n g  August. Due t o  

t h e  g r e a t e r  d i s tances  involved,  most people f i s h i n g  on t h e  upper C o l v i l l e  

camped a t  T i rag ruak  o r  f u r t h e r  u p r i v e r .  F i s h i n g  on t h e  upper C o l v i l l e  was 

r e s t r i c t e d  i n  mid t o  l a t e  summer by t h e  shal lowness o f  t h e  channel from 

Nuiqsut  t o  t h e  main r i v e r  channel. I f  t h e  channel i s  dredged so t h a t  passage 

i s  unimpeded d u r i n g  l ow  water, i t  i s  l i k e l y  t h a t  f i s h i n g  e f f o r t  would increase 

on t h e  upper C o l v i l l e .  

T o t a l  f i s h i n g  e f f o r t  was g r e a t e s t  on t h e  N i g l  i q  channel, approximate ly  1,000 

net-days, compared t o  150 net-days on t h e  upper C o l v i l l e  and fewer than 50 

net-days on F i s h  Creek. However, due t o  t h e  d i f f i c u l t i e s  i n  keeping t r a c k  o f  

f i s h i n g  a c t i v i t y  i n  more remote areas, i t  i s  poss ib le  t h a t  e f f o r t  was 

underest imated by 25-30 percent  f o r  t h e  upper C o l v i l l e  and F i sh  Creek. 

Large mesh (4.5-5.5 i n c h  s t re t ched  mesh) g i l l  n e t s  were t h e  main gear i n  use 

i n  t h e  summer f i s h e r y .  Frequent ly  panels o f  more than  one mesh s i z e  were used 

i n  t h e  same ne t ,  making i t  d i f f i c u l t  t o  assess d i f f e r e n c e s  i n  ca tch  between 

mesh s izes .  

The l a r g e s t  catches o f  broad w h i t e f i s h  occurred p r i m a r i l y  e a r l y  i n  t h e  summer, 

a l though catches cont inued u n t i l  t h e  end o f  t h e  f i s h i n g  season. The h igh  

ca tch  r a t e s  e a r l y  i n  t h e  summer l i k e l y  represent  a m i g r a t i o n  o f  mature broad 

w h i t e f i s h  t o  u p r i v e r  spawning areas w h i l e  those r e t u r n i n g  i n  mid t o  l a t e  

summer were most ly  non-spawning mature f i s h .  



There were some d i f f e r e n c e s  i n  ca tch  composi t ion between areas. The upper 

N i g l i q  ca tch  was almost e x c l u s i v e l y  broad w h i t e f i s h ,  w h i l e  char  were an 

impor tan t  component o f  t h e  ca tch  on t h e  upper C o l v i l l e .  

George and Nageak (1985), i n  a p r e l i m i n a r y  s tudy  o f  t h e  Nu iqsut  f i s h e r y ,  
est imated t h a t  a t  l e a s t  1,000 broad w h i t e f i s h  were taken f rom a l l  areas i n  t he  

1984 summer f i s h e r y .  Whi le  t h i s  i s  cons iderab ly  l e s s  than t h e  es t imated ca tch  

f rom 1985, t h e  d i f f e r e n c e  i s  main ly  due t o  t h e  t o t a l  f i s h i n g  e f f o r t  repor ted ,  

s ince  est imated ca tch  r a t e s  were comparable. Whether t h i s  apparent d i f f e r e n c e  

i n  t o t a l  e f f o r t  i s  due t o  an ac tua l  inc rease i n  f i s h i n g  e f f o r t  i n  1985 i s  

d i f f i c u l t  t o  determine. A t  any event, i t  r a i s e s  t h e  p o i n t  t h a t  t h e  amount o f  

f i s h i n g  e f f o r t  i n  a f i s h e r y  such as t h i s  may vary  a g r e a t  deal f rom yea r  t o  

year .  For  example, as Cra ig  and Haldorson (1981) suggest, t h e  l e v e l  o f  

empl oyment o f  Nuiqsut  r e s i d e n t s  may i n f l u e n c e  t h e  number o f  people a c t i v e l y  

i nvo l ved  i n  t h e  f i s h e r y .  

4.2 FALL FISHERY 

The f a l l  f i s h e r y  was q u i t e  d i f f e r e n t  f rom t h e  summer f i s h e r y  bo th  i n  t h e  

g r e a t e r  concen t ra t i on  o f  f i s h i n g  e f f o r t  and i n  t h e  much h ighe r  ca tch  r a t e s .  

The most i n t e n s i v e  e f f o r t  was on t h e  o u t e r  C o l v i l l e  Del ta,  where f o u r  f a m i l i e s  

accounted f o r  about 1,450 net-days o f  f i s h i n g  e f f o r t  f rom e a r l y  October t o  

e a r l y  November. The N i g l i q  channel had almost as much t o t a l  f i s h i n g  e f f o r t  

(1,250 net-days),  b u t  about 25 groups were i nvo l ved  i n  t h e  f i s h e r y  and i t  

extended i n t o  1 a t e  November. 

D i f f e rences  i n  ca tch  r a t e s  and ca tch  composit ion were n o t i c e a b l e  between t h e  

N i g l i q  channel and t h e  o u t e r  C o l v i l l e  De l ta .  Small broad w h i t e f i s h  were the  

dominant component o f  t h e  ca tch  on t h e  upper N i g l i q  i n  e a r l y  October, and, 

w h i l e  they  were present  i n  o u t e r  C o l v i l l e  D e l t a  catches they  disappeared f rom 

t h e  ca tch  e a r l i e r .  The upper N i g l i q  average ca tch  r a t e s  f o r  a r c t i c  c i s c o  were 

r e l a t i v e l y  low (5-10 p e r  net-day)  u n t i l  l a t e  October t o  l a t e  November when 

they  ranged f rom 20-50 pe r  net-day (comparable t o  ca tch  r a t e s  on t h e  ou te r  

C o l v i l l e  De l ta ) .  I n  add i t i on ,  l e a s t  c i s c o  were present  i n  much lower 

abundance i n  t h e  N i g l  i q  channel throughout  t he  f i s h i n g  season, a1 though small 



l e a s t  c i s c o  were caught i n  l a r g e  numbers i n  t h e  smal l  mesh t e s t  nets.  The 

absence o f  a d u l t  l e a s t  c i s c o  may be r e l a t e d  t o  t h e  increased s a l i n i t y  i n  t he  

N i g l  i q  channel o r  t o  spawning a c t i v i t y  elsewhere. By l a t e  October, s a l i n i t i e s  

o f  15 p p t  were observed. Least  c i s c o  are  apparent ly  l e s s  t o l e r a n t  o f  marine 

water  than a r c t i c  c i s c o  (Moulton, Fawcett and Carpenter 1985), a l though t h e  

presence o f  numerous smal l  l e a s t  c i s c o  may i n d i c a t e  t h a t  some o t h e r  f a c t o r  was 

invo lved.  Th is  p e r i o d  (September/October) i s  a1 so t h e  main spawning p e r i o d  

f o r  l e a s t  c i sco .  Ripe and spent l e a s t  c i s c o  were observed i n  t h e  sampled 

ca tch  a t  t h e  upper N i g l i q  sampling area i n d i c a t i n g  t h a t  t h i s  area i s  used f o r  

spawning. It i s  p o s s i b l e  t h a t  g r e a t e r  concent ra t ions  o f  spawning adu l t s  

occurred e l  sewhere. 

W i th in  t h e  o u t e r  C o l v i l l e  De l ta ,  d i f f e r e n c e s  were no ted between t h e  ca tch  

p a t t e r n s  on t h e  main (Kupigruak) channel and t h e  eas t  channel. Al though 

average CPUE o f  a r c t i c  c i s c o  on t h e  main channel was much h i g h e r  than on the  

eas t  channel e a r l y  i n  t h e  season, i t  dec l i ned  s t e a d i l y  u n t i l  t h e  end o f  

f i s h i n g  w h i l e  ca tch  r a t e s  i n  t h e  eas t  channel remained r e l a t i v e l y  cons tant .  A 

s i m i l a r ,  though l e s s  marked, p a t t e r n  was observed i n  l e a s t  c i s c o  ca tch  r a t e s .  

These d i f f e r e n c e s  may have been t h e  r e s u l t  o f  t h e  g r e a t e r  f i s h i n g  e f f o r t  on 

t h e  main channel compared t o  t h e  eas t  channel. 

Other  da ta  a l s o  i n d i c a t e  t h a t  t h e  number o f  n e t s  i n  an area a f f e c t s  ca tch  

ra tes .  On t h e  upper N i g l i q ,  average CPUE o f  a r c t i c  c i s c o  i n  3.0 i n c h  mesh 

n e t s  was cons iderab ly  lower  than CPUE f o r  bo th  sma l l e r  and l a r g e r  mesh s izes .  

Since 3.0 i n c h  mesh n e t s  were by f a r  t h e  most common, i t  i s  p o s s i b l e  t h a t  t h e  

o t h e r  mesh s i zes  had l e s s  compe t i t i on  f o r  small and l a r g e  a r c t i c  c isco ,  thus 

account ing f o r  t h e i r  h ighe r  ca tch  r a t e s .  On t h e  o u t e r  C o l v i l l e  De l ta ,  bo th  

Helmericks (1985) and Fisherman B  ( c i t e d  i n  George and Kovalsky 1986) noted 

t h a t  a r c t i c  c i s c o  CPUE dec l i ned  when another f isherman s e t  n e t s  downstream o f  

t h e i r  ne ts .  No ca tch  da ta  were a v a i l a b l e  f rom Fisherman B, b u t  Helmericks'  

average CPUE o f  a r c t i c  and l e a s t  c i s c o  dropped markedly when Fisherman A s e t  

h i s  ne ts  f u r t h e r  downstream. Dur ing  t h e  same t ime  p e r i o d  Fisherman A's catch 

r a t e  was h igh  and Helmericks'  ca tch  r a t e  on t h e  eas t  channel increased. I n  

add i t i on ,  George and Kovalsky (1986) repo r ted  t h a t  t h e i r  downstream s t a t i o n  

h a d c o n s i s t e n t l y  h ighe r  ca tch  r a t e s  than t h e i r  o t h e r  s t a t i o n  about 0.4 km 



upstream. Whi le t h i s  evidence i s  c i r c u m s t a n t i a l ,  i t  i n d i c a t e s  t h a t  i n tense  

e f f o r t  i n  a r e s t r i c t e d  area does reduce t h e  d e n s i t y  o f  f i s h .  As more 

f ishermen e n t e r  t h e  f i s h e r y ,  t h e  ca tch  r a t e  w i l l  dec l i ne .  

Another f a c t o r  t h a t  had a cons iderab le  e f f e c t  on ca tch  r a t e  was t h e  l e n g t h  o f  
t ime  n e t s  were a l lowed t o  f i s h  between checking. Nets l e f t  unchecked f o r  more 

than 24 hours had a much lower  CPUE than n e t s  p i cked  every day (F igu re  14).  

I n  some instances, however, t h e  weather c o n d i t i o n s  t h a t  made i t  imposs ib le  t o  

check t h e  n e t s  may have a l s o  i n f l u e n c e d  f i s h  d i s t r i b u t i o n s .  

Net s e l e c t i v i t y  due t o  mesh s i ze ,  which was n o t  an impor tan t  f a c t o r  i n  t h e  

summer f i s h e r y ,  s t r o n g l y  a f f e c t e d  both  species and s i z e  composi t ion o f  t he  
c a t c h  i n  t h e  f a l l  f i s h e r y .  Larger  mesh s i z e s  reduced t h e  percentage o f  l e a s t  
c i s c o  i n  t h e  catch. For  example, i n  Helmericks 3.0 i n c h  mesh nets ,  a r c t i c  and 

l e a s t  c i s c o  catches were about equal, w h i l e  i n  3.5 i n c h  mesh nets,  a r c t i c  

c i s c o  accounted f o r  about 90 percent  o f  t h e  ca tch .  I n  a d d i t i o n ,  l a r g e r  mesh 

n e t s  caught fewer smal l  f i s h  and g r e a t e r  numbers o f  l a r g e  f i s h .  For example, 

George and Kovalsky (1986) demonstrated t h a t  w h i l e  t h e  ca tch  r a t e  o f  a r c t i c  

c i s c o  decreased by 28 percent  when moving f rom 2.5 t o  3.0 i n c h  mesh, t h e  ca tch  

biomass remained t h e  same. Since t h e  s i z e  composi t ion o f  ' the  a r c t i c  c i s c o  

p o p u l a t i o n  i n  t h e  C o l v i l l e  R i v e r  f i s h e r y  has e x h i b i t e d  cons iderab le  v a r i a t i o n  

over  t h e  years  (Gallaway e t  a l .  1983), i t  may be advantageous f o r  f ishermen t o  

use a g r e a t e r  number o f  l a r g e r  mesh s i z e  n e t s  i n  o r d e r  t o  reduce t h e  ca tch  o f  

l e a s t  c i s c o  (considered a l e s s  d e s i r a b l e  species by most f ishermen) and 

maximize t h e i r  ca tch  o f  l a r g e  a r c t i c  c isco .  Strong year  c lasses,  such as the  

ones t h a t  l e d  t o  h i g h  ca tch  r a t e s  i n  1984 and 1985, should be i n c r e a s i n g l y  

vu lne rab le  t o  l a r g e r  mesh nets,  such as 3.125 and 3.25 inch ,  u n t i l  t h e  f i s h  
l e a v e  t h e  f i s h e r y .  

4.3 ESTIMATES OF TOTAL CATCH 

The two techniques f o r  e s t i m a t i n g  t o t a l  ca tch  r e s u l t e d  i n  l a r g e  d i f f e r e n c e s  i n  

ca tch  es t imates  i n  some cases (Table 24). For Fisherman C on t h e  ou te r  
C o l v i l l e  D e l t a  and f o r  t h e  f i s h e r y  on t h e  upper N i g l i q ,  es t imates  based on 





Table 24. Comparison of total catch estimates from CPUE and tag return data 

Area and Arctic Cisco Least Cisco 
Fisherman CPUE Tag Return CPUE Tag Return 

Outer Colville Delta 

Main Channel 
Helmericks 10,321 10,321 8,657 8,657 
Fisherman A 3,141 3,141 1,803 1,803 
Fisherman B 9,256 9,623 6,895 9,905 

East Channel 
Helmericks 13,357 13,357 8,939 8,939 
Fisherman C 7,906 2,209 5,245 1,521 

Upper Nigl iq 17,878 5,048 1,871 452 

Lower Nigl i q  8,500 9.466 0 0 

Total 70,359 53,165 33,410 31,277 
- - 

'actual reported catch 



CPUE were cons ide rab l y  h i g h e r  than those based on t a g  r e t u r n s .  There are 

several  p o s s i b l e  exp lanat ions  f o r  t h i s  d iscrepancy:  

1. T o t a l  f i s h i n g  e f f o r t  may have been overest imated,  r e s u l t i n g  i n  

i n f l a t e d  es t imates  o f  t o t a l  c a t c h  f rom CPUE data.  Some o f  t h e  n e t s  

s e t  may n o t  have been f i s h e d  r e g u l a r l y ,  and, as shown e a r l i e r ,  ca tch  

pe r  e f f o r t  d e c l i n e s  apprec iab ly  w i t h  t h e  number o f  days between 

emptying t h e  ne t .  

2. A l l  recaptured tags  may n o t  have been r e t u r n e d  by a l l  t h e  f ishermen 

on t h e  upper N i g l i q .  I n  o t h e r  areas t h e r e  were o n l y  a few 

f ishermen, w h i l e  on t h e  upper N i g l i q  t h e  e f f o r t  and t o t a l  ca tch  was 

d ispersed among a l a r g e r  group. It i s  l i k e l y  t h a t  some f ishermen 

d i d  n o t  r e t u r n  tags  and t h a t  t h e  t o t a l  number o f  recaptures  was 

h i g h e r  t han  repor ted .  

3 .  There may be a h i g h e r  percentage o f  tagged f i s h  i n  t h e  popu la t i on  i n  

t h e  lower  C o l v i l l e  than t h e  upper N i g l i q .  S ince most o f  t he  tagg ing  

t o o k  p lace  i n  t h e  Prudhoe Bay area, fewer o f  t h e  tagged f i s h  may 

have t r a v e l e d  as f a r  west as t h e  N i g l i q  channel. 

Ove ra l l ,  t h e  ca tch  est imates f rom t h e  CPUE da ta  a re  f e l t  t o  be t h e  most 

r e 1  i a b l e  es t imates .  

4.4 HISTORICAL PERSPECTIVE 

Previous es t imates  o f  t h e  fa1 1 Nuiqsut-based f i s h e r y  have g e n e r a l l y  been based 

on l i t t l e  data. C r a i g  and Haldorson (1981) suggested t h a t  t h e  ca tch  f o r  t h e  

f i s h e r y  was about equal t o  Helmer icks '  ca tch .  George and Nageak (1985) 

es t imated t h a t  between 6,000-9,000 a r c t i c  c i s c o  were caught on t h e  lower  

C o l v i l l e  D e l t a  ( e x c l u s i v e  o f  Helmericks catch)  and another  1,000 on t h e  N i g l i q  

channel i n  t h e  1984 f a l l  f i s h e r y ,  compared t o  almost 28,000 a r c t i c  c i s c o  

harvested by Helmericks i n  1984. The r e s u l t s  f rom t h i s  s tudy suggest t h a t  

bo th  t h e  f i s h e r i e s  on t h e  lower  C o l v i l l e  D e l t a  and on t h e  N i g l i q  channel 

accounted f o r  a much g r e a t e r  ca tch  o f  a r c t i c  c i s c o  i n  1985: approximate ly  



15,000-20,000 arctic cisco on the lower Colville Delta and 14,000-25,000 on 

the Nigliq channel. Least cisco total catch was somewhat lower. 

Total catch and size composition of the catch of arctic cisco has shown 
considerable variation over the last 20 years, giving evidence of strong and 

weak year classes (Gallaway et al. 1983; Moulton and Carpenter 1986). The 

average total- catch for Helmericks over the last 20 years was 31,000 arctic 
cisco and 22,000 least cisco (Moulton and Carpenter 1986). In 1985 the total 

catch was 23,678 arctic cisco and 17,596 least cisco. While this appears to 

be below average for both species, fishing ended in early November, which is 

earlier than usual, while catch rates for arctic cisco were still high. Total- 

CPUE (number of fish per net-day) of 26.1 for arctic cisco is high compared to 

historical catch rates, although it is somewhat lower than 1984 (Figure 15). 
Least cisco CPUE of 19.4 increased from 14.1 in 1984, but is still low 

compared to the CPUEs in 1982 and 1983. Data from the last 5 years show a 

significant inverse correlation (r--0.909, pc.05)in CPUE for the two species, 

while the total CPUE for ciscos has remained stable (Figure 15). 

The average size of arctic cisco in 3.0 inch mesh nets of 330 mm with the 

dominant length mode 300-340 mm, probably represents the abundant 1978 and 

larger numbers of the 1979 year class (Moulton and Fawcett 1984). Since 

arctic cisco begin to mature at age 7-8 (about 350 mm) (Craig and Haldorson 

1981; Moulton and Carpenter 1986) and presumably return to the Mackenzie River 

to spawn (Gallaway et al. 1983; Moulton et al. 1985), it is likely that the 

contribution of the 1978 year class to the 1986 fall fishery will be 

considerably reduced (except perhaps in larger mesh nets). In 1986 the catch 

will consist primarily of the 1979 year class, which is also abundant and 

began to enter the fishery in 1985 (Figure 12). Since the 1979 year class may 

be even more abundant than the 1978 year class (Moulton and Fawcett 1984), 
catch rates of arctic cisco should remain high in 1986. In 1987, however, 

catch rates will decline substantially because, until 1985, there has not been 

a strong recruitment since the 1979 year class entered the region. Arctic 
cisco catches will likely remain low from 1987 until the early 1990's. 
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4.5 IMPACT OF FISHERY ON STOCKS 

The es t imated a r c t i c  c i s c o  harves t  o f  70,400 f i s h  represents  approximate ly  6  

percent  o f  t h e  harves tab le  a r c t i c  c i sco .  Th i s  es t imate  i s  based on t h e  

assumption t h a t  a l l  o f  t h e  re leased tagged a r c t i c  c i s c o  moved t o  t h e  C o l v i l l e  

r e g i o n  i n  l a t e  summer and were vu lne rab le  t o  t h e  f a l l  f i s h e r y .  I f  s u b s t a n t i a l  

numbers o f  tagged a r c t i c  c i s c o  moved elsewhere, such as remain ing i n  t h e  

Sagavanirk tok d e l t a  o r  moving eastward t o  t h e  Mackenzie River ,  then t h e  

popu la t i on  es t imate  would decrease and t h e  harves t  r a t e  would increase. The 

response o f  t h e  popu la t i on  e s t i m a t e  and r e s u l t i n g  e x p l o i t a t i o n  r a t e  t o  

d i f f e r e n t  l e v e l s  o f  r e t u r n  t o  t h e  C o l v i l l e  i s  as fo l l ows :  

Percent 
Return ing  

t o  C o l v i l l e  

E x p l o i t a t i o n  
Popu la t ion  Rate 

Est imate (oercent  1 

Whi le t h e  d a t a  f rom t h e  1985 E n d i c o t t  Study i n d i c a t e  t h a t  some tagged a r c t i c  

c i sco  moved eastward t o  Kaktov ik ,  t h e  da ta  are  i n s u f f i c i e n t  t o  determine i f  

s i g n i f i c a n t  eastward movement occurred (Envirosphere 1986). 

For l e a s t  c isco ,  t h e  p a t t e r n  i s  more c l e a r .  There i s  l i t t l e  doubt t h a t  

v i r t u a l l y  a l l  tagged l e a s t  c i s c o  entered t h e  C o l v i l l e  d e l t a  i n  l a t e  summer and 

were vu lne rab le  t o  t h e  f i s h e r y  (Moulton and Carpenter 1986). The est imated 

harves t  o f  33,400 f i s h  represents  approximate ly  10 percent  o f  t h e  harves tab l  e  

f i s h .  By f o l l o w i n g  t h e  d e c l i n e  o f  tags  i n  t h e  popu la t i on  over  several  years, 

i t  i s  es t imated t h a t  t h e  t o t a l  annual m o r t a l i t y  on a d u l t  l e a s t  c i s c o  i s  

approximate1 y  40 percent .  

These l e v e l s  o f  m o r t a l i t y  a re  on t h e  l ow  end o f  t h e  ranges repo r ted  f o r  o the r  

coregonids (Healy 1975). For example, i n  l a k e  w h i t e f i s h  popu la t ions  

(Coreqonus c l  uoeaformis) i n  t h e  Northwest T e r r i t o r i e s ,  Healy (1975) r e p o r t s  2 

ou t  o f  17 es t imates  o f  annual n a t u r a l  m o r t a l i t y  t o  be l e s s  than 30 percent .  

For t o t a l  m o r t a l i t y ,  o n l y  2 o u t  o f  24 est imates were l e s s  than  40 percent .  



For fourteen exploited lakes, the total annual mortality averaged 64 percent 

(range: 36-94 percent). Healy (1980) reports that an exploitation rate of 10 

percent causes virtually no change in lake whitefish populations while a rate 
of 20 percent causes a moderate amount of change. Heavy exploitation occurred 

at an exploitation rate of 3 0  percent. 

A characteristic of moderately exploited populations is loss of older age 

groups (Healy 1980). The continued presence of substantial numbers of 

pre-1984 tags in the least cisco in the population and substantial numbers of 

fish greater than age 10 (Fawcett et al. 1986) also indicate that the present 

exploitation rate on the Colville River cisco populations is low (Figure 16). 

The level of exploitation on broad whitefish cannot be quantitatively 
established at this time because there is no estimate for the total numbers of 

catchable fish. There is indirect evidence, however, that the exploitation 

rate is low. The majority of the spawning segment of the population is well 

upstream of Ocean Point by mid to late July (T. Bendock, ADF&G, pers. comm., 

1986) and thus is not vulnerable to the majority of the fishing effort, which 

is concentrated in the delta. Much of the non-spawning segment of the mature 

broad whitefish are outside the river in Harrison Bay or adjacent coastal 

areas in the summer when fishing effort is greatest. It is likely that the 

harvest is based on sporadic interception of feeding broad whitefish with some 

catch of fish during early season spawning migration and outmigration and late 

summer return movements. The effort does not appear to be focused on any 

particular segment of the population, other than feeding non-spawning fish. 

As with least cisco, the broad whitefish catch continues to be dominated by 

older fish - the majority of the catch is between ages 11 and 20 (Figures 4 

and 16). The majority of effort and catch is centered on the Nigliq Channel, 

which represents a small portion of the delta habitat - this in itself makes 

it extremely unlikely that the exploitation rate would have much effect on the 
broad whitefish population. 
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Table A-7. Est imated percent  o f  tagged a r c t i c  c i s c o  re leased i n  1984 and 1985 
t h a t  were n o t  vu lne rab le  t o  3 i n c h  g i l l  n e t  (based on method 
descr ibed i n  R icker  1975). 

Table A-8. Est imated percent  o f  tagged l e a s t  c i s c o  re leased i n  1984 and 1985 
t h a t  were n o t  vu lne rab le  t o  3 i nch  g i l l  n e t  (based on method 
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Appendix Tab le  A-1. Estimated t o t a l  e f f o r t  (Ft) and sampled e f f o r t  (F ) by 
area,  mesh s i z e ,  and 10 day i n t e r v a l  f o r  t h e  s%mmer 
f i s h e r y .  

I n t e r v a l  
1 
3.0  4.5 5 . 0  5.25 5.5 T o t a l  

T o t a l  Ft 55.2 275.0 614.2 34.7 26.0 1005.1 

Fs 9.2 19.5 48.7 5.3 16.7 99.4 

U ~ o e r  Col v i  11 e  



Appendix Table A - 1  (Continued) 

MESH 
I n t e r v a l  3 .0  4.5 5.0 5.25 5.50 Total  

U o ~ e r  Col v i l l e  
(cont 'd)  

Total  

F i s h  Creek 

Total  Ft 
- - -  - - -  14.0 - - -  20.0 34.0 

Fs 0 0 8.2 0 8.1 16.3 



Appendix Table A-2. Net counts by area and date in the summer fishery. 

N i o l  i a  Fish Creek 
Date N Date N Date N 

N = number of nets counted 

'includes one net upstream from Ocean Point 
L .  includes 2 nets upstream from Ocean Point 



Appendix Tab le  A - 3 .  Mean l e n g t h  o f  broad w h i t e f i s h  by 10 day p e r i o d  i n  the  
summer f i s h e r y ,  a l l  areas and mesh s i z e s  combined. 

I n t e r v a l  Length (mm) N 

N = number o f  f i s h  i n  samples. 



Appendix Table A -4 .  Total  estimated f i s h i n g  e f f o r t  (F ) and sampled e f f o r t  
(F ) by 10 day per iod on the  upp& N i g l i q  during the  f a l l  
f i f h e r y .  

8 
I n t e r v  1 1 2 . 2 5  . O  3.  5 3 .  5 4.0 UNK Total  

Total  39.0 184.4 345.9 73.5 
Ft 5.1 21.1 49.3 10.0 Fs 

UNK = unknown mesh s i z e  



Appendix Table A - 5 .  Tota l  estimated f i s h i n g  e f f o r t  (net-days) by 10 day period 
f o r  the  outer  C o l v i l l e  D e l t a  f a l l  f i s h e r y .  

MAIN CHANNEL EAST CHANNEL 
Mesh S ize  Mesh Size  

I n t e r v a l  F i  sherman 2.5 3.0 3.5 3.0 

10/1-10/10 Helmericks - - -  95.0 25.0 125.0 
A - - -  - - -  - - -  - - -  
B - - -  46.7 - - -  - - - 
C - - -  --- - - -  36.0 

10/11-10/20 Helmeri cks - - -  125.0 25.0 125.0 
A 6.9 24.8 17.9 - - - 
B - - -  116.7 - - -  - - -  
C - - -  - - -  - - -  90.0 . . 

10/21-10/30 Helmericks - - -  125.0 25.0 125.0 
A --- - - -  - - -  - - -  
B - - -  105.0 - - -  - - -  
C - - -  - - -  - - -  90.0 

10/31-11/9 Helmericks - - -  50.0 10.0 52.5 
A - - -  - - -  - - -  - - -  
B - - -  - - -  - - -  - - -  
C - - -  - - -  - - -  9.0 

Tota ls  6.9 688.2 102.9 652.5 



- Appendix Table A-6. Ca lcu la t ion  o f  estimated catch by 10 day i n t e r v a l  f o r  Fishermen 
B and C i n  t h e  outer  C o l v i l l e  D e l t a  based on Helmericks average 
CPUE. 

E f f o r t  
A r c t i c  Cisco 

Helmericks Estimated 
Least Cisco 

Helmericks Estimated 
I n t e r v a l  (net-days) Avg. CPUE Catch Avg. CPUE Catch 

Main Channel 
- 

Fisherman B 

- Tota ls  

- East Channel 

Fisherman C 

- 1 36.0 26.4 950 26.2 943 
2 90.0 40.3 3,627 29.9 2,691 
3 90.0 33.6 3,024 17.9 1,611 - 4 9.0 33.8 304 12.7 2 

Tota ls  7,906 5,245 - 



Appendix Table A-7. Est imated percent  o f  tagged a r c t i c  c i s c o  re leased i n  1984 and 
1985 t h a t  were n o t  vu lne rab le  t o  3 i n c h  g i l l  n e t  (based on method 
descr ibed i n  R icke r  1975). - 

1984 1985 
Percent Percent 

Fork o f  Tags Re- Percent o f  Tags Re- Percent 
Length leased A f t p r  o f  G i l l 2  Percent leased A f t p r  o f  G i l l 2  Percent 

(mm) August 11 Net Catch Uncatchable August 15 Net  Catch Uncatchable 

To ta l  

Based on l e n g t h  frequency o f  captured f i s h ,  assumes re leased tagged f i s h  have 
s i m i l a r  l e n g t h  frequency d i s t r i b u t i o n .  Data f rom mid-August t o  l a t e  September are 
used t o  reduce e f f e c t s  o f  growth. Based on l e n g t h s  o f  2388 a r c t i c  c i s c o  i n  1984 
(Moulton e t  a l .  1985) and 2178 a r c t i c  c i s c o  i n  1985 (Envi rosphere 1986). 

Based on l e n g t h s  o f  88 a r c t i c  c i s c o  i n  1984 and 474 a r c t i c  c i s c o  i n  1985 caught 
i n  3 i n c h  s t r e t c h e d  mesh g i l l  ne t .  



Appendix Table A-8 .  Estimated percent of tagged l e a s t  c isco released in 1984 and 1985 - t h a t  were not vulnerable t o  3 inch g i l l  net (based on method 
described in Ricker 1975). 

- 1984 1985 
Fork Percent Percent Percent Percent 

Length of Tagsl of Gi l l2  Percent of Tagsl of G i l l 2  Percent 
- (mm) Released NetCatch Uncatchable Released NetCatch Uncatchable 

- Total 

Based on length frequency of captured f i s h ,  assumes released tagged f i s h  have - 
s imilar  length frequency d is t r ibu t ion .  Based on lengths of 16,261 l e a s t  cisco in 
1984 (Moulton e t  a l .  1985) and 16,050 l e a s t  c isco in 1985 (Envirosphere 1986). 

- Based on 1engths.of 393 l e a s t  c isco in 1984 and 663 l e a s t  c isco in 1985 caught in 
3 inch s t re tched mesh g i l l  net .  




