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'rile purpose o f  t h i s  r e p a r t  i s  t o  present available inf~raation 

about the  Freshwater hdbi t a t  t31 erances , preferen#:es, and 

rfquireinents o f  the chum salman, -- Oncor 

to evaluate h a b i t a t  ~ h i ~ ; ?  parameters are  mas: important t o  the 
species o r  are most often c r i t i c a l  t o  survival  o r  limiting t a  
production. This in fomat ion  i s  fr".edeed t o  provide a data  base 
f a r  tkabitat  evaluation a c t i v i t i e s .  In par t icu lar ,  !iection I I I ,  

w h i c h  at%iempts t o  relate v a r i o ~ s  levels o f  certain environmeatal 
parameters t a  h a b i t a t  su i tab i ' i i t y ,  i s  intended t o  be used r i i t h  

the He.bitat Eva1 uat ian  Procedurzs and instream f l o w  methods of 
*the U.S. Fish atid k'- i idf i f e  Service. These procedure.; and methods 

are tools fo r  assessing t he  e f f e c t  o f  ;and use develclpment 
projects on aquat ic  hab i ta t .  

Bakkala (1970 has pr~sented a comprehensive summary o f  

bioiogical da ta  on the chum salmon. Thc present reoort i s  

restricted io h a b i t a t  data and t o  the freshwdter stage s f  the 
l i f e  his tory  and expands upon the relationship Setwe~n the chum 

salmon and h a b i t a t  parametei*~. I t  a1 so considers recent 
i n fo rma t ion  and emphasize; data  from Cilask6, partic3larly 

unpubl ished da ta  and personal communications From ftshery 

b io log i s t ;  who have ~ o r k e d  wi th  chums -il: the Stat(;;.. Hab i t a t  

parameters emphasized are those o f  a physical a r  chemical nature. 

Certain biological f a c t o r s  a f f e c t i n g  t he  we1 : b e i n g  o f  the 
population such ds feeding, p reda t ion ,  compeli t i o c ,  parasites, 
and disease are nc t  comprehensively treated, 

A l  though 'I: rrforination has been exam! ned f rom throughcut tile range 
o f  tIte species, emphasis i s  piaced upon Alaska  because i t  i s  
expected t h a t  th is  i s  where ha51tat ~ ~ i a l u a t i o n s  u s i n g  th is  report 

w i  I!  be made. Pupulations Frsn! P i  Ffzrent geographic a:-eas 



undoubtedly  have hab i t a t  needs w h i c h  d i f f e r  t o  some extent; 
- * however, d a t a  t o  document such i Tsrpnces are a v a i l a b l e  only  i n  

rare fnstances. Caution must be ~ s e d  when extending information 

from one stock t o  othefn stocks, Research iin Sibe~ans"2n has shown 
differences i n  h a b i t a t  preferences between summer chum and fa1 1 

c:hum. 

hlahitat  requirements described in this report are for chum 

salmon; however, i t  occasional ly was considered useful t o  include 

data for  other species o f  Pacific salmon where such information 
was lacking for  chums. In these cases, t he  other species are 
always mentioned by name o r  r e f e r r e d  t o  by the phrase "Pacific 
salmon" i f  the infomation i s  o f  J. general riature. Piny refereilce 
t o  salmon without naming a p a r t i c u l a r  species o r  @sing t h ~  phrase 
"Pac'i'f i c  salaaion" always refers s p e c i f i c a l  i y  t o  chum salmon. 

Reviews o f  factors conctitvting the freshwater h a b i t a t  o f  P a c i f i c  

salmon have been done by Macy (1954 N i c o l a  e t  a l .  

Reiser and Bjornn 

Chum salmon, also  conanonly called dog salmoil i n  Alaska, a r e  

anadr~mous as are other North Ame~tcan species o f  P a c t f i c  salmon, 
b u t  the t ime  spent i n  freshwater i s  primarily for reproduction. 
Chums migrate t o  the ocean i n  their  f i r s t  s p r i n g  c r  sumicir o f  

l i f e  and spend little time, i f  any, rear4ng i n  freshwater as do 

k i n g ,  sockeye, and coho salmon. Most o f  the chum salmon's l i f e  

i s  spent a t  sea, 

Four per iods i n  the freshwater l i f e  his tory  can be distinguished: 

upstream migrstion of adul t s  , spawning, i ntragravel  ?eriod o f  

esgs and aievins, and downstream migra t ion  o f  f ry .  The p e r i o d  

from egg deposition t o  emergence f rom the gravel i s  usual l y  fhe 

stage o f  h ighes t  mortality and i s  probably the stage wilere 
h a b i t a t  requirements 3re most c r i t i c a l .  



This report presents a general summary o f  "Lhe l i f e  hiistory and 

t h e n ,  in Section I I ,  gives a detailed discussion o f  h a b i t a t  needs 
"or each l i f e  s tage i n  the freshwater environment. Sect ion I I I  

attempts Lo synthesize the relationship between various 
environmental parameters and l.abi t a t  qua1 i t y  . 

Aquat ic  h a b i t a t  and  chum salmon relationships presented i n  this 

paper are very general. They are no t  appropriate *for 
app; icat ions  t o  speci f i c  watersheds. 

Chum salnion have the  widest  d i s t r i b u t i o n  o f  any a f  the Pacific 

salmon, occurring i n  the northern North P a c i f i c  Ocean, the Bering 
Sea, ::he Chukchi Sea, and along t he  Arctic Ocean coasts  of 

S i b e r i a ,  Alaska and northwest Canada. Spawning has been 

documented i n  streams and rivers i n  North Atqerica from the  

Sacramento R i v e r  i n  California t o  the Mackennie and Anderson 

R ivers  on the A r c t i c  coast o f  Canada H a r t ,  1973) and,  i n  Asia ,  

f r o m  the Nakdong R i v e r  i n  Korea and the Tone Rivet. i n  Japan t o  

the Lena R i v e r  i n  Sibe r fa  Bakkal a, 1970 Nore chum salmon are  
apparent ly produced on the Asian s ide  o f  the P a c i f i c  than on the  

North American s ide  (Merrel 3 ,  1970 Spawning has b ~ e n  recorded 
i n  at. least  1,270 streams i n  the United Sta tes  (Atkinson e t  a l . ,  

Chums occur only i n  small numbers on the North American 

coas t  south o f  centre1 Oregon o r  nor th  o f  Kotzebue Sound i n  

Alaska (Helle, i 9 7 9  

Chum salmon general l y  occur t h r o u g h o u t  Alaska except fo r  

certein streams i n  t he  Ccpper River drainage and i n  the eastern 
Brooks R ~ n g e  Alaska Department o f  Fish and Game, 1978; Atkinson 
e t  a l . ,  1967; Merrell, 1970; Morrow, 1380 Chums are a b u n d a n t  

i n  So i~ theas t  A laska,  especially i n  the northern p a r t  o f  the area. 
l'here ave bo th  summer runs, prlmari  l y  i n  northern? Southeast, ancl 

f a l l  runs mainly i n  soutklerSn Southeast. Chums are abundant i n  



Pr ince  idill i a m  Sound, where there are ear ly  runs wh'ich enter the  

Sound i n  l a te  A p r i l  t o  ea r ly  July and spawn i n  non-lake-fed 

streams o f  the mainland, middle runs which e n t e r  the  Sound in mid 

t o  l a t e  July  and spawn i n  lake-fed streams o f  the  mainland and i n  

streams o f  the outer ' s lands ,  and l a te  runs which enlter the Sound 

i n  l a t e  Ju ly ,  enter freshwater i n  August and ear ly  !ieptember and 

spawn almost exclusively in spring-fed creeks o f  the mainland. 
Coo!; Inlet chums enter  f reshwater  between ear ly  July and 

mid-Septembe~. Chums in the  southern par t  o f  Cook Inlet  spawn in 
coastal streams, w h i l e  those o f  the northern p a r t  utilize the  

large river systems. They are uncommon on the e a s t  s ide.  Chums 

are abundant  i n  streams o f  Kodiak I s land .  They are present in 

bays and e s t u a r i e s  o f  the  i s l a n d  from mid June t o  ear ly  September 

and i n  freshwater From mid August t o  early October., Chums are 
a l s o  abundant i n  the  south Alaska Peninsula area whelre they enter 
streams from mid July t o  mid September. L i t t l e  i s  known about 

the distribution o f  spawning chums i n  the Aleutian Islands. The 

Nushagak and Togiak areas are the main chum salmon producers in 

t he  Bristol Bay drainage. Chums enter streams of Bristol Bay 

from mid June t o  mid August and spcwn mostly i n  the  lower po r t i on  

o f  t k 2  larger clearwater tributaries o f  the main river systems. 
Chum salmon are the most abundant  salK3n species i n  t he  Kuskokwim 

Bay and R i v e r  area. There are sixteen o r  more majo r  spawning 

streams i n  the Kuskokwim River system. Chums are a l s o  the most 

a b u n d a n t  salmon i n  the Yukon R i v e r  drainage. The Y ~ k o n  River 
drarnage i s  the  greatest single r i v e r  system producer of chums i n  

"e;e s tate .  "Pkere are d i s t i n c t  runs o f  summer chldms and f a l l  

chums i n  the  Yukon River, The summer chums en te r  the mouth o f  

t he  r iver  from l a t e  May th rough  mid Ju ly  and spawn i n  tributaries 
o f  t he  lover and middle  por t ion  o f  the river. The Anvik River i s  
one a f  the major producers o f  surpcr chums. Fa l l  churns enter the 

river f rom m i d  July  th rough  ea;-ly September ;nd spawn primarily 

i n  t he  tributaries o f  the  upper river, In the Nai-ton Sound and 

Kotzebue Socrnd areas, chums a r e  aga jn  tht? most u b ~ ~ n d a n t  saqinlon. 

Norton Sound ch~ims arrive i n  Jays and estuaries from June t o  l a t e  



Ju ly .  Kotnebue Sound has two major r u n  components in July  and 

August. Most o f  the Kobuk River chums arrive i n  the  Sound and 

mig ra te  up river before the Noatak River chums. The Moatak River 

i s  the major churn producer i n  the area. Although chtum salmon 

occur i n  streams along the ent ire  Alaskan coas t  t a  the Canadian 

border and beyond, t h e ~ e  are relat ively few nor th  nf lthe Kotnebue 

Sound drainage and numbers along the Arctic coas t  are very 

limited. T h i s  area i s  the most northern p a r t  o f  the chum 
salmon hi d d i s t ~ i b u t i s n  i n  North America Alaska Department of Fish 

and Game, 1978). F igure 1 shows the d i s t r i b u t i o n  o f  chum salmon 
i n  Alaska and indicates some o f  the major study s i t e s  where d a t a  

~entioned i n  t h i s  report was collected. 

Nost o f  this section has been summarized from Bakkala (1970 

I n  the sumer and f a 1  1 , adul  t chum salmon leave marine waters and 
begin the upstream migration t o  spawning areas. Spawning 

migrations vary i n  length f r om shor t  distances i n  sonle coastal 

streams, where spawning may take p lace  i n  the  intertidal zone, up  

t o  as much as 3200 km i n  long rivers such as the  Amur R i v e r  i n  

Eiiberta or the Yukon R i v e r  Bakkala, 1970; Morrow, 1980 

Many streams have more t h a n  one r u n  o f  chums, including distinct 

uquns o f  SU$B'BBV~B"" an"Pda11 cl~cbrns, 

Fa1 9 c:.~jms i n  the  Yukon River average about 0.5 kg more t h a n  the 
summer chums, spawn farther upriver, and are inore 1 iitely t o  spawn 

i n  spr ings  o r  areas o f  ground wa te r  seepage. Simi lar  d i f f e r e n c e s  

e x i s t  between scmmer and f a 1  1 chums i n  the Amur River of S ibe r i a ;  

the Fa l l  chuas a l s o  have a greater fecundi ty  

spawning grounds o f  f a l l  chums are d i f f e r e n t  from those o f  summer 
chums i n  the Amur River i n  t h a t  the  former tend t o  be shal  lower, 

fiave a narrower  range o f  temperature variation, have a bvtuicer 



f l ow ,  hav5 a lower dissolved oxygen content and a htigher carbon 
d i o x i d e  content ,  and have a 1 ower pH (Smi rnov , 1947). 

Adults do not  feed on the  upstream migrat ion.  The rate o f  

migration i n  the  Amur i n  S i b e r i a  has been found t o  be 56 t o  115 

km per day, and i n  shorter streams, 1.9 t o  4.2 krn per day 
Bakkala, 1370 1964) found t h a t  chums i n  the Yukon 

migrated from about 1 t a  53 km per  day w i t h  a mean rate around 20 

t o  30 km/day. 

On the  spawning grounds,  the female excavates the rledd i n  gravel 
by t u rn ing  t o  one s ide  and rapidly f l e x i n g  the  bocly, creating 
water currents w i t h  the  caudal f i n .  A f t e r  a depression i s  

completed, the  female and the dominant o f  several males in 
attendance enter and simul taneously extrude the eggs and mi l t. 
The female excavates another depression slightly upstream which 

seri4.s t o  cover t h e  fertilized eggs just deposited. The female 

may d i p  several nests and spawn w i t h  more than one male. A f t e r  

spawning, she may s tay near the  redd and protect the s i t e  from 
o t h z r  spawners, Hales often spawn wi th  more than one female. 

Both sexes d ie  w i t h i n  one t o  s i x  days a f t e r  spawning. 

The eggs are deposited a t  depths o f  8 t o  43 cm below the surface 
o f  the  gravel Bakkala, 1970; Burner, 1961). Fecundity o f  chum 
salmon ranges from about 1,000 La 8,008 eggs w i t h  2,000 t o  3,000 

being most common. I n  As ia ,  summer chum salmon are a t  the lolnc 

end o f  t h i s  range and autumn chums are a t  the h igh end 

The average fecundity o f  36 feniaies taken i n  the Noatak 
River was 3,365 Noatak R ive r  e k ~ m  salmon are 
cansidered t o  be an autumn race, 

Chum salmon spawn Prom June t o  January, b u t  the peak fo r  northern 
papulat. ions occ-ars f r o n ~  July  t o  e a r l y  September and .the peak f o r  

sou.thern popu la t icns  occurs i n  October o f  November. 





The t i m e  spent i n  freshwater ( t ime  from entering the st ream t o  

time o f  e x p i r a t i o n )  for  a d u l t  salmon in a stream i n  southeastern 

A laska was 11 t o  18 days (Mattson e t  a l e ,  1964). The time spent 

in freshwater for other  s tocks such as those spawning hundreds of 

kilometers up the Yukon R ive r  could l as t  up t o  two months. The 

actual  redd l i f e ,  o r  t ime spent a t  the  spawning s i t e s ,  i n  

i ra i  tors River was 5 t o  9 days (Mattson and Rowland, 19631, 

Chum salmon eggs incubate i n  the gravel 50 t o  130 days. A f t e r  

h a t c h i n g ,  the larvae w i t h  yo1 k sacs s t i l l  attached are known as 

alevins. The a l e v i n s  remain in t h e  gravel u n t i l  their y o l k  sacs 

are nearly or completely absorbed which takes about 30 t o  50 days 

Bakkal a ,  1970 The a l e v i n s  are largely dependenit on the yolk 
sac f a r  nourishment a1 though D i  s l e r  1953) has re!ported t h a t  
preemergent calevins consume small amounts o f  bentnic organisms 
such as diatoms and chirononlld Iwvae, "$he alevins are abs%ut 22 

mm loi?g and welgh approximately 0,16 g a t  hatching; af ter  
a b s ~ r p t i o n  o f  the y o l k  sac, they are 27 t o  32 mm Ioq~g and weigh 

0.20 t o  0.23 g Bakkala, 1970). 

The period spent i n  the gravel by the eggs and a l e v i n s  i s  a time 
o f  heavy mortality. The survival rate f r om eggs t o  f ry  i n  

natura l  slyearns t y p i c a l  l y  averages 1 ess than 1074. 

The alevins emerge from the  gravel i n  the  s p r i n g  March, A p r i l  , 
Those t h a t  s t i l l  have remnants o f  the y o l k  sac absorb 

i t  shor t ly  a f t e r  emergence. The young chums are  now commonly 

called fry. Mast chum salmon f r y  begin "cheir downstream 

m i g r a t i o n  t o  t he  ocean soon a f t e r  emergence. Some may remain i n  

freshwater f o r  several weeks, especial l y  those t h a t  are hundreds 

o f  kilometers from t he  ocean. The ou tm ig ra t i on  occurs mainly a t  
n i g h t  i n  April and May and i s  a combination o f  displacement and 

a c t i v e  swimming. 



Most o f  the f r y  t ~ a v e l  near the surface and in t he  center of the 
stream vrhere the  water curreilts are strongest (Hunter, 1959). 

Sano and Kobayashi 1953, c i t e d  by Bakkala, 1970)  found t h a t  chum 
f r y  i n  a Japanese stream migrated from three t o  f i v e  kilometers 

per day. In large rivers, the fry travel by day as well as 

n igh t ,  particularly i f  the river i s  t u r b i d ,  

The b u l k  of the d i e t  o f  f ry  i n  freshwater ccnsists o f  benthic 
organisms, c h i e f l y  aquat ic  insects such as chironomid larvae,  
mayfly nymphs, s tone f l y  nymphs, caddisfly larvae, arid blackf ly  

Bakkala, 1970) .  Occasional l y  , planktonic organisms are 

taken, 

Predation i s  a major source o f  mortal i t y  t o  chum fry dur ing  the 

downstream migra t ion  per iod. Common predators in North American 
streams are cu t th roa t  and rainbow t r o u t ,  Dolly Varden, coho 
salmon smol t s ,  squawfish, sculpins, and predaceous birds such as 

kingfishers, and mergansers, 

Chum f r y  show an increas ing  preference f o r  seawater w i t h  

increasing age. Those t h a t  have completely absorbed their yo1 k 

sacs can tolerate d i rec t  entrance i n t o  f u l l  strength seawater. 

When chum f r y  emerge f r o m  the g rave l ,  they are about 30 t o  32 mm 

long. A t  the  "iime o f  entry i n t o  marine waters they range f rom 

abou t  30 ts 60 mm in l eng th  and t h e i r  weight ranges f rom 0,20 t o  

3.82 g. Ch~:m ii-2 ~ M t e r i n g  an estuary i n  southeastern Alaska 

averaged 35 mn i n !et!gth Bakkala, 1970 

The fry f o r m  schools when e n t e r i n g  the  estuary if they have not  

done so befo re .  Entry i n t o  s a l t  water i s  usually coa~pleee by 

June, The young chum remain near shore u n t i l  mid or l a t e  summer, 
feed ing  i n  e s t u a r i n e  areas and even moving back i n t o  freshwater 
areas i d i t h  the  t i d e s  t o  Feed (Mason, 1974) .  The f r y  switch f rom 

ben th i c  organisms, which were 'Chf:+r main  Food source i n  



freshwater, t o  zoopl ankloiq including cl  adacerans, copepods, and 

barnacle nauplii and cypr ids .  By the middle  o f  August, almost 

a1 1 juveniles have l e f t  the es tua r ies .  By mid sumtmer, the young 

chums are 100 t o  150 mm long and by September, about 150 t o  225 

mm long. 

A f t e r  leaving coastal waters, the immature chums become widely 

d i s t r i b u t e d  in the North P a c i f i c  Ocean and Bering Sea. By their  

second summer a t  sea, they are d i s t r i b u t e d  from the  Aslan t o  

American coas ts  w i t h  a southern l i m i t  o f  about  40' t o  44' N and a 

northern I i m i t  i n  the A r c t i c  Ocean Bakkala, 1970). Chum salmon 
expepience a h i g h  mortality, much o f  i t  due t o  predat ion,  dur ing 

the i r  e a r l y  ocean l i f e .  The main types o f  food taken by chums 

c o n s i s t  o f  polychaetes, pteropods,  squid, crustacean larvae,  
capepods, amphipads, euphausids, and f i s h  (Bakkala, 9970). The 

average mean s i z e  o f  immature chums in marine waters i n  ear ly  

summer ranges f rom a f o r k  l eng th  o f  34 cm and weight  o f  0.5 kg 

fo r  age one f i sh  t o  55 cm and 1.9 kg for  age f i v e  fish 

Younger chums have a greater growth rate  than older f i s h .  

The immature stage lasts  from hal f  a year  up t o  f i v e  and a ha l f  

years. 

Bakkala (1970) consideree t he  a d u l t  phase o f  chum salmon t o  begin 

on January 1 o f  the year  i n  w h i c h  the f i s h  matures sexually and 

spawns. Therefore,  this  phase lasts  f rom a b o u t  s i x  months f o p  

those a d u l t s  spawning i n  June t o  about h e l v e  months for  those 
spawning i n  December, 

Mature chum salmon range f rom age one t o  age seven. Most chums 

mature a t  age two or t h ree  i n  southern parts a f  the  species range 
and a t  age three or four  in northern parts an age three f i s h  i s  

one t h a t  has spent three winters i n  the ocean, has three unnul i , 
and i s  i n  i t s  f o u r t h y e a r o f  I iPe) .  Age s i x  and seven f i s h  are 
rare. Age three f i s h  are usually the  mosls colnmorl i n  southea.st 



Alaska.  Age four  f i s h  predominate from Prince William Sound 

northward, w i t h  age th ree  and age f i v e  be ing  next i n  abundance. 
Adul ts  range fro8 45 t o  96 crn i n  f o r k  l e n g t h  and from1 0.8 t o  

13.4 kg i n  weight; t h e  average s i z e  for  mature f i s h  i s  about  60 

t o  75 cm and 4.0 t o  7.0 kg (Bakkala,  1970; Merrel I ,  1970; Morrow, 
. The record f i s h  c i t e d  by Bakkala was 108.8 cm and 20.8 

kg. Age three f i s h  ape slightly smaller i n  northerln p a r t s  o f  

A laska (55 t o  62 cm t h a n  i n  southern p a r t s  67 t o  73 cm 
(Bakkala, 1970 

Maturing a d u l t s  begin the  m i g r a t i o n  back t o  the na ta l  streams i n  

the l a s t  few monti~s o f  their lives. The m a j o r i t y  o f  them have 

spent two t o  four years a t  sea. They leave the h i g h  seas feeding 

grounds  dur ing  the period from May t o  November and e n t e r  coastal 

waters. L i t t l e  t ime i s  spent i n  coas ta l  waters before the 
upstream migrat ion t o  t he  spawning grounds begins. 

The  annual commercial ha rves t  o f  chum salmor! i n  Alaska i n  the 
years 1971 t o  1976 ranged from 4.3 t o  7.7 mil l ion f i s h ,  weighed 

from 32.2 t o  64.8 mill  f on pounds,  and had a monetary value t o  the 
fishermen rang ing  f rom 7.5 t o  18.6 m i l  1 i o n  do1 jars. I n  1976, the  

f i r s t  wholzsaie value o f  the s ta tewide  produc t ion  of chum salmon 

was 35,% million dollars Alaska Department of F i s h  and Game, 

In 1380, 9.9 m i l  1 ion chums were harvested commercially i n  Alaska. 

Most o f  these were taken i n  southeast Alaska,  Kodiak I s l a n d ,  t he  

A l a s k a  Peninsula, S r i s t ~ l  Bay, the K:rskokwim River, and the  Yukcln 

River. The tatall s t a t e w i d e  product ion was 65.3 million pounds 
Alaska  Department o f  Fish and Game, 1980b 



A f u r t h e r  harvest o f  chum salmon produced i n  Alaskan streams 
occurs i n  the h igh  seas fishery o f  the Bering Sea, The Japanese 
mothership fishery harvests two t o  four  million f i s l h  ennually. 

Significant numbers o f  these are believed t o  or ig ina te  in western 

A1 aska Department o i  Fish and Game, 1979b). 

The commercial salmon catch i n  A laska nor th  at' Bristol Bay, which 

i s  predominantly chum sa:mon, may produce a large percentage sf 

the t o t a l  cash income fo r  many villagers in western and 

narLhwestePn A l  aska a 

In a d d i t i o n  t o  the commercial catch, large numbers oqF chum salmorr 
are taken for subsistence useb Chums ape used for subsistence 
throughout  the s ta te ,  b u t  the bu lk  are taken i n  western and 

northwestern areas including t h ~  Yukon River drainage i n  the 

i nterior, nhe annual statewide subsistence harvest  of chums 
ranks i n  the hundreds o f  thousands. In former years, large  

numbers o f  chums were taken fo r  sled-dog food, b u t  t h i s  use 

declined wi th ,  among other things, the increasing use o f  

snowmachines s t a r t i n g  in the mid 1960s. Renewed interest i n  sled 

dogs i n  the  last few years has apparent ly resulted i n  ;n 

increased chum salmon harvest.  In t he  Kuskokwim a r e a ,  the annual 

subsistence harves t  o f  chums was larger t h a n  the commercial 

h a r v e s t  u n t i l  1977 (A laska Department o f  F i s h  and Game, 1 9 7 9 ~ ) .  

The same was t r ~ e  f o r  the Yukon R i v e r  unx i l  1970, 

Al though  not a pr ime target  for  sport f jshermen i n  Alaska,  

thousands o f  chum sallnan are taken t;ly anglers every year. 



11. SPECIFIC HABIT.4f RELATIONSHIPS/REDUYREMENfS 

The h a b i t a t  requirements o f  mature a d u l t  chum salm~on migratin{: 
upstream t o  the spawning grounds are relatively bt-olad. The tirre 
spent dor ing  this phase varies from less than a da~y f o r  stock*; 
which spawn i n  t he  t i d a l  zone or wi th in  a few k i f  onneterr e f  t f  e 

styeam mouth, as i s  comon i n  southeastern Alaska and Priilce 
William Sound, bc several weeks f o r  stocks which spawn i n  

tr iblrta~ies o f  the larger rivers such as the Yukon. 

Manzer e t  a l e  1965, c i t e d  by Bakkala, 1970) estirnate tha t  

chum salmon a t  sea can probably tolerate temperatures o f  l0 
t they p ~ e f e r  a range frem 2 o r  3°C t o  1IGC. 
listed temperatures from il,i t o  14.4'C as !:he 

preferred range for a d u l t  chums he was probably referring 
t o  the freshwater phase only). 

The temperature range dur! ng upstream migration o f  chums f n 

some tributaries o f  the Kuskokwim River i s  5.0 - 12.8"C 

Alaska Department o f  F i s h  and Game, 198Oa). The 

temperature range dur-ing the peak of the upstreaa m i g ~ a t i ~ r n  

i n  the Anvfk River i s  90.0 - IW."C Trasky, 1974 

teniperzture i n  Traitors Rive.. ranges from 4.4 - 19,4'C 

duping upstream migration; f o r  the peak,  the range i s  8.9 - 
k!attasw anQ Wabart 

1959) s ta ted  t h a t  d j u l t s  entered Hocknose Creek i n  

British Co'luirbia t o  begin tne laps-ream migrat ion when the 

temperature raaqed from 8°C t o  14°C and t h a t  temperaturec 
w i t h i n  t h i s  range d i d  not seein t o  have any influence ois the 

upstream migration. 



The h a b i t a t  requirements o f  mature a d u l t  chum salmon migrat ing 

~lpstream t o  the spawning grounds are relatively broad. The t ime  

spenz dur ing  t h i s  phase 9aries Prom less than a day for  stocks 
which spawn j n  the t i ~ ~ 1  zone o r  w i t h i n  a few kilometers o f  the 

stream moutn ,  2s i s  cornrnon i n  s~utaeastern  Alaskin and Prince 
Wi l f ian t  Sound, t o  severa l  weeks f o r  stocks which spawn i n  
tributaries o f  the larger rivers such as the Yukon. 

Manrer e t  31. ( i965, c i t e d  by Gakkala, 1970) estimate t h a t  

chum salmon a t  sea can probzbly tolerate temperatures o f  1' 
t o  ? 5 T ,  but- they pre fe r  a range from 2 o r  3 O C  t o  il°C, 
Bell ( i9 .73)  listed temperatures from 11.1 t o  ! 4 . 4 O C  as  the 
preferred range for  a d u l t  churns (he was probabljt referring 
t o  the frejt-sgater phase only) ,  

w* 

i he temperature raRy2 du r jng  upstream migrat ion o f  chums i n  

c-ome t i - ioutar ios  o f  the k u s k o b i r n  River i s  5.0 - 1 2 . B ° C  

(Alaski Department o f  F ish and Game, 1990~) .  Ttie 

z r lmp~ra tu re  Pailge d u r i n g  the pesk o f  -?he upstream migrat ion 

5 0  the Anulk R ive r  i s  16.0 - 16.7"C (Trasklr, 1974 
k Lemperatsre i n  Y rs i t o r s  River ranges rpom 4.4 - 19.4"C 

d u r i n g  upstredin migr5t ian; For  the peak, the range i s  8.9 - 
Mattson and Hobart (i96<2). 

s t ~ t e f j  :bat aduf $ 5  enteved lis2knsse Creek i n  

E c i t i s h  Columbia ti, hegin the upst,-earn migra t ion  when the 

t e r ~ p e r a t ~ r e  rang3d From 3'C t o  14'C acd t h a t  tercperatur25 

w i t , n f n  t l i i s  ranye d i d  no t  seem to havr :  a n y  inf:uplici'. or! t i l e  

tlp."irean! nii g.3 t i  on. 



For Japanese streams, Mihara e t  a1 . 1951, c i t e d  i n  Sakkala,  

1970) reported t h a t  chum salmon s t a  t t o  enter the streams 

i n  the f a l l  when the water temperature had decliined t o  15°C; 

most enter a t  temperatures o f  10QC t o  12'C. Dureing the peak 

o f  the upstream migration, temperatures ranged from 7°C t o  

11°C. In norbt-hern Japan, stream temperatures d u r i n g  

upstream migration can range f rcm 0.1 t o  20.O"C b u t ,  d u r i n g  

ihe peak o f  migration, are generally around 7 t o  11°C 

. Stream temperatures i n  the Memu River are 11 t o  12'C 

(Sano and Nagasawa, 1958 

1954) stated t h a t ,  w h i l e  f a l l  chum i n  the Amur 
River o f  Siberia rarely d i e  before spawning, nnany sumqer 
chums d ied  i n  certain years because o f  h i g h  water 

temperat:res. 

Sell (1973) suggests a water temperature cr i ter ia  for  

successful upstream migrat ion of  chum salmon ranging from 
8,s t o  15.6"C, w i t h  an optimum temperature o f  10.I0C. 

One o f  the i m p o r t a n t  parameters affecting upstream migrat ion 
i s  s t ream f l o w .  O f  course, there are many reackie~ o f  

st reams t h a t  have potentially useable spawning grounds which 

a r e  not  available because o f  downstream barriers created by 

cur ren t  v e l c c i  t i e s  beyond t h e  swimming capi.bil i t y  o f  the 
a d u l t s ,  o r  other physical obstructicns. However, i n  those 

streams t h a t  normally have spawning runs, the relat ive f low,  

whether t h e  stream i s  i n  a h i g h  or low wate r  stage, i s  an 

i ~ p o r l a n t  f ac tor .  Water ~ e ) ~ c i t y ,  and p o s s i b l y  a heavy 

suspended sediment l o a d ,  can be limiting t o  upstrf2arn 
n ~ i q r a t i o n  d u r i n g  f l  oodipg, and water dep-th and elevated 

\rater. tenlper*atilres can be l i m i  t i  ng d u r i n g  low !/a'i:t:r .:tag?$. 



There i s  T i t t l e  informatian available on t;he rmmax3'mum 
sustained swimming velocity o f  which a d u l t  chum salmon are 
capable,  Chum salmon have less a b i l i t ) /  t o  slurmount rap ids  

and waterfalls than other species o f  P a c i f i c  salmon 

and Cressman, 1973). Reiser  and Bjornn state mat 
water v e l o c i t i e s  o f  3-4 m/sec are neap the utpper limit of 

the sustained swimming abil i t y  o f  P a c i f i c  salmon, a1 t h o u g h  

d a r t i n g  speeds can range up t o  about  6 . 7  m/sec (Be1 I ,  1973 

1972, c i t e d  by Reiser and Bjornn, :L97S) suggested 
t h a t  thc maximum velocity fo r  successful upstream migra t ion  

of a d u l t  chum salmon was 2.44 m/sec and t h a t  the m i n i m u m  

water d e p t h  was 18 cm. 

Adult chums have been observed traveling upstream i n  shallow 
r i f f les  w i t h  the  upper  p a r t  o f  the i r  bodies above water, b u t  

t h e  distance t h a t  could be covered i n  this fash ion  i s  
unknown. In southeastern A1 aska , where t he  streams 

generally have law reservoir capaci ty and the  f l o w  i s  

heavily dependent on rainfall , there have been several 
instances d u r i n g  di-y periods when migrating chums have been 
unable o r  have had d i f f i c u l t y  moving upstream. Simi la r  

situations have occurred i n  British Columbia (Wicket t ,  

1958). 

The t im ing  o f  upstream migrat ions are  often correlated 
wP""$ ksff ow cond i t ions .  %s"stetm and Walker, 

observed chum salmon delaying a t  the mouth o f  the  Big  

Qualicurn R i v e r  i n  British Columbia d u r i n g  a p e r i o d  o f  

extremely low discharge and then beginning a s t r o n g  r u n  
upriver i n  a r ap id ly  rising discharge. The alnount o f  water 
dischi.rged from power p lan t s  can a l s o  be a major Fac tor  
corltrol '1 i ng the  t iming o f  upstream migra t ion  
Takahashi ,  1975 



~?s.$eb t h a t  the r u n  a f  fa't ? clhums in a 
S ibe r i an  river corresponded w i  t h  the water 1 evel1. 

I n  Prince William Sound, Helle 1960, c i t e d  by Bakkala, 

observed t h a t  a l though  chum salmon wepe spawning in 

certain streams, they were absent f r om a pa r t i cu l a r  
glacially f ed  stream u n t i ;  a f t e r  a heavy Flow and s i l t  load 

had decreased. T h i s  i s  a l so  the case i n  the Oelta Rive r  

where spawning chum do not enter the s t ream u ~ n t i l  a f t e r  
freeze up when glac ia l  runoff has ended and the only source 
of water i s  upwelling groundwater. These f i s h  spend enough 

time i n  ska%asw water in November t s  accumulate ic icles  on 
their  backs (M. Geiger, personal communication). 

3. Dissolved Ox~sen 

Reduced swimming performance by salmor~ids can resul t from 
levels o f  dissolved oxygen below a i r  s a t u r a t i o n  

Bjorn, 1979). Th i s  probably i s  seldom a limiting f ac to r  t o  

the mQrration of chum salmon i n  Alaskan streams, bu t  

infavmatisn i s  no t  available, Some small streams i n  

Southeast A1 as ka may experience 1 owered oxygen 1 eve1 s caused 

by the  decay o f  spawned-out salmon ( J .  Bailey, personal 
communicationj, 

1956, c i t e d  by Bakkala, 1970 found t h a t  the  

metabolic rate  o f  a d u l t  chums swimming upstream an average 
o f  115 km per day was seven t o  eight t imes  greater t h a n  t h a t  
o f  r e s t i n g  a d u l t s .  In the Amur River o f  S i b e r i a ,  the 
average d a i l y  use o f  energy was determined by Nikolsitii 

1954, c i t e d  by Bakka la ,  1970 t o  be equivalent t o  25,810 

25.8 Kcal) per kg bodyweight fo r  a d u l t  males and 

28,390 ca lor ies  per kg bodyc~eight f o r  feinales. 



Oxygen consumption fo r  a d u l t  chum salmon migrating upstream 
2 3 

was 215 mrndO2/g body w t  - hr f o r  males and 236 mm 02/g body 

w t  - hr f o r  females (Winberg, 1956 c i t e d  by Bakkala, 1970). 
4 Mature a d u l t s  h o l d i n g  p o s i t i o n  used 71  mm 02/g body w t  - hr 

(Awakura, 1963, c i t e d  by Bakkala,  1970). 

4.  Other Parameters 

A d u l t  chum salmon can tolerate an abrupt  change from 
seawater t o  freshwater (Kashiwagi and  Sato, 1970). In an 
experim2ntal s i t u a t i o n ,  the water content and the  osmotic 

concentration o f  blood returned t o  normal about th ree days 

a f t e r  such a transfera 

High suspended sediment loads cou ld  be inhibiting t o  a d u l t s  

attempting an upstream migrat ion.  Exposure can lead t o  t a i l  

rot and reduction o f  gas exchange across g i l  Is hy physical  

damage, coa t i ng ,  o r  accumulation a f  mucous (Smith, 1978 

The 96 hour LCs0 values fo r  juvenile chums f r o m  Puget Sound 

obta ined by Smi th  are sediment concentrations o f  15.8 t o  

54,9 g / l .  

Spawning grounds must c o n s i s t  o f  s u i t a b l e  substrate as well as 

r;ui t a b l e  s t r e a m  candi t i o n s .  Many s tocks  o f  chum salmon, 
pa r t i cu l a r l y  fa !  1 chilm, spawn i t :  areas ghcre there i s  a seepage 

of groundwater or springwater Kobayashi, 1968; Kogl , 1965; 

Kusneteov, 1928; Rukhlov, 1969bj.  

Chum redds have been measured ranging i n  area from 0.3 t o  4.5 m. 

The average chum redd area i n  t he  upper i i l t e r t ida l  zone o f  Olsen 
Creek i n  Prince \$ i l l  iarn Snund ranged From 1.0 t o  1.8 m2 

Thcrs te inson ,  1365b Burner (1951) Found t h a t  chuin redds i n  
3 

t;-ibutaries o f  the Columbia Rivei- averaged 2 . 3  rn" i n  ai-ea. 



Summer chum redds in an As ian stream averaged 1.3 m2' 

1959, c i t e d  by Bakkala,  1970). Kusnetzov (1928) found t h a t  
autumn chum redds ranged from 125 t o  320 cm in l e n g t h  and from 

166 t o  213 cm i n  w id th  in the Kamcisatka and Amur apeas. 
would equal a range i n  area from 1.3 t o  6.8 m2 i f  the shortest 
width was assoc ia ted  w i t h  the shortest l e n g t h . )  Chum redds on 

2 Sakhatin Island averaged 1.5 rn i n  area w i t h  a range f rom C,3  t o  

Kukhlov, 1963a Summer chum redds in the Beshenaya 
R i v e r  o f  Siberia were 1.0 - 2,s m2 i n  area and f a l l  chum redds 
were 0.5 - 1.5 m2 i n  area Smi  rnov , 1947 ) . 

Measurements o f  the t o t a l  area occupied by a spawning p a i r  ( t o t a l  

a,rea o f  spawning grounds d iv ided  by number o f  spawning pairs) 
2 range from 0,3  t o  10.1 m . In Olsen Creek, t h i s  area ranged from 

2 about  1.5 - 10.0 rn (Thcmsteinson, 1965b). 

Burner (1951) suggested t h a t  a spawning p a i r  o f  chum salmon 
2 requires an area o f  9.2 rn . Wicket t  (1958) states t h a t  t he  

optimum dens i t y  of spawning chum varies w i t h  t h e  permeability o f  

the  substrate ( t h a t  i s ,  t k i ?  number o f  embryos and a l e v i n s  a g i v e n  

area o f  gravel can suppor t  depends on the i n t r a g r a v e l  f l o w  rate 
I n  Nile Creek, B.C., Wicke t t  found t h a t  there were 4.8 
2 m ispawning pa i r .  In McCl i n t on  Creek which has gravel o f  a 

2 h igher  permeabil i ty, there were 2 . 2  m/sparuning pa i r .  Semko 

(1954, c i t e d  by Sana, 1966 reported t h a t  the spawning area per 
female i n  a river on Kamchatka varied fi-om0.3 t o  10.1 m2 and 

2 found  0.8 -10.0 m2 (average 1.7 m per spawning 

p a i r  on Sakhalin . Thorsteinson (1965b reported t h a t ,  on the 
average, 1. !. females used a square meter o f  the Oisen Creek 

spawning grounds and Bailey a1 so a t  Ol sen Creek, reported 
2 a cumulative dens i t y  f o r  t he  spawning season of 2.0 females m . 

stated t h a t  t h e  optimum density f o r  maximum egg 
2 d e k ~ o s i t i o n  i s  1 .7  t o  2.4 m / fema le  chum. 



1951) found chums spawning i n  t~ ibuta l r ies  of the  

Columbia River a t  water temperatures from 5.1 t o  6.7'C. 

Chum salmon i n  Brits'sh Columbia spawn a t  telnperatures 
ranging from 4°C t o  16'C Neave, 1966). In Hoioknose Creek, 
B . C . ,  they spawn a t  a temperature o f  about 12'C (Hunter, 

reported a similar value f o r  Sashin 

Creek i n  southeast Alaska where most chums spawn a f t e r  the  

water temperature has dropped t a  13°C or below. Chum salmon 

on Kodiak I s land  spawned a t  water temperatures ranging from 

6.5 t o  9.0°C i n  the Kizhuyak River and a t  9.0 t a  12.5'C in 

the Terror River ( M i  1 son e t  a1 . , 1981). 

Stream temperatures o f  the Memo R ive r  i n  Japan dur ing 

spawning range from 6 t o  9'C (Sano and Nagasawa, 1358). 

Spawning o f  summer chum in t he  Amur  R i v e r  o f  Siber ia  occurs 

dur ing August and September a t  water temperatures o f  9 t o  

1 1 ° C  wh-ile spawning o f  f a l l  chum occurs d u r i n g  the per iod  

mid-September t o  the  end o f  November a t  water temperatures 
o f  about  6°C Ivankov and Andreyev 

report t h a t  most o f  the  spawning o f  the Sou th  Kuril chum 

populations t akes  place when the  water temperature i s  5 t o  

S°C. On Sakka l in  Is land,  spawning occurs a t  water 
temperatures o f  4.8 t o  8.2"C Rukhlov, 1969a anid i n  t he  

Iski River ,  i t  occurs a t  bottom water "Lweeratures o f  2 - 
Smi  rnov , 1947 3 . 

noted t h a t  theye was some i n h i b i t i o n  s f  

spawning by chum salmon i n  Washington a t  water temperatures 

below 2.5"C, About 98% o f  the  females present  spawned when 
the bh,ater' temperature was around 7'C w h i l e  o n l y  82% /,spawned 

a t  temperatures around 2.5"C. Nesst cons'cructi on ,  s p a w i ~ i  ng 
behav io r ,  and egg d e p o s i t i o n  were a l l  a f f e c t e d  by the co ld  



Water temperatures recommended by Be19 1973) 8 s  c r i t e r i a  

Far. spawning chum salmon range from 7.2 t o  12.8'TC. This  i s  

the  same range w h i c h  FtcNeil and Bailey (1975) ! i t a te  t o  be 

the preferred spawning temperature for P a c i f i c  salmon. 

measured surface current v e l o c i t i e s  d u r i n g  

the spawning o f  chum salmon i n  the Chena R i v e r  rang ing  f rom 

O t o  60 cmlsec. He believed t h a t  surface current was of 

less importance t o  spawriing chums t h a n  the presence o f  

springs or groundwater. S i t e s  where chum spawned i n  the 
Terror and Kizhuyak R ive rs  o f  Kodiak I s land  had current 
velocities ranging from O t o  118.9 cm/sec (Wilson e t  a l e ,  

1981). 

A t  chum salmon redds i n  Oregon, Thompson (1972, c i t e d  by 

Reirer and Bjornn, 1979) measured stream v e l o c i t i e s  o f  46 t o  

97 cm/sec and S m i t h  ( 1 9 7 3 ) ,  af te r  sampling 214 redds, 
measured a mean velocity of  73 cm/sec. Collings (1974 

measured velocities c f  21  t o  101 cm/sec a t  12 cm above chum 
redds in Washington streams. In a spawning channel i n  

Washington, Schroder measured st ream velacities f ram 
22.5 cm/sec t o ,  a t  h igh t i d e ,  O cm/sec. These differences 
d i d  n o t  appear t a  d i s r u p t  normal spawning behavior. 

reported t h a t  chum spawning on Sakhalin most 

o f t e n  takes  p l ace  , current velocities from 10 t o  90 

cm/sec. Rukklov a l s o  found t h a t  the average number o f  eggs 

deposi ted per  redd decreased as the  s t ream velocity over t he  

redd increased. In the  F"iy River, chuns have spawned where 
the stream veloci ty  was 10 t o  80 cm/sec 
$a 108 cmJsec Strekalova, 1963). Spawning grounds  i n  the  

Bolskaya River bas in  have current velocities cF 10 to 330 



Krokhin and Krugius, 1937, c i t e d  by N i c o l a  e t  a l . ,  

1966). 

Chum salmon have been reported spawning i n  the Memu River o f  

Japan a t  stream velocities o f  10 t o  35 cm/sec (Sano and 

Nagasawa, 1958 Redds were mast abundant  irr 3:-eas whwe 

the veloci ty  was 15 t o  20 cm/sec and least ab~undan t  where 

the velocity was less than 10 cm/sec or greal:er than 30 

cm/sec. Sano (1967 states t h a t  chums will spawn i n  surface 

current v e l o c i t i e s  a f  less than 15 cm/sec i f  there i s  a good 

i ntraagravel f l ow o f  groundwater. 

Some recommended cr i t e r i a  for  stream v e i  o c i  t i e s  a t  spawning 

areas are: 45 t o  101 cm/sec for  Oregon chums 
and 31 t o  70 cm/sec f o r  chums, chinooks, and cohos i n  the 
Qnoochee R i v e r  o f  Nashi ngton (Deschamps e t  a1 , , 1966, c i t e d  

by S m i t h ,  1973). A spawning channel a t  Jones Creek i n  

B r i t i s h  Columbia used by chum salmon was designed f o r  a 

water veloci ty  o f  31 t o  76 cm/sec (MacKinnon e t  a l . ,  1361). 

Tautz  and Graot (1975) suggest t h a t ,  i n  the selection o f  a 

spawning s i t e ,  chum salmon p r e f e r  an area near a rock 

protruding above the substrate where there i s  an upwelling, 

accelerating current. A f a v o r a b l e  current regime i s  a1 so 

Sound a t  the boundary between poo ls  and r i f f les .  These 

irregularities are cond l~e ive  t o  a good f l o w  o f  in t ragravel  

Reiser and Bjornn,  1979 

The flow o f  a stream d u r i n g  spawning relat ive t o  the f l o w  

d u r i n g  t he  incubat ion  period can be an impor tan t  fac tor  
a f f e c t i n g  survival. Eggs deposited i n  shal lo\$ water d u r i n q  

h i g h  f l o w  stages are sub jec t  t o  d e s i c c a t i o n  and/or  freezing 
dur ing  low f l a w  stages. 



Water depths where chum salmon spawn f a l l  w i t h i n  a certain 

range bu t  pressure i t s e l f  i s  probably not  a factor  limiting 
spawning. However, favorable combinations o f  current 
v e l o c i t i e s ,  bottom configurations, and substrat 'es (which are 
important f a c t o r s )  tend t o  occur together w i t h i n  a certain 
range o f  water depths. 

found t h a t  chum salmon dug reeds i n  the Chena 
R i v e r  a t  water depths from 5 t o  120 cm. Chum:; spawned a t  
greater dep th s  i n  areas o f  the Chena River where t h e r e  were 
no springs or ground seepage. In certain areas of the  main  

channel where the upwell i n g  o f  groundwater was absent, the  

chums deposited their  eggs a t  water dep th s  greater than 100 

cm. Eggs deposited i n  less t h a n  100 cm o f  water were 
subject t o  winter freezing, Chums have been observed 

spawning i n  the Delta R i v e r  a t  w a t e r  depths up t o  61  t o  92 

cm (Francisco, 1976). Water depths measured a t  s i t e s  where 
chum salmon spawned in the  Terror and Kizhuyak rivers ranged 

from 7.6 t o  106.7 crn (Wilson e t  a l e ,  1981 

1951) measured water depths a t  chum salmon redds i n  

tr ibutapies s f  the Columbia Rive\* a f  5,1 t s  76,2 cm w i t h  a 

mean o f  25 cm, S m i t h  reported t h a t  the average water 

depth over chum redds i n  f i v e  Oregon streams was 30 cm. In 
Washington st reams, Collings measured wdter depths of 

$5 t a  53 cm, 

I n  Hokkaido, water depths of 20 t o  110 cm a t  chum spawning 
s i t e s  were measured by Sano 1959, c i t e d  by Bakka la ,  1970 

For the Memu River i n  Tokachi ,  Sano and Nagasawa 
reported th,t chum redds were most abundant where water 
depths were 20 t o  30 cm and  l ea s t  a b u n d a n t  a t  w a t e r  depths 

greater t h a n  I00 cm. 



i n  the My R i v e r  o f  S ibe r i a ,  measured water 

depths over redds o f  30 t o  100 cm. Kusnetzof (1928 

reported t h a t  chums f a v o r  water depths o f  60 t o  100 cm fo r  

spawn; ng . 

Water dep th s  recornended as cr i t e r i a  for  chums by Deschamps 

e t  ale (1966, c i t e d  by S m i t h ,  2973) for  a Washington stream 
range from 23 t o  46 cm. S m i t h  (1973 suggested t h a t  the 
water depth f o  chums i n  Oregon be no less t h a n  18 cm. 
Thompson (1972 uses the same figure. An a r t i f i c i a l  chum 

spawning channel a t  Jones Creek, B.C., was designed f o r  a 

water depth c f  31 t o  61 cm (MacKinnon e t  a l e ,  1961). 

4 Substrate Csm~ssitisn 

The suitability o f  stream substrates from the  standpoint o f  

successfu? reproduction i s  more related t o  f t s  quality f o r  

incubat ion o f  eggs and alevins than t o  the  ease o f  

excava t i  ng redds by spawning females. Chums inay deposi t 
eggs i n  bottom materials where redds are f a i r l y  easi:y 

constructed b u t  which are less t h a n  ideal for  incubation, 

perhaps because o f  a high s i l t  content or low porosity. 

Certain substrates 9'n which 9"t ~ o u l d  be d- i i f fkcul t  o r  
impossible t o  excavate a redd can be f a i r l y  good incuba t ion  

substrates. An example i s  loose cobble and boulders over 
bedrock where the chums deposit t h e i r  eggs and mi l t  i n t o  

e x i s t i n g  crevices. 

reported t h a t  smaller chums on Sakhalin 

Island tend t o  have a higher percentage of sand i n  the redd.  

R u k h l o v  assumed t h a t  the k~deaket* females b u i l d  

their  nests  i n  less resistant gravel .  



Q i f f e r e n t  itlvestigators have used different methods and 

d e f i n i t i o n s  t o  present substrate composition i n fo rmat ion  

which makes comparisons d i f f i c u l t .  In general, chum salmon 

excavate redds i n  gravel beds w i t h  a par t ic le  s i z e  o f  2 t o  3 

crn diameter, b u t  they wil l  a l s o  construct re!dds i n  

substrates w i t h  particles o f  a greater s i z e  and will even 

use bedrock covered wi th  small boulders (Morrow, 1980; Scot t  

and Crossman, 1973). General 1 y , substrates w i t h  a 

percentage o f  f i n e s  (particles lsss than 0.833 mm i n  

diameter) greater than 13% are o f  poor quality because s f  

reduced permeabi 1 i ty  (Thorstsei nson, 1965). However, chum 

salmon o f t e n  spawn i n  areas o f  upwelling ground water and 

may therefore be a b l e  t o  tolerate  higher percentage o f  fines 
than would seem desirable i f  some o f  the f ines are kept i n  

suspension by the upwelling water  J. Helle, persona1 

comment). Sano and Nagasawa (1958 reported t h a t  upwell i n g  

water washed away mud and fine sand f r om chum redds i n  a 

stream i n  Japan. 

The spawning grounds o f  the D e l t a  River are composed mostly 
o f  particles 5.3 t o  12.7 cm i n  diameter w i t h  v a r i a b l e  

amounts o f  f ines (Francisco, 1976).  Sano (1959, cV i ted  by 

Bakkala, 1970) reported t 9 a t  chum salmon i n  Hakkaido spawn 

i n  a subsrrate o f  which 25% i s  0.6 t o  3.0 cm, and 30% i s  

g r e a t e r  than  3.1 cm. Particles less t h a n  0.5 cm comprise 

less than 20% of the composition and particles greater than 

3.0 crn comprise 25 t o  53% o f  chum spawning gravels i n  t h e  

Menti R l  vev Sano and Nagasawa, I958 The spawning beds o f  

My R- iver  are composed of gravel mixed w i t h  sand and small 

q u a n t i t i e s  o f  s i l t  (So in ,  1954 Substrate samples taken 

f r o m  chum redds on Sakhal i n  I s l a n d  sre igost'ly co~posed o f  

part ic les  0.2 t o  1.0 cm i n  diameter ( R u k h l o v ,  1969a) .  

1969b) reported t h a t  a p a r t i c l e  s i z e  an t i l ys is  o f  

143 samples from chum redds on Sakhal  i n  showed the average 

sand conten t  t o  be about 12%; gravel content  to be a round  



35:;; shingle content t o  be around 452; and fractions grea te r  

9;harr 3.0 cm t s  be abou t  5%* Churn redds i p l  trl'kbutaries o f  the 
Caluntbia River were fairnd by Burner (1951) t o  have the 

following corigposition: mud, s i l t ,  and sand - 6.0%, me~iun 
and small particles greater t h a n  sand s i z e  b u t  l e s s  than 

1 5 2  cm 81,0%, and large grave: over 15.2 crn - 13.0?6, 

Hunter (1959 reported t h a t  the spawning grounds o f  Hooknose 

Creek i n  British Columbia consisted o f  particltes from 1.3 t o  

13.0 cm., "liberal" quant i t i es  o f  coarse sa~nd,  and " a  

certain amount" o f  f i n e  sand and s i l t ,  

McNeif and Bailey (1975 suggested a s:ibstrate s i z e  range of 
1.3 t o  15.2 cm f n  diameter f o r  the aquaculture o f  P a c i f i c  

salmon. MacKinnan e t  a l . ,  used gravel ranging i n  

s i z e  from 0.6 t o  3.8 cm f o r  a spawning chanrlel f o r  chum 

salmon i n  British Columbia. Bell (1973 recornended a s i z e ?  

range o f  1.3 t a  10.2 crn for  a r t i f i c i a l  spawning chanoels t o  
be used for  salmon, including chums. 

i n  a n  experimental s i t u a t i o n  i n  Washington, 

presented female chums wi th  a choice be t~een  f o u r  s i z e s  o f  

spawning gravel s. The females preferred the two substrates 

w h i c h  consisted mainly of particles 0,7 t o  7.6 cm i n  

diameter, rather than a substrate w i t h  mostly smaller 
part ic les  o r  substrate w i t h  mostly !arger par t ic les .  

Saline water can interfere w i t h  fertilization c f  the  eggs o f  

chum +-lrnon spawning i n  o r  near the intertfdal zone. 
found t h a t  i s  o f  18 nsrts per 

or greater i n h i b i t  fertilizatior o f  chum 
eggs, aithough a limited amount f e r t i  1 i f a t i o n  eout  d occur 
a t  salinities u p  t o  30 p p t .  



The i r Crag! :.?el pzriob i n  t i l e  dev2.l opmcgt o f  the cliium salmon 

consists o f  two l i f e  h is tor -y  staces w i t h  d i f f e r i n ( ]  h s b i t a t  

reqiliremcnts, t k a t  c.f the fertiitzed eggs o r  embryos 2nd t h a t  of 

the alevins. Further, the h a b i t a t  re.quirements af rzch stage 

change with the state of ctevelopjnent o r  age. Howelver, most 

investigators have treated the intriigiavel per iod as a single 

stage fTom the standpoint o f  mea:;uremertts o f  envf ronmenta! 
parameters; t h a t  i s  how i t  i s  t r e a t e d  here, khsrever data  are 
8 v a i  7 ab le ,  d i  stinct'ions between t h ~  stages g4 1 i he made. 
IVartal i ty i s  generally higher f o r  the ~ s b r y o  stage t h a n  f o r  the 
31 stag. (Levanidov,  19541, i n f o r m a t $ ~ . l  on " i 2 ~  der--$tv .$a ~f 

chtin eggs and a fev ins  per squaro meter in A?aska has  heen given 

by severa l  i nves t iga to rs  (Bai!ey, 1964; Dsngei and Jedgell. 1975; 

M a t t s ~ r t  and Re~land, 1963; Mattson et a i . ,  1954; Roys, 1968; 
- Y F--" 7-r !horsteinson, 

W & t e . -  te%jrserati;i-.e ": z;af-! f q p ~ y t z ~ e  yaf"j&7e t+j salglcn 
-9-. d u r i i ,  the gravel ~ncubation period.  !Re t ime t o  f ; a tchfng  

itnd fiins t o  23ep.gnncE direc.t!;i r e i s t e d  &n \?rater 

ee%per;itbre. Co! d a i  F temper3ttir~s, c~rnbi ned k : i  t h  a 1 

strfam flow g y  a n  insufficient grcund water f low,  can reduce 
iotrayi-aix-l; w&txer temperature tc: point. ~ h p r ?  embryos and 

alevit3s are kiljed by creezing. Te!~pera tu re  a i  so i nf 1 uences 

ocher pararfiet2ps such 3 3  tpje so j  ~ b i p i  t-y 0 1  oxygen i n  water, 
T!+?e temper-':: w e  o f  i n ~ r d g r a v ~ l  wi;" ie i is c?ritrol ed by the 

'iciopern-t.lrle c!' t!ie strean! ra te r  arid <jrouild water and  by t l ; ~  
ii r a r e  o f  exchange aujong ~ h e s e  three reservoirs. 



salmon (Koski, 1975; McNeil, 1966). A $ f i e  iin -the Chena 
River had in t r ag rave l  temperatures o f  0.5 t o  4.SPC (Kogl, 

1965). ln t ragravel  water temperatures a t  s~kveral chum 

spawning s i t e s  i n  the Noatak River  raqged from abou t  6 .1  t o  

IQ.OSC i n  early October t o  a low o f  0 2  t o  3.3"C in Harch 
(Rerri tt  and Raymond, in prep. Francisc~ 

in t ragrauel  tempera<tures * o f  0.6 t o  E.7'C irr the chum 
spawning areas o f  the Delta River d u r i n g  the incubat ion 

period. in t ragravel  tempzratures in the Kizhuyak River 
du r ing  the month o f  A ril were a5out 3 - 5°C Wilson e t  a ] . ,  
1981). Bailey reported i ntragravel  l:emperatures 

(probe 20.3 crn deep) i n  Olsen Creek o f  4°C i n  October, near 
0°C i n  lieceniber and January, and 1 ° C  i n  mid-March just prior 
t o  f r y  emergence. 

Sano s n d  Nagasawa (1953) reported t h a t  ths intra~ravei 

temperatures i n  the Memu Rive r  o f  Japan d u r i n g  incubation 

ranged f r o m  7.0 t o  l l . O ° C ,  Sano (9966 found t h a t  aututlrsn 
chug i n  fiorthern Jap3n chose t o  spawn i n  s p r i n g  areas where 

the water temperature i n  the spawning bed d i d  not become 
1 ower t h a n  4"C, Semko 1954,  c i t e d  by Sano, 1966) reported 
i ntrag7*2vel water temperatures i n  a river on the Kamctlatka 

Peninsula a f  3.9 t o  4.9'C d u r i n g  chum egg incubation and 2.4 
t o  J.OQC dlir-ing the  ale\!i~:  phase. ievanidov (1954) found 

water temperatures i n  c h u ~  redds i n  the R i v o r  Khor o f  3.3 

~ n d  6.0"C a n d ,  i n  the Bira River, intragravel temperatures 
d u r i n g  incubation ranged f r o m  3.5 t o  5.0°C ( D i s i e r ,  1351). 

T h e  lcwer end o f  these temperature ranges may not  'ae idea l  
S .  !or- c h u m  salmon i n  some areas, Koski 1975) found  this to 

be the  ecas  f f o  churn egg;  i n  a Washington spawning bed and 

Scn~:~iier  (4373 working i n  the same area,  s t a t ed  t h a t  

teiiiperatures below 4.4"C adversely a f f e c t e d  ci-wn eggs. 
t ~ "  .,chr~tde!* e t  31. (1974, c i t e d  Sv K o s k i ,  1975) r e p o r - t ~ d  i : ~ t  

chci;lc i n  b'a;i~.ii~qton : to \\iater t ~ i r i r _ i ~ r - a ' i ~ i - - ~  b ~ i c : ~  



1.5'C dur jng the  e a r l y  stages o f  embryonic development 
exger ienced lower percent surviva l  t o  emergence. A t  the 
chum salmon hatchery a t  Clear A i r  Force S t a t i o n  i n  Inter ior  

Alaska, Raymond (1981 reported t h a t  the percent mortal i t y  

fert i  l ization t o  emergence for  one year when incubat ion 
temperatures ranged from 2.0 t o  4.2'C was 38%. The f o l -  

lotvirig year ,  incubation temperatures were raised about  1'C 

t a  3.6 t o  4.5'C and the percent mortality decl ined t o  18%. 

I t  appeared t h a t  the increase i n  temperature \Mas largely 

responsible for  the  deciine i n  mortality. The lower water 
temperatures o f  the hatchery a l s o  caused a delay i n  

emergence o f  about  seven weeks beyond t h a t  c f  wi'id f r y  of 

the same stock i n  the Delta River ~ h i c h  had incubated a t  
about 3.g°C. Kirkwood (1962 stated t h a t  chum salmon eggs 

i n  Prince Wr'SH-iam Sound wh-ich had n o t  hatched befor*e the 
colder months o f  January and February d i d  not  surv ive ,  He 
found t h a t  chum eggs i n  the upper f ~ t e r t i d a l  zone of a 

streambed had a h igher  survival  rate t h a n  eggs above the 

influence o f  the t i d e s  and a t t r i b u t e d  t h i s  t o  the  slightly 

warmer temperatures o f  the former aFeas. 

For the water temperature range ( 2  tream water temperature 
not  i n  t ragravel temperature observed a t  Wsoknase Creek, 

B.C.  ( 0  t o  14'C Hunter (1959) could no t  demonstrate an 
effect  a f  temperature on the percent su rv i v31  

female t o  f r y  energence o f  chdm salmon, 

Stream temperatures ver>f close t o  freeziqg may no t  pose arly 

problem as l ong  as there -is a s u f f i c i e n t  f l o w  o f  s l i g h t l y  

w2:!:i2r spri  ngwa ter  or giaoui:dlfijater t h r o u g h  t h e  incubation 

i2  r:?a * 

Chum salmon, p a r t i c u l ; l r i y  f a i l  chums, actively choose such 

a r e a s  ( a  1365; L e ~ a r ~ i d o v ,  1954; Mori-oh1 !4SC; Sai-io, 

1966). S ~ j r i n g s  i n  c e r t a i n  r b  G I :  i i jc l i r i ta i ; r  



k ~ a t e r  temperatures i n  c h u n ~  salmon spawning griivels o f  1°C 

even t h o u g h  the  a i r  temperature may be as low as  -50°C (Sano 

1966),  T h e  same i s  true i n  the Chena R i v e r  (Kogl, 1965) and 

the  Delta River (Francisco, 1977 

McNei 1 and Bailey (1375) suggest t h a t  wate r  temperature 

d u r i n g  aquaculture o f  P a c i f i c  salmoo be kept atjove 4.4'C for  

a t  least 19 days af ter  fertilization, and preflerably f l ~ r  20 

t o  30 days. A f t e r  this period, the  eggs cat! tolerate 
temperatures as low as 0°C as long as the water does not 
freeze. Exposure o f  salmonid embryos t o  water temperatures 
below 4,4"C prior t o  g a s t ~ u l a t i a n  and before closure o f  the 
b las topo re  can lead  t o  h i g h  mortal i t i e s  (Koski t, 1975 

(1973) recommended an i nc i lba t ion  temperature for  chum sal-non 
s f  9.24 l o  13,3"6, 

The time t o  hatching o f  chum salmon eggs ranges from abou t  
SO days a t  7.0 t o  15.0eC t o  about  130 days a t  0.0 t o  5.0°C 

Bakkala, 1970). 

1975) found t h a t  annual  water temperature v a r i a t i o n s  

i n  a Washington stream s i g n i f i c a n t l y  al ters  the t i m f n g  t o  

chum f r y  emergence from t he  substrate. Dur ing  a three year 
per iod,  the  time t o  50% emergence var-ied up t o  30 d t y s .  

2 ,  Strearrr Flowe Current V210cilS\g, and  \dater D e ~ t h  

The f l o w  o f  water i n  t h e  stream c h d n n e l  i s  important t o  
i r ~ c u h a t i n g  embryos i n  promotiog a n  adequate  ir~tragravel flow 

and i n  protecting the  substrate from freezing temperatures. 
l-lea;y mcli-tal i ty o f  embryos can occur d u r j n g  periods when 

there i s  a relatively h i g h  or a relztively sniall discharge. 
i ' iond-ing can cause h i g h  mortality by erodins  e g g s  -F,*om the 

r e d d s  o r  by depositing Fine sediment on the r;urfac;: o f  the 

redds w h i c h  can reduce permeabi l i ty or en t r a p  e ~ ~ ~ e r g i  nri f t - y  



Bailey, 1964; Dil l  and Northcote, 1970; McNf:il, 1966; 

R u k h l o v ,  1969b; Strekolova,  1963; Thornsteinson, 1965b; 

Wickett ,  1958). 

ton discharge periods can lead t a  des icca t ion  of eggs, low 

oxygen level:, h i  y h  temperatures, o r ,  d u r i n g  aold westher, 

Neave, 1953; Levanidov, 1954; McNeil , 1966; Sano, 
1966; Wickett ,  1958 

McNeil and Bailey (1975) recommend a stream grad ien t  a t  
the incubation area o f  0.2 t a  0.5%, a water de!pth greater 
t h a n  15.2 cm, a current velocity i n  tile surface water of 

30.5 t o  91.4 cmlsec and a f l o w  of 0.16 m3/sec per linear 

meter of wid th  for the aquaculture o f  P a c i f i c  salmon. 

The water d e p t h s  and current v e l o c i t i e s  g i v e n  i n  the section 

fo r  spawning a d u l t s  appiy  i n  general t o  the i n t r a g r a v e l  1 i f e  

his tory  stages as well, a l t h o u g h  b o t h  decline i n  many 

streams d u r 4 n g  the  freezing months. Water depths over chum 

redds i n  some tributaries of the Columbia River ranged from 
- a  - :.s - 43.2 crn and had an average o f  21.5 cm (Burner, 1951 

Uater depths over summer chum redds i n  the  Beshenya R iver  i n  

S i b e r t a  ranged from 16 - 104 cm and over f a l l  chum redds 

r a n g f d  f rom 3 - 34 cm (Smirnov, 1947) .  

Listel;.. and WaS ker founu an inverse r*?lat ionship 

between chum salmon egg t c  f r y  percent survival and t he  peak 
d a i l y  discharge o f  the Big Qualicum Rive r ,  B r i t i s h  Columbia, 
dulMi ng the incubat ion period. No re1 s t i o n  between percent 
surv iva l  and  the m i n i m u m  discharge ivas apparen t  from their  

l a *  d a t a ,  g ~ c k e t t  (1958 shokt-d a d i r e c t  r e l a t ionsh ip  betwee;? an 

index nF p roduc t i on  (s%& + 4 yedrs djvided by spawrlers 

t imes 100) and -the discharge of  Hooknose Creek, 8.C,, iii 
November. blunter (19551) c o u l d  r,ot demonsti*ate a n  e f f c c i  o f  

7 :.ream d i  5ci:a ;ge o f  iiooi<firj.;r Creek, 13 C. , :!r; ch~:iii : :d l in~n 



percent su rv iva l  (eggs i n  female t o  f ry  eme~getnce). On the 

Moatok River, low returns of a d u l t  chums a p p e a r  t o  be 
correlated w i t h  h igh w ~ t e r  l eve1 s r a i n f a 1  1 )  du r ing  the 
brood year ( F r a n k  Bi r d ,  personal comrrrunication]l. Gal lagher  

(1979) found a negative correlation between s*t ream f lows 

d u r i n g  the  incubat ion period and  brood year  relturns i n  the 
Puget Sound area over a fourteen-year period; l ow  flows were 
correlated w i t h  good returns. Based on these seemingly 

contradic tory  results, i t  w'uld appear  t h a t  the! e f f e c t  of a 
varying discharge s t rongly  depgnds upon the partictrlar 

stream being examined. 

Information on substrate s i z e  composition of clhu% spawning 
grcunds  was presented previously. The sfze and shape o f  

substrate part ic les  and the par t ic le  s i z e  distribution 
i n f l uence  many parameters which are o f  importance t o  the 

success fu l  incubation o f  embryos and alevins. Some o f  these 
parameters, several o f  them i nterrel a ted  , are: 
permeabil i t y ,  porasitj!, f low cf in t r ag rave l  water, dissolved 

oxygen concentration, concentration of waste metabolites 
such as carbon d iox ide  and ammonia, t he  armoredness o r  
s~esiztarsce "L abras ion  o f  the r u b s t r a t z  surfrsc~ and the  

degree o f  imbeddedness of larger s i zed  particles l n  the 

substrate surface. 

Di"O i o d  far.tkcole 1970),  using experimental containers, 

found a survival  t c  emergence f o r  chum salmon o f  

approxcmately 100% i n  1 argc gravel 5.1 to 10.2 cm) and  31% 

i n  small gravel %,O lo 3 - 8  cm They j udged  t h a t  the .i ewer 

s u r v i v a l  ra te  i n  t h e  smaller p a r t i c l e  d i d  not  result From a 

low dissolved oxygen content ,  b u t  was p robab l y  a r c s u i t  o f  

s i 1 t a c t i o n  o r  entrapment o f  Fry .  They f o u n d  n- s i q n i  f i c sn t  

e f f e c t  o f  gr8vel sixe o r  eg? 5 u r i a i  a e p t h  (2'1.3 3rd 30.5 cm) 



on the t i m i n g  o f  emergence o r  on the condition o f  fry a t  
emergetlce , 

Kosk i  (1975 showed t h a t  there was a h i gh l y  significant 

inverse re1 a t i o n s h i p  between the percent sand content 
less than 3.327 mm b u t  greater than 0.105 mm of '  substpate 
and t he  percent survival t o  emergence s f  chum salmon. An 

increasing sand conten t  a l s o  resulted i n  an  earlier 
emergence, increased the percentage of premature f ry  

emerging from the substrate, lowered the pelrcent yolk 

conversion e f f i c i e n c y ,  and tended t o  produce frjt c f  a 
shorter length .  Koski could no t  demonstrate a relationship 

between the  percentage o f  s i l t  f i n e s  less than 0.105 mm) i n  

t he  substrate 2nd percent survival t o  emergence, primarily 

because the e f f e c t  o f  s i l t ,  which ranged up t o  about 50%, 

was masked by a changing percentage o f  sand.  However, s i l t  

contents o f  45% o r  greater d i d  have an adverse e f f e c t  on 

percent s u r v i v a l .  

working on Sakha l in  I s l a n d ,  a l s o  noted an 

increasing egg mortzi -i t.y rate  w i t h  increasing sand content 
above It%%, He found t h a t  redds w i t h  a sand co~ l t en t  o f  "s% 

or greater  had a survival  rate o f  50% o r  lower. Rukhiov 

reported t h a t  average survival i n  the Tym' R i v e r  was 85% 

where the sand contel-lt was 10% and 65% wwke~e the sand  

conten t  was 18%. Kol 'gaev 1962, c i t e d  by Kogl, 1965) noted 
a p o s i t i v e  correlation between the dura-t ion o f  i ncuba t ion  

and the pa r t i c l e  size of the substrate when chum eggs were 
incubated i n  an experimental container w i t h  coarse sand. 

Thorsteinsow s ta ted t h a t  spawning grounds  w i t h  

pe-cent FI i ies part ic les  less t h a n  0.833mm) g r ~ a  tnr t h a n  
12.7% are o f  paor qua1 i ty f o r  chums because o f  reduced water 
permeability. 



f r i  hatchery s i t ua t i ons ,  the absence o f  a gravel  substrate 
apparent ly leads t o  a less desirable h a b i t a t  for P a c i f i c  

salmon alevins (Barns, 1959; Emadi, 1973; McNeii and Bailey, 

Emadi (1973 i n  an  experimental situation, 

discovered t h a t  chum alevins kept on smooth substrate had a 

h i  yher percentage o f  ma1 formed yo1 ks (30*6 t h a n  those k e p t  

on gravel of 2 t o  3 cm diameter 0%) a t  a water velocity or' 
100 cm/hr and a temperature o f  12°C. 

Sedimentation d u r i n g  the i~iuhation period can be a ma jo r  

source o f  egg moi-taf i t y  ievanidov, 1954, Nleave, 1953; 

McNeil , 1966; R u k h o l o v ,  1969b; Wickett ,  1954: . Si"aiats"an 

one year i n  the River Khor o f  S i b f r i d  killed 100% o f  the  

embryos i n  42 chtrm redds Levani dov , 1954 

4, Entraqravel Ff ow and Pe~meabil i t y  

The ra te  o f  f l o %  o f  jn t ragravel  water is an i m p o r t a n t  

v a r i a b l e  a f f e c t i n g  the survival  and fitness of embryos and 

alevins.  Water f lowing  through the gravel  s u p p l  i es  oxygsn, 

removes waste  metabal i t e s  such as carbon diox-e'de and 

a m ~ o n i a ,  and i s  important  i n  re~ulating temperature, The 

rate o f  i n t r ag rave l  f l o w  i s  a f f e c t e d  mainly by the ra te  o f  

stream flow, stream g r a d i e n t ,  bot tom c o n f i g a r a t i o n ,  

substrate surface irregular1 t i e s ,  degree o f  substrate 
surface armoredness, and  permeability of the  substrate w h i c h  

depends strongly on the substrate par t ic le  s i z e  distribution 

She r idan ,  1962;  Vzux, 1992).  Johnson (1980) showed 

experimental l y  t h a t  t he  permeabi 1 i t y  o f  spawning grave.! s 

decreases w i t h  an increzsirly percent o f  fines 

less t h a n  0.5 m n i ) .  Differ-efit methods o f  measurement o f  

i n t r ag rave l  flow by dif:'erent investigators has resulted i n  

order o f  magnitude d i f f e r e n c e s  i n  resul ts .  



Reiser and Bjornn (1979) reported t h a t  the peircent survival 

o f  chum t o  the migran t  f r y  stage increased from sbout  2% t o  
15% as the permeabi! i t y  o f  the  streambed grave l  increased 

from a b o u t  30 t o  155 cm/hr. 

1958) surveyed the gravel permeability o f  two 

streambeds i n  British Columbia over several years and found 

t h a t  chum salmon percent  survival egg i n  female t o  fry 

the streambed w i t h  an average permeability o f  1914 cm/hr was 

E.2%, while i n  the  streambed w i t h  an average permeability o f  

4035 cm/hr, i t  was 7,6%. 

1962, c i t e d  by Kogi , 1965 found t h a t  the s u r v i v a l  

o f  chum eggs i n  coarse sand i n  an experintental apparatus was 

d i r ec t ly  related t o  the volume o f  f l ow through the sand. 

1957) stated t h a t  the minimum i n t r ag rave l  apparent  

velocity for the survivzl of pre-eyed eggs i s  10 cm/hr; 50 

cmPInr i s  des-irable, 

McNeil and Bailey (1975) recornended an i n t r ag rave l  apparen t  

velocity of a t  least 200 cn;/hr for  the aquaculture o f  

P a c i f i c  sa7mon. 

The supply o f  dissolved oxygen i s  of c r i t i c a l  iinportanco t o  
eggs and  a!evfns; a low supply o f  dissolved oxygen leads t o  

an increased mortality or a decreased F i t n e s s  Aldet*diee e$ 

a ] . ,  195E; :(oski, 1975; Wickett, 1954, 1957 and 1953 

Upl?ar*e~t iy ,  a r a t e  of supply of oxygen less  t h a n  opt in~t lm for3 
siirvival  sod F i t n e s s  occurs frequerttiy -in e a t u r r .  I t  i s  -the 

i c t e  o f  suppiy o f  dissolved oxyQeri wh ich i s  impoi-tai1.t to t he  

egg i;r a i e \ i i n ,  r;ot the a c i i i a !  concr?ntry,i-tion o f  d i s so l vc :d  



oxjigen i n  tk.2 water (Daykin, 1965). The  r a t e  o f  supply t o  

the  embryos and alevins 1s influenced primalrily by the 

dissolved oxygen (DO) concentration o f  the source water and 

the rate o f  water flow t h r o u g h  the  gravel.  Because o f  a 

certain upper l i m i t  ori possible velocities o f  intragravel 
f l o w ,  there i s  a certain m i n i m u m  DO concent~~at ian  below 

which i t  would be d i f f i c u l t  t o  maintain an adequate rate of 

oxygen supply. There are a l so  other h io logica~l  and chemical 

oxygen demands w i t h i n  the gravel wh ich  comptste for  the 
available supply. The relationship o f  par t i c l e  s i z e  and 00 

concentrat ion was noted by Koski wha:, found a 

s i  g n i  f i cant  i nverse re1 a t i  onshi p between m i  nifclum obserided DO 
concentration and maximum observed percent sarld and s i i  t i n  

spawning gravels i n  Washington. 

Water saturated w i t h  dissolved oxygen may be regarded as the 
optimum condition f o r  eggs and alevins (Alderdice e t  a i . ,  

1958). The concent ra t ion  o f  oxygen i n  oxygen-saturated 

Fresh water depends mainly on the temperature. 

Oxygen requirements vary considerably  fo r  d:fierenl stages 

of development o f  eggs and alevins. Temperature a l s o  has a 

stroeg e f f e c t  on the r a t 2  o f  oxygen consumption. 

Of ten ,  the oxygen reqi!ireme!~ts can be met by a f a i r l y  low 

concentration o f  disscived o:iygen, a b o u t  2 mg/l, as  l ong  as 

the  rate o f  f l a w  o f  intragravr21 water i s  s u f f i c i e n t  (Kogl,  

1965; Levanidov, 1954 Ld-ickett 1954) neasured the 

apparent  velccity o f  ~ a t e r  12 inches down i n  the grave! w i t h  

d standpjpe. He determined t h  a disso!i ied oxygen 

c o n c e n t r a t i o n  3 f  4 ?.p.m. a t  8°C 0% s a tu r a t i an  would j i i s t  

m3intain f u l l  metabolism of a pre-eyed chum egg providing 

intragr~vel water flcw t o  t he  egg i s  s u f f i c i e n t .  



Insufficient oxygen supply r e s u l t s  i n  an incr~easc i n  the 
mortal i t y  ra te  o r  decreased fitness i n  the s u r t i l i v i n g  embryos 

og- l a rvae  which may be manifested as premature or delayed 

h a t c h i n g  or emergence, production o f  monstlrosi t i e s ,  

decreased l e n g t h ,  or less efficient yo1 k clonversior, 
Alderdice e t  a l . ,  1958; Koski, 1975). As \rsaith many 

environmental parameters, the dura t ion  o f  the period o f  

stressful levels or' oxygen and the in te rac t ion  o f  other 

stresses i s  iinportant. 

Wickett (1954) measured t he  oxygen consumption o f  chum 

salmon eggs and found a r a t e  o f  0.0001 t o  0.0003 

mg/egg-hour f o r  pre-eyed eggs 0 t o  12 days o l d ,  

(temperature 0.1 - 8.2QC), 0.0?02 t o  0.008 mg/egg-hour 

for  f a i n t l y  eyed eggs 67 t o  55 days o l d  (temperature 
0.1 - 4.9"C), an3 0.0002 mq/egg-hour f o r  eyed eggs 103 

temperature 5.9 - F.!"C). 

Alderdice e t  a l .  (1958), u s i n g  chum stlmon eggs a t  four  

devei opmental stages a t  10"C, reported oxygen 

consumpti on rates from 0.00093 mg/egg-hodr f o r  middl e 

stages t o  0.00521 mg/egg-hour f o r  l a t e r  stages. They 

a l s o  shewed t h a t ,  i qh i le  the oxygen consumption per 
embryo increases w i t h  age l j n c a u s  o f  iqcreasing embryo 

mass, the ac tua l  rate of oxygen consumptior7 per gram o f  

embryo i ' n i t i ~ l  ly  decrr-ases aiid then more or ;ess levels 

o f t '  w i t h  increasing age.  An e3rIy developmental stage 
3 had a rate o f  aboirt 0.006 nrr! /g-min, mid-stages Mere 

3 about 0.040 rnnl / g -min ,  and l a t e  stages were 4 b q u t  2.100 
3 mm ig-n l in .  



Luk i  na (1973 measured oxygen consunptior~ rates o f  

0.00015 t o  0.00951 mg Optegg-hour a t  3.5 t o  4.5"C f o r  
chum embryos and 0.0132 mg 02/larvae-hour 3t 5 t o  6°C 

for chum larvae,  

b Effect on survival 

C r i t i c a l  oxygen levels t he  1 owest concentrat i sn 
a t  which respiration i s  just s a t i s f i e d  

salmon eggs have beer? found i n  labora tory  

experiments t a  range from 0.72 iilg/I f o r  ea r ly  

developmental staoes t o  7.13 mg/l fo r  l a te r  
developmental s t a t e s  a t  8 "L IlOC A% derdice e t  

$ I . ,  1958; Wickett .  1954\ ,  Whether o r  n o t  these 
concentrations are suff ic  i 5 n t  t o  s?.iisfy the 

oxygen demand o f  the eggs depends on t h e  f low rate 
o f  the intragravei water. Alderdice e t  a l .  (1958 

reported t h a t  the incipient median l e t ha l  level 

f c r  dfssolved oxygen ranged from about 0.4 mg/l 

f o r  ea r ly  developmental stages t o  1.0 t o  1.4 mg/l 

previcus t o  hatching. 

1954) stated t h a t  t he  f a l l  c h t m  o f  the 

River Khor i n  S i b e r i a  have an a b i  i i t y  t o  adapt  and 

t o  develop u n d e r  a continuous oxygen deficiency. 

Oxygen concentraticn i n  one spawni ng gravel 

d ropped  t o  4 mg/l (30% sa tu ra t ion  i n  March and 

the oxygen content  o f  another  area w h i c h  had a 

strong out~~lci.! of ground water dropped t o  2 . 5  t o  

20 t o  25% s a t u r a t i o n )  a t  the end o f  

February. The  rate o f  egg su rv iva l  and  f r y  

developmeni was h i g h  a t  b o t h  o f  these s i t e s .  A 

t h i - d  5iLLer where the s u r v i v a l  ra te  o f  eggs was 

a l s o  g a ~ d ,  had an oxygerl concent i -at- ion i 1 - 1  

mid-December o f  2.0 m g i !  . E:c;~?c.i!iieirts conducted 



by Levanidov (1954) showed t h a t  f a 7  1 chum eggs 10 

;o 15 days a f te r  fertilization can survive two 

hours exposure t o  water o f  zgro  Oxygen content. 

Eggs which are a few days from ka1:ching can 
two hours?) axpc.sure t o  wa,ter wi th  e.n 

oxygen concentrat ion o f  9.45 t o  0.50 mg/!, Larvae 

2a hours after hatchigg can survive an cxygen 

concentration o f  0.28 mgil. 

Disler (1952) s t a t e d  t h a t   he D3 concentratioa of 

saqe chum redds i n  the Bira Rive r  ~f S ibe r i a  doe!, 

not  exceed 3-4 mg/l .  In  Hokkaido s t r e a ~ s ,  

1968) found oxygen sa tu ra t ion  values c f  

31.3 t o  93.9:; i n  the in t ragravel  waters. 
ii2tragravei DO concentration it1 the Chena 2iveu 

dur jng incubaticn o f  chum eggs ranges f rcm 6.6 t c  

6.5 mg/l (Kogl, 1965). There sere l e ~  survival 
rates a t  the lower concen"cratisns arid high 

s ~ r v i v a 7  rates a t  the h ighe r  concentrationsc 
f 2 QTE Kosk i  \ i 2 i d )  fotlnd t h a t  the rate  o f  chum ;a7mon 

survival t o  emergence a t  a s i t e  i n  Washingt~n wa: 

s ignif  i cant1 y carrel ated w i  ti: DO concentration zn4d 

t h a t  survival  decrease6 rap ic i l y  a t  DO 

cancentrations below 3.0 mg/l. DO l e v e l s  ir; t h e  

i n t r ag rave l  water c f  Indian Creek (Kasaas Bay 

have an annus i  range fron C.0 t o  12.7  mg/1 

(vc~eil, 1952j Lo179 d r y  periods i n   southeaster^ 

I ]ask6 can i f a d  tc; law intr-agravei DO levels as a 
r e s ~ l t  3-f red~lced streail: and ir;"ragravei f l ow ,  

Such conbf "ions i n  i 'rai tors River on;, yecr  led t o  
- 4- an intran'*ave? DO I t i~~e' l  c f  1 mg/ l  tdhici: 

i esu ' i t ed  i n  3 h i c h  mortsi it;; if*3te of e:~br\for 
(iulattscn eC. 21 1964). i n  ,-nctl>cr s j  tl~ati.inr. a 
low w a t e r  perrne~b i i  i ty rjt ;w: t f d e  it?ve' i;:c 

a * *  i n t e r t i d a l  s ~ a ~ . i ~ ~ i ~ ~ q  3re;; of' Q!s%i~ c i * ~ : . ~  *;kj ig 



low intragravzl DO value (3.6 mg,'!) and a !ow 
percer~t surv i val t o  emergence :Bai  l e!y , 196.1). 

W icke t t  (1954 and 1957) stated t h a t  chum salmon 

eggs, i n  the  absence o f  other strelsses, have a 

letha! 1 i m i t  o f  about 2 mg/l a t  5'C. On the o t h e ~  
hand,  bo th  levanidov (1954) for the Anur River o f  

Siberia and Kogl (1965) fr- the Ch~ena Rive r  of 

Alaska  reported good s u r v i v a l  rates i n  gravz1 w i t h  

00 c o ~ c e n t r a t i o n s  o f  2 mg/l as long as there was a 

s t rong f l o w  c' groufidwater or springwater. Kogl 

(1965) was not  ab le  t o  demonstrate a relationship 

bet~~een egg survival and DO concentration a t  
concentrations greater  t h a n  2 mg/l . 

cheyne (19.1.1, c i t e d  by N ico la  e t  a l . ,  1966) 

reported t h a t  chum salmon eggs developed a t  about 
the same rate i n  w a t e ~ s  kqi t k  DO 72vel s f ~ o m  3,6 t o  

7.5 ng!l. Wicket t  1357) stated t h a t  a DO level 

o f  5 mg/l i s  low f o r  chum eggs and t h a t  a level o f  

8 mg/! i s  desirable. Based on experimental 
studies, i u k i n a  (1373) indicated t h a t  a CO 

concent ra t ion  o f  6 t o  8 mg/l was the most 
favorable  f o r  t he  development p e r i ~ d  o f  chuin 

e ~ b r y o s  and larvae  a t  a temperzture o f  4-8°C. 

heNeil and Bs+ley (1975 suggest, f o r  aquacul ture 

04' P a c i f i c  salmon, t h a t  a!evins be provided water 
w i t h  DO concentration of a t  least 6 mg/l 02.  Chum 

salmon emb~yss and alevins i n  redds i n  the  

intertidal zone o f  streambeds may be exposed t a  a 
lowering of 50 levels dur ing  h i g h  t i d e .  A t  the 

2.1 m t i d e  lsvel i n  Olsen Creek, t h e  DO level i n  a 
redd dropped from a b o u t  7 ng/7 a t  low t i d e  to 4.5 

il;g/i a t  kl- ig i l  " i ide P+ars-cei nssn 19E%a 



c,  Effec tan  fitness 

Kogl (1965) reported t h a t  low DO concentration i n  

the intragravel water o f  the Chena River a f fec ted  

the s i z e  o f  chum alevins. The dry weight cf 

alevins decreased fvom about  2.3 mg a t  a s i t e  

where the DO cancentration had avgraged 4.1 ng/l 
t o  about 0.1 mg a t  a s i t e  where the DO 

concen t ra t i on  had averaged 2.1 mg/l. Cheyne 
(1941, c i t e d  by Nlcola e t  a l . ,  1971) stated t h a t  
chum eggs he ld  a t  a DO level o f  7.6  m/l r e s ~ l  ted 

i n  larger f r y  t h a n  those he ld  a t  3.6 mg/l. 

Converse! y , Koski 1975) was able t o  show little, 

i f  any e f f e c t  o f  DO concentrations less t h a n  6.0 

mg/l on mean f r y  lengths and weights a t  emergence. 

81derdice e t  a l .  (1958) found t h a t  ear ly  

developmental stages o f  chum salmon eggs (12 days 

after  fertilization could surv ive  sever. days 

expordre t o  a DO cancentration of 0.3 mg/l b u t ,  

upon ha t ch ing ,  had a h t g h  percentage o f  

monstrosities (deformed alevins The abnormal i t y  

took the form o f  a shortening o f  the  vertebral 
column posteriorly.  Eggs a t  a l a t e r  developmental 

22 days a f te r  fertilization) d i d  no t  

tolerate  seven days exposure t o  t he  same DO 
concent r a t i o n  (0.3 Mg/l) and e x h i b i t e d  100% 

mortal -i ty .  

Alderdice e t  a l e  f u r they  sh~lqed t h a t  seven 
days exposure t o  oxygen levels below s a t u r a t i o n  

produced delays i n  the mean hatch ing  rate  o f  chum 

saln~on eggs a t  IO'C. Early  and  midd'le 

de\lelopmental s-tages \.1er4a most s f  Sected. Eggs o f  

the most advanced devel comental stage showed the  
! t y q ( j  ( 7  p - r -  oppos i t e  e f f ~ c t ,  pt*emature [I;; t c h i n y .  3 .d L J )  



found t h a t  the low dissolved oxygen 3.0 nq/i o r  
less) d u r i s g  the incubation per iod  appeared t o  

delay the t i m i n g  o f  chum flay emergelnce from tiie 

gravel o f  spawning beds i n  Washington. A delay i n  

emergence could place t he  f ry  i n  an unfavorable 

~ i t u a t f o n  w i t h  regard t o  feeding, predators, or 
temperature. Beall using the spawning 

channel a t  B i g  Beef Creek, Washington, incubated a 
g roup  o f  chum eggs i n  a t rough  w i t h  grave! and 
another group i n  a n  open t r o u g h ,  w i t h  the result 
t h a t  the  f r y  produced i n  the open t rough were, on 
the average, shorter by 1 t o  2 mm and l i gh" t e  by 

0.04 g. Beall found t h a t  the preda"Lioil rate by 

coho salmon ( k i  sutch) - was 

significantly h5gher on the smaller group o f  f ry .  

Seawater incursion on chum saliilon embryos and aievins 
i n  gravel i n  o r  near the intcrtjdal zone can have an 

adverse e f f e c t .  Presumabi y , 1CO% freshwater f s ideal  

f o r  chum salmon embryos and  a l e v i n s ,  but Rockwell 

suggested t h a t ,  based on 1 aboratory experiments, 

hatching o f  eggs may be sl i g h t f y  improved by a small 

percentage o f  seawater m i x i n g  w i t h  freshwater. He 

found t h a t  cl~um eggs and larvae su rv i ved  f o r  several 
days i n  seawater of up t o  30 parts per thousand 

salinity, t h a t  they could survive the higher sal  i n i  t i e s  

a t  lower temper~tures,  and t h a t  larvae wi ths tood  h ighe r  

salinities t h a n  eggs. Impok-tant va r i ab les  affecting 

surv.iva1 a"iaarious sa l  i n i  t y  concentrat ions were t ime  

of exposure and temperature. For eggs r'n e a r l y  

developmental stages, exposure t o  6 ppt salinity had  no 

e f f e c t ;  iloirrever, exposure t o  11.6 ppt signi  f icancily 

retzrdcd developinent and  led to a 67:; mortal i - ty ,  F L I ~  i y  



deveiaped eggs had a 50% survival rate  a t  salinities o f  

6.0 t o  8.5 ppt through h a t c h i n g .  

Data  obtajned by Kashiwagi and Sato 1969)  indicated 

t h a t  percent survival o f  eggs t o  hatching was inversely 

re1 ated t o  percent seawater concentration. Eyed eggs 
had a 100% h a t c h i n g  rate :'n water o f  about 9 ppt 

sal ini ty;  this decreased t o  75% for  18 ppt,  50% f o r  27 

ppt, and 25% fo r  35 ppt. The time of i ncubat ion  was 

increased f r o m  about 10 days i n  war o f  0 t o  18 ppt t o  

about  14 days i n  water  27 t c  35 p p t .  However, almost 
a l l  o f  the alevins which  d i d  ha tch  f rom eggs exposed t o  

water o f  9 t o  35 ppt d ied  w i t h i n  a few days. Alevins 

which were hatched in f reshwater  and then exposed t o  

seawater mixtures could surv i ve  a sa l in i ty  of 9 ppt, 

b u t  d ied  a t  hioher salinities, 

Shepard (1948) demonstrated t h a t  chum alevins,  g iven  a 

choice between two f:ows, showed a praeference f o r  

stronger cur rent  v e l o c i t i e s .  Given a choice between a 

seawater f l o w  and a freshwater f i cw,  they chose the 

l a t t e r .  Sal i n i t y  was more important  t h a n  current 
velocity i n  influencing the alevins. 

En the  .H"nte~tidaS area o f  streambeds aF Olsen Creek 

there  i s  const3nt residual in t ragravel  

salinity o f  3 p p t  f rom the 2 .1  m level on down 

Thorsteinson, 19653). Salinities up t o  25 ppt have 

been observed a t  a l l  levels. The salinity o f  t h e  

in t ragravel  wa te r  f luctuates  w i t h  t h e  t i d e .  A t  the  2.1 

m level,  there was a 7 p p t  increase a t  h i g h  t i d e .  The 

egg t c  f r y  survival of  chum salmon :$as 40 - 50% i n  the 
upper section o f  the  intertidal zone and  10 - 157L i n  

the  riddle section,  Chums do n o t  11se the lower 
- 

sect io r r .  I he mortal i ty r a t e  i s  influer,ccd by oxyqe;l 



and temperature differences as well as by s l a l i n i t y  

differences. 

McNeil ar;d Bailey suggest t h a t  Pac i i f i c  salmon 

egss can tolerate salinities o f  0 t o  9 o r  11 p p t  and 

t h a t  chum eggs can survive periodic inuntlations by 

water o f  15 t o  30 ppt as l ong as there i s  freshwater 

f lush ing i n  between the seawater inundations. 

7 ,  Chemical Parameters 

There i s  a limited amount o f  data  available on the 

desirable level s o f  soluble substances present i t - i  

i n t r ag rave l  water, o r  on t h e i r  effects on chum salmon 
embryos and a l e v i n s .  

The pH o f  Chejla River l'niragrave! water a t  chum redds 

Kogl, 1965); this  i s  similar t c  the Amur River 

i n  S ibe r i a  ievanidov, 1954) and a Hokkaido stream, 
which was pH 6 . 3  t o  6.5 Kobayashi , 1968 NcNeil and 

1975) suggest t h a t  pH 6.0 t o  8.0 i s  a desirable 
range f o r  P a c i f i c  salmon. 

McNeil (1962) measured intragravei  C02 levels i n  some 

streams of southeastern Alaska  o f  2 t o  24 mg/l. 

reported t h a t  the C02 content o f  

groundwater i n  the Amur River was about 25 t o  30 mg/l. 

He found t h a t  concentrations greater than 20 t o  25 mg/1 

inhibited the development rate of chum salmon eggs. 

Alderdlce and tdtcIcett observed t h a t  CO, 
iL 

concentrations greater than about 10 mgi l  decrease che 

percent survival t o  hatching. The b p t a k c  o f  oxygc;! i s  
inhibited a t  C02 concentrations giaeater than  125 my/! 

K ~ s k i  (1975) measured GO2 concentrations u p  !-n 48 

mg/l -in i r~t ragravel  water i n  ;1 Mi lsh ington i n c u b a t i < \ i i  



area,  b u t  the e f f e c t  o f  t h i s  concentration on surv iva l  
Mas not studied. Disler (1951) f o u n d  C02 levels i n  the 

in t ragravel  watei- o f  the  B i r a  River o f  16 t o  20 mg/l 

and Kobayashi (1968 found levels of 17.8 t o  2 5 . 2  mg/l 

i? a Wokkaido stream. MeNri1 and Bailey 

recommended t h a t  the CO2 concentrat ion i n  P a c i f i c  

salmon hatcheries be kept  be lok  5 ng/l. 

The a l k a l i n i t y  o f  in t ragravel  water i n  churn salmon 
redds i n  t h e  Chena R i v e r  was 86 t o  103 nig/l; i ron  

ccn ten t  was 0.1 t c  0.3 mg/l (Kogl, 1965). Good 

survival rates were noted a t  these s i t e s .  

Ammonia i s  a waste  product  o f  metabolism which could be 

h i g h l y  t o x i c  t a  embi-yas and a l e v i n s  i f  not  remaved by 

i n t r ag rave l  f low. McNei! and Bailey (1975 

t h a t  Pac i  f i  c salmon hatcheries keep amrrloni a 1 eve1 s 
below 0.002 mg/l. 

Hydrogen sul i i d e  H 2 S j  i s  produced by sulfur-reducing 

b a c t e r i a  i n  waters o f  low oxygen content  and i s  h igh ly  

t o x i c  t o  embryos and alevins. Koski 

l e ~ e l ;  i p  in t ragravel  water o f  a spawning channel i n  

Washington o f  0.4 t o  0.5 mg/l b u t  d i d  n o t  measure the 

e f f e c t  on chum embryos or alevins. McNeil and Bailey 

suggest t h a t  HZIS levels i n  P a c i f i c  salmon 

hatcheries be kept below 0.5 mg/l i n  a c i d i c  waters. 

Springs o f t e n  have h ighe r  levels o f  COp and H2S and 

lower levels o f  DO than stream water. In  sop-areas, 

these substances nlay be a t  such levels t h a t  they are 
de%rimental t o  the i ncuba t i on  o f  chum eggs and alevins. 



Disler (1953) s ta ted  t h a t  direct s u ~ l i g h i t  i s  f a t a l  t o  

ch!!m salmon embryos. Indirect sunlight can retard the 
rate o f  development, a f f e c t i n g  earl ier  stages niore t h a n  
1 a t e r  stages o f  development Sai  n , 1954) ,. 

Th-is section will consider the period hetween the  time o f  f r y  

emergence? f rom +he gravel and  the  t i m e  the f r y  enter esf:uarine 

waters .  Most chum f r y  begin the seaward m i g r a t i ~ n  shor t ry  af te r  
emerging from the gravel i n  the spring and essentially a l l  have 

l e f t  freshwater by mid-summer. H a b i t a t  requirements d u r i n g  t h i s  

p e r i o d  cen te r  on f a v o r a b l e  temperatures, cover from pfqedators , 
avzilabii i ty  o f  food, and eventual l y ,  availability o f  seawater. 

Downstream migrat ion occurs as a result  of the  response o f  the 
f r y  t o  physical and chemical parameters i n c l u d i n g  l i g h t  and 

photoper iod,  current,  temperatupe, salinity, and o b j e c t s  i n  t he  

environment (Hoar, 1956 and 1957 The outmigra t ion  from streams 
i n  British Columbia r e s u l t s  from a combination of a c t i v e  swimming 

and displacement a t  n i g h t  when v i s u a l  o r i e n t a t i o n  i s  diminished. 

Streams -in nor thern  A laska  o r  S i b e r i a  have vevy little darkness 
dur ing  the  t ime s f  o ni igrat ion.  Response t o  t h e  va r i ous  

env i  rranrnental sts"mu7 i hototaxi s , reheo tax i  s ) can change. An 

inc rease  i n  temperature can change a positive rheotaxis t o  a 

negative rheotaxi s. M f  hara 1958, c i t e d  by Bakkala ,  1970 

t h a t  chum f ry  i n  Hokkar'do streams displayed a negat ive  rheotaxis 

and moved downstream quickly when the temperature reached 15°C. 

T h i s  was interpreted as an a d a p t i v e  response t o  avoid the h igh  

summer s t  ream temperatures. 



3 , Temperature 

Barns (1969) demonstrated a very c i  ose correspondence between 
water temperature and  the numbers o f  chum f r y  ernergi~g from 
the gravel i n  a l a t d r a t o r y  i n  B r i t i s h  Columbia. There were 
o o u t  eight f r y  emerging per  hour a t  5.3'C and  about 48 per 

hour a t  7 ,2 'C ,  

Emergence and outmigration o f  chum fi.y from the D e l t a  River 
has been observed a t  temperat~res o f  3.0 t o  5 . 5 O C ,  (Raymond, 

The temperature rznge observed d u r i n g  the peak o f  

gra t ion  from the Salcka River was 5 - 7'C 

Downstream migration o f  chum f ry  i n  Hokkaido begins i n  ear ly  

April a t  water temperatures o f  2.0 t o  3,0°C b u t  does not 
reach a peak until ea r ly  t o  mid-May when water temperatures 
are 6,0 t o  10.O°C (Sano, 1966). There are o t h e r  factors  as 
we1 1, such as the rise i n  w a t e r  level from melting snow i n  

May. Semka (1954, c i t e d  by Sano, 1965 measured water$ 

temperatures o f  4.6 t o  5.5'C d u r i n g  the  downstream migration 
o f  chum f r y  i n  April,  May and June i n  t he  B o l s h a i a  R i ve r .  

Levanidov (1954 reported t h a t  chum salmon f r y  i n  the  4mur 
R i v e r  of Siberia ;an s u r v i v e  water temperatures u p  t o  about 

15°C b u t  t h a t  they p r e f e r  temperatures o f  8' t o  10°C. 

noted t h a t  young chum salmon three t o  s i x  

months a f t e r  ha t ch i :  g i n  experimeutai t anks  senera1 i y  

avoided temperatures above l S ° C  and  preferred terliperatures 

o f  12 t o  14°C. He found a lower l e t h a l  "c~perature f o r  

young chums o f  0°C and an upper l e t h a l  temperatkar~ o f  

23 .8 "C .  The young chums could  acclimate t o  23'C, b u t  n o t  t o  
24°C. I n  fur ther  experimer t s ,  Bret t  and Aldcrdice (1958) 

showed t h a t  t?le ultimaf;e lower l e t h a l  teci~pei-ature i s  3.1°C. 



gives the  migra t i on  temperature range o f  

juvenile chum salmon as  6.7 t o  13.3°C. 

McNeil and Bailey (1975 s ta te  t h a t  P a c i f i c  eqlmon fry w i l l  

grow i n  the temperature range 4.4 t o  15.7'6, b u t  t h ~ t  the 
idea l  range i s  10.1 t o  12.9°C. Below 10.I0C, growth i s  slow 

and a t  15.7'C and above, there are problems w i t h  diseases 

and o the r  stresses. Fry can tolerate temperat~~res o f  20" t o  

22°C f o r  1 i m i t e d  periods but  prolonged pe~iods  a t  12.5°C and 

above cause severe stress and prolonged perioc?s a t  Z1.3"C 

anu  above can cause mortaiity. 

i n  experiments examining the culture o f  juvgnile chums from 

Oregon i n  heated seawater, Kepshire (1976) found t h a t  growth 

was similar a t  12.9, 15.7, and 18.5"C9 b u t  gross food 

conversion e f f i c i ency  decreased w i t h  an increase i n  

temperature. There was good survival  a t  these temperatures, 

b u t  not a t  21,3"@. 

1956, c i t e d  by Bakkala, 1970 found i n  $he 
laboratory t h a t  the growth rate o f  Amur  R i v e r  chum f r y  was 

three percent o f  body weight per day a t  8'C and f i v e  t o  s i u  

percent  a t  14 t o  2O0C.  Temperpture can a l s o  modify 

behav , o ra l  patterns. Keenleyside and Hoar 1955) found t h a t  

most chum fyy i n  an exper imental  situation e x h i b i t e d  a 
positive rheotaxis swimming i n t o  the current a t  6 g 0 e  

1 
and a negat ive  r h e o t a x i s  swimming w i t h  the  current 

t o  2 3 ' C .  A higher percentage e x h i b i t e d  negat ive  rheotaxis 
a t  17 t o  19'C and an even higher percentage d i d  so a t  19 t o  

2f°C, 

Chum f r y  i n  s h o r t  s t r e a m s  m i g r a t e  mainly  a t  niyl. i t  and seek 

cover  i n  tkje substrate d ~ i r i n g  t he  day"iime i f  the jolimey i s  



not  completed i n  one n i g h t  (Neave, 1955). Obser*vations by 

Hoar (1955) indicate t h a t  chum f r y ,  a f t e r  schooling, use the 
protect ion o f  the schools and no longer seek protection i n  

the substrate. Sal  twater increases the  school i n g  tendency 

o f  the f ry  S h e l b o u r ~ ,  1966 

Predation can be a major source o f  mortality Hunter, 1959; 

K i  rkwood , 1952 . Hunter (1959)  estimated t h a t  predation 

ranged from 23 t o  85 percent i n  Hooknose Creisk, B.C. 
Predators i n  Hooknose Creek include: coho salmon smol t s ,  

A leut ian  sclilpin, prickly scul p i c ,  Do1 l y  Yardten char,  

cutthroat t r o u t  and steel head t r o u t .  Kingfishers, 
mergansers, and certain mammals have a l s o  been olentioned as 

predators ( S c o t t  and Crossman, 1373 

3;. Substrate 

I n  a d d i t i o n  t o  providing cover f rom predators, gravel 

substrate i s  apparently necessary t o  maintain o r i e n t a t i o n  
for those f r y  t h a t  s t i l l  have a yolk sac !rpoG emerging. In 

an  experimental s i t u a t i o n ,  Emadi (1973 fscrnd t h a t  churn 

alevins kept  on a smooth substrate had a h i g h e r  percentage 
of ma1 formed yo1 ks 307;) t h a n  another  group k e p t  on a gravel 

substrate o f  particles 2 t o  3 cm i n  diameter (no malformed 

yo1 k s ) ,  both i n  a current veloci ty  o f  100 cm/hr. McNeil and 

have a l so  pointed ou t  t h a t  when P a c i f i c  salmon 

are be ing  a r t i f i c i a l l y  raised i n  ha tcher ies ,  the alevins and 

f r y  must be p rov ided  w i t h  a gravel s u b s t r a t e  a f t e r  

erne rgence, 

4.. Food - 

I n  skar t  s t reams  where the outmigration i s  completed i n  a 
day o r  two, chum f r y  may fe2d  very l i t t l e ,  i f  a t  a l l .  i n  

'longer streams arid river systems they dc feed  ai-id g a i n  



k z i y h t  d u r i n g  t he  course o f  t h e i r  seaward rni!gratian. r a i l  

churr, f r y  o f  the Anur iii t-zr may spend up t o  a rricn:;h feeding 

i n  the  spawning grounds (Levanidov, 2954). Chuln f r y  from 
the Ncatak Ril~er apparently feed i n  the loweir 10 km D r  so 

until a t  i e j s t  ear ly  Acgust Frank B i r d ,  pers. comm. 
i s  a l s o  the case a t  tk mouth o f  I ne  Yukcq River 
pers. comm. ) .  Benthic organisms, msinly aqustic: 'insects, 

are tile dominant food species i n  freshwater. Prey species 
include chiranomid la rvae ,  nymphs o f  stoneflys and mayflies, 

c?.Jdisf ly 1atSvae, blacrtfiy larvae,  b l a c k f l  i e s ,  mosquitoes, 

.x i  t e s  , and thri ps, acd other terrestrial insejcts. 

calculated t h a t  there was enough food i n  

the R i v ~ y  Khor t o  s u p p ~ r t  40 chum f r y  per sqLlare meter. He 

found t h a t  the food requiremen~:~ o f  f a l l  chum f r y  amounted 

t o  8 t 3  10% o f  their body weight per day a t  6 t o  8°C and 17 

t o  20% o f  t h e i r  body . /e ight a t  17 t o  18.0°C. ie$a-!2sv a l so  

states t i l a t  certain chum f ry  i n  freshwater wi th  h i g h  food 

requirements ~ o u l d  be u n l i k e l y  t o  s u r v i v e  more than two or 
three weeks wi thout  food. Levanidov and Levanidova (1951) 

calculated t h a t  chum f r y  i n  Lake Teploe consumed about 27% 

o f  t h e i r  body weight da i ly .  

1968) estimated t h a t  chum f ry  i n  the rivers of 

Sakhalin require 18.0 t o  123.0 mg food pe r  day, which was 

5 2  t o  9.0% o f  body weight. 

Chum f ry  2 x h i b i  t responses t o  1 i g h t  

them  fro^ streams i n  reachr'ng the ocean d u r i ~ g  their 
o u t m i ~ ~ a t i c r n .  Loss o f  visual o r i e n t ~ ~ t i o n  a t  n i g h t  l eads  t o  

downstream displacement. An i n c r e a s i n g  daylencith i n  t h e  

sgring a f f e c t s  t he  t h y r o i d  system whr cn increases sal i n - i  t y  



tolerance a ~ d  preference and the development o f  a capability 

6 t o r  osmoregulation (Baggerman, 1960, Shelbourn, 1966). Hoar 
i erenee (1957) demonstrated t h a t  schools o f  f ry  snow a prei 

for light, but exhibited no marked response t o  changing 

light intensity. St rong  light i s  avoided (Neave, 1955 

The preference o f  chum fkey for higher  s a l i n i t i e ! ~  and their- 

ab i  1 t t y  t o  osmoregulate i n  seawater increases wi th 

increasing age (Baggerman, 1950; Houston, 1961). A t  the 
onset o f  downstream migra t ion ,  chum f ry  i n  an t~xperimental 

s i t u a t i o n  preferred saltwater t o  freshwater (Baggeman, 
1960). 

Chum salmon f r y  t h a t  have absorbed their y o l k  sac can 
tolerate full strength seawater (Kashiwagt and S ~ n o ,  1969; 

FicNeii and Bailey, 1975; Meirbsrt, 196P), Salinity 

tolerance increases w i t h  age af ter  h a t c k ~ n g  and i s  related 

t o  an increzsing capabi! i t y  for  osmaregulation 
and Sano, 1959 Kashiwagi and Sano found t h a t  chum 

salmon 60 days af ter  h a t c h i n g  and older can s u r v i v e  an 

a b r u p t  transfer t o  100% seawater ( 3 5  p p t  . Converse1 y , 
Levani  dov ( 1952 found t h a t  f ~ y  captured  d u r i n g  thei r  

seaward migration i n  the K;lor River could  survive transfer 

t o  water w i t h  salinities o f  7.0 p p t  and 17.1 ppt ,  3ut 8 o u t  
of' 10 d ied  i n  a s a t h n i t y  o f  35.0 ppt. She p e r i o d  o f  

accl i m i t i z a t i o n  was characterized by an increase i n  the  rate  
of respiraation= Houston (1959)  noted t h a t  an a b r u p t  

transfer o f  chum Fry t o  seawater o f  22 t o  24 ppt .  reduced 

their cruising speed t o  a b o u t  682 of the  normal rate. A f t e r  

about 36 hours, the  cruising speed was near!y back t o  
normal, which ranged from a b o u t  19 cm/sec f o r  3.9 crn l ong  

f r y  t o  a b c u t  35 cm/sec for f r y  4.9 cm l o r ~ g .  Houston 



suggested t h a t  this  depression i n  cruisSing s~keed might be 

re1 a t e d  t o  osmoregul ato ry  adaptaticrt . 

Si~epard  (1948 conducted experimental studiles on the 

in teract ion s f  current v e i o c i  t y  and temperatulre i n  relation 
t o  salinity preferences o f  chum f ry .  The fry were initially 
presented w i t h  a choice between two f lows. liiher! one f l o w  

was freshwater and the other was seawater, they chose the 
seawater flow, regardless o f  r e l a t iv  strengths of the flows 
f flow difference o f  about  1.3 cm/sec When both Plows were 
freshwater and one was 10aC and the othe- ;2.5"C, they chose 

.the 10°C flaw (they had been acclimated tc? 10°C 

12.5"C f l o w  was seawater, they still i n i t i a l l q r  preferred the 

10°C freshwater Plow, bu t  gradual i y  changed t o  the 12.5"C 

sal i ne f l  ow. These exyer ine~tc  dem~astraxed t h a t  no one 
parameter has a de f  in!  ti ve e f f e c t  and t h a t  the interaction 
o f  the thrpe parametnrs plays an important  r o I e  i n  governinc 

the  seaward migra t io!~  o-F f ry .  

Chum salmon f r y  Gppeear t o  have a physialogical requirement 

for  seawater w i t h i n  three o r  f o u r  maaths a f t e r  emergence f o r  

normal development, Th is  i s  not relat.3 t o  their  need . for  
access t o  the ocean f o r  normal feeding, They have bepn 

~ a i s e d  experimental 1;. tct the a d u l t  stage in freshwater b u t  

t h i s  required especially careful harldling Hoar, 1976) .  

Chuni f r y  i n  na tu ra l  systems whose access t o  the ocean was 

restricted would probably no t  survive. 

Levanidov (295% stated t h a t  t h e  threshold f o r  the aspiiyxi, 

o f  chum f r y  a t  10°C occurs a t  d dissolved oxygen 

concentrat ion o f  1.F mg/ l ,  WE feud ti0 change i n  t h f i  

feeding i n t ~ r 7 s i  tj, ass~milation, o r  grcruth rate  GIG f r y  C)VC?I* 

t he  range 5 t o  II fog/?. iu l : in i i  (1973) i*epor",d t kz?  8-9 



mg/I w j s  the most f avo rab le  conceatration f o r  chum 

fingerlings (temperature 8-10cC 

blcNeil and Bailey suggast t h a t  the dissolved oxygen 

level for P a c i f i c  saintoil f r y  i n  hatcher ies be kept  no lower 

than 6 m g / i .  

The Gxygen requirements o f  f r y  vary wi th  the itemperature. 
3 Chum fry used 188 mn 02/g body weight--hour a t  8.5 .LO 9.Q°C, 

3 228 am3 a t  10.OU, and 445 m a t  20°C and filsgerl ings used 
3 144 m /g body weight-ho~r a t  9.0 t o  9.4'C (Awakilra, 1963 

and Levanidov,  1955; bo th  c i t e d  by Bakkala, 1973). Volovik 

1963) Found t h a t  chum f r y  about 4 crn long u!;ed about 0,26 

mg 02/4 l i v e  weight-hour (8.0"C) and f r y  abaiut 5 cm long 

consumed around 0.61 mg 0 2 / 9  l i v e  weight-hour ( 7 .3 "C ) .  

Oxygen consumption varied during different hours o f  the day. 

I n  experimental chambers i n  w h i c t ~  chum salmon f r y  wtre 

presented wi th  a choice between two channels wi th  d i f f e r e n t  

" 1 a n i  nar" f 'lows, MacKi nnon and Hoar found @k8% the 

f ry  proferred 350, 500, 600 acd 700 ml/min flows t o  a f l o w  

or' 200 m l / m i n ;  the  greatest response was toward the 500 

@ ? / m i n  flow. In anather 2xperiment w i t h  " t u r b u i e ~ t "  water 

f l ow ,  the f r y  seemed t o  prefer flow; o f  about  5,000 t o  

12,090 m'ilrnin aver either lesser o r  greater flows. They 

always exhibited a positive rheo tax i s .  

Levan r dov (1954) stated t h a t  opzimum stream v e l o c i t i e s  t o  

supsort the feeding o f  Fry i n  the  Amur Riv4r aye less t h a n  

28 cmisec, 



111, CONCEPTUAL, MODEL OF HABITAT SUiTABILIYY 

Sui tab11 i t y  index curves i n  a conceptual f o r m  are presented f o r  water 

temperature, stream d e p t h ,  current v e l o c i t y ,  d isso lved oxygen 

conceritra"Lion and s a l i n i t y  i n  Figures 2 t h r o u g h  5. T l l r  suitabi1it.y 

index for each environmental parameter ranges From zerbo t o  one. An 

index o f  one indicates an optimum o r  preferred leve!l o f  t h a t  
pa r t i cu l a r  parameter and an index o f  zero i nd i ca tes  a completely 

unsuitable level. These curves should no t  be construed as a graphical  

presentation o f  ac tua l  da ta .  Rather, they are inte~nded t o  be 

hypothetical model s o f  the  relationship between chuii: salmon and  
certain envi ronmental parameters. As w i  t h  any uritestt5d hypothesi s , 
they rriust be tested and v e r i f i e d  before being applied t o  any 

pa r t i cu l a r  situation. The C ~ Y V ~ S  are based on publ ished and 

unpublished data  and an conversations w i t h  f i shery  biologists who have 

worked wi th  chum salmon. Beth experimental laboratory d a t a  and f ield 
measurements and observat ions were used. The published data  base i s  

summarized in Tables b through I V .  

A problem encountered i n  canstructing the  curves i s  t h a t  much o f  the  

d a t a  i n  the I i terature concern1 ng environmental parameters o f  chum 

sa:lmon h a b i t a t  does not relate  various levels o f  the parameters t o  

scme measure o f  h a b i t a t  suitability. Often, ranges o f  the parameter 
are g iven  based on measurements taken th roughout  t h e  area occupied by 

chums bu t  there i s  no indication t h a t  one p o i n t  on the range i s  any 

bet ter  o r  worse than any other p o i r t  i n  terms o f  h a b i t a t  suitability. 

A ~ o o d  example i s  s t ream veloci ty  measurements i n  spawning areas. A 

measurement s f  spawner density i s  needeu frcm t h r o u g h o u t  the range o f  

stream v e ' ~ c i t i e s  where spawners are  Found. Th i s  k i n d  c f  i n fo rma t ion  

=is rare -in the literature, More usePg1 ;r 2 has been csllected i n  the 
case o f  measurements o f  dissolved oxygen concentrat ion o f  i n t r ag rave l  

water, which are frequently 1 inked  w i  t k  percent survival t o  emergence. 

I h c :  curves a r e  drawn u s i n g  d a t a  From t h r o u g h o u t  the n a t u r a l  r ange  c f  

tire chum salmon. Ailthough there are d5ffere~ces  .in hab i * t a t  



preferences and tolerances f o r  d i f f e r e n t  s tocks  ' n  d i f ferent  

geographical areas o r  even i n  d i f f e r e n t  streams c '  the same 

geographical area, there i s  n o t  enough d a t a  t o  support  drawing 

separate curves a t  this time. However, one must be awarle t h a t  any 

p o i n t  OF? the curve, 2spec ia l ly  toward either extreme, may be more 

suitable a r  less suitable for a par t icular  stock. I t  may even be t h a t  
the extremes are completely unsuitable. How f a r  the stol:k deviates 

from the curve must be determined by f i e ld  measurements and 

exper imentat ion w i t h  t h a t  particular stock. 

A second precaution regarding use o f  the curves concerns the 
interaction o f  various parameters. A g iveu  level o f  one parameter can 

have a d i f f e r e n t  e f f e c t  on t he  f i s h  as the level o f  another parameter 
varies. For  example, a dfssolved oxygen concentrat ion o f  5 mg/7 may 
be s u i t a b l e  a t  a water temperature o f  5"C, b u t  lansuitaht'le a t  a 

temperature of 20°C. Ideal l y ,  given enough d a t a ,  a separate dissolved 
oxygen curve should be drawn f o r  each o f  several d i f f e r e n t  

temperatures. The overall suitabiiity o f  any p a r t i c u l a r  h a b i t a t  is  a 

summation o f  interacting e f f e c t s  of many parameters. 

A tfl ird precaution t o  consider Ts t h a t  the e f f e c t  on the Fish  o f  less 
thao optimum levels o f  any parameter depends strongly on t he  du ra t ion  

o f  exposure. Exposure t o  seawater may have l i t t l e  ef fec t  on chum 
embryos i n  the  upper  sections o f  the intertidal zone o f  a stream where 
they are exposed for  short per iods a t  h i g h  t i d e ,  whereas longer 

exposure t o  seawater i n  the lower sect ions of the in te r t ida l  zone may 

have a severe e f f e c t  on the embryos. 

Also, because different l i f e  stages have different r*equirements, 
i n fo rma t ion  on embryos and alevins should no$ be drawn 3% 

one curvs. Because o f  i n s u f f i c i e n t  d a t a ,  i t  was drawn this  way a n d ,  

i f  no tk ing  else ,  posnts  o u t  the  need fur more f i e l d  measurements 

d u r i n g  these l i f e  stages.  I n  f a c t ,  there  s h o u l d  be d i f f e r e n t  curves 
f o r  d i f f e r e n t  ages o f  embryos and f o r  alevins of different  ages after* 

hatch ing ,  Et has been shown t h a t  tit least the oxygen requirements o f  



chum salmon embryos and alevins vary considerably fo r  d i f ' f e ren t  ages 

( A 1  derdice e t  a1 , , 1958). 

Despi te  the  f a c t  t h a t  there i s  not enough known about tile h a b i t a t  

needs o f  the chum salmon t o  const ruc t  accurate suitability index 

cGrves, the  ones t h a t  are presented i n  t h i s  s e c t i o n  do serve a useful 
purpose. Overal I ,  the16 provide an indication o f  what would make a 

desirable chum h a b i t a t  and \+hat would make a less d e s i ~ a b ~ l c  h a b i t a t .  

Alsc, a l though  ,hey are general, they are probably speci f f ic  enough t o  

show t h a t  there are differences in h a b i t a t  needs among chum salmon and 

the other species o f  P a c i f i c  salmon. Further, the process o f  

constructing these curves i s  beneficial i n  de f i n i ng  those areas where 
mare d a t a  i s  needed. Las t ly ,  these curves can a i d  in t he  design o f  

experinents and sampl i ng  programs. As more d a t a  becomes a b a i  1 a b l e ,  

these hypothet ica l  curves can be further refined, A t  the present, 

they are only conceptual models which synthesize available d a t a  i n  the 

form o f  graphs .  

The overall suitability o f  a p a r t i c u l a r  reach o f  a stream as h a b i t a t  

for  chum salmon i s  a summation o f  a l l  the  suitability index curves for  
pa r t i cu l  ai. parameters and waul d include other pa~ameters f o r  which 

there was n o t  enough in fo rma t ian  t o  c o n s t r u c t  curves. For example, the 

h a b i t a t  suitability s f  a part icular  spawning substrate would be an 
aggregat ion o f  su i  tabi 1 i t y  index (SI) curves f o r  a1 1 parameters dur ing 

spawning and d u r i n g  i ncubat ion  of embryos and alevinr,  The most 

1 i ke ly  aggregat ion funct ion which would def ine a h a b i t a t  suitability 

HSI) fo r  chum salmon would be t h a t  o f  limiting factors .  Th is  

aggrega t ion  functjon takes  the form: 

HSH = minimum SI1 f S12 + Q e rn + Sin 

I n  o t h e r  words, the h a b i t a t  suitability iindex could  not be aily h j g h e r  

than the lowest suitability index value of the spawning substrate f o r  
any cirre paran~eter. I f  the dissolved oxygen regime o f  tfre in t r ag rave l  

~nca"cr haas a s i ~ i t a b i l i t y  i ndex  value o f  0.5, then -the HSI,  o r  the 



a b i  1 i t y  o f  the spawning substrate t o  support  the successful production 

of chum salmon relat ive t o  other areas, could be no higher  than 0.5 

even i f  a l l  o t h e r  parameters substrate s i ze ,  w a t e r  depth, 

temperature, and so on had optimum values (SI  = 1.0). 

D i f f e r e n t  envi ronmental parameters have different degrees o f  impor- 
tance i n  contributing t o  the quality o f  chum salmon habi ta t .  

Parameters w h i c h  were no t  drawn in the form o f  curves for  the upstream 
migrat ion phase o f  the  1 i f e  h i s t o r y  because o f  i n s u f f i c i e n t  

information were: current velocj ty ,  water d e p t h ,  ph j rs i ca l  

obstructions, and t u r b i d i t y .  Tkese four are a1 l important factors and 

psrhaps, i n  Alaska,  a r e  more important than water temperature (which 

i s  shown graphically), and should be included i n  any h a b i t a t  

suitability index w h i c h  might  be constructed. 

During the  spawning phase o f  the  l i f e  his to ry ,  3ne o f  the most 
impo r tan t  factors  t h a t  determines the h a b i t a t  q u a l i t y  o f  a par t i cu la r  

reach o f  stream i s  the composition o f  the  streambed. It was not  
possible t o  satisfactorily show t he  relationship between the par t ic le  
s ine  d i s t r i b u t i o n  o f  the streambed and h a b i t a t  quality i in  a two- 

dimensional p l o t .  Water depth, current veloci ty ,  and temperature are 
a i s a  important  factors  d u r i n g  spawning. 

The development o f  embtlyos and a l e v i n s  i n  the subs t ra te  i s  perhaps the 

most  c r i t i c a l  s tage  i n  the  f r eshwa te r  l i f e  h i s t o r y  o f  the chum salmon. 

One o f  t h e  most impo r tan t  factors d u r i n g  t h i s  s tage i s  the 
permeability osl' t he  substrate o r  the  amount o f  water f l o w  through the  

substrate. T h i s  parameter has ir s t rong  i n f l u e n c e  on many other 

parameters such as i ntragravel  temperature, oxygen supply, and 

conce f i t r a t i an  o f  waste  metabol i tes.  Unfortunately,  there are few 

meas~rements o f  permeabi 1 i ty  or ineragravel f 1 ow iil chum spawning 

gravels and i t  was n o t  possible t o  construct a curve. The pa r t i c l e  
s ize  d'i s t r ibu . t ion  o f  t h e  subs t ra te  i s  t h e  most  important f a c t o r  
determining t h e  permeabil i t y .  Curves were not  constructed f o r  surface 

current  v e l o c i t y  o r  s t r e a m  depth. These two are of much less 



importance t h a n  in t ragravel  f low.  S a l i n i t y ,  which was placed in the 

form o f  a curve, can be a major ' l i m i t i n g  f a c t o r  i n  intertidal 

streambeds. Chemical parameters such as carbon d iox ide  concentrat ion 

and pH, w h i c h  were not graphed, can be 1 i m i t i n g  fac tors  in some areas 
where upwell i ng  ground water  have values ou ts ide  the 1 i m i  ts preferred 
by chums. 

Curves were constructed for temperature and s a l i n i t y ,  which were 
graphed f o r  the emergence and ou tm ig ra t i on  of f r y  stages. The amount 

and d u r a t i o n  o f  daylight i s  important but  i s  a g iven factor  for  t h i s  . 

t ime  o f  year. Stream f l o w  i s  a l s o  impor tan t ,  b u t  t he  app rop r i a te  

discharge rate i s  unique t o  each stream. 

In  sun~mary , more information i s  needed on several environmental 

factors  before i t  will be poss ib le  t o  assign a h a b i t a t  suitability 

index t o  any pa r t i cu l a r  area. More detailed i n fo rmat ion  on t h e  

d e f i c i e n c i e s  o f  the  da ta  base i s  provided i n  Sect ion IV. 



See text  Per qu.allfisalions 
for use of this curve. 



e&t@M 8 
d&@Qays 

See text  for qur%!itieations 
for US@ otf these curves. 

(NBI RICOWMEHBBB FOR 
ACPLIIGABIQldU TO 8PEC1C16 
W A T t R @ M l Q S  WOTHOUT QOLLD 
v ~ ~ l p ~ e r r o a ~  8 





Emergence 
and 

outmigration See tex t  far qualifications 
f 6 ~  USE! 0f 6aOTV8S. 

(MOT REGQWMENCIEB $ 8 R  
APPhlCATlQM T 6  SPEClFlC 

\ WAPERSHEOS bVlT#O UT FIELD 

V E W ~ F ~ C W T I B M )  

Fi~gure f3* C~ne@@BursB msd@B B B  ~ B ~ B B ~ B A S ~ ~ @  b a t w e e n  Churn eal~mhsn f r y  
and kvaSeP t@pageraBure and %asinfay. 



CHUM SALMON 

Adu l t s  - Upstream Migration 

Parameter Observed Values Remarks Loca t i on 
---,.."--,=- 

Reference -- 

t o t a l  range Traitors R i  ver Mattson and 

8 ,9  - 14.4 range dur ing peak migra t i on  

5,O - 12,8 range duiring upstream m i g r a l i q  T r i b s ,  s f  Kuskokwim ADF&G 
River 

10,9 -* 86,7 dur ing peak o f  upstream m i g r a t i o n  Anv-e"k River 

range for  t he  species 

optimum value 

lower and upper lethal l i m i t  

t o t a l  range 

range dur ing peak o f  m i g r a t i o n  

Hooknose Ck., B.C. Hunter 

Northern Japan 

Memu River ,  Japan Sano and 
Nagasawa (1  958) 
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A d ~ l t s  - Spawning 

r3-3* 2 l \ @ -  cr P t8;snfe =.er Observed Val ues fdenrti 'ak s Lsca t i on -.- --------------- a --..%.."-v---- * - v # " - - " . . w - - P  w------w 
R@$ey'ence 

-""iCl"ll lwM-"-"-PU3r--- xrar-- -i - 

% kr-eaq 0 -- 60 
i : t . j ~ c i t y ,  

p-.. 8 ~ i ; a , i '  see 0,O - 118*9 

racge, V 32.2 cm above bed 

mf2a atPB 

V 5 2 , 2  cm above bed 

recommended range 

10 - 90 most spawning 

<I0 -.. 35 range 
15 - 20 redds irnost abundant 

<I0 & 30-35 fewer redds 

Ckena R i v e r  

ler rar  and Kizhirifak Wilson, e t  $1. 
R i  vers ('1981 ) 

Oregon streams 

Western Washington 

Wynoochee W , ,  Wash. Deschamps c t  a l .  
1966, c i t e d  by 

S m i t h ,  1972: 

fpIy River,  USSR 

My River, USSR Strekalovw 
1963) 

Sakl ia l in,  USSR R u k h l o v  (1969a 

Bofshava W e  B q s i n  Krskhim and 
USSR 

Memu R., Japan Sana asld 
biagasawa (1958) 





CHUM SALMON 

Adults - Spawning 

25 t-~g$etetl ------ Observed Values Rema r k  - s Locat ion 
- * _ _ _ _ _ _ U - - - -  

Reference 
-m- 

S k i b s t r a t ~  gravel mixed w i t h  sand, 
~2y<-ic~C L A *  b i  small amount s f  s i f t  
$?ae  

spawning grounds 
av, 12,O - 12.7 % 

"shingle" (6.0 - 84.1%, 
avg. 41.4 - 41.4% 

"sand" (14 - 222) 

p a r , t i c l e s  0.5 cm 
always 20%) 

decreased survival t o  
emergence 

spawning grounds 

Arnr~r River, Soin (1954 
USSR 

Northern Japan Sano 1959, c i t e d  
by Bakkala, 1970) 

Memu River,  5ano and Nagasawa 
Japan 1958) 

p a r t i c l e s  3.6 cm 
25 - 53%) 



Table i f 1  CHUM SALMON 

Enlbryos and A'levi ns - In t r ag rave l  Development 
-- -.---- -- --, - -p.,"""-"-p- --------- 
Pai-azetey Obser~ea  s Remarks Locat1 on Refe~ence 

Gheraa Rjver  

Clear t iatchery higher  mortal i t y  a t  
lower range 

emergence del ayed beyond 
tha t  o f  w i l d  f ry  i r ~ c u b a t e d  a t  
3*9"@ 

Nsatak River  M e r r i  tt  and Raymond 
i n  prep. 

probe 20.3 cm deep Ohsen Creek 

D e l t a  Rlveir 

d u r i n g  e a r l y  development 
stages, leads t o  h igher  
mortal i ty 

Big Beef Creek, 
Washington 

Schroder e t  d l . ,  
(1974, c i t e d  by 
Koski, 1975 

lowest l i m i t  f o r  good 
survival 

B i g  Beef Creek, 
Mashi ngton 

Schroder ( 1973 

Bell (1973 suggested cr i ter ia  for  
species 

lowest temp. p r i o r  t o  closure 

05C and s t i l t  have good 
s u r v i v a l  

McNeil and Bailey 
(1975) 

range, fertilization t o  B i r a  River, USSR D j s l e r  
emergence 



- .  - - C o a t 4 d a  CHUM SALNON 

Embryo; and A l  evi ns - In t ragravel  Devei clpment 

P 2 ;ean;2-ter Observed Values Remarks Loca t i on Reference 

*- ! a w n  L?F!Y c. 3-53 - 4,9 
con+ L d 2 - 4  a 3,O 

egg stage 
;levin s t a g e  

Balshaia River,  
USSR 

Memu River, Japan Sano and Nagasawa 
(1958 

lowesz temp. i n  redd Northern Japan Salao (1966 
dub i n g  winter 

S u b s t r a t e  f i nes  90.0833 cm (>12.72) poor qua1 i t y  substrate P r i  nee b i i  11 i am 
> - Thorsteinson ( 1  965 

Pare-.- iLIe  Sound 

t r i b u t a r i e s  of 
lower Columbia River 

grea te r  survival  t o  emergence Robertson Creek, Di l l and Norzhcote 
i n  larger gravel B r i t i s h  Columbia 1970 

s m d ,  0.0105-0.3327 cm lower surv iva l  t o  emergence B i g  Beef Creek, 
( c a .  5 - 50%) and smaller fry a t  h igher  Washington 

percentages 

mostly 0.2 - 1.0 cm, redds - a l s o ,  redds had less Sakhalin 
some par t i c l e s32 .0  cm o f  the 0*025 - 0.1 cm 

f ract ions,  but more sand 
and mud than spawning g r a v e l  

"sand" ( 1 .8 -30 .0%,avg .  redds 
10,O -. 13.5% 

"gravel"  (13.4 - 40.0%, avg. 
33 .5  - 40.3%) 





CMUN SALMON 

Embryos and Alevins - Entragravel Oevel opmeiit 

p 2 5'" 7 

a L .  $meter  Observed V a l  des Remarks Locat ion  Reference 

Dj sso]  
fi 

0,72 - 7,19 c r i t i c a l  values for eggs British @ol~:mbia Alderdice e t  a l  , 
ux:j;.gen, wi th  temp. units ( "F  I958 
mg/ 2 $TOR 4,0 - 452,4 

le thal  l imit  f n r  eggs 
I ow 
desi  rab fe  

B r i t i s h  Columbia Wicket t  (1957 

good survival  o f  eggs and Ainur River, USSR Levanidov 
alevins as long as there i s  
a strong ground water o u t f l o w  

most f avo rab le  level f a r  
enti r e  devel opment per iod  
o f  embryos and l a rvae  a t  
4-8'& 

lowest value i n  redds 

N. Okhotsk, USSR 

B i  ra River ,  USSR 



CHUM SALNON 

Embryos and Alevins - Intragrave! Development 

ps 4-SEE $-er Observed i fa f  ues Remarks Locat ion  Reference 

d e p t h  o f  redds, range 
average d e p t h  o f  redds 

summer churn 

f a l l  chum 

minimum f o r  survival  

desirable level 

m i  nimum recommended for  
Pacific salmon hatcher ies 

percent survival t o  emergence 
increases as  velocity increases 

trihutarfes s f  
lower Columbia 
R i v e r  

Beshenaya R i v e r  

B r i t i s h  Columbia 

McNeil and  Bailey 
1975) 

Reiser and Bjornn 
9 979 



CHUM ShkMQN 

Embryos and A l e v i n s  - In t ragrave l  Gevel opment 

p2 r a~3e tey  - - Observed values -- Remarks Lgbca t i on --- Reference 

eggs and alevins exposed t o  Prince William Yhors t e i  nson 
Sound 

eggs can tolerate  c o n t i ~ u o u s  
exposure 

eggs can tolerate  
i ntermi t tent  exposure 

no e f f e c t  on ea r ly  egg 
stages 

50% o f  f u l l  y devel oped 
can surv ive  t h r o u g h  
h a t c h i n g  

retarded egg development 

rate o f  ha tch ing  for  eyed 
per iod  eggs declined f rom 
700% a t  9 ppt  t o  25% a t  35 
ppt; aievins hatched a t  higher 
salinitjes d i d  not  surv%ve 

de l ay  i n  h a t c h i n g  and 
decreasing survival as 
salinity increased 

good su rv iva l  o f  a l e v i n s  

Washington 
1 aboraAtory 

Japan 
laboratory 

McMeil and Bailey 
(1975) 

Kashiwagi and 





Table  I V -  CHUM SALMON 

Fry - Emergence and  Downstream Migration 
--7 

-----,. 
Pa ~ ~ ~ - ~ ~ ~ t ~ ~  Observed Values Rema rk s - - Loca t i sn ----- Reference --- . - - ------ - - 

emergence and  ou tm ig ra t i on  Delta Rive r  Raymond (1  981 

range d u r i n g  peak o f  f r y  Salcha River Trasky (1974 
outmigrd t i  on 

greater rate  o f  emergence Port John 
a t  h ighe r  end o f  range B r i t i s h  Columbia 

preferred range, r i t i s h  Columbia Brett 
t h ree  months af ter  h a t c h i n g  1 aboratory ) 

3 15 general 1 y a v o i  d 

ultimate lower and upper B r i t i s h  Columbia Brett & Alderdice 
lethal temperature 1 aboratory)  1958 

good survival ; growth rate 
similar over t h i s  range bu t  
gross food conversion 
efficiency decreases as 
temperature increases 

survival i s  not good 

preferred range for  species 

preferred temp Amur River ,  USSR Levanidov 
range 5.2 - 19,0°C 

outmigration Bolshaia River ,  
USSR 



Fry - Emergence and Downstream Migration 

PC{ r a ~ e t e r  Observed Val ues Reina rk s -- --. ---..--- - Locations Ref ev1erice - ---- 

f r y  become a c t i v e  when temp. Hokkaido, Japan Sano (1966) 
reaches t h i s  level 

6,O- 10.0 peak o f  downstream mi gra  t i on 

to lera ted by f r y  t h a t  have 
absorbed yolk sac 

McNeil and 

tolerated by f r y  a t  least  USSR Levanidov (1952 
up La 30 hours ( 1  abosatory 

35,O 8 ou t  o f  10 fry d ied  

tolerated by f r y  90 days Japan Kashiwagi and 
f rom hatch ing  and older ( 1  a b o r a ~ o r y  



IV, DEFICIENCIES IN DATA BASE AND RECONHENDAFIBNS 

Chum salmon arc the l n a s t  s tud icd o f  the f i v e  species o f  Paci'fic 

s25rwon found i n  Nsrth Americ~ Nerrei 1, i970 There a,re only a few 

s tud ies  coi:ducted i n  the laboratory on physiological t:olnrances o f  

chum salmon t o  var lous physical aird chemical parameters). Because o f  

the interaction o f  the e f f e c t s  o f  several parameters i n  n a t u r a l  
environments, i t  i s  important t 3  isolate each parameter i n  the labora-  

tory and expose the f i s h  t o  a w i d e  range s f  values fo r  Ithst pirrameter. 
T h i s  will provide an a3dei-standing o f  the true responsct o f  the f i s h  

and o f  the l e tha l  limits. I t  i s  a i s o  important t o  exasice the 

interaction o f  the eXfec ts  o f  two o r  mors pa~ameters in a :ontrolled 

s i t ua t i on .  Much o f  the da ta  i n  t h i s  repcrt comes fron; f i e l d  

~ b s ~ ~ r v a t i o n s .  I t  would be Zncarrect t o  refer teo these as absolute 

requirements o f  -the species beceuse the extremes o f  the particular 

pararrreters may not  have occurred a t  the t ime the f ie ld  m~asurements 

weri? made. 

Much o f  the actual  d a t a  i n  this  report comes from Japan o r  the  Soviet  

Union. Another large black o f  d a t z  o r ig ina ted  i n  Mashington and 

B r i t i s h  Columbia. O f  a17 the published re ferences taken as a source 

o f  d a t a  for  g e n e r a t i ~ c  of the curves i n  Section I I I ,  only f o u r  o r  f i v e  

reported on work i n  Alaskan streams. T h i s  i s  the greatest deficiency 
i n  this  document iqhick  i s  inten ~u t o  focus an h a b i t a t  esnditisns f a r  

chum salmorl i n  Alaska,  4s a consequence, i t  i s  not possible t o  

document differences i n  h a b f t i i t  preferences amoqg differe~t stocks o r  
different geographical arezs w i  t k i t ?  the State ,  a i though many f i she ry  

biologists suspect t h a t  such d i f fe rences exfst. In f a c t ,  i t  was no t  

possible t o  conclusively demonstrate differences i n  h a b i t a t  preference 

between Alaskan chums a i ~ d  t i lose from Washington or Nokkaido o r  
Kamchatk8, 

information on the t i m i - l g  and abundant-e o f  chum salmon d u r i n g  the 

upstvsam r;liyrat.ion and, t o  a lesser extent,  dur ing  the ou tmig ra t i on  o f  

fv.y i s  a v a i  l a b l e  -in v a r y i r ~ c j  degrees o f  completeness from t h ~ ~ i i g h i l ~ t  



volume) i s  g raphed  versus pa r t i c l e  size. Several differclnt spawning 

gravels platted i n  this  fash ion  result i n  an envelope w h i c h  describes 

the r8nge. One firreher s t e k  i s  needed t o  make t h i s  nethotl well suited 

is h a b i t a t  evaluation and t h a t  fi t o  ~ u t l i n s  those areais af "ee 
envelope t h a t  are optimum h a b i t a t  and those areas t h b t  are less t h a n  
opti21um. T h i s  could be dor:e quantixatively by u s i n g  some! mt?asure sf 

h a b i t a t  qu31ity such as the dens i ty  s f  spawners o r  the  n u m b c ~  o f  eggs 

deposited c -;- square meter or the pcircent s~irvival  t o  em~ergen-a p--.* 
square metere. Presumably, the areas outs ide the enveiopie describe 
those substrates t h a t  a r e  unsuitable for  chum 5aimon, 

The i a t r a ~ r a v e l  d2velopment o f  embryos and aievins i s  prtobably the 

persod o f  the l i f e  h i s t o r y  w h i c h  has the greatest influence an 
product? on. V a r i a t i o n  + n  ane o f  several different purameters d u r i n g  

th is  c r i t i ca l  stage can dramatically iofiuence t h e  survival rate and 

can l e ad  t o  st rong or weak brocd years. Yet, this stage of l i f e  

h i s to ry ,  occurring i n  w i n t e r ,  i s  t h e  leas t  s tud ied  i n  Alaska.  

Informa t i o n  i s  heeded on u i  r tual  l y  a1 l the i m p o r t a i ~ t  envi ronnrental 
parameters dur-i ng i ntragravel  devel cpment. I n t r a g ~ a v e l  temlierature, 
d i  sso i  ved oxygen concentration, flow, and substrate composition da ta  

are  rnlosy needed, More tnf.;rrmation i s  raeeded can the d-r'fferenczs %'n 

habi t ;? t  tolerances and preferences t h a t  exist amcng d i f f e r e n t  stages 

o f  development a f  em5i-yos and a lev fns .  

- ' + &  Tirere i s  L I  L ~ l e  information available on use o f  covey by f r y  d u r i n ~  

otit;aigraticrn. A l t k ~ u ~ h  chum f r y  do not ove rw in te r  i n  Freshwater as do 

k ings ,  cahas, and sockeyes, they do experience a h igh  r a t e  o f  

liio~-i:a'ii ty dur ing  ' their seavard migration. 

!R ~ijfilmar.~j, rauch -;-" gtt80rnation i s  needed on h a b i t a t  require~aents, 

tciieriinces, and  preferences OF chum szliil~ii d u r i n g  the3 r ent i re  

fper;h\.satei.= l j f e  histocy i n  Alaska. A i-e3e3rch program directed toward 
.:he j ~ ~ t r a g r a ~ e i  pe r iod  wou! a g r e a t l y  a s i i  s t  ou r  understanding o f  the 

11e~lii5 o F  C ~ U T F I  SJIG>OTI iind a l s o  our  t::lders%~indi;:g o f  thz  a:icual 
4 f a y t  i a t * j  'j i4 $he 5;d y , r : t j~; lc jar 'r f :g  



the S ta te .  This information needs t o  be related t o  physical, 

chemical, and b i o l ~ g i c a i  parameters o f  the environment i ~ n  order t o  be 

useful f o r  h a b i t a t  evaluation, 

No d a t a  were f,:rnd on t h e  swimming a b i l  i t y  o f  a d u l t  chumts d u r i n g  the 
upstream migration o the r  than  distance covet ~d per day. Information 

on the maximum ve1ocit.y possible ogier t ime and on their ability t o  

overcome obs tac les  would be useful i n  determining whetirer certain 
streams are access ib l e  t o  spawning chums. 

Measurements o f  the current v e l o c i t i e s  and water depths i n  Alaskan 
streams d d r i n g  the  upstream m i g r a t i o n  would be useful i n  establishing 

the range for. those parameters. Daily streain temperature and d i s -  

charge d a t a  from t h e  t h e  o f  breakup  u n t i l  a f t e r  the upstream runs are 
comp? eted , correl a t e d  w i  t h  the  number o f  spawners movi ng upstream, are 

needed t o  e s t a b l i s h  the opt imum levels o f  those c o n d i t i o n s  when the 

peak r u n  occurs. 

Infcrmation i s  needed from Alaska on a l l  parameters associated w i t h  

spawning: water temperature, current veloci ty ,  ua t e r  depth, and 

substrate composition. 

Prcbably t h e  greatest deficiency i n  the d a t a  base f o r  the  species 

t h r o u g h o u t  i t s  range i s  information on the  s o b s t r a t e  used f o r  spawning 
and foi- development o f  emhrj8ss and a l e v i n s .  Much can be determined 

abou t  the h a b i t a t  quality o f  a par t icu la r  reach of stream by the 
psr"Lic1e s i z e  d i s t r i b u t i o n  rf the substrate, Muckr o f  the literature 

yeviewed f o r  this  report described substrate i n  semi -quant i  ta t ive 
terms such as "large" or "coarse' g rave l .  Methcds used f o r  describing 
substrates s h o u l d  be standardized i n  order t o  make comparisons w i t h  

oacher areas more feasible. Some i n v e s t i g a b o r s  use dry  s i eves ,  others 

use we t  s ieves .  Some report on the percent pass ing  each s i e v e  s i z e  b i  

vo l~ rme ,  o the rs  use the  percen t  passing by weight. A, good method t o  

use rcr describe spawning gravels rgould be t h a t  used by i4acKinnoi7 e t  

31. (1961) wi~ei-e the cumulative percerit sediincnt passing by weiqkl t  (or 



This  report and t h e  conceptual suitability index curves wlnich were 
presented are based i n  p a r t  on a review o f  published and unpublished 

d a t a  which was collected by the o r i g i n a l  authors  f o r  purposes other 
than construct ing such curves. The curves presented here  need t o  be 

f ie ld  tested. A research program i s  needed t o  check the  accuracy of 

these curves, t o  further refine and narrow t h e i r  ranges, and t o  

determine d i f f e r e n c e s  i n  h a b i t a t  relationships among d i f f e r e n t  stocks. 
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The purpose o f  this  project is t o  describe how selected physical 

and chemical f e a t u ~ e s  o f  l o t i c  habitats w i t h i n  Allaska influence 
the survival  and  behavior o f  the freshwater l i f e  stages o f  p i n k  

saf mon , Wal baum) . 

Object ives o f  t h i s  project are: 

i j To gather d a t a  "rom pub1 i s h e d  and unpubl ished sources t h i n  

Alaska, Canada, U.S.S,R., the P a c i f i c  Pdorthwest, and  Japan 
~ r p k a s i s  on Alaska and from f i shery  b i o l o g i s t s  from Alaska and 
nearby areas concerning sguati:  h a b i t a t  - p ink  salmon 
re1ationsh;ps; 

To develop an Alaskan data  base composed of narrative and 
habitat su i  tabil i ~y index (HSI madeis f0;Iowing U.S. F i s h  and 

W i  161 i fe  Service technjques t o  better understand l o t i c  

h 5 b i t a t - p i n k  salmon relationships; and,  

3 )  To i d e n t i f y  d a t a  gaps  a n d  recornend iagpropria te  research i a  

F i l l  these gaps. 

& T h i  s report $i scussgs h e  habi - ta t  -el s t i o n s h i p s  ( w i t h  emphasis on 

the physf csl and chemi ca! h a b i z s t  compancnts) o f  the fresh water 

l i f e  h i s t o r y  s t a g e s  o f  the p i n k  salmon which include: 

upstresm spaw:~ing n!i gra t io i ; ;  

s-iawn'lng; 

e g g ,  a l e v i n  devrinpment; and, 

i:owns*tyBearn f ty migra"ion. 



B e  Distribution 

P i n k  salmon are the most abundant  of the f i v e  species of Pacific 
salmon. They spawn i n  North American and As ian  strleam; bordering 

the P a c i f i c  and Xrclic Oceans and are more abundant in As ia  than 

i n  North America Scot t  and Crossman, 1973 In North America 
this  f i s h  ranges from northern Cal i f o ~ n i a  t o  northern Alaska and 

eastward t o  the Mackenmie River, Northwest Territories. W i t h i n  

Asia, the p i n k  salmon i s  found from Korea and Hokltaido, Japan 
northward and westward t o  the Lena River,  S ibe r ia .  P i n k  salmorl 
have been introduced t o  and are maintaining populations i n  Lake 
Supericr, Newfoundland, and northen: Europe. 

P i n k  salmon are widely d i s t r i b u t e d  a1 ong coastal Alaska; maJor 
procl2ctian areas include streams w i t h i n  the southern Alaska 

Peninsui a area eastward t o  southeastern Alaska i n s l u d i n g  the 
C h i g n i k  area, Kodiak I s l a n d ,  Cook Inlet,  and Prince W i l '  'lm Sound 

Alaske Department o f  Fish and Case, 1376). Rare localized p i n k  
salmon production occurs i n  the lower Kuskokwim and Yukon River 
drainages an6 certain Nortort ~ n d  Kotzebue Sound ;"Learns, P i n k  

salmon are found i n  the Y ~ k a n  Rit~er drainage u p  t o  the A n v i k  

River. Pink salmon abundance i n  streams above the A r c t i c  Circle 

i s  r e l a t ive ly  low, b u t  they have been documented i n  limited 

n ~ ~ ~ b e r s  as far  e a s t  as the mouth  o f  the Mackenzie River, 

C. L i f e  H i s t o r y  Summ~ry 

Pink  sslrnon have t he  s h o r t e s f l i i f o  cycle o f  any P a c i f i c  salmon. 
They spend about  15 nf9.1nths 4n  the sea and grow t o  about 1 t o  3 kg 

( 2 . 2  t o  6,6 Ibs ) ,  then migrate t o  coastal  areas and usually 
ascend t h e i r  n a t a l  str~anis t o  spawn a n d  d ie .  Explanations of 

timing aod  o r i e n t a t i o n  sf ocean migra t i on  by ,jPnk salmon are n o t  

t h o r o u g h l y  understoode O l f a c - ~ ~ r y  cues $robably  a i d  p i n k  salinon 
i n  d e t e c t i y l g  the i r  n a t a l  streaps a f t e r  the  f e i s i ?  reach c o a s t a l  



waters. However, p i n k  salmon t e n d  t o  s t r ay  mare t h a n  the other 
species o f  P a c i f i c  salmon Has 1 er ,  1971 klorrow, 1980). 

P i n k  salmon may enter Alaskan streams from June tlhrough Octzber, 
b u t  a r r iva l  and subsequent spawning times i n  a given s t r 2 ? ~  are  

similar from year t o  year Sher idan ,  1962 b Early, middle  and 

la te  runs c f  p i n k  salmon occur i n  southeas".laska and Prince 

WilSPam Sound Alaska Depai-t~~ent o f  F i s h  and G a ~ e t ,  1978). The 
t ~ o  year l i f e  cycle prevents consecutive, 'even' and 'odd' year 
stacks f rom interbreeding and produces genetical ly  distinct 

'even' ai id 'odd '  year puns. The abundance o f  these runs aften 
varies considerably. 

Distance of from the estuigy t o  s?awning areas may in f luence the 
t i m i n g  of upstream migration o f  p i n k  salmon i n  l a rge  river 

systems. P i n k  salmon spawning i n  the upstream reaches o f  the 

Sksena Rive r ,  northern Bpi ti s h  Cal lambi a, t r a d i  ti anal I y arrive 
about 2x0 weeks earlier t h a n  f i s n  t h a t  spai;m i n  thc lower reaches 

o f  the Skeena R i v e r  (Neave, 1966 

The e x t e n t  of upstream migrat ion o f  p i n k  salmon w i t h i n  streams is 

var iable .  They genitrally spawn w i t h i n  40 miles of the  ocean, b u t  

may ascend streams f o r  considerable distances. P i n k  salmon have 

ascended the Yukon R ive r  as f r as  160 km (100 mi), t he  Fraser 
and Skeena rivers u p  t o  500 km (311 mi) and the  Amur River. C h i n a  

lap t o  700 km S c o t t  and Crossman, 1973). 

The relat ive abundance of f i s h  can influence p i n k  sa:mon 

d j  strs'b$!tion and the extent of upstream migrat ion.  Duri f ig  yeaps 

o f  higP! abundance o f  p ink  salmon i n  var ious  streams 
reaches o f  a stream or ad jacen t  streams v ~ h i  ch nowla1 l y strptsort 

few, i f  any o f  these f i s h p  may suppor t  substantial numbers o f  

p i n k  salmon (Neave, 1966). 





The spawning behavior  o f  p ink  salmon i s  similar t o  o the r  

salmonids. Tne female i s  solely responsible fo r  construction o f  

%he redd and the ma1 e d @ f e ~ d s  the immediate redd area from sther 

m a l e  pfstk saliilsn. The femble exravates t h e  redd by t u r n i n g  on 
her s ide  and repfatedly flipping her  caudal f i n  aga in s t  the 
substrate, displacing s t1  t ,  sand and gravels whic 'h  are carried 
downstream. Sow o f  the dispiaced substrate mat t r r i a l  foms a 

characteristic ! i p  on the downstream end a f  the redd. Dimensions 
o f  the f in ished redd vary wi th  the s i ze  o f  the ic!male, current 
%/elsci t y  , and sbibstrate composi t i a n  ar,d imbeddedncss. Redds can 
be as long  as 91.5 cm (36 i n  and u p  t o  45.7 crn (18 i n  

The spawning p a i r  ther descend i n to  the  center o f  t ke  redd, w i t h  

mautf,s agape and fins erect and release eggs and  spem. The 

fertilized eggs, 0.6 cm :0.24 i n )  i n  diameter, set t le  i n t o  

interstjces w i t h i n  the  redd, Egg numbers may range from 800 t o  

more than 2,000, The fecundity o f  pink salmon i s  va r i ab le  and 

.influenced by the s i z e  o f  the f ish,  the oeographic area and the 

yea. {Sco t t  and Crossman, 1973). A f t e r  the p a i r  completes 

spawning in the f i r s t  redb, the female may begin construction of 
a new redd i m d i a t e l y  upstream o f  the previous one. This  

a c t i v i t y  ddisplaces gravels into the f irst  redd, ccvering the 
f~rtil ized eggs. McNeil (1962) determined tha t  pink salmon eggs 

w l t h i  w selected redd% of seve~al  southeast AS aska streams were 
o v e r l a i n  Ly G,35 t o  G.41 m I'9.25 t o  1.33 fl: o f  gravel .  T h i s  

g rave l  l a ye r  prcrterts the fertilized eggs from sunl ight  and 
predat ion,  r.;duces r.zchanica1 distg~bante by anchor ice and other 
objects, allows water  t o  t r anspor t  0:-ygen t o  and metabolic wastes 

f ram $he developing eggs. The fernale guayds the redd f r om 

dis%urba,:ce by other fem;les A Female gay spawn w i t h  different 

males and b o t h  sexes d ie  soon af-ker spawning. 

Streaais gsed by p i n k  salmon may range from extremely small, shor t  

co2stal streams t o  I z r g e  river systems l i k e  the Yukon River. 
-6- * 

I : da l  l y  an0 non- t i da l  l y  i ~ f  1 irenced stream reaches are  used foi- 

spa~;~i !ng .  Intertidal spawning i s  especial l y  charac te r?  s t t c  o f  



p i n k  salmon populat ions wi th in  Prince William Sound and southeast 
Alaska. (Helle, b:itliamsofi and Bailey, 1954). 

Hstching o f  fertilized p ink  salmon eggs occurs i n  the s p r i n g .  

Ha~ch ing  i s  followed by a period o f  alcvin growth as the attached 

yo lk  sac gradually shrinks. Eggs and alevins remain ir! the redd 

gravels f rom 6 t o  8 months. 

Substantial mortality o f   ink salaon eggs and alev ins  

exceeding 75%, accasi onall  y 90% has been dscutqented in selected 
reaches a$: various streams 'In Alaska and Brft9'sh Co'fumbia 

(Wickett, 1952; Hunter, 1959; McNeil , 1362; Helle, Wi1l;amson and 

Bai ley,  1964). McNeil (1362 determined greater mortal i t y  

generally occurred d u r i n g  the egg t h a n  the a levin  s tage  o f  

development. Egg and a lev in  mortality appears t o  be t h e  major 
limitation t o  production (NcNeil, 1962; Bailey, 1969). 

The f ~ y  emerge from the gravels i n  the s p r i n g  March t o  dune 

when development i s  compl te. The newly emerged f r y  range from 3 

t o  4.5 em (1.2 t o  1.8 i n  Scot t  and Crossman, 1973). 

They immediately begin m i g ~ a t i n g  downstream t o  the sea 

1366 1 . Emergence and subsequent downs trean movement s f  fry 

generally oc~;rs shor t ly  after dusk and ceases before dawn (Hoar, 

1955; Godin, 1980 P i n k  salmon migra t ing  down short coastal  
streams may reach t he  estuary w i t h i n  the f i rs t  n i g h t  o f  travel, 
Fink salmor- f ry  migrat ing 1 ong d i  s talrces downstream may cease 
migrat ion  d u r i n g  the day and conceal themselves i n  the substrate, 
They resume downstream movement: a t  dusk. ~ j t i n g !  migrat ion t s  

dusk  o r  dark probably minimizes predation 
salmon f'y r n ~  mmigrate downstream d u r i n g  the day a"c1aod f l ows ,  

periuds s f  high t u r b i d i t y t y ,  or duri 'ng t he  l a t t e r  po-tion of f ~ y  

Neave, 1966; MacBonald, 1960; Godin,  1980 



D. Ecei  og i  cal and Economic Zmportance - 

P i n k  salmon are extremely important t o  the comercia7 f ishery,  

and t o  a lesser extent,  t o  the recreational and subsistrnce 

fisheries. A1 t h o u g h  their relative value pri cle/pound 
comercia1 fishermen i s  lower t h a n  f a r  most other P a c i f i c  salmon, 
the? r abundance makes them ~conomi calf y importanl:. from 1962 

through 1976, p i n k  sa'lmon contr ibuted 40% of the income byought 

t o  comerrial f ishemen from a l l  Paci fJc salmon caught i n  Alaskan 
waters. Their mean annual value t o  commercial f i  shemen dur ing  

this period was nearly 16 mill-ion dol lars .  They are the 'bread 

and butter' comercia1 fish species witkFn the sctuthern Alaska 
Peninsula, Chignik area, Kodiak Island, Cook Inlet, Prince 
Wi l 1 i am Sound, and southeast A1 aska, especial l y  d ~ u r i n g  yeass o f  

Morrow, 1980; Alaska Department of Fish and Game, 
k salmon are harvested commercially by beach and purse 

seines, and dr i f t  and set g i l l  nets. P i n k  salmon are also 
harvested by t r o l  l ing, prjmarily i n  southeast Alaska 

Department s f  Fish and Gam, 1979 Pink salmon are usually 
canned, the roe i s  processed for exportatinn, and the r~maining 
material used for fertilizer and pet food. 



11. SPECIFIC HRBITAT RELATIONSHIPS/R%QUI1?EMENTS 

A. Upstream Spawning Migration o f  Adu l ts  

1, Water temperature 

observed pink  salmon returrqing t o  and 

spawning i n  various streams a t  different time:s o f  the year. 
He determined t h a t  p i n k  salmon spawned i n  call der streams 

earl fey i n  the season t h a n  -in warmer s t r e a ~ ~ ! ~ ,  SBSerjdan 

a t t r ibu ted  var ia t ions  i n  spawning times t o  acdap'cations t 
p i n k  salmon t o  the water temperatures. 

Upstream migrat ion o f  p i n k  salmon has been dlocumented i n  

streams w i t h  water temperatures ranging from 7 . 2  t o  15.5'C 

Be1 1 , 1973). Various researchers have not 

found significant p o s i t i v e  correlatisns betweet? upstre~m 
migration o f  p i n k  salmon and water temperat~lre 
19661, Upstream spawning migration may also be delayed by 

wate r  temperatures exceeding 21'C (Be1 1, 1973). 

2 .  Stl-earn discharge, current velocity and water depth 

Stream discharge, current velocity, and water dep th  can 
influence the upstream spawning mig ra t i on  o f  p i n k  salmon i n  

a var ie ty  o f  ways. 

High stream discharger w i t h  associated h i g h  current 
v e l o c i t i e s  can surpass the swiming capabi 1 i t i e s  of p i n k  

salmon and prevent upstream movement. I f  current velocities 
near c o n s t r i c t i o n s  o r  f a l l s  exceed the swimning capabilities 

o f  adui t f i s h ,  the upstream migration wi l l  cease. P i n k  

salmon can nego t ia te  maximum current velocities o f  about 2 . 1  
Waterfalls t h a t  may block f i s h  passage 



a t  sorze f l o w  conditions may net l imit fish a t  other f lows 

Thampson, 1972) .  

Conversely, low flows w i t h  characteristic shallow water 
depths car! a1 so p r o h i b i t  fish movement upstream, depending 

on the ::ever3 ty  o f  dewateri ng Meave, 1966; Reiser and 
Bjornn, 1979 Minimum water depths needetl fo r  upstream 
passage of a d u l t  p i n k  salmon are about 0.18 rn 

(Thompson, 9972 These values will vary with the size and 
condition of a d u l t  p ink  salmon and the l eng th  of stream 
reach w i t h  shallow water. P i n k  salmon have been obse~ved 
passing ovep shallow r i f f l e s  less ghat 0.09 m 
along the Kizhuyak and Terror Rivers (Wilson, Trihey, 

*F" Bal dr idge ,  rvans, Thiel e and Trudgen, 1981 

Davidson and Vaughan (1943 examined the relationship 

between a d u l t  pink salmon numbers and discharge rates i n  two 

streams i n  southeast Alaska and one in B r i t i s h  Columbia. 

They fcund a p o s i t i v e  correlatisn between disekasge and 

numbers o f  ascending a d u l t  p i n k  salmon i n  Sashin Creek, 

British Calambia. In t h i s  creek the f i s h  reside i n  the bay 

near the stream when ma tu r ing ,  then enter the stream, 

usual l y  du r ing  f reshets. No positive carrel a t i s n  was found 
between numbers of ascending p i n k  sslmon and d i r c h a ~ g e  rates 
in the other t w o  streams. Differences i n  these findings rllay 

be a t t r i b ~ t e d  t o  the relat ively shallow water o f  Sashin 

Creek and the relatively deep pools o f  the other two streams 
Banks, 1968 

showed t h a t  flow conditions ii: Hooknose Creek, 
British Col~tmbia,  accounted "or abou t  34% o f  the v a r i a t i o n  

i n  upstream f i s h  movement. However, only d a t a  Prom 1952 

vlere presented. 



Pr= i  tchard  8lso f o u n d  e s i g n i f i c a n t  positive 

correlation between numbers of' adul t gf nk salnqon mig ra t ing  
in th is  stream and rainfall and discharge i n  McC'lintsn 

Creek, British Columbia. 

B. Spawning 

1. Water temperature 

observed p ink  salmen spawning i n  southeast 
Alaska streams a t  water temperatures from 7.2 LG 18.40°C (45 

1971) reported t h a t  pink sa'lmon spawning 
a c t i v i t y  cemenced i n  Grace Creek, near Ketchikan, Alaska  i n  

mid-August a t  maximum water temperatures o f  {about 10°C 

iviciUeil (1964) s l a t e d  t h a t  p i n k  salmon spawning i n  

Sashi n Creek general ly occurs after water temperatures 
decline t o  13°C (55.g°F) o r  below. 

' 

P i n k  salmon are reported t o  spawn i n  .Hoaknase-Creek, B r i t i s h  

Columbia, i n  water temperatures cooler t h a n  12'C 

Hunter, 1959). Webb (3978 a, b and 1380 reported p i n k  

salmon spawning i n  Buck1 and, Shakto I l k  and inglutalik 

Ri vers in wate r  temperatures o f  16°C 

10°C (50°F), respectively. B a i  l e y  and McNe 
"mature salmon generally ripen and -pawn as water 
temperature declines Prom i t s  silmer maximum; the 

range for spawning i s  7,2'C t o  12.8"C 

1973) a l so  stated t h a t  the preferred spawntng temperatu~~es 
o f  p ink  salmon range From 7.2 t o  %2.8'C 

Relative'iy h igh  stream wster temperatures and lobi  dissolved 
oxygen level s assoc ia ted  w i t h  drought  condi t i r ~ n s  have 

apparent ly  killed many r i p e  p ink  salmon i n  several southeast 
Alaska  streams. Rater temperatures exceedin5 17°C i;nd 

dissolved oxygen levels of 4 ppm o r  less were respsnsiblr 



f o r  the mortality of several thousand a d u l t  p i n k  salmon i n  

Staney Creek, 41 aska dur f  ng mid-A 

somunicat io2 ,  John Edgingtan, 1981 

2. Current v e l o c i t y  

Asian p i n k  salmon spawn t n a variety o f  current yeloci t i e s ,  

rang ing  Prom about  0.3 t o  0.8 m/sec (1.0 to 2,6 f t / s e c  
They have 31so been observed spawning in areas o f  upwelling 
water w i t h  no current du r ing  years o f  aburntlance 
1939; Krakkin and KrugiJs, 1937; Dvinin, I952 

Current v e l o c i t i e s  ut? ' l i zed  by peink salmon i n  selected S t a t e  
o f  Washington streams are reported t o  be 0.2:1 t o  0.99 m/sec 
0.7 t o  3.30 Ft/sec [Callings, 1974 These velocity 

measurements were taken 8,12 m 0.4 ft) above the subst ra te .  

tiourston and MacKinwon described current vel o c f t y  and 

water depth preferences of spawning p i n k  salmon i n  the Jones 

Creek spawning channel on Vancouver i s l and ,  British 

Columbia. The 615 rn (2,000 ft 1 ong spawning channel was 

d iv ided i n t o  15 sections o f  equal length and three "complete 
depth-velocity cross sections were made in each sec"iion o f  

3 t h e  c h a n n e l ' b t  t discharge o f  abou t  7 m /sec 

pr ior  t c  the a r r i v a l  of the f i s h .  

Current velocities w i t h i n  the channel apparently exceeded 

p ~ e f e r ~ c d  ve loc l ' t ies  s f  spawning p i n k  salmon. The P i  rs t  
f i s h  t o  enter t h e  experirnenta: channels usually chose the 
slowest velocities available i n  the channel. Only 406 p ink  

salmon entered t h e  channel i n  1955; densi ty conditions were 
extremely low w i t h  only one spawning female per 10.5 m2 o f  

channel,  



P i n k  ralrnen spawning i n  Te r r~ r  River ,  Alaska selected 
current vel~cities r a n g i n g  f r o m  0.19 t o  0.66 m,/sec (0.5 t o  
2.0 f t / s e c )  and w i t h i n  this  range, they preferred v e l o c i t i e s  

from 0.35 t o  0.47 m/s ic  1.1 t o  1.5 f t / sec  1 son, 13-i hey ?y, 

Sal d r i d g e ,  Evans, T k i e l  e and Trudgen,  1981). A1 1 values are 
expressed as me:ln lo1 umn velocities. 

Pink salmoo i n  the upper Skagi t  River, Washington spawned i n  

 are^; w i t h  curretrt v e l o c i t i e s  ranging from 0.19 t o  1.32 
0.3 t.o 4.3 f t j s e c  6raybi 1 1, Burgner, G i  sl ason, 

Huf fman, Wymitn, Gibbons , Kurl sa, Stober,  Iagna~l,  Stayman and 

tggers, 1979 Eighty percent o f  the fish were observed i n  
current v e l o c i t i e s  ranging  from 8.37 t o  1.0 mJsec (1.2 t o  

A1 1 measurements were taken 0,16 m 
above the substrate, 

Water depth  

Selection o f  water depths by spawning p ink  salnon i s  
assoc ia ted  wf  t h  current v e l o c i t y ,  substrate type and spawner 
dens% l % e s .  Kuznetsov stated t h a t  p i n k  salmon i n  t he  

Wmur River and streams o f  West Kamchatka spawn i n  dept;&s 
r a n g i n g  f r om 0.2 rn in relatively f a s t  current 
v e l a c i t i e s  t o  023 rn i n  slower c u r ~ e n t s ,  D v i n i n  

observed pink  salmon i n  streams o f  southern Sakhal in .  

He found t h a t  i n  uncrowded conditions the f i s h  spawt;ed i n  

water depths o f  0 . 5  rn and I n  crowded candf t isns 

they gtilized water dep ths  from about  0.1 t o  1.2 m 

Hater depth preferences of p ink  salmon i n  selected 
klashingtan Sta t e  streams are about 0.15 t o  0.53 m 

Col 1 i ngs , 1974 14ourston e t  ai l .  d e t e r !  water 

depth preferences o f  spawning p i n k  sa"1mon i n  t he  Jones Creek 

spawning channel , us-ing *the *transect raleethad, 



They o b s e ~ v e d  t h a t  the f i r s t  fish t o  enter !:he spawning 

areas chose mean water depths o f  0.42 m (2.38 ft 

subsequent 100 spawning f i s h  sl i g h t l y  shallower 

mean water depths o f  0.39 m 
water d e p t h  o f  the e n t i r e  spawning channel was 0.37 m 

No P j s h  utilized the relat ively s h a l l o ~ t  depths 
t o  0.34 s ,  1.0 t o  1.1 ft which alse had ratk(2r h i  

veP ocs" t i e s  0.73 t o  0.98 mjsee, 2 , 4  t o  3 . 2  ft /sec 
p i n k  salmon density w i th in  the channel was e!xtrernely ION 

2 w i t h  one female per 10.5 m . 

Spawning p i n k  salnion i n  "e T w r r o  RRiver, Alaska used water 
depths r ang ing  f r om 0.09 t o  1,2 w Q.3 t o  3.8 ft 

demonstrated a preference for  depths f rom 0.37 t o  0.63 m 
(1.2 t o  2.0 f t )  W i l s a ~  e t  a l e ,  1981). 

Spawning pink  salmon in "Lhe Skag i t  River, liashinglor! were 
observed a t  water desths rang ing  from O,09 t o  1.32 rn 

and 80% of: these f i s h  were i n  water r ang ing  in depth 

%8 t o  Q,78 nr 0.9 t o  2,s ft Graybi l 1 e t  a l  . , 1979 

4. S u h s t r a t ~  composition 

P S n k  salmon spawn over a varie ty  oof substrate materials. 
The size,  shape, densi ty and imbedded~rrss of t h i s  material, 
current veloci ty ,  water depth and f i s h  densities can 
in f luence subs t ra te  selection. Adult p ink salmon usually 

spawn i n  small gravels, sometimes reaching 10 cm ( 4  in 
diameter. Pink salmon have a l s o  beec observed spawning over 
much larger substrate i n  selected Prince Milliam Sound 

streams d u r i n g  ' o n R  jyears R. kli ekersers, pe~sonal 
comnun^i c a t i  an,  1982) 

84surstan and  bfac Kinnon  1957) exasli ned subs"trate sanipl es 

t a k e n  f ~ o n :  "ma6" p ink  salrnon spawrtirig areas alorlg ti.]@ &daii:s 



and  Bkanagan Rivers and Jones Creek. They fou~nti t h a t  gravel 

from 0.6 t o .  3.8 cm diameter provided the best  substrate f o r  

i n  a r t i f i c i a l  spawning channels. Lucas 1959)  used 
substrate sizes From 2 t o  10 cm diameter i m  spawning 

channel s ,  

~ 5, Spawner Densities 

Redd superimposition i n f  1 uences egg survival when h i g h  
densities o f  pirlk salmon spawn i n  streams w f i t h  limited 

spawning habitat.. P i n k  salmon redd; mrty be partially or 
totally t o r n  apar t  and reexcavated by r,ewljf arriving 

females, McNeil fomla! a ted  a hypothe!tf ca; model 

predicting t he  e f f e c t s  of pink salmon spawner density on egg 

s u ~ v i v a l  in a. selected reach s f  Bhe Harris Rlivert A t  a 

spawner dens i ty  o f  4.5 fish/9.2 m2 100 ft2) redd 

superirriposi t i o n  accounts fo r  about 25% o f  t o t a l  egg 
2 mcrtality. A t  a density a f  10.6 f ish/9.3 m (100 ft2f, egg 

- - -- mortality was predicted t o  be about 50%. Helle 

recognized t h a t  redd superimposition f ncreased pink salmon 
egg mortal i t y  in 01 sen Creek, Prince W i  11 iam Sound. 

~ C. Intragravel Gevelopment s f  Eggs and Alevins 

~ 2, Water t~mperature 

Rates o f  ecg development and ha t ch ing  t imes are strongly 

controlled by tempe~ature regimes and by the nlam$er c f  

ciegree-days accumul ated s i  nce egg deposition. k degree-day 
i s  the number of degrees above a base temperature 

t he  freezing p o i n t  i n  the average temperature o f  one day. 

I t  has been estimated t h a t  a t  least  500 degree days 
requ-ii-ed f o r  t he  ha"chhing o f  p i n k  salmon eggs 

Crossman, 1973), ThSs i s  equivalent T n  50 days a t  10°& o r  

71 days a t  7°C. Abnormally \.darn or cold temperatul-es can 



accelerate a r  depress devel opment r a t e s  and cause premature 
o r  delayed salmon f r y  emGrgence. 

There are upper  and lower temperature l imits f o r  successful 
inc~bation o f  salmonid eggs. P i q k  salmon ebggs are more 
sensitive t o  cold w a t e r  a t  i n i t i 3 1  developmental 

stages than :a"Le s tages ,  Combs and Burr~lnrs 
1965) reported t h a t  hatchery pink sal~on eggs could 

tolerate water temperatures as 30w as 0.5'C 

temperatures exceeded 5 5'C dur ing  the i n i t i a l  month 

o f  development. Bailey and ivans copsc"8 uded f ram 
l a b a r a t o ~ y  tests with pink salmon eggs From Grace Creek near 
Ketchi kan ,  R l  aska t h a t  water temperatui-es above 4.5"C 

are necessary through the gas t ru la  stage t o  ensure 

devei opment . 

Ba i  ! ey and Evans 1971) found t h a t  egg mortals'ty and thz  

occurrence o f  spina: de fom i  t i e s  i rr a1 evi lss were i nversel y 
re1 ated t o  i ncpeases in water temperatures between 2.Q0C 

35°F) a ~ d  8.5 47"F), Water temperatures sf 4.5"C (40°F 

and 3.BaC caused subs tan t ia l  egg mortal i t i e s  and 

spf nal d e f o m i  among a l s v i n s .  Complete mortal i t y  o f  

eggs occurred a t  2.O"C 35"F), No egg mortalities or  a levin  
spinal  d e f e ~ m i t i e s  were found a t  8 - 5 O C  A f t e r  p i n k  

salmon eggs reach the gas t ru la  stage they can tolepate water 
tempe~aturer  close t o  freezing. 

The upper and 1 ower estimated thresilol d temperatures for 
p ink  salmon eggs are 1 3 . 3 O C  and 4.4OC Bell, 1973 
Mortality i s  expecterl to increase if these thresholds a re  
exceeded, Eggs w i l l  survive and deveiorj noma1 l y  a t  'lawer 
temperatures t h a n  ind ica ted,  provided i n i t i a l  develop~ent cef 

t he  embryo has prog~~essed t o  a stage t h a t  i s  t o lepan t  o f  

colder \dater, 



T f m i n g  of the downstreain migrat ion o f  pink sa'lmon f r y  4s 
probably correlated w i t h  h a b i t a t  condit ions i n  the estuary 
i n  l a te  spr'ng o r  early sumer Sheri dan , 14162 

errierging earlier o r  l a t t r  t h a n  normal could encounter 
subo~ t ima l  physical ccaditisns and lower food avaifabil i t y  

i n  ",h eestuat'jr. 

9 L. Stream discharge, current velocity and water depth 

D i  seharge cl ierations can adversely a f f e c t  developing pink  

salmon eggs and a1 evi  ns. Spates can rnechani clal 1 y remove 
substrate material and developing f i sR (McNei 1 , 1966 

observed damaged p i n k  s a l ~ o n  ipedds and 

dfsplaceei p i n k  salmon eggs and aleuins i n  several 
southeastern A% as ka styearns a f  t ev  s" ntense pains between 

Octsbep and December, He estjrrtated t h a t  these f loods 

destroyed about  50 t o  90% o f  the developing p i n k  salmcrn eggs 

and a l ev i ns  w i t h i n  these streass. Pink salmon spawning 

areas w i t h i n  the  mainstem Ter~or Wlver have been scoured 
during storm f l o w  condi t ions (Mil son, 1981). Phis  

phenomenon is probably more cemzon 'in moderately high 

grad ient  streams used by spaw~ing p i n k  salmon. 

Sumer and winter 1 ow FS ows can adverse1 y a f f e c t  $eve1 opi  ng 

pink salmon eggs and alevins, depending on the severity o f  

f 1 ow redust i  on, temperatures, and other fac tors. Ivlcflei 1 

be1 ieved t h a t  significant m o r t a l  i t y  o f  chum ano pink 

calmon eggs and a lev ins  occurred i n  one of two study streams 
i n  sriutkeastern Alasl<a during extremely ccld weather and low 

~IGWS.  He noted t h a t  dfscharge i n  Indian Creek was 

considerably less than i n  iwelvemile Creek. I n d i a n  C ~ e e k  i s  

eha~acterimed by an extreme range sf' d ischarges 

i n  contrasct, T#elvemile Creek exhjbited only  an 80 Sold 

d i  %?eyenee, 



P i n k  salmon eggs deposited along the streas1 margins may be 

subjected t o  h igh mortality w i t h  winter I a n  flows. Thi:; 

could cause redds t c  become exposed, desiccated, o r   froze^. 

Summer drought  conditions, and the a",tendani tow flows and 

h i g h  temperatures, can cause reduced intra-gravel dissolved 
oxygen 1 eve1 s .  McNei 1 a t t r i b u t e d  t h t  high mortal i"cy 

of p i n k  and chum salmon i n  several southe!astern Alaskz. 

streams in 1957 t o  low f low, unseasonai 7y war8 sumer 
temperatures and 1 ow dissolved oxygen 1 eve1 s. 

3. Substrate composition 

Substrate coinposi t i o n ,  pa~ t i cu l sk* ly  the percent&ge o f  smaf 1 
cal l  ed ' Pines ' ) can 5 nfl uence the i r:traer-avel 

e l l v i  ronment and condi ti on a f  devel opi ng eggs ana a1 e v i  @is. 
Fines have been defined as  matePiaSs f ess than 6,4 m 

i n ) ,  3.0 m and 0,833 mn 0.03 i n )  ninimur 
diameter by Mc 9771, Phillips 1995) and KcNeil and 

1964), respective1 y. Increased amounts sf f ines  

w i t h i n  the substrate interstices where eggs and aleR:ins are 
dejfe'l oping , can reduce water perktr:eabi 1 i ty and i ntragrrvel 
f l o w  rates apparent vel o c i  ty Wicket t ,  1962 

in f luences the rate a t  which oxygen i s  t ranspor ted to a13 

metabol i c  products t-om the de- eloping eggs and a l e v i n s ,  
McQeil and Ahnell 1364) c;assi f ied the p i n k  saiman 

produet ian capability of s i x  streams in southeastern Alaska 

by the pemeab i l  i t y  of t h r i ~  spawning alReas. They consiu3ed 
t h a t  the substrate 05 'productive' sa:resms generally 
contained less t h a n  52 by volume of fines 

associated sermeabi 1 i t y  r:tes auF 24 $6~0 crnjh (787 f t / h ] .  

Less producti  ve p i  nk salmon streams were characi-.er? zed b;t 

15% o r  more fines rii t h  associated p e ~ c i . a h ~ i l  i t y  rates rif *iess 

t h a n  7,300 cm/h ( 45  f t / h  Wick~- i : t  (1358) and Reiser ilriti 

Bjornn (1979) rei~crted 52% su rv iva l  3F p- i r ik  and churn ~ a l l l i i n  



t o  emergence a t  3em1eabil i t y  r;ttes of 95,000 cm/h (3,150 

and 2% rurviv,I a t  rates o f  1,800 em/h (59 f t / h  

P i n k  salson egg and a f e v i n  su rv iva l  i n  relatilon t o  t i d a l  

w i t h  associated sediment, salinity, dissolved 
oxya.rr! and te~perature conditions j has been c!xamf ned by 

several ~eseas~shesgs. Scud and Hamvan 19F" 1 determined 
t h a t  p i n k  sa l~ion egg and alevin survival i n i  tidally 

influenced reaches a f  Lovers s Cove Creek wepe as h i s h  o r  

higher t h a n  i n upstream non-tidal i n f l  uencedl reaches. 
1962) detemined t h a t  egg and aleviin su rv i va l  

decreased from higher t o  lower t i d a l  levels in several 
Prince William Sound streams. Helle, Williamson and Bailey 

examirt~d Olsen Creek in Prince William Sound. They 

reported decreased survival a t  1 ower intertidal reaches 
associated ~i t h  increased p r o p o ~ t j o n s  o f  fine sediments. 

1970) corroborated previous f i n d  'ngs in 01 sen Creek. 

He a",tP.ibuted greater egg and a'ievin mortality rates from 
h ighe r  t o  lower intertidal areas "L oncreased fine sediments 
and sal in1 t y .  C7' SSO! ved oxygen and temperature were 

additional factors i #if1 uenclng mortal i t y  . 

Fines can in f luence emergenra cr;f alevins from the redd. 

S u ~ v i v a l  and emetlgence a f  chinook salmon and steelbead t r o u t  
f?.y were adversely a f fec ted  when f ines 6.4 mm) exceeded 20% 
o f  the volume o f  the substi-ate i n  Iaboratorly t ~ o u g h s  

Bjornn, 1959; McCuddin, 1977). Koski (1956 documented 

t h a t  coks salmon f r y  were unable t o  emerge f rom natural  
red& g i  t h  substantral accumuf a t ions  o f  fines, 

4. Dissolved Oxygen 

Dissolved oxygen i s  s ~ i p p l  fed t o  developing eggs and  alevins 
r ~ i t k - i n  " L h e  r edd  by i n t r a g r a v e l  Flow. Dissolved oxygen 

l e v ~ l s  w i t h i n  . redd arc  inf'i tenced by  the dissolved 



oxyg .n levels w i t h i n  the stream, rate of ini:ragravel f l ow ,  

biological oxygen demand of material w i t h i n  the redd such as 

d e t ~ i t u s  and dead eggs, water temperature, metabolic rates 
of the developing eggs and a lev ins ,  density olf eggs and 

alevins, and other ~ B C ~ O Y S .  

Oxygen eonsu~ption generally increases as embryo development 
Bailey, Rice, Pella and Taylor, 1980 Bailey e t  

a l .  (1980) p lanted v a ~ i a u s  densities of fertilized, eyed 

p i n k  salmon eggs 0; 9,600; 6,400; 12,800 a~rrd 25,600 

eggs/0.015 m3 i n  experimental egg incubatcrs. D i  ssolved 
oxygen content o f  inflow water was maintained { a t  re1 a t ive ly  

constant levels during the test: 9.16 mg/l i n  December and 

8.08 mg/1 i n  A p r i l .  Oxygen consumption rates measured a t  

pre-hatchi ng , post-hatchi ng and pre-emergence progressively 

increased w i t h  time and developmental s t a g e .  Fos example, 

w i t h i n  the incubator containing 6,400 eggs oxygen 
consumption rates increased Prom 0.C33 t o  0.010 mg/k per egg 

pricr t o  and following hatching and reached a maxfmum o f  

3,027 mg/h per alevin immfediately pr ior  t o  f r y  emergence. 

Resul %ant  d?ssol ved oxygen levels w i t h i n  the various 
i neubawors reflected egg densities and oxygen consumption 

rates, 

Bi ssol ved oxygen 1 eve1 s general 1 y decreased tg i  t h  time and 

were pragressively 1 awer w i t h i n  incubatoi-s contain1 ng more 
eggs o r  a lev ins  Bailey e t  a l e ,  1980 For example, 
dissolved o x y g t ; ~  levels imediately prior t o  ernerser --3 s f  

frjt r i t h i n  incubators contaiuslng 1,600, 6,400 and ,d ,800 

alevins were 7.0, 5,s and Lje3 mg/l respectively. An 

exception occu~red i n  the {ncubatsr eonta in i f ig  25,600 eggs 

where a1 evi ns emerged prematurelg. P~emature emergence bdas 
probably due  t o  the combined e f f e c t  o f  low dissolved oxygen 

and h i  gR a ~ m ~ o n i a  l eve: s. The d i  ssal ved oxypen concs?u;tra"Liori 

a t  emergence was only 6 2  mg!:. 



D i  ssol ved oxygen 1 eve1 s exceed3 ng 6.0 mg/l a r e  recommended 
f o r  the successful development o f  p i n k  salma~n eggs and 

Bailey e t  a l . ,  3980). Dissolved oxygen levels 

below 6.0 mg/1 apparently caused prrlmature emergence, 
dec~essed s i z e  and low survival o f  f r y ,  especially a t  higher 

densities. FiPQ percent of' the f r y  i n  l'ncubiitors 
containing 12,800 and 25,600 eggs emerged 7 and 82 days 

earl ier,  respectively, t h 3 n  f ry  j jr  inthe incuhat:ar w i t h  1,600 

eggs. Emergent fy a t  the t#o highest densities also were 
shorter t h a n  f r y  from the other incubators. Suruival was 

only 50% in the highest  density incubatc % .  

and Phillips and Campbell (1961 d e t e ~ m i  ned 

t h a t  intragravel d i  ssol ved oxygen concentrations a t  or above 
8 mg/l are necessary f o r  h igh s u r v i v a l  o f  steelhzad t r o u t  
and coho salmon eggs. k N e i l  (1962 a t t ~ i b u t e d  low s u ~ v i v a l  

o f  p i n k  salmon eggs in 1957 i n  several southeast Alaska 
streams t o  low f l ows  and associated low dissolved oxygen 

levels and, possibly, sther factors. Weiser and Bjornn 
recom~nmended dissolved oxygen levels near sa tu ra t ion  

w i t h  moinentapy reductions no lower t h a n  5 mg/l 

approximately 40-451 sa tu ra t i on  for eggs and alevins, 

5 S a l i n i t y  

Pink salmon commonly spawn in t he  intertidal ~eg io r l s  o f  

streams. Noerenberg estimated t h a t  over 58% s f  the 
pink salmon spawning actf v f  t y  ? n  Prince W l ' l  Iiam Sound occurs 
i n  t i d a l  l y  influenced areas. Fl  uctuat isns i n  sal i ni-ty, 

dissolved oxygen, water temperatup@ and f i n e  sediment may 

i n f l uence  p i n k  salmon e ~ ; ;  and alevin slapviva;. Various 

researchers k.ave i r e c s q ~ i z e d  " c a t  p i n k  salmon f r y  pprd~ucttion 

w i t h i n  intertidii s t ream reaches is generally highest i n  the 
u p p e r  reackes, moderate in the  intermediate reaches and  low 
o r  n s n r . - e x r t  i n  t h e  l o ~ j e r  reacI?es, 1. St'tle ybesearch has 



f o c ~ s e d  on the effect of just salinity r i l   ink salmon egg 

and a l e v i n  s u r v i v a l  Hanovan and Skud, l954; Kirkwood, 1962; 

Hell, Williamson and Baily,  1964; Helle, 197'0). 

conducted laboratory experiments t o  simulate 
conditions o f  developing eggs and a lev ins  a t  the 

ft), 1.8 m (6 f t  t i d e  levels i n  

01 sen Creek, Alaska. Test  salinity conditions ranged f rom 
12-30'/so. He concluded t h a t  developing plnk salmon eggs 

fertflized i n  fresh water showed no adverse a f f e c t s  t o  
salinity condi t ions a t  the 2.4 rn ts'gfe level, Pn'nk 
salmon fry production was severely limited a t  the 1.8 n 
ft) t i d e  level and was extremely limited or. nonexistent a t  

4 f t j  t i d e  level. 

8. Downstream Fry Migra t ion  

1, Cover 

Pink r.llmon f r y  may reach the estuavy along short coastal 
streams wi t t l i n  the f i r s t  n i gh t  o f  t r a v e l ,  b u t  f ry  rnjgrat ing 

dawn pel a t ?  vel y l ong streams need adequate cover duri ng the 

day. Cover ceul d be from gravel i ntersti ees , overhangi ng 

r i p a r i a n  vegetat isn o r  other instream cover. 

2. Discharge 

W wide range o f  discharges are s u i t a b l e  for sueeessful 
downstream f ry  migrat ion.  Discharges must be h i g h  enough t o  
mainta in  adequate water depths i n  the  channel and t o  enhance 

the  swimming uf the f ry .  



3. Water temperature - -- 

Water temperatures encountered during downstream migration 
and i n  the estuaries can influence dissolved oxygen levels, 
swimming performances and growth rates o f  the f r y ,  and the 
ability t o  capture and digest  fsod (Reiser and Bjornn, 

detemined t h a t  the upper lethal 
temperatures f a r  pink salmon f ry  40 t o  50 m to ta l  length 
were about 21, 22.5, 23 and 24'C a t  acclimation temperatures 
of 5, 10, 15 and 20°C, respectively. Prefe!r~ed water 
temperatures were about 11, 13 and 17'C a t  aeclipnation 
temperatures of 10, 15 and 20QC, respectivtrly. LOW 

temperature tolerance l i m i t s  o f  p i n k  salmon Pry were not 

determined, 



1 111, CONCEPTUAL SUITABILITY INDEX CURVES 

The h a b i t a t  suitability curves presented i n  t h i s  section are derived 
primarily from threshold values reported i n  the 1 i teratul-ie. Avoidance 

behavi ~ r ,  abnormal development and i nereased mortal i ty  arig expected t o  

occur i f  t h k  threshold points  are exceeded, A major l imit tat ion o f  the 

s~ l i t ab i l  i t y  index curves i s  tRa"ctv do n o t  represent thie increments 
o f  h a b i t a t  qua1 i t y  between the two t h ~ e s h o l d  points. Because of the 

pauc i ty  o f  d a t a ,  pat-ticulariy between the threshold points, the curves 
are simp1 i s t i e  and have 1 i a i  ted appl  i cat ion.  

The conceptual h a b i t a t  s u i  tab i !  i t y  curves dep ic t  the  in f luence o f  

certain physical and chemical l o t l c  h a b i t a t  components on the survival 
and behavior  o f  different p ink  salmon 1 i f e  stages. Most l o t i c  h a b i t a t  
components col lectivel y i n f  1 uence a1 1 1 i f e  stages. Far example, water 
permeabi 1 i t y  w - i t h i n  the redd influences the intra-gravel environment 

and the well-belng o f  developing pink  salmn eggs and alevins. 
Disso lved oxygen and water temperatures also a f f e c t  intra-gravel  water 
qua1 i l y ,  Other l a t i c  h a b i t a t  components, such as cuyrent velocity:y, 
water d e p t h  and substrates col lectively influence spawning s i t e  

selection by Pehlale p i n k  salmon. 

" T e  habbitat suitability curves presented i n  t h i s  document do not  

account f o r  1 nteractive e f f e c t s  of chemical and physical parameters. 
For example, a dissolved axyger! concentra*tion o f  5 mgj l  may be 

* 

s u i t a b l e  a t  a water temperature o f  5'C, but  unsuitable a t  a 

temperiilure of 20°C. Ideal l y  , a separate dl1 ssalved oxygen curve 
should be draw for  each or' several d i f f e r e n t  temperatures or 
d i s s o l v e d  oxygzn 1 eve1 s represent~d as percent sa tu ra t i on .  

Additionally, t h e  e f f e c t  on the  f i s h  o f  less "?an optimum cond i t i ons  

depends ov~ t he  durat ion sf expasure and  on t he  particular l i f e  stage 
o f  the f i s h ,  



The canceptual habi tst sui  t a b i  I i t y  curves are not cocstructed for  
appl  i c a t i o n  t o  s p e c i f i c  watersheds. F ie1 d d a t a  col lectian techniques 
(when desepi bed) often varied. For example, three techniques f o r  
measuring current v e l o c i t y  preferences o f  spawning p i n k  salmon were 
found i n  the literature: the mean c ~ l u m n  velocity, t h l ~  current 
velocity 0.12 m above the redd and the current velocity 0.16 m above 

the ~e ;dd .  These values may vary signs'ficantly among techniques. In 
aQdi t i  on, f i e 1  d d a t a  were presented as means, ranges, f rc5quencies o f  

occurrence or the range OF values utilized by a gl"ven percentage o f  
the sample population. Cer ta in  s u i t a b i l i t ~ j  index curves were based 
upen laboratory t e s t s ,  such as the water  temperatu~e--p~e-gastpula 

curve, 

The value o f  each h a b i t a t  component which was regarded as ' ideal ' was 
given a 1.0 r a t i n g  on the  Y-axfs o f  the suitability index. The 

threshold po in t s  were connected by a solid line and dashed lines were 
used t o  del i m i  t the known upper and lower thresh01 d points. 
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i a u i ~  1 - AQUhTIC HABITAT CRITERIA USED FOE COMCEPTllAL SIP. ABILITY INDEX CURVES 
REGARDING UPSTREAP! PASSAGE OF PINK SALMCN 

P2i.*2ze$e~ - Observed Values -- --- Wemarks Loca t --i sn - - Reference 

+ja t2 7.2-15.6"~ Preferred water 
-g -us, L C ~ Z I ~ E  ira tu re temperatures f o r  pink 

sa 1 man 

I F -  &deer depth 0.18 m 

Hay cause migration 
delay fo r  pfnk salmon 

Ffiniaum passage re- 
quirement fo r  pink 
salman, Th4s value 
will change wi th actual  
size and condition of 
f ish,  

P i n k  salmon passage 
noted a long  riffles 
of several streams on 
Ksdlak Island less 
than 0,09 i11 

Alaska Personal corn- 
muni ca t ion ,  
Jean Bal d r idge  

1981 



- j=zh~ F, B 2 - WQUBTIC HABITAT CRITERIA USED FOR CONCEPTUAL SUITr%BILITY INDEX CURVES 
REkARDING UPSTREAH PASSAGE OF PINK SALNQN 

Observed Values - Reference -- 
i&ater 7 .2  - 113'~ Southeast A1 askan Southeast %her% dan 
c ctnpera - ture stream temperatures A laska  (I962b) 

a t  t i m e  o f  p i n k  
salmon spawning 

Minimum value f o r  
sucessful pink 
salmon egg develop- 
men t 

Current 0.19-0.66 m/sec Range o f  current 
ve loc i t y  veloe%tfes chosen 

by sspwning pink 
salmon, Mean column 
velocity 

0.35-0.47 m/sec Current velocities 
preferred by spawn- 
ing  pink salmon. 
Mean column velocity 

0.:3 m/sec to  Range of c ~ r r e n t  
1.32 sn/sec v~locities chosen by 

spawning pink salmon. 
O,B6 m above substrate 

0.37 m/s@c t o  Current velocities 
1.0 m/sec chosen by 80% o f  

detected spawning 
plnk salmon. 

Grace Csk, Bailey 8 Evans 
eggs subjec- 1978 
ded t o  con-- 
&pol led envi-  
ronmental 
esndi t ions  

Terror Rives, Mil son, b r i  hey, 
&laska Baldridge,Evans 

aFhiel e &Trudgen 
$981 

TerrorRiver Wilson,Trihey, 
Alaska Baldridge,Evaws 

lhiel e &Trudgen 
(1981 

Skagi t River Graybi 11 ,Burgner 
WasDii rrgton G i  slason ,Huffman 

Wyman, Gibbons , 
Kurko, Staber, 
Fagnan , Stayman, 

Skagi t River Gsaybi l 1 ,Burgner 
Washington Gi sl ason ,Huf Bmarl 

Myman, G l  bbons , 
Kurko, Stober, 
Faginan, Stayman 
and Eggers 

1979 



v 
2 ah? tfh * = - T g a  
. & W E  2 - h d b ~ L e ~  HhSIYAP CRITERIA USED FOR CONCEPTUAL SUITABILITY INDEX CURijES 

5 
ri-qi4%L d REGARDING UPSTREWN PWSSaGE OF PIRK SALMON 

pz """"P-$"" - g c ~ f f %  ~e r Observed Values - 
0.21-0,99 m/sec 

Remarks - Locatton - 

Vatues measured O,4 f t  Washington 
above substrate Sta te  

Assorted streams; 
method not stated 

Sakhal jn 
Penjnsula 
USSR 

Range occupied 1- t~  Cfrst Jones Creek, 
100 dqsh i n  each channel B r i t ,  ColumLda 
seetfon 

Houvstsn and 
MacKi nnon 
(1957) 

Range occupied by .ffrst Jones Creek. 
spawning pa 4 s Brit, Columbja 

Nouvston and 
MacKD nnsw 
( ass7 g 

S u b s b a t e  0,6-3,8 c91 fn 
composition d i  8mster 

Jones Crk. spaunfng channel Joncs Creek, 
primarily pdnk salmon Brjt, CoIumb+~ 

Hourstan and 
HacK9 nnan 
6 2957) 

Robertson C r k .  spawntrig Wobertsan Crk, 
chan~rt21 B r f t ,  Columbja 

2-250 m f n  
diameter 

Range o f  substrate Terror Kfver, 
diameter u t i  1 ized by A t  aska 
spawning p i n k  salmon 

Valves f o r  relatively bur ..River. 
f a s t  and slow current USSR 
velocs'ty, respectively 

Uncrowded c o ~ d i  L4 ons Southern 
Sakhal fn 
USSR 

OBI--1,2 m Crowded conditions Southern 
Sakha"$io 
USSR 
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y . , ; 7 c L  Q AT!C HABITAT CRITERIA USED FOR CONCEPTUAL SUITABILITY INDEX C U R V E S  

REGARDIPG UPSTREAN PfiSSAGE OF PENX YALMON 

Q 3  .--w 
> L 4  3 a4iteter -- - Observed Values Rema rks --- i.-~i:$ t B s~n 

w - r ,  ------ Reference 
.,#.,------- 

\dates % Surv%val -M~ter Laboratory contr.~T led S" kgg ssurce - Ba!ley 81 Evans 
i, 
L e2-p~ t-3 t u re Temperature enwi rowr~ent t e s t s  w i t h  Grace Creek 1978) 

p ink  salmon eggs - near Ketchf kan , 
94-100g - b m h B ~ r l t  X su rv i va l  f-0 -13mo - a  

A1 61s ka 
88-93% 4,s C hatching stage. 
18-40% - 3 . 0 : ~  

0% -- 2,o C 

Completion o f  g a s t r u l a  
stage v a r i e d  w i t h  water 
temperature - I 

Amhhent - 26th  d$y, 
4,SQC - 45th day, 
3.0 C - 62nd day 

H i  nimum valve recoimended Laboratory Bailey, Rice, 
f o r  sea l  sfac tory develop- tests using Pella & Taylor 
ment o f  p ink  salmon eggs eggs from 1888 
and a l e v f n s  Sash*io Creek, 

A l l a s  ka 



See text for q~e!4Ptcstil$ns 
for u s e  ~8 tlke~e C L ~ I T Y ~ S ,  

(MOT R E ~ Q M I M E ~ Q E B  FQa 
A P P L ~ C A T ~ O H  ~o SpEcrFBe 
W A t E R $ H @ b b  W f f  NQUT FOQLC 
VER~CICATROW) . 
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IV, DEFGCIEgCY IN DATA BASE 

Many measurements o f  aquat ic  h a b i t a t  parameters could not be adapted 

t o  habi t a t  sui  t a b i  1 i t y  curves. Most studies o f  curreirt vel B C ~  ty , 
water depth and substrate selection by spawning pink siklmon d i d  not  

~ecoi'd the  re1 a t i  ve abundance availabil i t y )  of each h a b i t a t  type. 

The availability a f  these hab i ta ts ,  which  vary w i t h f n  and among 
streams, influences se lec t ion  by spawning pink saltnon. 

Components o f  egg and alevin habi ta ts  were a l s o  usually not exprsssed 
i n  a form which was usable for h a b i t a t  suitability curves. 
Intragravel f low,  dissolved oxygen, substrate eompositlon and other 
aquat ic  h a b i t a t  components which influence the survival and fitness o f  

p i n k  salmon eggs and a lev ins  are d i f f i c u l t  t o  measure i n  the f i e l d .  

Most aquat ic  hab i t a t  eval uatians 4re conducted w i  t k  the objective o f  

determining upper and lower th~esholds. Few studies examine the 

re1 a t i v e  growth rates, survival o r  overall hab i t a t  qua1 i t y  assoc ia ted  

w i t h  incremental changes i n  chemical and physical parameters between 

thresh01 d 1 eve9 s ,  



V ,  RECOMMENDATHOPJS AND FURTHER STUDIES 

C~r;-eni veloci ty ,  w a t e r  depth and substrate conditions selecteci by 

fernale pink sa lmr ;~  for  spawning sbtoul d be measured anld analyzed 

t h~oughou t  A1 ask3 using standard-ized techniques. Past  s tud ies  have 
measured current velacity as mean column velocity or the vcloc.ity a t  
O,i2 czr 0.15 m zabave the redd. A focal po in t  measuremttnt (current 
velocity a t  the f i s h ?  snout) coi~bined w i t h  mean column ve'ioci-ty a t  
the rgdd s i t e  would mare rea19'st6ically represent aetu{al current 
ve1oc:f t l e s .  

There i s  a need f a r  a standar*dfzed method o f  subgrate c l a s s i f i c a t i ~ n  
whj ch evaluates substrate compos-i t i o n ,  predomf nate pa r t  icle size,  
skdpe ,  iabeddedness and a n g u l a r i t ~ i *  Ideal l y  the classif icat ion system 

should be objective and not  overly t ime consuming. Commonly used 
methods f ~ r  substrate analysis usually require considerable t i m e  and 

expense f a r  collection, t ranspor ta t ion and analysis. 

Frequency analysis s f  p i  n!r salmon h a b i t a t  prefe~ences may be a usefu: 

tool f o r  consfructCnq suitability curves; a frequency d i s t r i b u t i o n  i s  
comparable ';a a h a b i t a t  suitabil i t - y  curve. Previou-;ly used frequency 

distributions reflected stream o r  stream-reach h a b i t a t  availahil i t y  

W i  1 son, Trihey, Baldrl'ge, Evans, Thiele and Trudgen,  1981) rather 

t h a n  habitat preferences o f  the f i s h .  

P ink salmon spawning h a b i t a t  i s  a cnmp~si t e  o f  available current 
veloci ty ,  water depth and substrate conditions, To better understand 
cons t i tuen ts  o f  p ink  salmon spawning h a b i t a t  w i t h f n  ;., stream a11 

available h a b i t a t  should be inventoried, whether 4t i s  utilized or 
n o t ,  

A varie ty  o f  l o t i c  systems from small, clearwater srtreams t o  larger 
clearwater and  g l a c i a l  streams shoii ld be exarnined i n  var ious  
geograph ica l  areas o f  A laska t o  b e t t e r  determine aqtaatic h a b i t a t  

preferences o f  spawning p ink  salmon. Ti les@ investigations, i d e a l  l y  , 



shou ld  encompass b o t h  'an '  and ' o f f '  stocks. Aquat ic  hab i ta t -p ink  

salmon relationships wil l  be very different among d i f fe ! ren t  population 
densjties, 

labora tory  experiments invesrigating the e f f e c t s  o f  valrious substrate 
compasi t i a n s  on in t ragravel  flow, dissolved oxygen ar:d survival a f  

pl 'nk salmon eggs and alevins should be i n i t i a t e d .  Field studjes 
should eemp'l iment 1abora to~ 'y  research i n  assessing the influene& o f  

f ines on p i n k  salmon production. The contr ibut ion of f i n e  s~ibstrate 
maeterial t o  p i n k  sjllmon spawning streams by various l and  use 
activit ies shou9d be detemined, 
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4" i , INTRODUCTION 

A. Purpose 

T h i s  report presents a v a i  labie  in format ion on the f ~ e s h w a t e r  

h a b i t s t  requiremients o f  the broad whi te f ish ,  

Pal las) and evaluates the h a b i t a t  parameters whi~ch are most 
important t o  the species or  are most o f ten  criticail t o  survival 
or 1 i m i t i n g  t o  production. 

Because the range o f  the species includes coastal bracki rh waters 
which are used as sumer feeding areas o r  as  overwintering areas, 
in fomet ion  from such areas was a1 so considered. 

The emphasis o f  this report i s  on h a b i t a t  requirements, primarily 
those o f  a physs'cal or chemical nature. Certain bio logica l  

factors a f f e c t i n g  the  well-being s f  the papalation such as 

feeding, predation, competition, and disease are no t  
comppehensivel y treated. - 

Th is  report i s  intended t o  support h a b i t a t  evaluation activities 
by presenting a data  base for the species and by point ing o u t  
where more d a t a  are needed, 

A l t h o u g h  i n f o m a t i o n  has been examined from throughout the range 
s f  the species, emphasis i s  placed upon Alaska. While there 
appears to be wide differences i n  growth rates betdeen d i f f e r e n t  

populations w i t h i n  the s ta te ,  there i s  insufficient in format ion 

t o  show t h a t  h a b i t a t  rcquirernents d i f f e r  among the various 
populateions.  There are same problems w i t h  the taxonow o f  the  

species.  In fomat ion  r e f e r r i n g  t o  Pal 1 as 
Svardson i n  Scandinavia was not  used because t h a t  species 
evfdentl y i s  d iFFerent from the  
S i beri a, A1 ask3 , and northwest Canada, 



The l i f e  h i s l o ~ y  o f  the broad w h i t e f i s h ,  especially t h a t  o f  the 
early l i f e  stages, i s  not  well known. Even less i s  known o f  

h a b i t a t  tolerances, preferences, and requirements. The broad 

whi t e F i  sh appears t o  have f a i  rl y wide h a b i t a t  to1 erances. 
Several reports on the  l i f e  histories ;f related species are 
presented i n  the edited by Lindsey 

and Woods (1930). 

The broad wh i te f i sh  Ss a lacustrine-Pluvial species, but  i s  found 

more o f t en  i n  rivers than 'in Sakes, I t  a1 so occurs in brackish 

areas of' coastal waters, 

I t  i s  distributed in Nerl:h h e r i c a  i n  Berir?g Sea and Arc"Eic Gcean 
drainages from the Kuskakwim Wiver systetn i n  Alaska  nor th  and 

east t o  the Perlry River, Northwest Terr.1 tal-ies. Irl the USSR, i t  

i s  distributed f rom the Pechara Rive? near the Ural Moun<tains 

east i n  A r c t i c  Ocean drainages and south in Bering Sea drainages 

t o  the Bsy o f  XoiY", and i n  the Penzhir~a River on 1;Re northeastern 
earner s f  the Sea s f  Olthstsk erg, 1948; McPhal"1 and Lindsey, 

1970; Seatt  and Crossmat?, 497 The southern limit i n l a n d  is 

approximately 60' N. 

In Alaska, the b r ~ a d  wh i t e f i sh  i s  found i n  most drainages north 
o f  the Kuskokwim River system, vhere i t  i s  ccanmon, and ?:he Alaska 

Figure 1 ), I t  occurs i n  the Yukon R ive r  system f ~ o m  the 

moui;h t o  the Re~clwaters i n  B r i t i s h  Columbia !4srrow, 9 980 

inc lud ing  the k.oyukuk Wiver and Porcupine Wiver drainages.  I t  i s  

common .in t!le # i n t o  Flats area o f  the  Tsnana River system Oat  

apparen"L7;~ unconmon fur",ker upstream. I t  i r widespread i n  the 
drainages emptying i n t o  the  Bering Sea Kuskokvd.iim River zind 

n o r t h ) ,  Chukchi Sea ,  and  Beaufort Sea. The Susitna River and  the 
Copper River d ~ a i n a g e s  have no broad w h ~  t e f  i sh ( A 1  t, 1971 ) .  





The l i f e  his tory o f  the broad whitefish i s  noit we17 known. 

M i  g r a t i  ons occur beytween summer feeding areas, spawna'ng areas, 
and ovepcrl n t e r i  ng areas. In general , spawning lni graLi ons occur 
i n  the la te  sumer and f a l l  as the f i s h  move c3ut o f  S U ~ ~ B "  

feeding areas and move t o  spawning areas. Baxter 
noted t h a t ,  i n  the Kuskokwim River area, the r lpen 

move downstream out o f  the tundra lakes, ponds, and streams i n  
August and September and begin a slow migra t ion  up the Kuskokwim 

River. They are  followed by the sexually develloping males in 
September and by the non-spawsning adults  o f  both sexes i n  la te  
September through October. Imature fish leave! the tundra i n  

Octobe~ through December. Broad whi t e f i  sh apparent1 y m i  grate 
downstream out o f  the Minto Flats i n t o  the Tanana River i n  August 

(Kepler, 1973; Townsend and Kepler, 1974 On the N o ~ t h  Slope, 
f i s h  t h a t  had been feeding i n  coastal areas enter the 
Sagavanirktcdk River  i n  l a te  August t o  migrate t o  the spawning 

Bendock, 1975 A s izeable spawning r u n  moves up the 
Colvil l e  River i n  August Bendock, 1979). A l t  and Kogl 

found t h a t  the Colville r u n  i s  spiread over  several months and 

peaks i n  l a t e  duly. 

Wj~nne-Edwards 1952, c i t e d  by McPhail and Lindsey, 1970) stated 
t h a t  upstream spawn1 ng migra t ion  o f  broad w h i t e f  i sh occurred i n  

the lower Mackenzie R ive r  i n  July and August. Evidently, t he  

migrat ion up the Wackenzie peaks i n  the inner  de l t a  d u r i n g  

September and October DeGvaaf and Hachniak, 1977). In the upper  
Yul:an  rive^, broad whi t e f  i sk on spawning migra t i ons  have been 

observed entering small tributaries i n  September; ripe fish have 

been cqptured i n  the main river i n  ear ly  October MePhail and 

Lindsey, 1970 Spawning i n  the Mae e n r i e  River a p p a r e n t l y  t akes  

place i n  back eddies d u r i n g  October UeGraaf and  Machniak, 1977) .  

Spawning i c  the USSR takes place i n  Octaber and governher (Berg, 



s t a t e s  t h a t  spawning of the broad k rh i te f i sh  i n  

Alaska occurs i n  September and October and possibly i n t o  

November. Baxter (1473) found t h a t  the spawning season i n  the 

lower Kuskokwim River  lasts from October t o  earl;y December. 
Adults da not spawn every year. Broad wh i te f i sh  r'n the Colville 

River apparent ly spawn in September i n  the  upper sec t ion  o f  the 

reparlecd t h a t  broad 

spawn i n  Ikroavik Lake 
near Barrow i n  July and possibly i n  dune, 

Spaw~ing usually takes place in rivers. In Alaska, there are 
spawni ag popul a t i  ons o f  broad wh i t e f i sh  in Lake M i  nchumi sla 

Baxter, 1973 and possibly a l s o  i n  the Ki179'ck l.akes o f  the 
North Sl  ope (Terry Bendock, personal comuni cation 
(1954) reported a spaw i n g  popul a t i o n  o f  broad wki t e f  i sip i n  

I k r ~ a v i  & Lake, Kuz'min 19691 reparted t ha t  an attempt t o  raise 
broad w h i t e f i s h  i n  l akes  from spawn taken from rivers was not  

successful because the feinales d i d  not come t o  sexual maturity. 

Kuz'min suggested t h a t  running water i s  a requirement for 
successful reproduction o f  these populations. 

Broad wh i t e f i sh  broadcast the1 r eggs over subztrates ranging f rom 
mcd and sand t o  gravel and cobble Baxter, 1973; Kogl, 1971; 

Morrow, 1980 L i t t l e  else i s  known about their spawning h a b i t a t  

needs, 

The fecundity o f  a, sample 0" I fernales Pram the Haskenzie R i v e r  

ranged f r om 26,922 t o  65,798 eggs/female w i t h  a mean of 39,721 
eggs/female DeGraaf and Mackni ak , 1977 Vkvee f i s h  from t he  

Kuskokwim River had fecunditi~s ranging from an es t imated  46,219 

t o  127,797 eggs/femal e Baxrer, 1973 

Apparent ly ,  i n  several s tocks ,  there i s  a post-spawning 
do~nstream m i  g r a t i  on o f  adu l  ts t n  sverwi nteri ng a r3as  i n deep 

sec t i ons  o f  Y I ~ ~ J ~ P S  or i f f a  brackish water areas om- h k e s  



personal communication; Bendock, 1977; Berg, 1948; Morrow, 1980; 

Scott  and Crossman, 1973). In the Mackennie IRiver, t h i s  

downstream migrat ion occurs in ea r ly  November. 13road whi te f i sh  

overwinter i n  the outer Mackenmie Del ta  and i n  l akes  c f  the inner 
DeGraaf and Mackniak, 7 937). 

En the lower Kuskokwim River, the population which oveminters i n  

the main river migrates back t o  the summer feedislg areas of  the 
tundra  system i n  l a te  Way or early June after !ipring runoff 

Baxter, 1973 A similar migration occurs in the Minto Flats 
area. Broad whitefish move i n  June from the Tanana, Tolovana, 
and Chatanika Rivers t o  feed in the lakes and sloughs o f  the 

Kepler, 1973 On the North Slope,  some broad whitefish 

migrate out o f  the larger rivers such as the Cslville, Canning 
and Sagavanirktok when these rivers break up in early June and 

move i n t o  shallow bays and lagoons o f  the Beaufor t  Sea for sumer 
Bendoek, 1977 Other $paad \$Ri te f ish  remain %n the  

rjvers throughout the sumer. 

Young broad wh i te f i sh  hatch i n  the s p r i n g  and apparently migrate 
t o  summer feeding areas wRf ch may include lakes Baxter, 1973; 

Berg, 1948; Morrow, 1980 Tkere i s  no i n f o m a t i o n  on whether o r  
not the young-of-the-year fish have rearing areas separate from 
the immature and a d u l t  fish. 

The broad w h i t e f i s h  i s  apparently a bstzom feeder. The d i e t  

i nc l  uder gas'tropods, pelecypccfs, chi  ranomids inel uding midge 

larvae and pupae, mosquito larvae,  other d i p t e r a n  larvae and 

ad31 t s ,  terrestrial i nsec ts  , trichspterans, amphi pods, mysi ds  , 
copepods, and  phytoplankton Bendock, 1977 and 1979; Berg, 1948; 

Boughton and  Clemens, 1966; DeGraaf and  Machniak, 1977; Furniss, 
1975; WcPhail and Lindsey, 1970; S c o t t  and Crossman, I973 

Apparent ly,  1 L t t l e  feeding, ir ' any, occurs dul- ing ovewinr ;e r ing ,  

S+tomachs of f i s h  captut-ed while o v e w ~ j n z ~ r i n g  i n  t h e  Col v i  1 l e  

R ~ v E ? ~ .  (Bendock, personal communication; Kogl a n d  Schell , 1375 



a n d  the Saaavani tmk%ok R i  ver Bendack , 1937 have bleen empty. In  
t he  Kuskokwfm River area, the f i s h  do not  feed froim the t ime  th3y 

leave the t und ra  system i n  the f a l l  u n t i l  the time they return t o  

the tund ra  lakes and streams i n  the s p r i n g  Baxter, 1973). Stein 

1373, c i t e d  by DeGraaf and Mach-iak, 1977 

broad wh i te f i sh  Prom lakes i n  the Kackenzie Delta during t h e  

sumer. They reported t h a t  a lower percentage o f  *Fish taken from 
lakes had empty stomachs than those taken from the  Maekenzie 
River,  indicating the importance o f  lakes as feeding areas. 

Most broad wh i t e f i sh  reach sex~al  matur i ty a t  a b o ~ l t  age five t o  

A I L ,  1976; Berg, 1948 A t  t h a t  t ime, they are around 35 

- 50 cm fork length  and weigh around 0.5-2 kg 

Bendock, 7933; Berg, 1948). Specimens have been captured in 

Siber ia  weighing up t o  12 kg and perhaps 16 kg; the longest  f i s h  

reported was 86 cm long (Berg, 1948). The maximum age reported 
t o  da te  i s  22 years Cra ig  and Hal dorson, 1980 

The broad whitefish i s  the largest s f  the Alaskan wh i te f i sh  

Morrow, 1980 except for  the sheefish. The maximum l eng th  

reported for mest popul a t fons  o f  A1 askan broad wki t e f i  sh i s  
around 65 cm f o r k  length A1 t , 1976; Bendock, 1979; Kogl , 1971 ) ; 

the largest f i s h  from the Kuskokwim River was 72.4 cm f o r k  length 

and weighed 7.6 kg R. Baxter, personal communication 
Alaskan broad wh l t s f i sh  captured are between 25-50 cm f o r k  

I 

1 ength, between 0.5 - 2,s kg i n  body weight, and are four to 
e i g h t  years sf age A l e ,  1976; Bendock, 1939; Furniss, 1975). 

The  average weight 3-f f i s h  i n  the ca~mercial harvest i n  "ihe lower 
Kuskokuim i s  3.4 kg R. Waxter, personal conanuni ca t ion  
ape considerable differences i n  growth rates and i n  s i z e  o f  broad 

w h i t e f i s h  among di4ferent geographical areas. 



D, Ecsl osi  cal and Econsmi c Importance 

The broad whitefish i s  o f  excellent q u a l i t y  as a food f i s h  and i s  

important i n  commercial and rubslstence fisherie!;. I n  Alaska, a 

7 im i t ed  commercial sumer f i shery  on the Colvil le  River  d e l t a  

takes about 3000 broad w h i t e f i s h  or  about 7,000 kg per year 
and Kogl , 1973 The broad w h i t e f i s h  i s  the tarBget species i n  

t&e Nechel l k  Channel a$ the Cslvs'He Kogl and Schell , 1975 
Another snal I eomercial fishery e x i s t s  in the 'Yukon-Kuskokwim 
Delta are-ga. The broad wh i te f i sh  i s  widely used throughout  i t s  

range in Alaska f o ~  subsistence food. In the Kuskokwim River 
de l t a  area, i t  Ss second only t o  salmon in importance 

I t  i s  taken year round by g i l l  nets; i n  'the summer, f i s h  

fences and d i p  nets are also used. Small nurSees are taken each 
year i n  Alaska by s p o r t f i s h e m n .  



I I .  SPECIFIC HABITAT REQUIREMENTS 

Broad w h i t e f i s h  have been captured i n  Alaska and northwest Canada 
i n  water temperatures ranging from 0 t o  1 6 O C  e~ndock, 1977 ; 

Craig and Haldorson, 1988; Kogl, 7971; Muth, 1 They my 

tolerate summer temperatures ii, shallow ponds o f  the Kuekokwim 
River  del ta  up t o  about 208C R. Baxter, personal comunication 
There i s no i n f o m a t i o n  on preferred temperatures !, but fish from 
the Mackenzie Rive r  O t o  15.5"C annual range) hiaye a greater 
growth  rate  t h a n  Cappernine River fish 0 to 10.O"C annucil range 
which may suggest t h a t  summer temperatures above 10°C are m o r ~  
f avo rab le  for growth The longer grotwjng season a ~ d  
the greater food abundance in the Mackenzie could also be 

factors. A'i t (1976) suggests t h a t  the slower growth rate of 

broad whi te f i sh  from the Sagavanirktok River and Isuruk Sasin 

(Seward Peninsula) as compared to ether popula t ions  w f  t h i n  Alaska 

may be a resill t o f  the sho~te r  ice-free period i n  those two 
areas, 

Broad wh i te f i sh  in Alaska generally occur in streams where the 
g r a d i e n t  i s  less than 8.75  m/km Alaska Department o f  F i s h  and 

Game, unpubl ished manuscript; Kogl , 1971 ). Current vel oei t i e s  

for  seve~a l  bodies o f  w a t e r  on the North Slope where broad 

wh i te f i sh  occur range f rom O t o  around 180 em/sec. Kogl , I971 ) . 

The broad whitefish occurs i n  Alaska in tundra  ponds where the pH 
can range down t a  pH 5.5 o r  6.0 A l t ,  personal communication; 

R. Baxter, personal communicati They a l s o  occur i n  Sakes 

where the pH a t  the surface can range upward t o  8.1 Boughton and  

Cl emens, 1966 Hewever, the exact j*ange t h a t  they can t o l e ra te  
o r  t h a t  they  prefer i s  unknown. 



Broad w h i t e f i s h  have been caught i n  waters w i t h  sa! iniiies of : 

7 1.4 t o  40,8 parts per tbousand ( p p t )  in A p r i l  aln the Colville 
River Delta (Koyl and Sche'll, 1975), 0-30 ppt i n  coastal areas o f  

the North Slape Craig and Haldorson, 1980 4-281 ppt in P ~ u d l t ~ e  

Bendoc k , 1977 and occasionally i n  brackish water of 5.6 
ppt i n  coastal areas o f  Siberia 
t h a t  they are seldom taken in waters o f  greater t h a n  20 ppl: 

salinl 'ty. They Rave beep caught in waters of tile Earth flslte 
w i t h  t u r b i d i t i e s  o f  2-146 NTU (Craig and HaSdor?jc?n, 1980) aild 

5-10 ppm (Kogl , 1971 

In iaboratory expe~iments  a t  12 - 13OC, Jones (197?) f t u n d  

t h a t  the cr i t ical  v e l o c i t y  f o r  broad whitefish with a .''ark 

length  o f  about 35 cm was approximately 65 cm/sec. Jo7es 
projected t ha t  a d u l t  broad whi te f ish  could move 100 m i I 70 

minutes a g a i n s t  a curpent velocity o f  40 em/sec. Upstr earn 
migrat ions could be inhibited by hicjher curre~t  velocities 
o r  stream reaches longer than  100 m w i t h  velocities i n  :he 
range o f  40 c l~ l sec .  However, the f ish occur in the surraler 
i n  streams o f  the N 9 ~ t h  Slope w h i c h  have current velocities 
o f  80 t o  384 cmlsee (Keg1 , 19T4 ) . 

Broad w h i t e f i s h  spawn a t  water  tempe~atures close t o  QaC 'K. 
A1 t ,  personal c o m u ~ i e a t i o n ;  R e  Baxter, personal 

comunicatfcn; Berg, 1945 Sr?awni:.j tc';es place a t  aboi t 

t he  ti:ne of '  freezing o f  lakes and .- -cans. The upper 

temperature 1 i m i t  i s  unknown. 

Spawning takes  place over substrates r a n g i n g  froin midd anc 
cn̂ ," 2 sanc.1 *LO grave1 ~:0hj3 ' /2 ,  a n d  hoii l  ders w i  ti; perhaps I ne 



gravel be1 cc e;;..  st cammon substrate (p.1 t, personal 
co~mun ica t ia~? ;  Sasiter, $ersunal cornmunicatiort; Kogl , 1971 ). 

Running w.ste-r pr-tor t o  spawning may be a rtiquirement o f  

czrtain stoc; 5 o f  broad %hi tefish fo r  sucet!ssful sexual 
devel opment o f  femai es Kuz' m i  r, , 1 JC9). Ho~gever, there 
appear  t c  be s t r i c t l y  lacustrine stocks. Exa~n~ples i n  Alaska 
$re the Lake Minchumina p,?pulatf on which  eviclently spawns on 
gravel and cobble z:ang the lake shove (2. Blaxte'r, personal 
comuni cat:on) and the lkreavi k Lake pcjpulation 
1°C'' 3441 * 

Brjad  whitefish o v ~ r t q i n t e r  a t  O'C w i t h  no apparent  ili 

effects (Baxter ,  1973 Sendock, 19:7 Kogl and Scilell 

(1975) found braad whitefish i n  the Colville Delta i n  Apr i l  

where a t  dissolved cxygen cor?centrations were 2.3 t o  7.8 

mg/i and  3endock (1980: has found them overwintering -in 
holes of the Colville River where dissolved oxygen levels 

were 1 . 4  t o  4.6 mg/l. Fisi? found  a t  the  lower dissolved 

oxygen ? evol aopeared hea l t h i g .  B a x t e r  19731 stated t h a t  2 

rng 0,/1 i; a g p a r s n t l y  the  m i ~ i n u m  oxygen level to le rab le  f o r  
L 

Kzskakw-im R i  w a !  brbsad whi xef-ish, 

Jei'y 14ttle i n - fo rmat i~ r - i  i s  a~ailatie f a r  t h e  embryonic stage o f  

the b r e a d  wki i  t e f i  sh. S ~ c a u s e  o f  their  geographic l o c a t j o n  and  

t i m e  o f  s~iwning, must incubate z h a a t e r  temueratures close to 

0"Qz. However, Cohtin ( li95J.j s t s t es  t h a t  b road  ?!hi t e f i  si: 
( T . O T ~ C : ~ < I U S  :2ajbs kenni cat-i:.! ) sy?;l~-:~ ' i n  I kr-c~ai i i  l: Lake neGl- S a r i - ~ w  - ----d3 --- 
i n  . - u l v ;  t he  eggs deve loped  a t  5-12°C a n d  h a t c h e d  i n  3C -60 a a y s .  



Ysung s f  the year and juveniles a p p a r e n t l y  m i x  w i t h  the a d u l t s .  

i t  i s  not  presently known iflhhere are difserences i n  h a b i t a t  

requirements a3ong these 1 i f e  stager.  



No su'tabil i t y  index curves were drawn f o r  "Lhe broad  whitefish because 
there i s  not sufficient information t o  construct ~ e a n i n ~ g f u l  curves. 

The wide d i s t r i b u t i o n  o f  this  species i n  h a b i t a t s  w i t h  d i f f e r i n g  

ranges of habitat parameters further compounds the problem. Tables I 

and  I1 p rov ide  a general overv iew o f  certain physical and chemical 
-- 

parameters, 
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!V.  DEFICIEfjCIES IN DFTA GASE AND RECOMMEFlDASIDNS 

Because so 1 i t t l  e i s  known about the  h a b i t a t  t o1  erances , preferences, 
and  needs o f  the b road  w h i t e f i s h ,  information i s  needed on almost a l l  

aspects. There i s  a need For bas ic  dsscriptive 1 i f e  thistory studies,  

extensive measurenients o f  babi  t a t  parameters, and lphysi~lag; cal 

experiments i n  the l abora to ry ,  
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Tk-i s re2art presents a v a i  iable  i n f oma t i an  on the freshwater 
h a b i t a t  requirements o f  the round whi te f ish,  Pr 

and evaluates the hab i ta t  pzkrameters wkick 
are most important t o  the species o r  care most efte!n c ~ i t i c a l  to 
survival  or  l f 'm i t i ng  t a  production, The emphasis o f  this report 
i s  on h a b i t a t  requirements, primarily those o f  a physical o r  

chemical nature. Certain biological factors affecting the we1 7 
being of the population such as feeding, predation, competition, 
parasites, and disease are not  comprehensively treated. 

T h i s  repart i s  intended t o  support  hab i t a t  eval e a t i  on activf t ies  

by presenting a da ta  base for the species and by po in t ing  out 
wh-re m. . e  da ta  are needed. Although information h t s  been gained 

from throughout  the range o f  t he  species, emphasis i s  placed upon 
Alaska. bdhile there appears t o  be wide differences i n  growth 

r a t e s  between different populations wi th in  the State, there i s  

insufficient information t o  show t h a t  h a b i t a t  requirements d i f f e r  

among the various pepulations. 

The l i f e  history o f  the  round whitefish 3s not well known. I t  is 
one o f  the least studied coregonids Jessop and Power, 1973). 

Several good papers on the l i f e  histories sf related species are 
i d  F ishrs  ed i ted  by Lindsey and 

e f i s k  have d e a l t  w i t h  

age and l e n g t h ;  little i s  known o f  h a b i t a t  tolerances, 
preferences , and requ i remenqts . l'he round  whi t e f  i s h appears t o  

have f a i r l y  wide habi e a t  tolerances. They are r i d e l y  d i  stributed 
i n  Alaska, except For the Aleutian Islands and  Southeast, and 

BCCUP i n  a var ie ty  o f  h a b i t a t s  including lakes and rivers. 



The ~ - o u ; ~ d  t.jhi"Lffish i s  d i s t r i b u t e d  widely i n  Sibepia and the 

DO-thersi pa r t  o f  i?ori,h America. I t  i s  one o f  the iiiost widespread 

a d  cornan s p e c i ~ s  ~f norathern waters McPhai 1 alnd b i  nd~ey  , 

1970), In Siberja,  i t  occurs i n  A r c t i c  Ocean drainages from the 

Yenisei River e3st  t s  the  Bering Sea, south t a  northern 
Kamchatka, and i s  also found in drainages on the north side o f  
the Sea o f  Okhotok. In North America, i t  occurs i n  Mew England, 

the Great Lakes (except for Lake Erie in most of Canada 
f o r  the southern par t  o f  the fou r  western provincles and in the 
region o f  the ManiQbba - Ontario boundary whepe there i s  a 

d iscont inu i ty)  and i n  Alaska M~Phii l and Lindsey, 1970; Scot t  

and Crossman, 1973 

The ~ o u n d  whi tef ish occurs throughout  Alaska except fop the Yukon 

- Kuskokwis del ta ,  Aleutian Islands, Kodiak Island,  and most o f  

the sautheast p a r t  o f  the S ta te ;  a l t hough  i t  does occur i n  the 
C h f l  k a t ,  A1 sek, and Taku d ~ a i n a g e s  
comuni cat ion;  HcPhai 1 and Lindsey , 1976; Morrow, 1980 

I t  i s  most abundant i n  gravelly mountain streams and 

associated lakes ( A l t ,  1071; R. Baxter, personal comunieation; 

Berg, 1948; Krasikova, 1968: McCart e t  a l . ,  1972 

A t  least some populations o f  round whitefish apparent ly  engage in 
spawning mig~atiofss b u t  t k y  ape not as stparag c r  directed as 

thase o f  some o f  the other w h i t e f i s h  Morrow, 1960 Movements 
have been observed i n  tributaries o f  the S a g a v a n i ~ k t o k  River i n  

August and Septenber jar t o  spawning season Mcwdrt e t  a]. ,  

1972; Y o s h i ~ h a r a ,  197 Yn Newfound Lake, New Mampshi y e ,  P i  $11 

{Dove t o  t he  spawning area  9 the f a l l ;  the males usr ia l ly  a r r ive  
before the  ?females Ruman 1969). Craig and W c t l  i s  (1975) 

repor ted aggregations of rnund wh i t e f  i sh i n  spring-fed z e c l i o n s  



@ Poastgen bake, Summit h a k e  



o f  the Chandalar River i n  the  f a l l ,  which may indicate the 
existence o f  a spawning migration. 

Spawning takes place i n  the f a l l  i~ shallow, gravel led areas of 
lake shores o r  streams. Spawning in interior Alaska occurs i n  

1 ate  September through October Morrow, (980 I t  may occur in 
northern Yukon Territory as e r ly  as l a te  August (Bryan, 1973, 
c i t ed  by Bryan and Kato, 193 Novemkr and December i s  the 
spawnjng season in the southern parts o f  t h e  range 
Crossman, 1973 Apparently there i s  little o r  no feeding du r ing  
prespawni ng or  spawning a c t i v i t i e s  Craig and \dells, 2975; 
N~mandeau, 1969). 

During spawning i n  Newfound Lake, males and females s w i m  in pairs  
Nomandeau, 1969). P ~ i o r  t o  spawning round wh i te f i sh  on the 

spawn1 ng grounds in A i  rhi h i  k Lake, Yukon Terri tcry , slowly swam 
near the bottom i n  groups Bryan iand Kato, 29751, The eggs are 
broadcast ever the slrbstrste and settle into crevices i n  the 
gravel. 

Fecundity Panges P ~ o a  about 2,000 - 14,000 eggs/female w i t h  large 
females producing up t o  20,000 eggs; the average i s  around 5,000 

- 10,000 eggs Bailey, 1963; Craig and Wells, 1375; Fumiss, 
1974; Krasikova, 1968; McPheil and Lindsey, 1978; Nomandeau, 

ISG9)* No psrental care i s  provided fo r  the eggs. 

There are i nd ica t ions  t h a t  i n  many areas, round wh i te f i sh ,  once 
m z t u ~ e ,  spawn every year Craig and We1 Is,  1975; Krasi kova, 1968; 

McCart e t  a l . ,  1972 ; however, t h i s  i s  not  the case i n  a l l  apeas 
Jessor and Power, 1973 

I n  Newfound Lake, eggs ncubate about 148 days 
ha-tch i n  A p r i l  arid Kay fdomaneleau, 1969). The young hatch as 

sac f r y  and the  yo14 i s  absorbed i n  two o r  th ree weeks. The fry 



- - 

remain upon the bottom a f t e?  htZz:ching and seek shelter in rubble 
and boulders.  They ev iden t l y  lf28ve the s p a ~ n i n g  gri~uncis w i t h i n  a 

month .  In the northern Yukon Territory, f r y  have been found over 
gravel areas o f  streams soon af ter  spring breakup i[B~yan, 1973, 

c i t e d  by B y a n  and Kato, 1975). 

There i s  1 i t t l e  information on whether the young f- ish have 

reey ing  areas separate from the adul t s .  A survey of streams ir. 

the S a g a v a n i ~ k t o k  River basin showed t h a t  f r y  were abundant in 
the main river and lower A t i g u ~  River ,  b u t  no t  i n  other areas 
where juveniies and adu l t s  were present (NcCart e t  a l . ,  1972 

1371) be1 ieved the Colvills River  delta t o  be an important 

rearing area as yol;ng nge groups were captured there, Rearing 
a l s o  takes place i n  the summer i n  the t ~ i b u t a ~ i e s  aF the Colville 
River ( A l t  end Kogl, 1973). ~ r a ~ i k o v a  1968) stated t h a t  in 
S j b e r i a  the young feed i n  the reaches of streams and along 

t he  shores o f  lakes. Bailey stated t h a t  there may be a 

segregation by age d u r i n g  t he  summer in the Isle Royale area s f  

Lake Superior. 

The a d u l t  round w h i t e f i s h  i s  usually found in deep lakes  i n  the 

southern p a r t  o f  i t s  range and more o f t e n  in rivers and stpeams 

i n  the northern pa r t s  (Scott and  Crossman, 1973). In the Great 

Lakes, i t  i s  considered t o  be a shallow water species. Koelz 

1929, c i t e d  by Scot t  and Crassman, 1973 stated t h a t  i t  i s  found 

a t  water depths less than 45.7 m and Dryer 1966, c i t e d  by Scot t  

and  Crossman, 1973) found them t o  be most abundant i n  western 
Lake Superior a t  water  depths  less t h a n  36.6 m. The greatest 
watei- depth  a t  which Dryer caught fish was 71.9 rn. S c o t t  and  

s t a t e  t h a t  a U,S, F i sh  and Wl"%dl i fe  Service 
vessel caught one specimen i n  a bottom gillnet set i n  eas te rn  

Lake Superior a t  218.9 m. I n  the Kuskokwim Rive? area, round 
w h i t e f i s h  occur i n  lakes a t  leas t  as deep as the  hypo? imaion 

Baxter, personal cammunicationj. 



The ~ o u n d  w h i t e f i s h  has been reported t a  occur i n  brackish waters 
a long  t:he coastline 9.F Hudson Bay and aft' the ~ o u t h s  of t he  

Copperni ne and Mackenzi e rivers f S c o t t  and  C~~ossmdn, 1973). 

Evidenstly,  i t  does not  occur in brack ish  wa te r  i n  Alaska 

1975); a t  least i t  has not ye t  been captured i n  such areas. 

The round w h i t e f j s h  i s  a bottom feeder, constiming primarily 

bentk le  invertebswates dps skaillow areas o f  strc!ams and Inshore 

areas o f  lakes., food ftems include: mayfly larvae,  cadd i s f l y  

larvae and edul ts ,  chiponomi$ larvae and pupae, gastropod and 

pelecypod molluscs, f i s h  eggs and small f i s h ,  immature ? i p A e r a  

inc lud ing  b l  a c k f  1 y and mosquito 1 arvae, stonef  1 y nymphs, and 

cl adocerans (Furniss, 1974; Krasikova, 1968; McCart e t  a1 . , 1972; 

0; Faomandeau, 1969; S c o t t  and Croszman, 1973 

968) found t h a t  the feeding rate o f  round w h i t e f i s h  

i n  July  and August i s  considerably higher  i n  streams t h a n  ibl 

lakes. Movement o f  round w h i t e f i s h  into t r i bu t a l -y  streams o f  the 
Sagavani rktok River apga~ently a r 2  sumer feeding excu~sions 
McCart e t  a1 . , 1972). 

The maximum l eng th ,  weight, and age reported f o r  the species i s  

56.1 cm t o t a l  l e n g t h ,  2.0 kg perhaps 2.3 kg and age 22 
and Me1 Is,  1975; Furn iss,  1974; Morrow, 1980; S c o t t  and Crossman, 

MacKay and Power stated t h a t  t he  ultimate sj:te f o r  

t l ~ e  species was 40 - 50 cm fork l e n g t h .  Round w h i t e f i s h  i n  

Alaskan waters are usually less t h a n  40 cm fo rk  l eng th  and 

usually welgh less t h a n  0 5 kg a l though  specimens u p  t o  52 cm and 

1.3 kg have been taken Y. Alt ,  personal comunicat ion;  R. 
B~lxtcr, personal cam~uni c a t i  an 

'The f i s h  reach sexual njatur i ty  a t  about  age 4 or 5 i n  t h e  
sou"c1ern parl: o f  t h e i r  range and  a t  age 6 ,  3 s r  8 i n  northern 

McPhail and  Lindsey, 1970; M s ~ ~ . o w ,  1980; Peck, 1964). 

S i m i l a r  db iP fe~ences  e x i s t  between Fast  and slow gri iwing 

popu la t ions  i n  S i  h e p i e  (Kmsi kova, 1968 



Growth rates vary considerably t h r o u g h o u t  the  ranlge (Bailey, 
1963; Craig  and Wells, 1975; Falk and Dahlke, 1974; Jessop and 

Power, 1973; Mraz, 1964; Peck, 1964; Whye and Peck, 1958). Lake 
Michigan fish reach a t o t a l  l e n g t h  o f  50 en in 7 years; f i s h  from 
a lake i n  the Brooks Range take  1% years t o  reach this length 

Morrew, 1980 K~asf kava 1968) be1 ieved th:!t ;he da'fferences 
=in growth rates among areas resulted from different . i n  food 

product1 on. 

The round w h i t e f i s h  plays a minor role i n  lake eeclsystems as a 

predator on the eggs o f  other F ish  but i t  prs'marily consumes 
benthic invertebrates. The round whitefish i s  a prey i t e m  fo r  
other species o f  f i sh ,  inc lud ing  l a k e  t r o u t  and p ike .  

The round w h i t e f i s h  i s  a h i g h  qualit:! food f i sh .  In past  years, 
i t  has supported a commercial fi.r,hfi;y i n  the  Great Lakes up t o  

about 180 metric tons annually {Scott: and C-rbSsman, 1973). I t  i s  

o f  some comercia1 importance i n  the USSR, In Alaska, 

subsf stence f i shemen t ake  I i m l  ted n u m b e ~ s  o f  round v ~ h i  t e f i  she 

The f i s k  i s  sought by sport fishermen i n  New Brunrwiek ( S c o t t  and 

Lrossman, 1973 and a liroited sport f i shery  e x i s t s  .in Alaska  



I%. SPECIFIC HABITAT REQUIRMENTS 

Round whi t e f  i st? 1 " ~  A i  sh i  h i  k Lake, Yukon Territory, spawned when 

wster temoeratsdres were around 1 - 2°C Bryan ancl Kato, 1975 

found  them spawning i n  the Rybnayla stream o f  the 

USSR i n  early October wher! the water temperattire was around O°C. 

bake Superior f i s h  spawned a t  4.5"G (Scott and Crossman, 1973 
Round w h i t e f i s h  spawn in both  lakes and streams. A t  ',e out le t  
o f  Wiskihr'k Lake, Bryan and Kato 1975) observed L'hem s p a w n i ~ g  j n  

current v e l o c i t i e s  ranging from less than 31 cm/sec t o  63 cm/sec. 
A sampling g r i d  in the spawnigg area revealed t h a t  eggs were most 
dense in the faster water. However, they a l s o  slpawn i n  still 

Koelz, 1929, c i t e d  by Bryan and Kato, 1975; Nomandeaer, 
1969). 

Round w h i t e f i s h  spawned i n  t i l e  outlet  of A ish ih ik  Lake a t  water 
depths r a n g i n g  Prom 0.7 t o  2.5 m Bryan and Kata, 1975). Eggs 
were most abundant a t  depths less than 1 m. In Newfound Lake, 

Nes Hampshire, they were ~ b s ~ : v e d  spawning a t  water depths s f  
0.15 t o  ? . B  m o r  more (perhaps down t o  3.66 m alt.hough most eggs 

were Pound a t  depths between 0.15 and 8.60 m (~omandeaur . 1969). 

g i n  the Great  Lakes takes p lace  a t  water dep ths  o f  4 t o  

oelm, 1929, c i t e d  by Seot"r.and Crossman, 1993 

substrate chosen by round w h i t e f i s h  for spawning i n  Newfound Lake 

was a rocky reef covered w i t h  gravel - and rubble  and a Pew 1 arge 
boulders. The bottom was ke?t  free 08 s i  1 t by wind driven waves. 

Sandy areas were not used for spawning No~nandeau, 1969 
found t h a t  the  round wkltef"sh s f  A i sh i h i k  bake 

spawned a t  %Ire outleat over a variety of subst ra tes  r a n g i n g  f r om 

mua t o  gravel and boulders b u t  t h a t  t he  eggs were most dense over 
g ~ a v e l  (partie'l e s i z e  2-250 mm) . Other investigators have 

reported them spawni r ~ g  over grave'l and  bou 1 dzi-5 ( Koel z , i923 ,  

c i  t u d  bli B~*yqyzi: and #sl:o, 1915 over grav(2'l (Al)iYr8tli, tanp~abli.;ht.ii 



MS), and over cobble and gravel i n  widened stretches o f  small 

Kras ikova,  196d). 

The water temperature a-f Fler+found Lake was 2.3@C during the 
i nztibation period o f  round whi t e f  i sh eggs Nomarrdeau, 1359 

Given t h a t  round whitefish in Alaska spawn i n  the fa17 a t  water 
temperatures around OaC, the eggs must i neubate ait temperatures 
close t o  OQC.  Eggs o f  round w h i t e f i s h  which spa~med i n  lakes . 

would probably incubate a t  sl i g h t l y  h ighe r  temperatures. 

No infomation i s  available on dissolved oxygen levels required 
dur ing i ncvbat i  on but the oxygen level s encountered must be 
f a i r l y  h i g h ,  g iven  t h a t  the eggs are located on the surface of 

substrate and i neubate a t  1 ow water temgeratores. 

C, Juvenile Rea?inq 

Lit t le information i s  evailable on any h a b i t a t  requiremznts o r  
preferences t h a t  juveniles may hal~e which are different from 
a d u l t s .  Baxter (perso~a l  communication) kds foutid t h a t  Age 1 and 

$1 f i s h  l ive i n  the same areas as aduf t s  but i n  shallower waters. 
1954) compared the growth rates o f  round whitefish in Paxon 

and S u m i t  Lakes and found t h a t  the young-of-the-year f i s h  i n  

Paxson Lake have a greater grogth  rate.  Peck suggested t h a t  'chis 

was a lcesul t o f  an earl jet- warning o f  the waters i n  the spr ing 

and a greeter food productivity i n  Paxson Lake. 

8, Adults 

I n  the w~s:s~*n pa r t  aF the North Slope,  round w h i t e f i s h  are found  

i n  t he  suvlmer i n  streams where the water tempe~ature ranges -from 
KogS , 1971).  Fa1 1 migra t ions  $ n  the Sagavansi rk tok 

River drainage have been observed a-t  w a t e r  temperqiltui*ez r*anySi ng 



.$"porn 0 - 13°C McCart e t  a l e ,  1972; Yoshihara, 1572). ?,ound 

w h i t e f i s h  in Moosehead Lake, Maice, wepe distr  b u t e d  i n  August a t  
water temperstures ranging fn,m 13.9 - 1 7 . 5 O C  Cooper and Fuller, 

1945, c i t e d  by Fe~guson, 1953 Round wki  tefisk Rdve been fauwd 
overwintering i n  deep holes in t i le  Colville, Kuparuk, and 

Sagavant ~ k t o k  River a t  water tempe~atures o f  0 - I0C 

1977, 1979 and 1980 

Round w h i t e f i s h  in s t~eams  o f  the Kilbuck Mountains are generally 
found where the gradient  i s  greater t h a n  6.5 mi/km 

unpublished MS). They occur i:n North Slope strdlams wkiere the 
grad-ient ranges from about 1 - I4 m f  km and the currmt v e l o c i t y  

~anges Prom about  24 - 274 cm/sec They !yrrr; not 
actually be ppesont in the h ighe r  current v e l o c i t i e s ,  but do 

occur in streams which have these velocities. Berg (1948) and 

1968) stated t h a t  round whi te f i sh  in the USSR prefer 
s w i f t  curvents, 

Jones ( 197? determined experimentally t h a t  the c r i t i c a l  vel e c i t y  

for  nine rcund wh i te f i sh  w i t h  an average fork length o f  30.4 em 
was 42.5 cm/sec. 

Round w h i t e f i s h  are found on the N o ~ t h  Slope in the sumer over 
substrates rang ing  from mud to cobble an6 boulders (Bendock, 
p o r s o ~ a l  communication; Kogl , 1971). Wowever, they seem t o  be 
found most cornonly i n  st~~e-earns w i t h  a grttvel bottom 

unpublished MS; Berg, 1948; Krasikova, 1968 

The t u r b i d i t y  o f  streams of the western North Slope where round 

w h i t e f i s h  are found 9'n t he  summer ranges from clear t o  15 ppm 

They 8pparent'Iy have a preference f o r  clea- 

Baxter, personal comuni  cat ion;  T. Beeldock, person8.l 

communication; DeGraaf and Machniak, 1977). 



I n  the Colvillr River, heal thy  appear ing  F f j h  w i t h  food  i n  their 

stomachs were "cken f porn waters w i t h  dissolveld oxygen 

concentrations ranji lng from 2.6 - 5.6 ppm (Bendoclk, 1980). In 

the Kiiparuk and SagavarpSi rk tok  Rivers where round rrhi t e f  i sh were 
taken,  the dissolved oxygen sa tu ra t ion  ranged frabm 49 - 100% 

Bendsck, 1977). Streams o f  the KSlbuck Nountaints and Nulato 

Hills where they are found are well oxygenated throughout the 
ADF&6, unpublished MS), 



111, SUITABILITY INDEX CURVES 

No s u i  tab;! i t y  index curves were drawn fo r  the round wh i te f i sh  because 
il: was believed thst there 1 s  not sufiieient data to construct 
meaningful curves. The wide d i s t r i b u t i o n  o f  the species i n  a varie!:y 
of habi ta t s  w i t h  broad ranges o f  h a b i t a t  pa~amelers 1Arther compauntis 

the problem o f  desc~ibing optimum h a b f t a t .  Tables I and I1 pravidc a 

general overview sf certain parameters. 



-7- 32 - i Robnd Uhi  t e f  is4 Spawning 

~3 y a f w ~ t e y  Observed Values Renla r k s Coca t .i on Refereflce 

hishdhik Lake, Bl-yan and Katrs, 1975 
Yukon Terrl tory 

Lake Superjor Scott and  Crossman, 
1973 

Great Lakes Koela, 1929 (cited by 
Bryan and Kata, 1975) 

Newfound Lake, Momandeai~, a966 
N *  H, 

<31 - 63 eggs mast abundant i n  outlet o f  Alshihik Bryan and Kato, 9915 
. .. f faster water  Lake, Yukon Terr, 

o,7 - ? , 5  eggs most abundant a t  o u t l e L o f A i s h - i h i k  Rrya rav idKa to ,  4975 
water depths dl m Lake, Ybkon Terr. 

Q,15 -. 2 , O  + range 

0-15 - 0,40 rvlosft eggs 

4 -. 15 range 

Newfound Lake , , homandeau, 1969 
N *  H e  

Great Lakes Koelz, 1929 
Scott  and Crossmao, 1973) 



-- E ; a cYj2  1 I *  Round Whitefish, A d u l t  

p2 -A .-3cgoter v r e a i i ,  Observed Va 1 ues Remarks i,oca t f on Reference 

have been capeured a t  these 
tenperalurc:.s i n  the susmner 

f a l l  migrations 

f a l l  ~ i g r a t d o n s  

distribution in August 

Western Nsrth Kogi, 1971 
Slope 

Happy Valley Crk. McCask eL a] ,  , I972 
trs.4be o f  
agavani rktok R. 

Colville, Kuparuk Bendock, 1977 & 1980 
and Sagavanirktok R. 

Noosehead Lake, 
Ma 4 ne 

Ferguson , 1958) 

CsBv~Ble Rlver Bendock, 1980 

Kuparuk and Bendock , 1977 
Sagavan! rk tok  R. 



I V ,  DE%%C%EM@%ES IN DATA BASE AND WECOHMENDATIOMS 

Because o f  the paucity o f  information, i t  i s  not possibjle t o  elaborate 
on specif i cr regarding the kabi t a t  t a i  erances , preferences and needs 

of' the round wkite$ish, I f  the k a b i t a  o f  the round \iaihs"tePs"sh i s  t o  
be adequately described i n  A1 aska, more research ? s required. Studies 

needed range f ronl basic d e s c ~ i  p t i v e  1 i f e  h i  s tory studl'cos t o  extensive 

measurements o f  h a b i t a t  parameters t o  physiol ogical experiments i n  the 
1 a b o r a t o ~ y ~  
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Pke purpose o f  this project i s  t o  describe how selected physical 
and chemical features o f  lotCe h a b i t a t  wi th in  ASask3 influence 
the s u ~ v i v a l  end behavior o f  the various l i f e  statles of A r c t i c  

gray1 ins, 

Objectives o f  this project are: 

1) Ta gat he^ data  from pub1 ished and u n p ~ b l  ished sources within 
Aldska , Canada and Montana and from co7.vcrslations w i t h  

fishery 5iologists from t ire above areas concerning the 
reiationshigs betiqeen lo t ic  aqustic h a b i t a t  and arc t ic  
gray 1 f ng surv iva l  and behavior. 

2 )  To develop an Alaska da ta  base camposed o f  n a ~ r s t i \ ~ e  and 

tables s f  observed physica3 parameters t o  better understand 
habitat-4rctic grayling relatienships; and 

3 )  To i d e n t i f y  areas where data  are lacking and to r'ecomond 
s t u d i e s  t o  f i l l  gaps i n  the da ta .  

The f3l lowing '"Life H i s t o r y  Sumary'' and "Specif ic l  H a b i t a t  

Rela"lionshipa5' sections w i  I1  i$eilt4ify the ; a ~ ~ c  h a b i t a t  

re1 atiosrifis" ps of the var? ous 1 i f e  h; story and seasonal behavior 

stages o f  the A r c t i c  gkaylinq whfch incluie: 

ueftriiant spewning migraticn; 

spawn i ng ; 
pos t-spawni ng movt?na:rits ; 

incubatfen; 
sumrner rear1 ng ; 



migration t o  overwinter ing areas; and 

winter rear ing  

8,  Distribution 

The Arctic grayling i s  a holarctic species o f  tkle genus 
Within North America i t  occurs f rom Hudson Bay west 

through northern M a ~ i  toba, Saskatchewan, A1 ber ta  arld British 
Col uabia, the Northwest Territories (excl udl ng most islands o f  

the Arctic archipelago!, the Yukon and most o f  Alaska. In 
Eurasia i t  i s  found as f a r  west as the Mara and Ob R i u ~ ~ s  and 

south t o  Northern Mongolia and North Korea. 

S e v @ ~ a i  isolated, re1 i c t  populations e x i s t  in North Eimerica. One 

i s  Iccated i n  a f ract ion o f  i t s  o r ig ina l  range in the extreme 
h~adwaters o f  the Missouri R f  ver drainage in Montana (Nelson, 

1953). Two ather rziict populations are found i n  Canada, one in 
southeas3 Sritr 'sh Columbiz and the other i n  southwest Alber ta 

('cot? and Crossman, 1973). 

An A r c t i c  grayling populatian i c  thc .  &peat Lakes region was 

elfminated i n  the 1930s. Possible causes were log drives during 

the spawning season, intsnse ang! ing ef%or% and general h a b i t a t  

degradation (Creaser 3p.d Creaser, 1935). Attempts t o  yestock 
these waters "ailed. Arctic grayling have been introduced t o  

Colorado, Utah ,  Idaho and Vermont (Scott and C~ossaa~, 1973). 
A r c t l c  grayl i n g  are distributed over much o f  Alaska (Figure 1) 

FBcClean and Delaney, 1918 Distribution n f  A r c t i c  grayling 

w i t h i n  sou"Lhetis MAlaska i s  primarily liit~ited t o  stocked lakes.  
O c c i l s i ~ , ~ a !  1 y Fi sh d r i  P t  downstream i n  I arge strean1 systems, srlck 

as the S t i  k!ne River. 'These rivers eaFten suppcrt s i ibstant ial  
populations o f  grayl  i n g  i n  the3 r headwater reaches (McClean and 

Gelaney , 1978). 
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Numerous clearwater tributaries and lakes w i t h i n  the upper Capper 

and Susitna R iver  drainages conta in  A r c t i c  grayling. Grayling are 
found in the Gul kana and Oshetna Rivers .  A r c t i c  gr5ayl i ng  are 
extremely 'I lmi ted w i t h i n  the Pr ince Will i a m  Sound arlea and lower 
Copper Rive r  drainage and somewhat limited w i t h i n  the lower 
Susitna Rjver drainage. Both o f  these l a rge  pivers are g lac ia l  

and s u p p o r t  relatively small populations. Howeverb, a few 

clearwater t ~ i b u t a ~ i e s  o f  the lower Copper P1ver and many 
c l e a ~ ~ a t e r  tributaries o f  the lower Susitna River, !;uch as the 
Taiachul i tna  and Chunil na River ,  and Lake Creek conta in A r c t i c  

grayling. A r c t i c  grayling are not found on the west side of Cook 

Inlet  south of Tyanek (McClean and Delaney, 1978). 

Numepsus Takes w i t h i n  the Kenai Peninsula were stocked and nsw 
support  reproduci ng popul a t i o n s  o f  A r c t i c  gray l i ng . These 

include Crescent, Upper and Lower Paradise,  Bench and Twin  Lakes 

McClean and Delailey, 1978). Selected lakes on Kodiak and 

Afognak Islands conta in A r c t i c  grayling. 

Grayling are a l so  found i n  clear w a t e ~  streams aP the Alaska 

Peninsula and Bri stol Bay drainages. Especi a1 1 y 1 arge 
individuals are found i n  the Ugashik and Becharof Lake and Togiak 
R i v e r  drainages McClean and Del aney , I978 

A r c t i c  gray1 ing are widely distributed i n  the renrilining A r c t i c  

and sub-Arct ic areas o f  Alaska, w i t h  the except ion o f  the  

Yukon-Kuskakwim River  d e l t a  area IYcCl ean and Oel aney , 1978). 

A r c t i c  grayling usually migrate t o  spawning s i t e s  just prior t o  

or d u r i n g  s p r i n g  breakup. Several factors i n f  "1 uence the upstream 
m i g r a t i o n  o C  Chis f l s h  i nc lud ing  distance sepa ra t i ng  

o v e ~ ~ ~ i n t e ~ i n g  and spawning s i t e s ,  streamflaw avld water 

temperatures. TE~cI( reported upstrearn movement o F Fl' sh 



w i t h i n  the i c e  covered Chena River about 2.5 w@ek:s prior t o  

breakup corrdi t ions .  T r i p p  and McCart (1974) reported upstream 
movement o f  f i s h  Tin the i c e  covered Mackenz'ie Riveir t o  i c~3- f ree  

tributaries, 

F i s h  passage can be prevented by i c e  jams, beaver dams or 
waterfal I s ,  The swimming performances o f  a d u l t  and juvenile 

A r c t i c  gray1 i ng are influenced by f i oh s ize ,  wa te r  temperature, 
current ve loc i t y  and the size  and ex ten t  o f  b a r r i e r s .  Sex and 

spawning cond i t ion  a1 so i n f  1 uence the migra t ion  s f  adu'l t f i s h  

(MacPhee and Watts, 1976)- 

The importance of the spawning mig ra t i on  t o  juvenile f i s h  i s  not  
c lear ,  b a k  1986) related t h i s  phenomenon t o  homing. Juvenile 

f l s h  may become imprinted on v i s u a l ,  olfactory o r  other 
cond i t ions  and recognize the spawning area upan maturation. 

The establishment o f  male spawning territories may initiate 

spawning a e t i v i  ty  (Kruse, 1959; Bishop, 1971; Tack, 1971). Males 
select territorial s i t e s  f o r  various physical condi t l o n s  w h e ~ e  

spawning wlll eventual ly take place. 

Grayling t e r r i t o r i e s  vary i n  s i z e  w i t h  respect t o  stream width, 

water d e p t h ,  current velocity , channel conf  i g u ~ a t f  on, spawner 

densi ty  and, passibl y ,  other condilicls. Kruse (1959 

t e r ~ i t o r i e s  ~f 0.15 by 8.61 m (0.5 by 2.0 ft i n  a 1.5 m ( 5  ft) 
wide reach o f  Moflhwest Creek, an in le t  Grebe bake, Wyoming. 

However, i n  a wider 2.4-3.0 m, 8-10 f reach o f  the  same 
stream, t e ~ r l ' t o ~ y  dimensions wepe approximately 1.2 by l . 2  m 

n o w  ttrat male f i s h  tev"rdtc%ries I n  the  

outlet  o f  Mineral  Lake, A laska were about 2.4 by 2.4 rn 

Ripe males establ  i s h  spawiling t e r r i t o r i e s  and v i g o r o u s l y  defend 

them f rom other n ~ a l ~ s .  Shor t  iread* on tllrrrsts r j s ~ i a i i  y repel 



sub-adui ts.  Adult: males are repel led by l a t e r a l  dilsplays , 
sometimes fo l  lowed by direct  at tacks (Tack,  1971). 

Gray1 i n g  spawn i n  areas w i t h  surface current velocities less than 
f . 4  m/sec (4.5 f t / s e c ) ,  varying water depths and relatively 

small, unimbedded gravels about  2.5 cm ( I  i n )  i n  diameter. 

Ferti 1 ization occurs a f t e r  the females leave the1 r kollding areas 
and pass t h rough  male t e r r i t o r i e s .  The females are pursued by 

*.everal males who at tempt  t o  court her. The successiFu1 male 
places h i s  dorsal f i n  over her back, initiating simultaineaus body 

arching and v ib ra t i ng .  The male may drive the posterickr t h i ~ d  of 

the female's body i n t o  the substrate where eggs and sperm are 
re7 eased. 

The Fertilized eggs s i n k  t o  the bottom o f  the stream and adhere 
t o  the substrate, No actual  redd i s  construct: )get the eggs may 

be covered by as much as 5 cm ( 2  i n . )  o f  disladged substrate. 
There i s  no pdrental  care of'  the eqgs. Arter spawning, the 
female resumes her femer r es t i ng  pooi";ion b e f o ~ e  poss ib ly  

spawning again.  Both sexes may spawn more t h a n  once wi th  various 
partners. They are capable o f  spawning annually (Brown, 1938; 

Kruse, 1959; Bishop, 1971; Tack, 1971: S c o t t  and Crossman, 1973 

I t  i s  not known whether juvenile and a d u l t  Arctic gray1 ing  return 

t o  the same spawning stream. 

The dura t ion  o f  Arctic grayling spawning a c t i v i t y  may range from 

four days t o  cwo weeks Warner, 1955; Tack, 1991; WcCart, Craig  
and Bain, 1972; T r i p p  and MeCa~t, 1974 

Age o f  maturity i s  v a ~ i a b l e  and generally i s  greatek i n  the 
northern reaches of th is  f i s h ' s  range. Grayling have been found 

t s  reach sexual maturi ty  a t  age 2 o r  3 in ivi-ich-igan (Creaser and 

Creaser, 193%) and in Montana (Kruse, 1959) streams. Most f i s h  

i n  the  North Slqpe af the Broolts Railoe, Alaska) anti nor*thern 



Yukon and the Northwest Territories mature between ages f o u r  t o  

nine (Bishop, 19711; M c C a ~ t ,  Craig and Bain, 1972; deBrujrn and 

MeCart, 1934; Cra ig  and Poulin, 1974). Fish in the lower 
Kuskowkwim Rlvcr, S e w a ~ d  Peninsula and Tanana River ,  Alaska reach 
matur i t y  a t  ages f i v e  t o  s i x  ( W l t ,  1366 and 1978; Wtrjcik, 1955). 

The l i f e  span a f  A r c t i c  grayling i s  var iab le ;  northern 
populat ions generally live longer than southern populations. 
Maximum ages o f  Arctie gray1 i ng  from Montana range from seven t o  
eleven years (Brown, 1938; Nelson, 1953 Se~era f i  f i s h  from 

selected Beaufort Sea d~ainages i n  the Yukon Territories and the 

Chandal a r  Rive? drainage in north-central A1 aska ranged i n  age 

from 15 t o  22 years (de Bruyn and McCar" ,1974). Maximum ages o f  

f i s h  f r o m  various fanana River, Alaska dras'nages are abou t  11 

y e a ~ s  (Tack, 1973 Regional di f ferences i n  grayling l i f e  spans 
may resul t From varying env i  ronmental condi t ions over their range 

(Crarg and Poulin, 1974) or from d i f fe rences in aging techniques 

(scale versus o to l  i t h  

Female fecundi ty  v a r i e s  w i t h  f i s h  s i z e  and stack. Brown 
reported egg fecundl' t ies ranging from 1,650 among Grebe Lake, 

Wyoming individuats l e n g t h  and weight unknown) t o  aver  12,900 

eggs among large (0.91 kg ( 2  i b  ) females from Georgetown Lake, 

f4antana. Mean fecundity values among females f r o m  Grebe Lake 

va r i ed  from 1,900 eggs i n  individuals less than 280 mm (11 i n )  

f o r k  length ( f l )  t o  2,800 f n  f i s h  exceeding 305 mm 
Female f i s h  ranging 1~ f o r k  length  !fl) from 331 t o  373 m 

from Weir Creek, a small t r i b u t a r y  of the Kav ik  
R ive r ,  Alaska contained from 4,580 t o  14, 740 eggs 8,482 

Craig and Poul i n ,  1974 Teg females 295 t o  395 mm f1) 

froa~ the upper Chandal ar River ,  A 1  aska drainage conlai ned 2,330 

t o  9,150 eggs (2 = 4.,937 eggs) ( C ~ a i g  and Wells, 1974).  

Development o f  Aretic g~ayling eggs t a  hatching occtays vel-y 

r q a i d l y  (13-32 days  and i s  inflt~enced primarily by water. 



temperatures (Henshal I ,  1907; Ward, 1951; Bishop, 1971; K r b t t  and 

S m i t h ,  1971; Tryon, 1974). The hatched f r y ,  o r  a le!vins ,  wj th  

a t tached  yo lk  sac, are about e i gh t  m long (Scot t  arid Crossman, 
1973). The yo1 k sac i s  completely absorbed i n  one t o  two weeks. 

Kruse (1959) examined survival o f  emergent grayling1 in Grebe 
Lake, \?yarning. He estimated t h a t  f i s h  survival th~crugh the fry 

stage was about  s i x  percent i n  one a f  several in1e.t streams. 
Probable causes o f  t h i s  high mortality were egg dislodgment, 

predat ion and low fertilization. Water velocity could a l so  
influence egg and alevin surv iva l .  No redds were constructed 
d u r ~ n g  spawning and fertilized eggs may no t  have been covered 
w i t h  g r a v e l .  

Alev ins  hatching w i t h i n  the gravels probably have h igher  survival 
t h a n  those hatching on the exposed substrate (Krat t  and Smith, 

. The gravel provided cover, decreased the chances oP 

dislodgement and lessened swiming stresses in the early stages. 

Growth o f  A r c t i c  grayl 1 ng varies considerably over i t s  range, b : ~ t  

f i s h  f r o m  northern reglons generally grow more slowly t h a n  f i s h  

Frcm southern areas (Craig  and McCart, 1974b). The largest 
grayling recorded from Alaska weighed 2.13 kg ( 4  l b ,  11 oz) ,  and  

~das 54,6 cm 2 1 , s  i n )  long  Ugashi k Nar~ews, Alaska Peninsula, 

The Canadian record gray1 i r g  weighed 2.71 kg 

and measured 53-3 cm Northwest Territories, 

Growth rates a f  young of the year (yay Arctic gray1 i ng  can be 

extreme1 y v a r i  ble among drainages due t o  d i f f e ~ e n c e s  i n  length 

o f  open wate r  seasens, temperatures and food s u p p l  i e s .  

For example, 49 f i s h  w i th in  tile outlet of C h i c k  Lake 

Bonslel l y Rl'ver, a t r i b u t a r y  af  the Mackenzie River ,  Northwest 
Territories, Canada) a t t a i n e d  a mean f o r k  lengxh f l )  o f  49 mm i- 

4 mm by 8 J u l y ,  1973. I n  cont3rast 38 individuals from a small 
i n l e t  t o  Chick Lake \$ev.e or11y 20 mm - i r m  by J u l y  



McCarC, 1974). The  C h i c k  Lake inlet had lower w a t e ~  tempe~atures 
and lower benth ic  invertebrate standing crops than those o f  the 
C h i c k  Lake outlet .  E l  liatt (1980) noted substantial d i f fe rences  

i n  growth ~ a t e s  among yoy A r c t i c  gray1 i n g  among sma~ll bog and 

m~untaca 'n  streams ws" t h i n  Alaska, He ascribed those d i f f e ~ e n c e s  ts 

food a v a i  1 a b i  1 i ty , water temperatures and dura t ion~s  o f  the 
growing seasons. 

Arctic grayling are opporturtistic feeders and consuw more and 
larger prey as the.y grow. Young o f  the year f i s h  have been 

observed feeding prior t o  t o t a l  yolk sac absorpt ion (Brown and 

Buck, 1933; #ruse, '1959). Fish inhabiting lakes may consume 
and chironomid lar'dae and pupae. Elliott 

ated the sumer  ffood h a b i t s  of F i sh  i n  selecte 

rapid-runoff and bog streams crossed by the Trans-A1 aska P i  pel ire 
Early yoy f i s h  (less t h a n  3 . 5  m f l  ) consumed 

about three d i f f e r e n t  aquat ic and terrestrial invertebrate taxa  

whereas 1 arger yoy f i s h  equal t o  or greaeer than 3.5 m f l  

consumed up  t o  e i g h t  taxa.  Immature chironomids were the mast 
frequently eaten taxon.  

Larger f i s h  consume driftfnq I m a t u r e  ,:nd mature aqua t i c  

f nver tebrates , mature terrestri a1 i nvertebrates and accasi  onal l  y 

leaches, fishes, f i s h  eggs, shrews and l em ings  Ra~tsnz, 1950; 
Kruse, 1959; Br'skop, 1971; Scot t  and Crossman, 1973). M a t i i ~ ~  

f i s h  apparent ly Peed infrequently o r  not a t  a1 l during :he 

upstream spawn4 ng migrat ion.  

A r c t i c  grayling @lay feed durlng the w i n t e ~ .  Fish, captured by 

g i l  lnet lander the ice w i t h i n  pools OF the S a g a v a n i ~ k t o k  and 

Calvi 1 i e  W i  vers, 81 aska, contained ephemeropteran and pl ecopteran 
nymphs (Ale and Furniss, 1976; Bendock, 1988). 

PredaQsicsol on A r c t i c  gray l i rlg eggs and a1 evins by a t h e r  FS :;l?es 

c o u l d  s ign i f i c i xnL l y  reduce f i s h  production. Tack ($971. 



w h i t e f i s h  preying upon A r c t i c  grayling eggs a t  the out let  of 

Mineral Lake, Alaska. Rainbow t r o u t  (Salms 

Richardson), A r c t i c  char (Salve1 inus a 

whitefish ( 

L i  nnaeus ) , 1 ongnose suckers ( 

F o r s t e r )  f , and other f i shes  may a1 so consume A r c t i c  gray1 ing 

eggs and alevins Bishop, 1971; MacPhee and Watts, 1!)76; A l t ,  

Spawned-out adal  t f i s h  may remain w i t h i n  spawning areas o r  
migrate cons ide~ab le  distances t o  summer feeding cireiis w i t h i n  

l akes  o r  streams. A spawned-out f i s h  tagged in la te  June 1972 i n  

a lake outlet entering the Maekenzie R i v e r  near Norminn Wells, 
Northwest Ter r f  tories was recovered w i t h i n  a month in the Great 
Bear River, 159 km (99 mi ) distant (Jessop e t  a1 . , 1974). Tagged 

adui ts  Rave been shown t o  leave Poplar  Grove Creek, Alaska,  a 
small bog stream, w i t h i n  several weeks a f t e r  spawning and move t o  
other areas for  feeding (MacPhee and Watts, 1976; Will jams and 

Morgan, 1974). 

Movement o f  juvenile f i s h  o u t  o f  spawn-~ng streams can occur 

during or slightly af ter  a d u l t  f i s h  emigration. Decreased f l ows  

and lower food availabil i f y  influence bath a d u l t  and juvenile 
fish movements. Some juvenile fJsh may remain near spawning 

areas th rough  the summer. 

Studies examf n ing the slammer mlcrohabi t a t  selection by juvenile 

~~ ia ln~sn ids  $ n  varisads sacif i c  Northwest streams indicate t h a t  

1 arger i n d i v i d u a l s  prog~~zssively nave t o  f a s t e r  and deeper stream 
vmeackes f o r  i srcreased cover and food a v a i  1 abi  1 i t y  Evepest and 

Chapman, 1972; L i s t e r  and Gerroe, 1970 Most of the laiOger 
juveniles were found i n  re la t ively  fast  water wf th  some cover and 

areas of low current velocity. Everest a,?d Chapman (1972) 
speculated t h a t  f i s h  h o l d  i n  areas o f  law current v e l o c i t i e s  and 

Feed i n  areas o f  f a s t e r  velocity w i  t i1 higk~er pF-ey d e n s i t i e s .  



Fry (yoy) may remain w i t h i n  their  na ta l  streams o r  migrate t o  

other systems where they Peed and grow during the re la t ively 

short A r c t i c  and sub-Arctic open water seasen McCart and Bain,  

1972; MaePRee and Watts, 1976). The movement o f  larger, older 
f i s h  out  o f  spawning streams may lessen competition among age 
classes. Reaping f i s h  are segr~gated by s j z e  (age) w i th  yoy f ish 

general l y occupying areas o f  1 ower current vc.1 oc i  t i a s ,  and mope 
shal l  ow water. Yearl ing  and alder - f i s h  gener&l ly occupy deeper, 
sl i g h t l  y faster areas Chiolett and Stuar t ,  1979). Larger fish 
have been observed in pools upstream o f  smaller f ish:;  areas wh ich  

p ~ o b a h l y  contain higher densities of prey (Vascotto, 1971 

Fish appear t o  return t o  the same sumer rearing ar'eas. Many 

tagged individuals have been recovered the following .year i r !  the 

same areas (Tack, 1980). 

Limited studies monitoring f i s h  movements i n  small bog and 
mountain streams have detected a l a t e  sum2r  do ear ly  f a l l  out 
migrat ion o f  juvenile and yoy f i s h  (McCart, Craig and Bain, 1972; 
MacPhee and Watts, 1972). Downstreas movement o f  juveci 1 e f i sh 

generally occurs slightly before m i g r a t i o n  a f  yoy F ish  (Cra ig ,  
MeCart and Bain, 1972 Asctis grayling must migrate t o  their 

overwintering grounds before  the streams become impassable from 

low f l aws  o r  i c e  b u i l d u p .  Deereasing water ~emperatures and 

f l o w s  assoc ia ted w i t h  the anset o f  w i n t e r  probably influence the 
t im ing  o f  migration t o  ovew in te~ i rmg  areas. 

The winter d i s t p i b l a t i o ~ l  eP Arctic gray1 ,ng i s  moire restricted 
than the  slrmner dfs t r ib l i t i cn .  Most bog and many small mountain 
awd Sake Inlet  and outlet streams become debgatered a r  freere 
s o l i d  d u r i n g  the f a l l  and win ter  months. F i s h  ovei?dl~cer i n  

lakes,  open peols, sprfng and g l a c i a l  streams and i n  sprming fed  

mountain stpeatns. F i s h  !lave been found i n  pools o f  l a rge  

J a t e ~ * ! w  A laska  m ~ u n t a i n  streams, such as the Chens. R-i;uer, 

Spr ing streams i n  the Tananii R f ve r  drainage i n  i n e ~ ~ i o r  A l a s k a  



w i t h  seemingly s l r l  t a b l e  condi ticns f o r  ovonrintering f ish ,  do not  
appear t o  suppor t  ovewintering o f  A r c t i c  gray1 i ng (IReed, 1454; 

Pearse, 1364; Van Yyning, 1978). S p ~ i n g  fed  streams along the 
nor th  slope of the Brooks Range, Alaska, are of ten thle only areas 
w i t h  f l ow ing  wa te r  and are important  f i s h  ovewinteir ing areas 

Craig and Poulin, 1974). 

A r c t i c  gray1 i n g  are the basis o f  an impor tant  summer recreational 
fishery. The broad food habi ts  o f  this  f i s h  ailow anglers t o  use 
a v a r i e t y  o f  techniques, including f l y  casting. 

Roadside angling i s  popular dur ing  the su r on st:reams and 

lakes along the Alaska, Steese, Elliot, Taylor ,  Glenn, Parks,  
Richardson and Nome-Taylor highways. Fly-in and f l o a t  f i s h i n g  

trips are a l s o  popular dui-in9 the summer. 



I!. SPECIFIC HABITAT REQUIREMENTS. 

A Lake Inletf0utl e t s  

Water temperatures associated w i  t h  thle upstream 
migration o f  A r c t i c  grayling t o  spawning areas wi th i r  

inlets and outlets o f  lakes may raange fr6sm O'C 
t o  about 4'C (39.Z°F). Warner (1355) stated t f j a t  f i s h  

began entering a selected inlet of Fie ld ing  Lake as 

soon as there was flowing water. Water Itemperatures t1-f 

the in le t  d u r i n g  the i n i t i a l  phase o f  the migrat ion  

were not given but  water temperatures during the l a s  : 
WG days o f  the migration were 0.6°C and l.l°C (33°F 
and 35°F). 

Many a rc t i c  streams may be impassable t o  Arc t i c  

grayling p r i o r  t o  s p r i n g  breakup because of ice 

condi t ions  o r  dewiateri ng. Fish  have been observed 
maving upstream t h rough  narrow furrows i n  anchor i c e  

created by meltw8ter (Wojcik, 1955).  t fow~ver,  maximurn 

numbers o f  fish usual l y  migrate w i t h i n  these streams a t  
o r  near peak flow condftions (MacPhee and Waits, 1976; 

Tack, 1980). Ripe A r c t i c  grayling have been detected 
moving upriver wi th in  ice-covered spawning streams such 

as Trai l  Creek, a *tr ibutary o f  tit@ Ftackenzie River, 
Fiorthwest Territories , Canada Jessop, Chanq-Kue , 
b i l  ley  and Percy, 1974). 4rctic gray1 ing  may ascend 

r a p i d  runoff and bog streams, and i n l e t s  and outlets o f  

lakes  as soon as f l i r w  csnd i t ions  permjt passage to 
spawning sStes, 



Tack (1972) repcrted A r i t i c  gray1 i ng  a t  the! rnoutki of 

the Elinera1 Lake o u t l e t  approxiniatel y nine days af te r  

water temperature ~f the same out let  reached 1'C 

The f i r s t  large catch o f  f i s h  at: the sase 

1 oca t ion  occurred three days 1 a t e r ,  probably1 a function 

o f  the l eng th  o f  t ine required t o  move from t h e i r  

ovewinte~ing habi  t a t .  

Kruse. (1859 noted t h a t  Arctic grayling in Grebe Lake, 

Wyoming, begin spawning migpat ions  i n t o  four ir.1a.t 
streams and the out let  stream ( t h e  Gibbon A!iver) when 

water temperatures rsnge f ~ o m  5.6" t o  7,8°C (4Z1-46'F) 

2nd 2,2" t o  4,6QC 36"-40"F), respectively. Ave-age 

d a i i y  water temperatures a t  the conclusioi l  o f  the 
spawsing migrations i n  the i n l e t  an2 ou t l e t  stre8ms 
?,ere 7.2" t o  8 .3OC (45"-47eFj and 2,2" t o  8.g°C 

(36°-48EF). These temperatures ?re notfceably higher 

than those associated w i t h  spawrring mig ra t i ons  i n  

Fie ld ing and M(nera1 Lakes. 

. ~n between mamen ta ry  1980) found fio carrelafi- 
temperature reductions be1 ow 1.O"C and upstream 
msve5:ent 4 f  f i s h  in the Chena W-J"vey. DjeS water  

temperature pattems m8y -;nf'l~ence upstrean$ f i s h  

niuvement i n  other streains jblajcr k ,  1954, Warner, 1955; 

MacPhee and Watts, 1945 3 .  

,luc'cic gray3 i s r ~  ~ ~ s u a ?  1 y begin spawning nrigrations To 

inlets  and outlets o f  lakes d u r i n g  Yreakup c3nd i t i ons .  

kdojcik (1954) "?st obsarved f j s k  i n  otle o f  several 
jn le t  streams n f  F r e l d f n y  Lake, A l a s k a  3s i t  began 

Fiowjng i n  m<io-liiay , 1954. ldar~rr ( 1955) observed the 

f-irs-t f i s h  s"yr the rsrat~~t;h o f  xhe 5 s@~~:?,e:-! <-:jt? 



foliow.ing year shor t ly  after open water  appeared i n  

e a r l y  June. Tack (1972) reported Arctic grsy l  i n g  

entering the o u t l e t  o f  Minerjl Cake f rom the Tok River, 
v i a  the l i t t l e  Tok River, d u r i n g  h i g h  f l o w  conditions. 

N a t u r ~  and immature i nd iv idua l  s were ca~ltured by 

gillnet as they congregated near the lake's outlet, 

Water temperature appears t o  significantly influence 

A r c t i c  gray1 i ng  spawning. Wojci k (1954) observed fish 

spawning i n  an i n l e t  t ~ i b u t a r y  09 Fie ld ing  Lake -in 

water temperatures a f  3.3'C 38°F). Three t o  f o u ~  days 

la ter ,  a t  the te rminat ion  of spawning activity, water 
t~mperatures reached 7.8'C 46°F). kiarner (1955) 
stated t h a t  f i s h  spawning began i n  the same stream the 

fo7 lowing opri ilg when maximum wate r  tempe~atures 
approached 4.4'C (409F). 

Tack (1972) reported male f i s h  estiabl i s h i n g  spawning 
t e r ~ i t ~ ~ i e s  i n  the w t k t  o f  Mineral Lake when water 
temperatures approached 4°C (39.2°F). Spawning ceased 
when water temperatures decreased and remained below 
4'C ( a t  2'-3'Cf Pap two days. Fish resumed spawning 

when water temperatures reached 4'C (49. Z°F) and 

continued Par four  sddl t isna ' l  days as water 
temperatures ranged from 4' t o  LOQC (39.2"-50°F 

Grayl ing were repor ted  spawning i n  southern t r ibutar ies  

o f  the Macitenzie River i n  water temperatures rang ing  

From 8' t o  16°C (46,4"-60.8"F) by Jessap, Ckang-Kue, 

L i l  l ey  and Percy (1974). 



A r c t i c  grayling spawned i n  four  in le t  trik,utarins o f  

Tyee Lake, near Ketchi kan, A laska d u r i n g  May and June 
o f  1980 i n  water temperatures ranging f r o m  t o  llQC 

(42.6Q-51.80Fj Cuccarease, Floyd, Kel l y  and LaBella, 

1986). Rater temperatures of' the strearna dur ing  

i n i t i a l  f i s h  spawning were not  reported. 

F i s h  spawning occurred i n  four in le t  streams o f  Grebe 
bske, Wyoming i n  water temperatures ranging from 4. 4cC 

40"-50sF). Water temperatures i n  the outlet 
stream d u r i n g  f i s h  spawning ranged Prom 2.:' "C t o  10°C 

(36°F-50°F) (Kruse , 1959). 

1938) observed several f i s h  spawning i n  a small, 
beaver dammed in le t  t r i b u t a r y  t o  Agnes Lake, Moutana i n  

water temperatures o f  lOQC j50PF). 

A r c t i c  grayling spawn i n  a wide range o f  current 
velocities i n  inlets and outlets o f  lakes. Wojcik 

(1954) reported f i s :1  spawrling i n  "slow, shallow 

backwaters, and not in rifqfles as had been supposed" i n  

an in le t  s t ream t o  F i e l d i n g  Lake. The  foilawing s p r i n g  

the f i s h  spawned i n  surface current velocities of about  

1 . 2  m/sec (3.9 f t / s e c )  (Warner, 1955). Observations 

weiJe limited by i c e  and snow cover dur ing 1954 and 

1955,  

Surface current ve loc i l s 'es  i n  t ev r i t o~ ie s  o f  22 nlaies 

a long  eke out le t  t o  Mineral  Lake, Alaska ranged fpam 

0 ,34  m/sec t o  1.46 m/sec .I f t i s e e - 4 . 8  f t / s e e  

meafi vval ue o f  0,79 m,r"s~c, 2.6 f t l s e c )  (Tack, 1971). 



-,,---- c. Substrate 

A r c t i c  gray 1 i ng have been reported spawni nlg over gravel 

substrates o f  inlets  and outlets o f  lakes w i t h i n  Alaska 

and Montana. Warner (1955) obse~ved  f i s h  spawning over 
fine (about  1 cmj g ~ a v e l .  Much of the i;tream was 

covered by i c e  and snow, therefore observations were 
made along an 0.18 km open reach near the 
mouth  o f  the stream aod i n  smaller open areas upstream. 

1971) described the spawning substrate in the 
out let  sf M i n e ~ a l  Lake as being "pea s ize. "  

Fish spawning has been observed w i t h i n  r i f f l e s  and runs 
of Pour inlet tributaries t o  Tyee hake near Ketchikan, 
Alaska, Spawning substrate ranged f ~ o m  sand t o  small 

cobble, Coarse sand and gravel t o  about 2 . 5  cm (1 i n )  

in diameter was cornonly used by most f i s h  (Cuecarease, 
Floyd, KeP l y  and LaBel le ,  1980 

A r c t i c  gray1 ing were observed spawning over a 

sand-gravel substrate In an in le t  streaa t o  Acnes Lake, 
Montana by Brown (1938). He discussed the limited 

var ie ty  o f  substrate and ather h a b i t a t  condi t ions 

w i  t h f n  the stream and the need t o  b e t t e ~  detemdaae the 
character$ s t f c s  a f  optr'mum A r c t i c  gray1 i ng  spawning 

habitat i n  Montana streams, 

#pus@ (1959 ranked sand 

rubble (7.6-36.5 cm) i n  descending order as sui table  
sirbstrate m a t e r i a l  .For A r c t i c  gray1  i ng  spawning. 

R l f f l e s  were utilized more o f t e n  than pools for  

spawning. 

F.i sh wei-e reported spawning over  r e l a t i v e l y  Fine 

g rave l ,  n o t  exceeding 3.8 cm ( 1 . 5  i n )  i n  diameter w i t h  



most material n o t  exceeding 1.25 cm (0.5 i n )  i n  

diameter, w i t h i n  the out le t  o f  Bench Lake, A laska  

(personal communications, Stephen Ha~marstrom, 1981). 

Similar s i z e  substrate i s  used for  spawnins1 in the 
out le t  o f  Crescent Lake, Alaska (personal 

eomunicat:on, Ted McHenry, 1981). 

A r c t i c  grayling spawn in a range o f  water dep ths .  

Select ion o f  spawning s f t e s  i s  more str~ngly influenced 
by current velaci t i e s  and substrate condit ions. F i s h  

i n  a n  i n l e t  t o  F i e l d i n g  Lake spawned in "shallaw back 
wate rs "  (Mojc ik ,  1954) and i n  depths o f  16 cm 
(Warner, 1955).  

Water depths measured i n  22 f i s h  t e r r i t o r i e s  in the 
Minera l  Lake, Alaska outlet stream ranged from 0.18 t o  
0.73 m (0.6 t o  2.4 f t )  w i t h  a mean value a f  0.30 m (1.0 

ft.). 

Cuscarese, Floyd, Kel l y  and baBel l e  (1980 

fish spawning i n  various i n l e t  streams t o  Tyee bake, 

Alaska i n  water d e p t h s  ranging from 8.15 t o  0.91 m 
(0.5-3.0 ft.) i n  the largest and most i n t e r l s i v e l y  

utilized stream and from 0,05 t o  0,46 m 0.17-1.5 P t )  

in several smal l e r ,  shal lower streams w? t h  

substantially fewer spawners, 



Grayling spawning occurs d u r i n g  daylight hcurs and 

probably stops dur ing the evening ( S c o t t  a~nd Crossman, 
. Few observations o f  Arctic gray 1 ing spawn1 ng 

have been made dur ing the evening (Kruse, 1959). 

Ne t t i ng  a t  the Bench Lake outlet found few Arctic 
gray1 i ng  spawning d u ~ i n g  evening and early morning 
hours (personal communication, Stephen Hamarstrcsm, 
1981). 

Spawned-out A r c t i c  gray l i ng f i s h  having completed spawning) 

com~only vacate spawning s i t e s  w i t h i n  lake i n l e t s  and 

outlets and return t o  lakes o r  t o  other areas (Wojci k ,  1954; 

Warner, 9955; Tack, 1980). Fish spawning wi th i n  the outlet 
t o  Mineral  Lake leave the stream upon completion o f  spawning 

and migrate downstream and then up t o  the l i t t l e  Tok River 

or  rail Creek. Food availabil i ty  probably influences 
post-spawning f i s h  movement and d i  s t ~ i b u t i o n  (Tack, 1980). 

Small l a k e  inlets  may become dewatered by mid t o  la te  
summer. Adui t spawned-out f i s h  typica l  1 y 1 eave these 

i n t e r m i t t e n t  streams a f t e r  spawning and e n t e r  lakes 
1959). 

Streain water temperatures influence A r c t i c  gray1 i ng 

development rates r s i t h i n  l a k e  i n l e t s  and  ou t le t s .  

Kruse (1959 observed t h a t  eggs hatched 19 days a f t e r  



fertil f z a t i o n  "i na in le t  streant t s  Grebe Llake a t  water 
temperatures f rom 3.9' t o  9.Z0C (39.0'-48.5'F). 

Fertilized eggs from an in le t  t o  Fie ld ing  L,ake, Alaska 

rep% l ~ e d  18 days t o  hatch i n  water temperat~u~es ranging 
from 6.1" t o  9.4"C (43"-49'F) d u r i n g  the s p r i n g  o f  1954 

and 1955. Fertilized eggs required only e i g h t  days t o  

hatch i n  water temperatures o f  15.5'C (60°F) a t  an 
Alaskan hatchery, 

Henshall (1907) recornended minimum water l:emperatures 

o f  5.5'C (42°F) for  successfui  development o f  A r c t i c  

grayl ing i n  Montana hatcheries. 

Water temperatures ckaraeteri s t ical  l y rise duiri ng the 
incubation period; therefore, eggs are not ilsuaily 

exposed t o  freezing. However, no upper-or lower lethal 

temperature data f o r  A r c t i c  grayl i ng  eggs were found i n  

the S%tera%ure, 

Low f l ows  d u r i n g  incubation could result i n  desiccation 

o r  P ~ e e z i n g  of developing eggs and a lev ins .  Wajcik 

1954) noted significant dm'el f l o w  fluctuations along 
an inlet: o f  F i e l d i n g  Lake, Alaska and discussed the 
poss i  b i  1 i ty  of recently fe r t i  S i sed  eggs becoming 

exposed, desiccated o r  frozen. 

Dawnstream m i g r a t i o n  of yoy f i sh  w i t h i n  inlets o f  lakes 
i s  probably a response t o  pare suitable current 
velocities and an abundance o f  Psod i teins i n  lakes, 
Newly emerged yay f i s h  h e l d  p o s i t i o n s  i n  ' "u ie t  vdater 

coves and edd-ies8Qu\-ring the day aioisg an i i j l e t  to 



Grebe Lake, iJyoming (Kruse, 1959). A t  nt igh t  the yoy 

f i s h  vacated areas o f  law current v e f o c l i t i e s  and  

actively migrated downstream t o  Grebe Cake. 

Fry have a l so  been found in shallow mar!jins a f  Tyee 

Lake, Alaska and in small, shallow, pools i n  the de l ta  

area o f  i n l e t  streams o f  Tyee Lake. HSigh aquat ic  

i nvertebrate production i n  1 i t"eot.1 areas provided 

ample food Cuccarese, Floyd, Kel 1 y and LaBell e ,  1980). 
I;.'%*** have not  been observed in mainstem rceact.tes o f  "&he 

inlet streams. 

A r c t i c  gray?  i ng  f r y  wi th i n  l a k e  outlet:; typically 

occupy areas o f  low c u r ~ e n t  velocities. Yoy fish have 
been observed i n  s t ream margins w i t h  shallow d e p t h s  and 

1 ow current velocities ( persanal communication, Stephen 

Hamarston 3nd Ted McHenry, 1981). 

Water depths occupied by yoy f ish in l o t i c  and i e n t i c  

areas may vary ctnsiderabiy. Depths are probably 

selected for  the associated curreat v e l o c i t i e s  and food 

availability. Fry w i t h i n  several inlets  t o  Grebe Lake, 
Wyoming occupied shallow, S T O W  h a b i t a t s  prior ts 

migra t ing  downstream t o  Grebe bake (Kruse, 1959). Fry 
w i t h i n  Tyee Lake, A1 aska occupy slaal 1 ow I i Ctor; ' 
reaches ranging i n  d e p t h  from 2 t o  46 cm (1-18 i n  

They a l s o  aecupy shallow, q ~ i e t  pools  i n  delta regions 
o f  the i n l e t  streams rather t h a n  the mainstem reaches 
Cuccarease, F loyd,  Kel l y  and LaBell e ,  1980 Yoy f i s h  

have been ~bserved i n  shallow margins of the  outlets s f  

Bench Lake and Crescent: Lake, Alaska (personaa/ 

co~muni caCic:n, Stephen Hammarston and  Ted Mcl-fenrby, 



No information was  found i n  the literature concerning 

movements s f  A r c t i c  grayling w i t h i n  lake inlets and outlets 
t o  overwinter ing areas. F i s h  probably overwinter in 1 akes 

t h a t  are ~elatively deep and do n o t  freeze t o  the bottom. 

No infomatian was availabf e i n  the  1 i terature concerning 

o v e w i n t e r i n g  h a b i t a t  o f  f i s h  w i t h i n  lakes. The winter 
ecology o f  A r c t i c  grayling wi th i n  lakes i s  poorly understood 

(personal communication, Fred Will lams, 1981). 

Adult grayl i n g  usual l y  migrate upstream before 
juveniles. Water tempe~atures are lower a t  t h i s  t ime. 

Upstream m i g r a t i o n  o f  year1 ing, older  juveni  i e  and 

adui t grayl  i n g  wi th i n  P o p l a r  Grove Creek usually 

comenced when mean w a t e ~  temperatures ranged f r o m  'ZO 
t o  4°C (36"-39°F) dur ing ear ly  t o  mid-May o f  1973, 1374 

and 1975. Upstrean movement usually ceased when water 
temperatures approached 12' La 14'C 54-59°F) d u r i n g  

l a t e  Ma.y t o  ear ly  June. Wean water temporatu~es d u r i n g  

peak upstream migration o f  yearling f i sh  

c o n s i s t e n t l y  h ighe  tharl " L ~ e ~ a t u r e s  d u r i n g  adu l  t 
upstream m i g r a t i o n  Die4 v a r f a t i o n s  i n  water 
temperattires never exceeded 2°C dur ing  Msy and June. 



Mature 'green' (non-r ipe) Arctic gray1 ing entered Weir 

Creek, a t r i b u t a r y  o f  the  K a v i k  River, r9laska when 

water temperatures were about 5°C. The m ig ra t i on  

ceased when water temperatures approached! 12'C (Ct*ai g 

and Poui i n ,  1974). 

Upstream m ig ra t i on  o f  a d u l t s  i n  Weir Creek was similar: 
mature fish wepe f i ~ s t  observed i n  water o f  about  4'C 

(39"F), Migration ceased when temperatures reached 
Craig and Poul in ,  1994). Maximum water 

temperatures a t  the t e m i n a t i a n  o f  the juvenile 

upstream f i sh migrat ion reached 20°C (67OF). 

The upstream migration o f  juvenile and a d u l t  A r c t i c  

grayling i n  bog ot~eams usually coincides wi th  high 

f l o w s  resu;ting from snow melt and surface run-off 
d u r i n g  rpr?'ng breakup. The  f i r s t  mature 'green' f i s h  

were taken nine days a f t e r  breakup i n  Weir Creek, 

A1 as ka d u r i n g  ea r ly  June Craig and Poulin, 1974). The 

tjme betweefi -9"nitiatdon o f  f l o w  i n  Weir Creek and 

r i a  o f  f i s h  was probably due t o  the distance from 
ovenrintering areas t o  the c ~ e e k  (probably the 
Shaviovik River ,  about 85 km d i s t a n t ) ,  Mo j c i k  (1954: 

captured mature 'green'  f i s h  a t  the mouth  o f  Shaw Creek 

and l i t t l e  Salcha Creek i n  the Tanana River ,  A laska i n  

ear ly  A p r i l  2953 and I954 whi le  the streams were f rozen 

and impassable t o  fish. However, as melt water scoured 

Furrows i n  the ice,  the f i s h  began m i g r a t i n g  upstream. 

MacPhee and Watts t rapped adu 1 t arid juvcn i  l e 
f i s h  i c  P ~ p l i a r  Grow Creek, a t r i b u t a ~ y  o f  the  Gtj l  kana 
R i v e r ,  a t  peak and decreasing stream flows associated 
w i t h  s p r i n g  h r e a k ~ p .  



The upstream f i s h  migra t ion  may span severla1 weeks. 
Streamflow can be substantially reduced by t;he time the 
upstream m i g r a t i o n  o f  a d u l t  and juvenile f i s h  i s  

completed. For example, flows w i  t i r i n  Popliar Grove 
Creek, A1 tiska decreased d u r i n g  the upstrean! migrat ion 
o f  a d u l t  and juvenile A r c t i c  grayling d u r i n g  1973, 1974 

and 1975 (MacPhee and Watts, 1976). Adult and juvenile 

f i s h  generally began moving upstream i n  mid-May d u r i n q  

the i n i t i a l  stages a f  the open-water season. The 
reiatively high discharge a t  t h i s  time ralljed from 
abou t  1.3 t o  4.0 m3/sec (46-111 c f s ) .  Howev~r, the 
peak o f  the juvenile f i s h  migrat ion consistently 

occurred a t  lower f lows,  about f i v e  t o  ten days after  
the peak o f  the a d u l t  f i s h  migra t ion .  l luvenile 

migration continued for  several days a f t e r  the a d u l t  

migra t ion .  Discharge a t  the end a f  the a d u l t  and 
3 juvenile migrations were generally less t h a n  1.1 m /sec 

(38 c f s ) .  Thc yearling f i s h  lagged several days behind 

the older juvenile f i s h .  

Upstream migrat ion of juveni  le  and adul t A r c t i c  

grayling i n  Weir Creek, a t r i b u t a r y  o f  the Kavik  River, 
Alaska, resembled migrations i n  Poplar  Grove Creek 
(Kccart, Craig and Bain, 1974). A d u l t  f i s h  migrated 

upstream i n  Weir Creek in 1371 between ear ly  and l a t e  
3 June, 1971 as discharge decreased from 20 m /see t o  

3 abou t  2 m /set. Juvenile f i s h  moved upstream f r o ~ n  mid 

t o  la te  June, about two weeks after the peak o f  the 
a d u l t  $is11 r u n ,  

Juveni 1 e and adul  t Arctic gray 1 i ng migrated upstream i n  

Nota Creek, a t r i b u t a r y  o f  the Mackenmie R i v e r ,  

Northwest Territories, Canada, du r i ng  s p r i n g  b reakup  : n 
?jay. During th is  t ime  dishcarges decreased f r om 



'2 3 
1 - 6 9  md/sec t o  0.38 m / cec  (58 t o  13 c f s )  (personal 
communication, Derrick T r i p p ,  1981). 

Current velocities may influence the t iming o f  juvenile 

and a d u l t  f i s h  passage i n  bog streams. MacPhee and 

1976) demonstrated t h a t  large Arc td ic  gray1 i n g  

could  negot ia te faster water than smaller f i sh .  

Decreasing f l o w s  may enhance the ability of juvenile 

f i s h  to pass upstream and could  be responsible f o r  the 

l ag  between a d u l t  and juvenile fish. Other factors,  
such as increasing water temperatures, probably 
influence the t im ing o f  the upstream migrat ion of 

juvenile and a d u l t  f i s h  MacPhee and Uatts,  1976). 

The influences o f  current velocity, water d e p t h  and 

substrate on f ish spawning i n  bog streams are not well 

documented. Flead stage f l o w s  and ye1 low o r  brown stained 

water l i m i t  ~bservat%ows. 

Spawning d a t a  correlated t o  wa te r  temperature and f l o w  

cond i t ions  ai-e a v a i  1 ab le. Selected studies using wet rs and 

seines noted the spawning condi t i e n  o f  F i s h  ( 'greent , ' r i p e '  

o r  'sparmed o u t '  ) , water temperature, actual  o r  re la t iva  

f l o w  conditiows and d i r e c t i o n  sf f i s h  msvement, 

Ma ter  temperatures o f  bog streams can be considerably 
h igher  than those o f  lake in le t s  and outlet-,  durir lg 

spawning. Y i  nimum water temperatures may approach 4'C, 
the water temperature iqhich apparent ]  y "Lri ggers 

spawning i n  lake i n l e t s  and out le ts  (Tack ,  1980), and 

slay a p p ~ o a c k  or exceed 10°C (50.0°F). Arc: i c g r a y  l i 119 



have spawned a t  the  outlet  o f  i ea  Lake, Alaska i n  wate+* 
tempepatures of 7'C (44°F) (McCart, Craig  and Bain, 

! 9 7 ? ] .  T h e  Tea Lake system dra ins  a f l a t ,  marshy are5 

and i s  a beg stream. 

Bishop ( iS71)  reported t h a t  water temperatures of 6bout 

8" t o  10°C j47°-500F appeared t o  stimrrlate f i s h  

spawning i:: I?i'o'v'idence Creek, Northwest T6:rri tories. 

MaxCnr~m water temperatures i n  Weir Creek $$ring the 
A r c t i c  g r r ~ :  i n g  spawning period ranged from 4" t o  16'C 

:,9'-51"Fj (Craig and Poul i n ,  1974). Ma~ximum water 
tremferaturgs i n  Nata Creek wht2n Arctic gray; ing  wert 

" r i pe "  ranged from 3.5' t o  l l a C  (38°-S10'Fj. Maximun 

water temperatures a t  the peak o f  spawning ~ a n g e d  f r  mi 
5 2iqj L A  14Ga-5?aF) ;,,,- (personal communication, 

Derrick Tripp, 1981). 

\dater teapsrstures i n  Happy Valley Creek d u r i n g  Arct' c 
gray1 i n g  spawning ranged from 4" t o  12'C (39"-53@F 

(McCart, Craig and Bain, 1972). 

Observatians of A r c t i c  gray1 i ng spawning w i t h  respect 

t o  current v e l o c i t i e s  are limited. Several pairs of 

spawning f i s h  wepe observed i n  shslloig r i f f l es  along 

14ainl ine Spring Creek, A1 aska personal comauni ca-ci on, 
George E l  1 i o i t  , 1980 

Flows w i t h i n  bog st reams are  typically high b u t  usujl l j  

~ ~ C P E ~ S E  dur-1 ng the  Arctic grzyl  -jng spawnicy period. 
Flows i n  Happy Valley Creek, Alaska decreased 
substantially over the 10 diiy spawning pe r i od .  Arct ic  
grayling spawni2d i n  Heir Creek, Alas l ta  For  ?O days d s  



f lows dc-:reessd. Arctic gray! ing  i n  Po;l a r  G:-sve 
i- ,regk, i?Iaska spawned i n  latc! Msy t a  ec r ly  June as 

. , -  3 s r ;~eamf lows  decreases from peeks of abcut i . i  m / S ~ C  
3 ( 2 3 , 2  e f s )  i n  1973 and 4.0 m /s2c (34,8 c i s  

(h3acf)hee an6 Warts, 1316) .  Bs'shop (1971) repcrted f j s k  
~,pags.ni ng i n  $ro?~ido;.re Crzek, t r ib - ta r \g  o f  t42 

E;.ckenr:ie R t  ver,  dur ing  b r ~ q k u p  condi t io r is .  

Aretic grayling appear  t o  use a wide range c f  s ~ b s t r a l e  

s i zes  i n  bog streams for  spawning. They spawned over 
gravel r ang ing  from 2 .5  t a  3 , ? 5  cm (I-19 i n )  diameter 
i n  Mainline Springs Creek near Atigun Pass, Alaska 
(personal communication, Gea~y'e E l  I j ~ t t ,  1980). 

Spa~jning has a l s o  occurred i n  the out le t  o f  Tea Lake, 
Alaska, Qear the "TransAlaska Pipel ine, aver sand and 

f i n e  gravel s u b s t r a t ~ ,  abcut 8.6 em ( a  i n , )  i n  diameter. 

(Craig,  MeCart and adin, 1972), 

Substrate ilsod for spawn7 ng ! n Providence Creek, 
Nsrthwest Territories, Canada was gravel mixed \ r i  t h  

~ i n d .  FFoh d i d  n o t  spawn ove r  pure mad, sand o r  c l a y  

(Bishop, 1971). 

Fish spagned i n  organic  d e ' p i t u s  i n  r*li:'ion Dol lar  

Creek, Alaska, a 7 ~ n g  the  Trans-Alaska Pipel ine 
Ci (personal c o n t m ~ ~ n i c a t i ~ n ,  ;z3arge E l  1 i o t t  , IN3 0).  The 

substrate -in kfiP7isn Do13ar Cimeek 3s s i t $  and fjne sand 

ci:2r !sin by o t * g l n l c  muck E l l i o t ,  1980). 



-- . Water Depth - 

Observations o f  water deo ths  used f o r  s p a ~ n i n g  i n  bog 

streams are 7 i m i  ted, 

Several p a i  tqs o f  f i s h  spawned i n  r i f f les  5 crn 
deep i n  Mawinl ine S p r i n g  Creek, Alaska (piersonal 
communication, George E l  1 i o t t ,  1980). 

F i s h  apparently spawn only d u r i n g  the day, as observed 
by Bishop (1971) i n  Provjdence Creek. 

A r c t i c  gray1 i ng may migrate d o ~ n s t r e a ~ t  irrmediately a f ter  
spawning. IQ 1973, post-spswners 1 e f t  Wei r Creek, A1 aska 

w i t h i n  two weeks a f t e r  spawning. Large juvecile A r c t i c  

grayling alsc .migrated w i t h i n  two weeks. Tagged a d u l t  f i s h  

From Weir Creek, Alaska were cap tured  la ter  i n  the Kavik 

Rive r  and the Shaviovik K i v ~ ;  (Cra ig  aad  Poulin, 1974) .  

R ~ p i d l y  decreirsing streami'lows probably  inf'luenced f i s h  

me-dements, 

Tagged a d u l t  post-spawners f ~ o m  Happy Valley Creek displayed 
similar downstream movement following spawning. No a d u l t  

f ish  rek*s? found upstream o f  the weir McCart, C r a i g  and 

Art o u t m i  g r a t i  on o=F a d u l t  and  jilveni l e  Arct l ' c  g r a y  i i ng 

occurred i n  PcpVi6r Grove Creek d i l r i n g  l a t e  M2): 3nd e a r l y  

Juiie 3l'Tt.r spz~ning and  :vhei-i strearnil ows ..ir T e  s::eadi 1 y 

decl 1 n j n g .  ~ - , , j i  q r a  -!I ~ ~ ~ \ ~ i ~ j ~ d - i ~ 1 .  dilii!  l' exi-,ir!d~ci f i - ~ n l  



mi d-May through m i  d-June 1973 as f 1 ows s tead i  1 y decl i ned 

from 1.4 m3/sec (49 c f s )  t o  0.3 m3/sec i l l  cf!;). Large 

juvenile Arctic grayling outmigra ted  a f t e r  the a d u l t s  during 

mi4-June. Not a l l  a d u l t  and large juvenile A r c t i c  gt-ayiing 

l e f t  Poplar Grove Creek; o f  the b ,085 a d u l t s  and 1,973 large 

juvenile f fsh  found migra t ing  upstream, only 779 and 937 

were detected passing downstream. Many o f  ttr!ese fish 

mig ra te  t o  the Gul kana River drainage Williams and Morgan, 

1974; Williams, 1975 and 19761, Weir data suggest tha t  
a d u l t s  may remain i n  Poplar Grove Creek until the stream 
freezes i n  P a i l ,  

Adul t  grayling ususally leave Nota Creek, a bog strean: 
enter?  ng t he  Mackenzie River, Northwest Terri ta r ies  , Canada, 
w i t h i n  two weeks a f b e  rspawning. Same spawned-out a d u l t s  

may return t o  food-r ich Nota Lake f o r  short periods of time. 

Emigration o f  large f i v e  and s i x  year o l d  juveniTes was 

followed by younger, smaller individuals t h r o u g h  ea r ly  July. 

By mid-July young o f  the year A r c t i c  grayling and some 
year1 i ng  and two year  o lds  occupied Na"L Creek 
com~unication, Derrick Tripp, 1081). Decreased I r ' v ing  space 

and F o ~ d  availability associated w i t h  low flows are probably 
important factors influencing fish mavemenls. 

Tack (4 180) suggested t h a t  the outmigration o f  juvenile and 

spawned-out a d u l t  Fish  may allgw yoy f i s h  t o  rear and feed 

iii n a t a l  streams w i t h o u t  compe-t l t ion. Adult  and j u v e n i l e  

f i s h  may rear i n  other stream systems t h a t  are r ich  i n  fcsd, 

such as spr ing  streams, 



a, .cQII( W a t e r  Temperature 

E;ctremely 1 i m i  ted information i s  available concerning 

egg izcubation and water temperature re1 at ionstpi  ps i n  

bog streams. Bishop subjected fe r t i  1 ized eggs 

t o  a range o f  water temperatures. He detenmined tha t  

eggs hatched in approximately 14 days a t  a mean water 
temperaLbwe o f  8.8'C (48'F 

Arc+: c ~ . - a y  l i l ig  eggs requ i red 18 t o  2 1  days t o  hatch i n 

Nota C r , ~ k  i s  water temperatures ranging from 5.5' t o  

13=C (42"-55.5"F: 3.;6 3 mean water temperature o f  9.6' 

t o  10.3OC (43'-50.5'F) (personal comuni ca t ion ,  Derrick 
T r i  pp , 1981 ) . 

Spates coul d d i  s l odge and destroy eggs and severel y 

reduced flows could  l ead  t a  desiccation. 

Aquatic h a b i t a t  selected b;d rearing yoy fish i n  bog 

streams may have current velocities o f  fro? O t o  0.15 

m/sec.. Larger F i s h  generally select faster  water.  

E l  1 i o t t  (1980) measured mean columt? velocities s t  
holding p o s i t i o n s  o f  ' e a r l y '  yoy (< - 35 m f4) and 

' late' :joy a 35 m f1) f i sh  i n  selected bog streams 
d u r i n g  June and A u g u i t  1980. The mean column current 
v e l a c i t i e s  assoc ia ted  v ~ i t h  ' e a r l y '  yay fish 

0.07 and 0.03 m/ssc i n  Million Dol la r  Creek 

Pampl i &  s Potho les  R - 1751, and  the Tea Lake i n l e t ,  

n = 5 7 ; ,  respectively. 



Larger ' l a t e '  yey fish were found i n  s1ight:ly faster 
mest? current  v e l o c i t i e s :  0.08, 0.09, 0.14 and 0.1 

m/sec. i n  Pamplin's Patholos ( n  = 87) ,  Tea Ljke 

inlet/outlel (n  = 711, North Fork F i s h  Creek (n = 33 

Main1 i ne  S p r i n g  Creek, Alaska n = 181, respectively. 

New1 y emerged yay f r y  select protected stream areas 
where current velocities are extreme1 y low 

eomcn ica t i on ,  George E l  ! i o t t ,  1980; de Bruyn and 

McCart, 1974; McCart, Craig  and Bain, 19721. Typical 

emergent f r y  reariisg areas include shal low backwaters 

and flooded stream margins and side channels. 

duveni 1 e f i s h  age 1 and older ,  measuring 50-250 m f; 1 
have been observed i n  bog streams w i t h  $1 i g h t l y  grcate~ 
current velocities t h a n  yoy fish. The average mean 
current velocities occupied by juvenile f i s h  i n  the Pea 

Lake in le t  ( n  = 9 )  were 0.175 m/ssc and i n  Mainline 

S p ~ i n g s  Creek, 'laska (n = 16 0.196 misec. b i m i  ted 

sbse-vations o f  a d u l t  Arctic gray1 ing  (250 mm f9 ) f rom 

bog streams showed a d u l t  f ish h o l d i n g  in mean c ~ r r e n t  

v e l o c i t i ~ s  o f  0.262 m/see (Elliot, 1980). 

b,  Substrate 

Rearing f i s h  o f  a i l  ages were a s s o c i a t e d  w i t h  a v a r i e t y  

of' substrates incl u s i n g  dellpsi t ~ ~ s ,  s i  1 t ,  sand ,  arrc 

gravels. Arct l ' c  grayling s h o ~ ~ e d  1 i t t l e  movernereit i n  

srnal l bog s13~earns d u r i n g  Jui  y and August P o i  I f 3 w i  ng f i s h  

spawn i ng and movemen-t t o  stlmmein re:ir-i trig a ~ ~ ~ 3 s  and  

he-jCnre fljo\~emefi of  - f ish 110 o \ i ~ ~ p ~ j - i r ~ r . e i ~  ~ ) - ~ ~ ~  \ ~ ~ ~ ~ ~ ~ + + -  .rl. I r 



Cra ig  anX'Bain, 1972; Cra ig  and P a u l i n ,  197'4; MacPhee 
and Yat ts ,  1976). 

Water depths occupied by rearing .ii sh vary 

consider jb ty ,  Newly en~erged yay fish have been found 

i n  extremely shallow, slow . te r ,  f lood  channels and 

backwater s1 oughs (Personal comuni eat ion, George 
E:liot% de Br~yn and ivlcCart, 1994; McCart., Craig  and 

Bain,  1972). 

Early yoy f i s h  occupied small bog streams w i t h  depths 

f r o m  abou t  0.09 t o  0.85 m (0.3-2.8 ft). La te  yoy 

occupied depths ( w i t h i n  the same streams) ranging from 
0.15 t o  1.03 n! (0.5-3.8 f t )  (Elliott, 1980). Ji iveni l~ 

and a d u l t  f i sh  i n  bog streams along the  Trans-Alaska 

Pipeline System were found i n  water depths from 0.21 t o  

1.07 m (0.7-3.8 f t) .  

Significant downstream movement o f  f ish has been observed i n  

bog streams d u r i n g  l a t e  sumer, apparent ly  i n  response t o  

decl i n i n g  water temperaruros a ~ l d  f I aws ssscc ia ted  wi7:h the  

onset o f  icrinter. Emigra-Lion o f  yay and juvenile fish may 

a1 so occur d u r i n g  the sumer. 



Decreasing water temperatures may 4 n f  1 uence the 

downstream ~~ovement o f  Arctic gray1 i n q .  S i g n i f i c a n t  

numbers o f  yoy and juvenile f i s h  moved dokqnstrean i n  

Weir Creek, Alaska d u r i n g  September 1973. Miaimurn 

water temperatures during e a r l y ,  mid and l,ate September 
were about  lo, 4" and O a C ,  respectively. Downstream 
movement of juvenile f - ish occurred about one week 

before yoy f i s h  i n  We:.ir Creek, No apparent  
r e i a t i o t ~ s h i p  could be demonstrated between downstream 

movement o f  juvenile or yoy f i s h  and water temperatures 
(Cra ig and Poul i n ,  1974). 

S i m i  l a r  downstream movements o f  yoy f i s h  occurred i n  

Poplar Grcve Creek, Alaska. O f  the 65,536 yey f i s h  
observed between July  17 and October 18, 1973, 96% 

(52,580) were observed i n  the tower reaches d u r i n g  

October (FiacPhee and Watts, 1976). In Poplar Grove 
Creek, downstream migrat ion o f  ycy f i s h  may be related 

t o  s t  ream temperatures. 

No re la t ionship  cou ld  he Scund between the downstream 

movenent o f  juvenile a r  yay F i s h  and stream f l ows  i n  

Ueir and pop la^ Grove Cre~ks. 

iiif n"ce rearing apeas Fop Arctic g:-sy 1 I ng are 1 i m - i  ted i n  bog 

streams because chey o f t e n  become dewatered or freezt? sol i d  

d u r i n g  t h e  w~nter, Winte r  ~*ear ing  areas such 3s deep lakes, 
deqa p o ~ l s  o f  rco t~nta in  streams oi- s p r - i n g  f ed  streams, [nay he 

1 ,,fj !",2;1C"i"%di i",e;:-i q u i  r.e d i  starli: from sun:mer rear-i ncj a r e 3 s ,  F ' s - '  



areas i n  the Shaviov ik  River and summer rearing1 h a b i t a t  

w i t h i n  Weir Creek are about 85 km (53 m i .  ) d i s t ikn t  (Craig  

and Paulin, 1974).  

C , - Plsuntai n Streams 

Low water temperatures are prevalent durai  ng the 
upstream migrat ion o f  a d u l t  and juvenile A r c t i c  

gray1 i ng . Upst-earn m i  grants  were taken i n  Vemi 1 1 ion 

Creek, Northwest Territory, Canada about one week af te r  
b-eakup when water temperatures ranged f r o m  0" t o  3'C 

f 52'-37°F) (personal co~munication, Derr ick P r i p p ,  

1981 1. Tack (1980) a l s o  found t h a t  water te~peratures 
OF a t  Peast 1,B"C 34'F) stimulate upstream movement o f  

A r c t i c  grayling i n  large mountain streams like the 

Chena Rivey near Fa1 rbanks, Al8ska. 

Upstream migt-at io i i  a f  a d u l t  and juvenile A r c t i c  

grayling usually occurs during high f l o w s  a t  sprirrg 

breaklip. A weir placed i n  Vermi:lion Cr~ek captured 
upstream mfgrating a d u l t  and juvenile A r c t i c  gray1 inp  

f o r  ten days af ter  peak f l ows  i n  May o f  1973 and 1975. 

The Mackenzie River was covered w i t h  i c e  for up t o  ten 

days a f t e v  h r e s k u p  occurred i n  i Je~*m i  11 i o n  Creek d u r i n g  

1973 8:ld 1975 (personal cormwtinicatiori, cierrick T r i p y  : 

1981), ai?d observatic.n; o f  ffsh m i g r a t i o n  .rere n o t  

made, 



Observations made under the i c e  a long  the Clhena R i v e r  

indicate t h a t  A r c t i c  grayling i n i t i a t e  upstream 
movement prior t o  b r e a k u p  (Tack, 1980). The  f i s h  were 

probably moving t o  kipstream reaches o f  the C:hena River 
o r  i t s  tributaries. The relative importance of 

streamf 1 ow and water temperature i n  re7 a t l i  on t o  

upstream f i s h  migration i s  poorly understood. 

Limited data  i s  available concerning the r e l a t ionsh ip  

between A r c t i c  grayling spawning and stream water 
temperatbres. Spawning i n  the Chena River drainage has 
been observed i n  water temperatures of 5'C (Reed, 1964; 

personal comuni cat ion ,  Jerome Hal 1 berg). Tack (1980) 

discussed the possi b i  I i t y  o f  t h f .  4 O C  isotherm 

i~fluencing the d i s t r i b u * , i o n  o f  spawning f i s h  i n  la;-ge 

streams l ike  the Chena River, 

b e  Current V e I ~ c S t v  a ~ d  Bisckarse 

F i s h  spawn i n  mountain st~eams i n  a wide range o f  

current vel oe i  t i e s .  They havi. been abserved spawn4 ng 
in an overflow slough i n  "Lhe Chetla Rive r ,  Alaska a t  
re'iatively low current velocities (Reed, 1964) and  i n  

r i f f l es  o f  the East Fork Chena R i ve r ,  Alaska where 

surface current veiacit'ies a p p ~ o a c h  1 , 4  m/snc 
i coi~ jnunicat ion,  Jerome Hal 1 berg, 

reported spawning i n  pools of 

xke C o l v i  1 l e  R i v e r ,  Alaska w i t h  negl i g i b l e  cicrrent. 

Nelzan (25954) observed f ish  spawni :g a c t i v i t y  a l o r ~ g  2 r d  

itrt..k Creek, i.gontan,i -in xhe ixv ls  s f  r i f f  i t i s .  F i $ b  



spawning occurred i n  similar low f ' low areas along the 

E a s t  F o r k  Chena River, A? as ka (personal communication, 
Jerome Ha! l berg, 1981 ) . 

c c  Substrate 

A r c t i c  grayling use a var ie ty  o f  rubstriates f o r  
spawning including mud, s i l t  and gravel up t o  4 cm 

in diameter, Bendack 1979) observed f:i sh spawn$ ng 

on s i l t  over laying gravel i n  the mainstenn Colville 

River, Alaska and i t s  tributaries. Spawning substrate 
used by Rrctic g r ay l i ng  i n  the E 3 s t  Fork Chena River, 
Alaska c o n s i s t s  o f  fine gravels from 0 .75  t o  4 cm 

(0.4-1.5 i n )  i n  diameter. (persona: communication, 

Jerome Hall berg, 1981). Spawning has a l s o  been 

observed i n  muddy sloughs along the Ghena River (Reed, 
1954). 

A r c t i c  gray1 ing i n  Red Rock Creek, Montana spawned i n  

gravel-rubble substrate of unknuwn s i z e  b u t  not  i n  pure 
s i l t  st- sand substrates, 

3, Eaq and 8% e v i  E Beve : sament 

No i n fomat ion  was found 7"n the literature which d-iscussed 

egg and a levin  development in mounta in  streams. 

Resiiits o f  st8i1da.~n, 96 h ~ ~ r  bioas:;ays a t  t e s t  w a t e ~  

temper3tures o f  5, 10, 15, 20 and 24 .5  o r  21 .5'C) 

indicate t h a t  Hrct jc  g ray  I -i ng can to1 e r a l e  3 k4-i de r a n g e  

o f  r,e~@e:ratures. F i a f r  *?rhom t h e  Chen;: 2-1 :T' 



Fai rbanks ,  Alaska wel-e used fo r  this  s tud~y .  Resu! ts  
were expressed as median tolerance 1 imit (TLM), the 
temperature a t  w h i c h  50 percent o f  t h e  individuals i n  a 
t e s t  d i e  (LaPerrier and Carl son, 1973 

Results indicated t h a t  yaung o f  the year f i s h  are 
apparent ly mare tolerant o f  relatively high water 
teiiperatures than older  fish.  The TLM o f  yay f i s h  

exceeds 24.5'C, the highest  tes t  water tenplerature, 

Endiviciuais o f  10 cm f l  had TLM values cif 29.0 t o  

24.0°C and fish o f  20 cm f l  has TLM values o f  22.5 t o  

24,5"C, The small f i s h  were aecf imated a t  4°C and the 
larger f i s h  a t  8 O C .  

Bioassay resui t s  j nd i ca t e  t ha t  water temperiture 
diCferences o f  2°C a t  relatively h igh water 

temperatures can cause veyy ~ ~ C f e r e n t  survival rates o f  

A r c t i c  grayling, Far example, survival o f  20 cm F1 

f i s h  was 100 percent a t  22.5'C (72.5"F) and 0 percent 
a t  24.5"C (75'F). 

These bioassay results mzy not apply t o  actual streain 
cendit ians because F ish  csuPd avo id  warm w a t e ~  

temperatures by moving t o  c;oler areas. 

Recently emerged yay Pry geneva91y occupy areas wi th  

Sow curv-ent ve!oc i t ies.  The small newly emerged P P ~  

attout 20 mm t o t31  length at 14 days)  have 1 l n ~ i t e c !  

swimmi fig a b i  1 -; t i e s .  Chi;! e t t  and S t u a r t  j 1379 j noted 

t l ~ a t  newly emerge!: fi-.y c l u s t e r e d  r'n shallow., p r o t e c t d  

reaches 0 ° F  Fioud channel s , backwater s l oughs a n d  

i i d e c i i a n n e l  i ~ o o l s  o f  the Sek,unka k - i - ~ ~ t - ~  P t t e j t - i ~ ] 7  



Columbia, ihese f i s h  are found i n  similar hab i t a t s  i n  

the East Fork Chena River, Alaska  (personal 

communication, Jerome Hal 1 berg, 1981), 

Nelson (1954) noted t h a t  recently emerged yloy f i sh  were 
distributed i n  "backwaters and protected areas. . 
away from strong currents" wi th i n  Red Rock Creek, 
Mctrltana, 

01 der yoy fish occupy proqressively faster waters - 
'Ear ly '  yoy fish (< - 35 mm f l j  occupied a miean current 
v e l o c i t y  o f  abou t  0.07 m/sec 0.22 f t / sec )  !n = 183) i n  

selected headwater areas of t ho  Gul kana Rilver, Alaska 

i n  e a r l y  Ju ly .  Larger yoy f i s h  (> 35 mm i l  ) inhabi ted 

s l i g h t l y  greater current v e l o c i t i e s ,  0.16 m/sec ( 0 . 5 2  
f t / sec )  (n = 157) (Elliot, 1980). 

Chisiett and S tua r t  (1979) found yoy fish 

occupying slow current areas o f  backwater and  side 

channels i n  the Sekunka River and Martin Creek, British 

Columbia d u r i n g  J u l y  1978. Side channe; s contained 

f l c w i n g  water and were less ephemeral "Lhan backwater 
channels. All yay f i s h  wepe found i n  low current 
vs i oe id i eo ,  

Most o f  the backwater habitats dewatered d u r i n g  August 

low f l o w s  and yoy fish (3 35 m f l )  inhabited 

sidechannel r i f f l e  areas and margins of inai nstcem 
r.r" I"f1 es . 

By September and October yoy f i s k  occupied s l  dechannei 
r i f f les  and  margins o f  mainstem r i f f  12s ivhere current  

veloci ,ies approached 0.8 m/s~c. Ycy f i s h  E L  t h i s  tmr 

range.' froifi SO to 95 mm f i  (Chis;ett and  St: izrst ,  1379). 



Sumor distributions o f  year? i n y  and old,:r f i s h  were 
1 izited t o  mainstem and s ide  channel pools i n  the 
sekunka River, British Columtia. nlder f i sh ,  age 4 t n  

5+ (oldest aged f i sh ) ,  occupied l i rcsr ,  deeper pools 
than the younger fish, 

The dis t r ibut iof r  o f  juverifle and aailll A r c t i c  grayl ir ig 

i n  selected P.'faskan mountain streams i s  sisre?lar t o  tlre 
the d i s t r i b u t i o n  i n  the Sekunka Ritfer, Briitish Columbia 
where adu'! t a d  juveni I e fish ape general l y res t r ic t  2d 

t o  pools and rloughs (Ale2 1978; personal 

communication, J e r ~ n e  Hal 7 berg, doe Jebb, Terence 
Bendock , 1981 ) . 

F: - "  
tan w i l l  move i n t 3  shall owe^, f a s t ~ r  r i f f le  aress f g r  

more food, such as ;zlmon ant: whiterish eggs (Bendct ic, 

1979; A f t ,  1978). 

Yoy fish generally occupy shallow l a t i e  h a b i t a t s  w t t h  
low current velocities. F P ~  i n  the Sekunka River ,  

B ~ i t i s k  Columbia selected shallaw areas i n  sideck8nneis 

and backchannel s (Chislet: ana S t u a r t ,  1999). Yoy Fi:;h 

have been observed i n  backwater sloughs and shallow 

pockets of protected water i n  the East Fork  Ch-na 
River ,  Al3ska persona 1 comani c a t i  cn , Steven Grztjacki , 
Jerome Hal 1 berg and Sandra Sonnichs~n, 19Si) .  

Older fish generally select deeper oools  (Chisistt ~t 

a1 . ; pe~so~al cor;mtsnica.tions, Stever! Grabacki , Jeroille 

b!ai 1 berg and  Sandra  Sonn i  chsen , 1981 ) . 



Recently emerged 4 f i s h  seek various f o r ~ s  of 

instream cover when disturbed. Young 17-45 ?ays o ld  

f r y  i n  shal low, s i  l tioot.cr~mcd backchannel s o f  the 
Sekunka River moved i n t n  deeper water w i t l h  various 
t ypes  o f  instream cover. S imi lar  aged yoy f i sh  i n  

sidechannel s used substrate i n t e r s t i c e s  ana shddows of 

boulders f o r  cover. Ne! son (1954 noted t h a t  14 t o  2: 
day o l d  f i s h  i n  Red Pock Creek, Montana mzkde little 
movement when disturbed and appeared t o  be "relatively 

he1 pl ess. " 

Ol der S i  sh comcnl y use I ogs , bod1 ders and turbulence 

f o r  i~siream cover (personal comunicatiorr, Jerome 
Hal 1 berg ,  1981 j . 

L i t t l e  i s  known about  A r c t i c  g ~ a y l i n g  migra t ion  t o  
evewintering areas. Tack (1980) observed a slow downst~eam 

movement cP Arctlc gray1 i n g  i n  the CRena River,  Alaskil and 

ecmpared i t  t o  the  fas ter  emic,ation o f  f i sh  i n  North Slope 

ritauntain streass where winter cotldi t i o n s  occur very ea r ly  

(Yoshihar~. ,  19721, Yoshfhara (2972)  obseked  many fish 

moving dowr!.-tr~am ? n  the Lbi ~ i o e  River immediately a f t ' 2 r  

wa%e teemperatu~es r~3ched freezit:,?. Age distribu",icn o f  
0. 

emigrants I . .  ? ic Lupine River i s  n o t  known. 

6 - U i n t e r  Rearing 

Ihe d i s t r i b u t i o n  o f  ovenqintering P r c t i c  gray1  i n g  i s  more 
1 i m i  ted t::br~ the s u n ~ 7 e i ~  ciistr ihu-c%"on, Streanlf lo~s  a y e  low, 

nrueh o~ if! l i o f  the stlas?sns i s i ce-.ccve~*ed anci 5 tre5rn ~f~eaclt~.:: 



can be frozen solid dur i2g  the harsh A r c t i c  and sub-4rctic 

winters. 0ven.rintering areas i n  mountain stream!; include 
poo ls  o f  intermittent o r  f lowing streams (such as  Colville 

and Chena River, Alaska, respectively o r  s p r i n g  fed  streams 

which  rst3ain open during #inter months the lower S A a v i ~ v i k  

River ,  A l a s k ~ ) .  

Current velocities in ovepwintering s i t es  are probably 

very low, Conventional current veloei  ty meters do not 

funct ion a t  a i r  tempsratures below freezing. Fish 

cverwinter i n  intermittent pools o f  thn Col\iiille R i v e r  

where current velocit!$ jis negligible. i f i  the Hulahula 
R i v e r  ovewintering s i t e s  had current ve ioc i  t i e s  of 

0.15 m/sec (0.5 ft/sec). 

F i s h  have Seen observed under the i c e  in pools o f  a t  

least 1.4 m (4.6 ft) dep th  i n  tire Colville, Chena and 

East  Fork Chena Rivers.  Bendock (1380 found f i sh  i n  

intermittent pools deeper t h a n  1.5 m (4.8 f t)  i n  a 

reach o f  the Colville River, Alaska. F i s h  are 
restric :Q t o  pools i n  the East Fork Chena R i v e r  and 

the mainstem Ckena R-iver, A'laskii (Tack, 1986) d u r i n g  

the wintcv mantks Hallberg, personal ccimunication, 
1981 ). 

A r e  t i c gray 1 i ng have beer2 taken by Ka ktoui k , 81 as ka 

v4llagers i n  the Hulahula River i n  l a t e  ~ p r i l  ( fut*niss,  

and through the i c e  i n  the East Fork Chandalar* 
River  near ArctSc Village, Alaska FlcCart , 1974 
rjaxiaurn water d e p t h s  were about 0.6 m ( 2  f t )  i n  open 

water s f  the Hr~ lahu la  R j v e r ,  blfater depth a f  "ie E a s t  



fo rk  Chandalar River was 1.5 m ( 5  f t ) .  These s i t e s  are 

t h o u g h t  t o  be important overwintering areas f o r  Arctic 
gray1 ing.  

S p r i n g  fed  mountain streams are often the on41y s i t e s  i n  

the Nsrth Slope where wate;. remains f lowing  throughout 

the winter. These streams are important ovebrwi nteri ng 

s i t e s  f o r  A r c t i c  grayling. Ait and Fvrniss (1976) 
captured a d u l t  i r c t i c  grayling i n  a spr ing  fed pool i n  

the Franklin Bluffs area o f  the Sagavanirktok River ,  

Alaska on May 6, 1975. The approximate d e p t h  of the 
pool was about 1.2 rn 

aendock ( 1980) measured d i  ssof ved oxygen 1 eve1 s ranging 
from 0.6 t o  4.6 mg/l in A r c t i c  grayling overwintering 

s i t e s  in the Colville Rivet*. Dissolved oxygen levels 
were abou t  4,8 mg/l in the Sagavanirktok R i v e r  a t  the 
Franklins B l u f f  s i t e  on A p r i l  10, 1975 

Furn i  ss , 1976). 

Limited investigations i n d i c a t e  t h a t  A r c t i c  grayling may 
enter  springfed streams a f t e r  spawning (Reed, 1964; Pearse, 
1974; Tack, 1983), 



A r c t i c  grayling apparen t ly  do n ~ t  spawn i n  springfed streams 

where 1 ow water temperatures may adversely influence egg and 

a1 evi n devel opment Van Hyning, 1978). 

A r c t i c  gray1 irrg rear in springfed streams. Reed 
reported t h a t  a d u l t  fish enter the Delta Cleibwater River i n  

early June and younget- Juvenile f i s h  en te r  in la te  July.  

Pearse (1974) found similar trends ir, the Delta Cleanqater 
i n  1973; a1 though adill t s  tended t o  remain i n  the headwater 
peaches and imatures remained d ~ w n s t ~ e a r n ,  

Reed (1964) sxated t h a t  ima"tu~e, ~ 2 ~ i c h a b l ~  (by rod and 

reel ) A r c t i c  gray4 i n g  moved downsVtream eavly in 1963 i n  the 

Celta Ciea~g-water River. L a ~ g e r  a d u l t  f i sh  remained i n  the 

river tht-ough rnost o f  September, Some tagged adult f i s h  

weye f ~ i d ~ d  a t  the msu-tk o f  the Delta Cleamater River i n  

7 a t e  Octsbe~,  

G ,, Wiwtzr Rea ' 

A r c t i c  g ~ a y t i n g  apparently do not  reap in interior Alaska 

springfed streams (Van Hynfng, 1978) ,  b u t  have been f o u l ~ d  i n  

springfed streams i n  the North Slope Cralg and Poulin, 



Tab les  I t h r o u g h  VI summarize the reported water temperature levels 

associated wi th  'arious I i f e  s tages  and activities o f  Arcti:, gray1 ing. 
Tabte VII 1 i s t s  the reported current velocities ( o r  discharges 
associated w i t h  d i f f e r e n t  l i f e  h i s t o r y  s tages and Table VIII,  the 
substrate types used f o r  spawning. 



- 
i a b i e  I :  Observed water temperatures associated with upstrean, migra t ion  o f  

Arc t i c  grayllng t o  l ake  inlets/outlets. 

?a yagjetek- Observed Values Wemarks koca t 1 on Reference 

Max-imum w a t e r  temperatures 
d u r i n g  l a s t  2 days o f  f i s h  
m i g r a t i o n  

First mature f i s h  captured 
d u r i n g  f i s h  migrat ion 

Hater temperatures of 
several I n l e t s  t a  Grebe L k ,  
d u r i n g  i n i t i a l  f i s h  spawning 
migra t ion  a c t i v i t y  
1953, 1954 

Water temperatcres of out1 e t  
t o  Grebe Lake, 

Wyoming during i n i t i a l  f i s h  
spawning m i g r a t l  i on  a c t i v i t y  

Inlet  to F i e l d i n g  Warner 
Lake, Alaska 

Outlet t o  Minera l  Tack (1972) 
Lake, A l r  ;ka 

Four Inlets t o  Kruse (1959 
Grebe Lake, 
Wyoai ng 

Gibbon R i  ver, 
outlet t o  Grebe 
Lake, bJyoming 



7 ;-, 7 g--, . c, z i  : 1 : Observed water te~peratures associated w i t h  upstream mig ra t i on  of 
Arctic ~ r a y l i f i g  w i t h i n  bog tundra )  streams. 

c-'b%-. a, agxeger Observed Values Remarks 1-sca t 4 OCB Reference 

Maximum water temperatures Weir Creek, Cra ig  and Poulin 
dur ing  ea r ly  t o  l a t e  atage Tributary tto ( 1974) 
of a d u l t  f i s h  spawnlng migra- Kav ik  R e ,  Alaska 
bdon. Incomplet? f i sh  sampl ing 
due t o  h igh  flows, 1973. 

Haximum water temperatures flappy Val ley C r k ,  McCart ,  Cra'i y and 
beginning and end o f  a d u l t  t r ibu tary  t o  B a i n  (1972) 
f i ish upstream miguatdon, 1971. Sagavanerk tok 
Weir placed i n  st ream af ter  River, Alaska 
f i sit m i  gratian began. 

Haxlmrrm water temperatures Ilapp-y Valley Crk, IYlcCarL, Gralg and 
from start  t o  near* termin&- Sagavanerktok B a i n  (1972) 
t i o n  of juvenile f i sh  R i  ver ,  W l  aska 
upstream migratiosa, 11371. 

I n i t i a l  average water tempera- Popl a p  Grove MaePhee and Wat ts  
Lures o f  Poplar Grove Creek c EI.k t r i b u t a r y  6 1876 j 
d u r i n g  s tar t  of a d u l t ,  sub- tfi Gulkana R., 
adul t , juveni l e  P I  sh upsliveam ~ % a s k a  
migration dtdring May 1973-1975. 

Average water temperatures Popla r  Grove 
a t  end 06 a d u l t ,  sub-adult, Crk, t r ibu ta ry  
juvenile f i s h  migra t ion  i n  t o  Eulkana R., 
June 1973-9935, A1  aska 

IacPhee and Watts 
(1976) 





-3- ,C 1 
3,: e IV: Observed water temperatures associated w i t h  

Arctic gray1 i n g  spaunfng i n  l a k e  inlets /aut le ts .  

Fa ' ~ ~ ~ P B X ~ ~  
a b , . ~ r S Z  LC% Obseeaved Values Rea~a r-.k 5 Locat ion t'2ference 

Eni t ia l  f i sh  spawning 
activity occurred 

inlet  t o  FIeFding Wo.jcik (1954) 
Lake, Alaska 

F i s h  spawning activity was Inlet  t o  FieIdEng V o j c i k  ( l954)  
completed a t  thdi s temperattrre Lake, A laska 
3-4 days after  comencemenZ 
o f  spawning a c t i v i t y .  

First spawning a c t i v i t y  Outlet t o  Minera l  Tack (1972) 
observed Lake, Alaska 

F i s h  spawnlng ceased as Outlet taMineral Tack (1972) 
water temperature dropped Lake. Alaska 
below 4°C 

F i s h  spawning ~ c t i v i t y  
resumed and lasted 4 
addl t i o n a l  days 

F i s h  actively spawning 

Fish  actively spawnfag 

Fish ac t ive ly  spawning 

FI sh actively spawn1 ng 

O ~ t ' n t  t o  M ine ra l  Tack (1972) 
Lak,, Alaska 

Several inlets  Cuccarease, F i  oyd 
t o  Tyea Lake, Kelly, LaBe'ile 
A1 as kia (1980) 

Four i n l e t s  t o  Kruse (1959) 
Grebe Lk ,  Wyoming 

Outlet t o  Grebe Kruse (1959) 
Lake , Wyomi ng 
Gibson River  

Inlet t o  Agnes 
Lake , Montana 



- 
i a b ? e  V :  Observcd water temperatures a s s o c i a t e d  w i t h  

spawning af Arcz ic  gray1 tog w i t h i n  bog stveams. 

p.2 a-at~eter Gbserved Values Remarks koca"k an Refe taence D 
I 
! 

-- 1 --- -- --- ------- i { 

f ce y 6,7"6 
Temperature 

D i  rect spawning observation, Outlet Tyee Lk, McCart, Craig  and 
one temperature read i ng Alaska  B a i n  (1972 

F ish  spawning activity seemed Providence Crk , Bishop (I971 ) 
t o  bc related t o  these ~a teb*  t r i b u t a r y  t o  
temperatures. Maekenzie R i v e r  

Morthwes t T e r r i t o r y  

Maximum water temperatures Weir Creek, Cra ig  and Poul in  
basrd on o c c u r r e ~ c e  o f  rn ipe A laska 1974) 
and spawned-out A r c t i c  gray- 
l i n g  captured by n e l r  

Maximum water  temperatures Ncsta Creek, Tripp (personal 
d u r i n g  Arct ic  grayling Alaska  communication, 
spawning a c t i v d  t.y based on 1981) 
csndltian o f  f i s h  i n  we i r  



- - 
h2bje Observed i ~ a t e r  temperaturps associated w i  t h  

A r c t i c  grayli81g egg and alevin development. 

pa ~3metek- Observed Values Rema r k s Location Reference 

Eggs hatched i n  19 days Inlet t o  Grebe Kruse (1959) 
Lake, Wyoming 

Eggs hatched i n  18 days Inlet t o  Fielding Wojcik (1954); 
i n  1954 and 1955 Lake, Alaska  Warner (1955) 

Eggs a t  hatchery facility Somewhere i n  Wojcik (1954) 
hatched i n  8 days Alaska 



-- 
i a b l c  V I E :  Relationship o f  current velocity (or discharge) 

tr! specific rlfe h is to ry  stages. 

~~t j,j ty Current Rate oi- F l o ~  Refereuse 

Spawning 

!;arly Development 

Juveni  l e  Rearing 
L -* 
r" -- 

slow, shallow backwater 
1.2 m/s 
.34 m/s t a  1.46 
shallgw r i f f les  
I .  l m3/sec 
4.0 m /sec 
low flow and r i f f les  o f  1.4 m/s 
negligible 

.02, .07, .03 m/s 
sha8 low, pro tec ted  a reas  

shallow pools 
shallow pools 
.08 t o  .I95 in/$ 
.8 mils 

Wojcik, 1954 
Warner, 1955 
Tack, 1971 
E l  1 i o t t ,  1980 
MacPhee and Watts ,  1976 
HacPhee and Watts, 1976 
Hallberg, 1981 
Sendock, 1979 

E l l i o t t ,  1900 
Chirlatt and S t u a r t .  1979 

Cuccarese e t  a1 . , 2980 
Ham? #*s tan, 198 1 
Elliott, 1980 
Chislett and S t u a r t ,  1979 

open atmeas Chislett and S t u a r t ,  1979 

a t  breakug 
I . 3 3 -  "B / / s  3 
2 m /s3-3 29 m / s  
%,67 m 1 s  
a t  breakup 
a t  breakup 
high f'iow 

MacPhee and Watcs,  1976 
MacPhee and .Matts, 1976 
McCart e t  a l e ,  1974 
Tripp, 1981 
Uo jc ik ,  1954 
Warner, 1955 
Tack, 1972 



Tab1 e \/I 11 : Reported substrate types used f o r  spawning. 

Substrate  Reference 

Fine gravel (1 cm 
"pea-size" 
sand t o  snrall cobble 

sand - gravel 

sand, gravel , rubble  

f i  ne g r a v e ~ l  ( < 3.8 rmf 
f ine gravel 

g ~ a v e l ,  2.5 - 3.75 cm 

sand, f i n e  gravel 

sand, gravel 

o rgan i c  detritus 
sand, maick: 

mud, s ' l t ,  gravc-I( < - 4 

gravel, . i 5  - 4 cm 

cm) 

Warner, 1955 

Tack, 1971 

Cuccarease e t  a l  . , 1980 
Brown, 1938 

Kruse, 1959 

Hamarstron, 1981 

McHenry , 1981 

E l  1 i o t t  , 1980 

Craig e t  a l . ,  ~ 9 7 2  

Bishop, 1971 

E l  I i o t t ,  1980 

E l  1 i o t t  , 1980 

Bendack, 1979 

Hal 1 berg, 1981 



1 DEFICIENCIES EN DATA BASE 

Factors influencing the ni igra t ion of adul t and juveaile Arctic 

gray1 i ng  from ovorwinterJng areas t o  spawning s t r e a ~ s  i s  apparently 
; nf! uenced by f l o w  ~ n d  u a t e ~  temperature cnndi  tions. 'Th[:, tiaing of 

a d u l t  and juvenile f i s h  migrations are not  urlderstosd; the juvenile 
fish r u n  lays several days t o  several weeks behind the aclul t  f i s h  in 

cet - ta io  areas, 

Information about selection o f  s i t e s  i n  mountain, lake in le t  and 
outlet ,  509 and s p r i n g  streams i n  re la t ion t o  current velocity, w a t ~ r  

d e p t h  and substrate i s  limited, Most o f  the sbservat ions were made i n  

l a ~ e  inlets  and outlets and msuntajn streams, 

H a b i t a t  selection by spar:ning A r c t i c  grayling i s  influenced by a t  
least  three varjsbles - substrats, water d e p t h  and curpent velocity - 
which col iec~z ive ly  determine the kabi t a t  qua1 i t y a  For  example, Arctic 

gray'ling may be extruded r'rmom spawnin9 areas by excessive cldrrent 
v e l o c i t i e s  despi te aceeptabi e substrates and water deptPs. There i s 
1 i:;liteif infomation sn the interaction o f  various physical parameters. 

Factors in f luenc ing the survival and :+evelopment o f  eggs and a1 evins 
ape not well understoad. Studies ind ica te  t ha t  egg dislodgement by 

other  spawning f i s h  and spates may be a major cause o f  mortality, 

M i ~ i m u m  water teniperatu~es required for  successful egg developwnt are 
nst known; hewever, water temperatures above 6'C {42"F) have been 

~ ~ c ~ m e ~ d e d  ,, 

f!le movement o f  8rc"Lic grayling t o  avel-vbintering aFeas appears t o  be 

influenced by ilsw and water temperatures associated w i t h  the onset of 

win te r .  T h i s  eiaiyrat lor~ may he cf sncr t  dura t i on  o r  extend over 
several weeks. There i s  very little i n f o m a t i o n  about Arctic grayling 
sverwjnterdng areeas. Fish overwintering in the North Slope $re 

limieted "L aopen watere areas a r  t o  sutreams which do n o t  ~ o t : ~ p l e t e ! ~ ~  

freeze.  F i  s i ~  overdintering i~ in ter ior  ii'laska an* Ca-tda may remai rl 



i n  springfed eqd glacier streams. I t  i o  no6 ksown whecher young of 

the yea r  A r c t i c  grayling burrow i n t o  interstices w i t h i n  cobble and 

rubbi  e as water temperatures approach f reezlng . 

The age structure o f  A r c t i c  gray1 i g g  populations d u r i n g  tlhe open-water 

sehson may be significantly d i f f e r e n t  among various lakc! inlet  and 

out le t ,  bog, mountain and sp r ing  streams. Some streams appear t o  

function as nursery areas for  young o f  the year and older juvenile 

f ish,  and other stresms may support only large juvenile and a d u l t  

Fish. Fish may be e l t h e r  sedentary o r  nomadic d u r i n g  the open-water 
r e a r i n g  season. Explanations for  f i s h  emigra t ion  are speculatfve bu t  

living space 2nd food availability are probably influential. Studies 

o f  juvenile and a d u l t  Arctic grayling hab i ta ts  focused on water dep th ,  

current v e l o c i t i e s  and substrate i n  small bog and mountain streams. 

Methods o f  descr ib ing  water d e p t h ,  cuprent veloci ty and substrate 
character is t ics  varied among studies,  Some i nveotigators measured 

current velocity a t  the  s i t e  o f  spawning A r c t i c  gray7 fng; others 
es~imated surfcce curyen$ veIscitSes, Substrate s i z e  classi?ication 

systems a1 so var ied;  few researchers eval uated substpate imbeddedness 
a t  spawning s i t e s .  

The e f f e c t s  o f  r a t e r  temperatures and current velocs'ties on a 

grayl ing ' s a b i  1 i t y  t o  ascend culverts has been studied f o r  juvenile 

and a d u l t  f i sh .  Relatively few t e s t s  were conducted wi th  yearling 

grayl Ing. 



V . AEfTOMhIENBATXBNS AND FUWf MEW STUDIES 

i n  d e p t h  investigations ape needed t o  determine the ~elatienships 

between s p e t i f  i c  chemical and physical features of aquat ic  habi tats 

and gray1 i ng growth and behavior. For example, investigations shout d 

be designed and conducted t o  assess the factors which influence 
development and survival o f  A rc t i c  grayling eggs and alevins i n  bag, 

lake i n l e t  and outlet ,  S P P ~ P I ?  and mountain stseams. Inve!stigatisna 

should csnsider egg dislodgement, predation, desieeatfon, and die1 
dr"f of emergent Pry, 

Water temperatures and i c e  csndfi ions during grayling egg and a lev in  
development may be easier t a  sample t h a n  the lower water temperatures 
and t h i c ke r  i c e  cover characterist ic of P a c i f i c  sa;mon and char 

incubation periods, 

Laboratory studies should assess the e f f e c t s  e f  various dura t ions  o f  

Tow water temperatures on the development and survival o f  eggs and 

arevins. Water tenperatures a t  a r  below threshold levels could cause 
mcsrphol ogical defomitt es, sl ow devei cspment rates and h i  gR %opt31 f t y  

amang eggs and alevins. These investigations eoul d explain the 
apparent avoidance o f  spring streams by spawnf ng A r e t i  c gray1 ing. 

Mei rs  could  be used t o  sample grayling f r o m  bog, mountain, sp r ing  and 

lake inlet and out le t  streams t o  relate residence time and migration 

t o  stream flow, water temperature and other physical and chemical 

stream f ac to rs ,  

Unique t a g s  on upstream mfgr3ting a d u l t  and juvenile f i s h  would 

provide specific migration d a t a .  Data From consecutive years could be 

used t o  determine A r c t i c  grayling homing t o  specific spawning and 

rear1 ng streams. 

A r c t i c  grayling . $awning sStes should be s t u d i e d  more extensively i n  

~lurthern latitudes. Ckaracteri s t i e s  of spawning h a b i t a t  i n  t e ~ t ~ j s  ao.F 



w a t e r  d e p t h s ,  current v e l o c i t i e s  and substrate condi t ions s h o u l d  be 

compared with  habitat $$ailability f o r  specific stream systems. Water 

temperatures and f i s h  spawning a c t i v i t i e s  should be monitored t o  

detect spawning a c t i  v i  t y  cycles .  

Internal r ad io  t r a n s m i t t e r s  could be used t o  moni tor  gray1 i ng  movement 
t o  and w i t h i n  open-water rearing areas and ovewintering s ; i  tes.  Radio 

telemetry could be used t o  study f i s h  migration rates and pa t te rns .  

Surgical  implantation o f  rad io  transmftters i s  probably the best 
method for spawned-out a d u l t  and large j~tvenile f i s h .  Surgical 
imp lan ta t i on  has less a f f e c t  on fish equilibriun; t h a n  esophageal 

insertion (Winter, Kvechl e, S i  ni ff and Tester ,  1978). Rates of 

heal i n g  , condition o f  internal organs and the occurrence o f  infection 

among the f i s h  should be determined f o r  various water temperatures. 

C r i $ e ~ i a  f o r  r a d i o  transm%'tter seIects"or4 shetdd include s i z e  o f  

transmitter and antennae, transmi t t ep  various temperatures, and signal 

receptiens a t  var faus depths. 

The f e a s i b i  1 i t y  o f  marking juvenile A r c t i c  gray1 i n g  w i t h  Fluorescent 
pigment should a l so  k-2 detemined. A var ie ty  o f  relor combinaticans 

could be used t o  i d e n t i f y  specific stream locations and dates o f  

marking. Lack o f  scale develepment may prevent  pigment retention by 
yoy A r c t i c  gray1 ing less t h a n  if months o l d .  

I 

Csmp~ehensive sampling oF yr,v would determine movement: o f  yay Arctic 
grayling. kd i r s  o f  small mesh screen could  be used t o  monitor yoy 

Arctfc g ~ a y l  i n g  movements. Hswevcv smal l e y  mesh sine a1 so 
neeessi ta tes  more frequent cleaning o f  the v~eips.  

Weirs s h o u l d  remain ~ v i t h i n  s t ~ e a m s  as long as psssible p i r i o r  t o  
freeze-up t o  monitor Piretic grayling movements and physical and 

chemical hab i  t a t  components. Weirs caul d remain i n  s p r i n g  streams 
which remain i c e - f r e e  t o  monitor the presence o f  f i s h .  



investigati~ns shoul d be conducted t o  determine open-kra'cer, 1 o t i c  

microhabl t a t  selection by juvenile and a d u l t  A r c t i c  grayl i n g  using 

techniques s i m i l a r  t o  those descrfbed by Eijerest and Chapman (1972) .  

These i n v e s t i  ga t ions  should  desert be water depths, currelnt v e i o c i  t i e s ,  

substrate, prax im i  t y  t o  nearest f i s h  and instream cover. Snorkel ing, 

w h i c h  has been used extensively i n  the P a c i f i c  Nartllwest and 
elsewhere, t a n  be used where bank observat ions o f  fish are d i f f i c u i  t. 

Mic rohab i t a t  investigatfens could  complement f i s h  movement da ta  from 

weirs and r ad io  telemetry studies. Microhabi t a t  studies could a1 so 

explain the apparent segregation o f  variaus age classes o f  A r c t i c  

grayling in c e r t a i n  rivers such as the Chena River .  

Food a v a i  1 a b i  1 -i ty  and various physical and ckemlcal hahitat i n f  I uence 

the sumer, open-water d i s t r i b u t i o n  o f  A r c t i c  grayling w j t h i n  streams. 
D r i f t  and substrate sampling o f  i n v e r t e b r a t e s  can be used ts assess 
food availability and i t s  relationship t o  the d i s t p i bu t i on  o f  A r c t i c  

gray 1 i ng . 

Studies o f  juvenile a n d .  a d u l t  A r c t i c  grayl ing overwintering h a b i t a t  

should continue, Gil lnets, SCUBA and other techniques could b r  used 
t o  investigate these overwtnter ing hab i ta t s .  

F i s h  passage smudies should be canduc-ted t o  assess the ability o f  

j u v e n i l e  and a d u l t  A r c t i c  grayling t o  ascend culverts and other high 

cur rent  velocity areas. MacPhee and Watts 1976) determined t h a t  the  

ability t o  ascend s u l v e ~ t s  wss a flanctiori of' culvert l eng th  and 

spawning candi t t on .  Studies a f  yay and alder juveniles would i den t f f y  

Plsk movement during the summer rearing seasen. The possibility t h a t  
excessive cgrrent velocities assacdated w i  t k  cul verts prevent young 

gray?  'ing Crorrr reaching snral l rearing stt*eams should be investigated. 
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1 INTRODUCTION 

The purpose s f  t h i s  prr?jec",is t o  descrlbe how re1c:cted physical 

and chemical features o f  l o t i  c hab i t a t  w i th in  A1 alska i n f  1 uence 
the s u ~ v i v a l  and behavl'sv o f  the various l i f e  stages o f  

anadromous Do1 l y  Varden char ( 

Object ives o f  t h i s  project ~ are: 

1. t o  gather data f ~ o m  pub1 ishad and unpublished saurces wi th in  

A1 aska and P ~ a m  conversations w i t h  A 1  askan f i s h e ~ y  

biologists concerning the relationships between l o t i c  

aquat ic  h a b i t a t .  and anadrornaus Dolly Varden survival and 

behavior. 

2. t o  develop an -'9a da t a  base for habitat-anadramous Dolly 
Varden char relationshf ps. Because theve a r k  not  s u f f i c i e n t  

data for the relationships between anadromous Dolly Varders 
char an&i condit ions o f  the habi ta t ,  h a b i t a t  suitability 

index ~elatianships were net  developed. 

3 .  t o  i d e n t i f y  data  gaps and recornend appropr ia te  projects t o  

alleviate these gaps. 

The follawing L I f e  History Suurnnma~y and Spec i f ic  Habitat 
Welati~nships/Refsui rewests sect ions will i d e n t i f y  the l o t i c  
h a b i t a t  relationships of the V ~ P ~ Q L I S  1 iCe k i s t e ~ y  and seasonal 
behavior stages a f  the anadremaus Do1 ly  Varden chap which 

.a"ncl ude: 

upstream snawwing migrat ion, 

spawning, 
i nmlgran=t m ig ra t i on  t o  ovcta%q -1Psi ntevSing areas, 



inmi  g r a n t  overwi n t e ~ i  ng areas, 
egg and a levin  development, 

sumer juvenile rearing, 
j uven i  fe migration t o  ovewinteri ng areas, 
juveni l e o v e m i n t e r i  ng areas, 
juvenile migrat ion  t e  sumer rearing areas, 
inmigrant migratfon t o  sea, and 

smol t migration t a  sea 

B e  Distribution 

The taxonomy o f  the Dei l y  Yarden char, - m; 
i s  qu i t e  complex and a t sp i c  o f  debate. Morrow (19t 

a northern and a southern fom o f  Dolly Varden char, with the 
northern fom equivalent t o  the anadrorslocls Arctic char, 

and the  S O U ~ ~ ~ P T I  f ~ m  "mmp~isincg 

the Dolly Yarden char. Dolly Vcrden ehar i s  separate from the 
b u l l  char, Salve1 inus conf luentus, whish occurs i n  B r i t i s h  
Csl umbia, Washington, Oregon, Idaho and Montana Beknke; 1980 

FOP purposes OP this paper, Dally Varden chap are defined as 

those f j s h  which occur south of  the Are t j c  char and nor th  sf the 

b u l l  char, Anadremaus and non-anadromous Do1 l y Vardci~ ehar are 
diot~ibuted wi th in  Alaska south o f  the Alaska Range. 

Ir lfgvadi~n a f  mature and imaamatlare Dol l y  Varden chap Prom the ocean 

t o  southeastern Alaska @ay be eeneurrent and can extend f r om July  

. through October. I~~matlare individuals may s tay i n  streaft~s as 

long as spawners $NO $8 t e e  MBR""%S 3: though non-spawnsi ng 

i m a t u r e  Dolly Varden char seldom remain mcre t h a n  one m t ~ n t h  

p r i o r  t o  emigra t ing  t o  other stream and lake systems, probably  t o  
aveminter, Akcsut 80"6of the non-spal.is~ing irsrosi g r a n t s  I f2f.t Hnud 

Bay Creek, Alaska be fo re  the spawning f ish Ilu-inct?*cln~) slid 



Winslow, 1968 During  1966, tagged immature f i s h  remained i n  

Hoed Bay Creek fo r  14 days (Amstrong, 19671, and malture fi sh f o r  
195 days. 

Age a t  maturity i s  var iable ;  most Dolly Varden i n  southeast . 

Alaska reach m a t u ~ i t y  by age four or f i ve ,  Male!; may mature 
befire females Amstrong and Blackett, 1965 

Tagging studies in southeast A1 aska (Amstrang, 1965a and 1974; 

Blackett, 1968; Heiser, 1966 i ndi sated t h a t  mature, anadremous 
Dolly \larden chap use t h e l r  natal streams t o  spawn and lakes to 
13vewi nter . I tura fish o r i g i na t i ng  i n  streams acaithout lakes 

may e n t e r  several streams prior  "c ofinding a lake fo r  
overwintering. Itmature fish o f  lake-stream or ig in  probably 

re-enter the same system t o  overwinter. These tagging studies 

indicate t h a t  immature and spawned-out anadromous Dolly Varden 

char from numrous stream systems may use the same lake far 
e v e m i  rrteri ng. 

The Dolly Yarden, 91ke other chars, usually spawns bet~geen 

September and November Scett  and Crassman, 1973). B l  aeket t  

detemlned t ha t  the peak o f  spawning ac l i vs ' t y  ' n  Hood Bay 

Creek occur~eci beeween 1 a te  October and gayly November. Spawni ncj 

occurs i n  other southeastern A1 aska styearns f ram mid-September t o  

mid-Bstsbe~ (Blaekett, 1968; B l  aekett and Amstrong, f 965 

sexes illsplay spawning eolcration, a l though males are of ten  

scarlet ow %Re v e n t ~ a l  slde and have black snouts, 

Selection aQ spawning sites by anadrom~urs Do1 l y  Vardcn char 
appears t o  be i nfl ueneed by variaars physical factors i ncl  uding 

cur~e;l t  ve'leeity, water dep th  and substrate cerrrpositicsn. F i s h  

Rave been reported spawni ng i n  st decPlannel and mai wstem 
riffle/run and pool reaches o f  streams an Kadiak i s land and En 

southeast Alaska B"lackett,  1968; Wilson, Trihey,  Baldrige, 
Evans, Thjele and Trudgen, 1981. 



L i m i t e d  sbservatians indicate t h a t  the fish's s~~rnwning behavior 

i s  similar t o  other chars (Blaekett, 1968; Scot t  and Crossman, 
Fish are usually paired,.  a1 though more tbian one male may 

accompany a female (the largest male i s  usually daminant). The 
female i s  solely responsible f o p  excavatfsn o1.F the redd 

depress3 on i n  the stream substrate where f i s h  splawn and deposit 
fertf 1 ized eggs). She fawns the redd by turn1 ng on hep side and 

th rash ing  the substrate wi tk  her caudal f i n .  The completed redd 

i s  typically oblong shaped. Dt'rensictns o f  the redd vapy wlth the 
s i z e  o f  the female and substrate and current velecitfes; wdds 
are generally 30 t o  61  em long and may be as deep as 

The mle spawner actively defends the redd from 
male intruders and will n i p  and bite at he^ mi3las, sametimes 
grasp ing  another male i n  the caudal peduncle f o r  up t s i  s i x  
seconds. Female spawneis are net aggressive. (Rlackett, I968 

Fecundfey o f  Del l y  Varden char i s  variable among snadrrrmaras 
Alaska stocks 2nd i s  g ~ a a t e p  vsith increasing f e ~ a l e  fish age and 

B l  ackedt , 1968 For example, females abaut 308 m f 9  

(fork length f v ~ m  Hood Bay Creek, Alaska contained !ess than 

1000 eggs and femalets exceeding 450 m P I  supported a t  least 2000 

eggs. Ripe e gs are usually 0,45 t o  0,6 cm f n  diameter 

BS ackett, 1968 

The spawning pai r  descend i n t o  the redd and press against each 

other 1 aterall y. A f t e ~  tirr: pis3 :% eampl @tans spawning the femzll e 
may d i g  a t  %ha upstream end of Lne redd and d isp lace gravel aver  
the fevtll i zed eggs. Th is  grdve'i 1a;~eT probably p r o t e c t s  the 
eggs from sun1 f g h t  and predatjon, reduces mechan? cal d i  stlarbance 

by i c e  and other objects while allowing water t o  transport oxygen 

t o  and metabolic wastes from the developing eggs. 

Fish may spawn agafn w i t k  the same (st- a dif"ierent partner and, 

unlike salmon, a r e  capable i n  s ~ r b s e q ~ e r ~ t  years.  Males are  jess 
1 i kely t o  survive spawn1 ng 'char: Ferna (Ar'nl:it~*ong and Ki s ;ner, 



1969).  Armstrong and Kissner (1969) est imated t h a t  post-spawning 

rno~ta l  i t y  i n  Hood Bay C~eek, Alaska was about 61% f o r  male f i s h  

and 4% f o r  female f i s h  i n  1x7 and about 49% for male fish and 9% 

For female f i s h  i n  1968. T h i s  d i f f e p e n t i a i  mortality i s  not  
understssd, b u t  the aggressive behavior o f  male spawners i s  
probably a factor.  

Emig~ation o f  spawned-out Dolly 'Jarden char t o  tk t ?  sea o~ t o  

o ~ e ~ i n t e r i w g  areas usual l y  csccu~s w l t h i n  t weeks after 
completion o f  spawning. F i s h  orrsveys i n  Hood Bay Crelek indicated 

t h a t  a19 spawned-iarst a d u l t s  l e f t  the stream by la te  November 
(Amrstrcsng and M i  nsl ow, 1968), These Fish may have entered the 
ocean t o  feed f o r  several moraths or moved t o  overwintering apeas 
Armstrong, 1974 

Longevity a f  Dolly Varden char i s  variable b u t  f i s h  in southeast 
Alaska may l l v e  nine t o  twelve years (Heiser, 1966; Amstrong, 

Development o f  Do1 l y  Varden eggs and alevins t o  the emergent f r y  

stage requires about 2113 days Blackett, 1968). Hatching has 

been documented froen 129 t o  146 days a"L8.TC.  The 1 .S t o  2.0 cm 
long alevin typtcally remains i n  the gravel for an additional 60 
t o  76 days. 

Limfted research has focused on the survival o f  anadromous Dolly 

Varden eggs and aleviws, Blackett estimated t h a t  egg t o  
alevin  s u ~ v i v a l  we1thin an area 04: Hoed Bay Creek, A laska  war 

B 

about 41 percent. 

Intragravel f l ow,  d l  ssol ved oxygen and sedirwsnt eompasi t i  on can 
influence the  developmen't and suwiv r t l  s f  salmonid eggs iind 

alevins. Li t t l e  work has $focused on egg and a l ev in  s u ~ v i v a l  i n  

relaticsas t o  physical  and chemical factors.  Inferences can be 

made From bg~vk OR 0 t h ~ ~  salmonid species. For exa~t:ple, tr;;nspa,rt 



o f  d i  ssol veC oxygen t o  and metabol i c  wastes from developing eggs 

and alevins by jntragravel f l o w  i s  crucial fo r  survival  s f  

salrnsnid eggs and a l e v i h s  (Vaux, 1962; blickett, 1958 

Relatively low intragravel dissolved oxygen levels during the egg 

development stage o f  var ious salmonids may increase egg 

mortal i t y ,  delay or hasten egg d6velepment or rediuce the fitness 
o f  a lev f  ns Alderdice, Wicket% and Brett, 1958; Silver, Warren 
and Duederoff, 1SS3 1961) and o t k e ~  i n v l e s t i g a t o ~ s  have 
d e t e m i  ned that saegmenid egg survival i s enkanceld by increased 
intragravel f l ew  despite su f f  s'cient i n t ~ a g ~ a v e l  dissolved oxygen 

levels. Factors wMch could reduce the quant i ty  o r  quality of 

intraaravel water include reduced streamf ow, sedimentation, and 

accumula",ican o f  organic debris MeNeil and khnelli, 1964; Ksski, 
1966 ; Wei ser and Bjornn, 1979). 

Severe streamflaw al'terats'anr; can ham ddeeeloping salmenid eggs 

and errrbry.yss. Mechanical s e o u ~ i n g  o f  the pedd could dislodge 

substrate and des t ~ o y  devel opt ng eggs and eab~yos , MeNei 1 

ebsewed damaged: p i n k  and chum salmon ~ e d d s  and displaced eggs s f  

both spesl'es i n  several southeastern Alaska streams fol lowing 
autumn spates. Koski reported low s u ~ v i v a l  o f  coho salmon 
eggs subjected t a  f reshets several days af ter  pedd construetion. 

Law flows and co ld  winter temperatures could cause redds t o  
desf ecate o r  t o  freeze, McNeil (1966 noted lo\$ susvival of p ink 

and churn ;almen eggs i n  streams wi th  low irintea f l ows  during 
harsh winter eondi t fons i n  southeast AS aska, 

Koskl (1966 detennfned t h a t  s i g n i f  i s a n t  aceumul a t i o n s  of f i n e  

sed-lments w i t h i n  chum salmon redds casp retard tsr prevent the 
emerigenee o f  fp.y. Deposit ion s f  f i n e  sediment: i n  mnadromeus 
Dolly Vrrrden char spawning areas eauld retard or pre\ren"cry fpam 

emergi ng , 



Water temperature a f f e c t s  hatchi  ng Pates o f  salmoni tl egos; wamer 
Chsn normal water temperatures can accel eraie  hatchii ng and resul "L 

i n  earl i e r  t h a n  nsmal f r y  emergence (Sheridan, 19Ei2). Blackett 

detemined t h a t  Dolly Varden began hatching zifter 229 days 

i n  water w i t h  a mean temperature o f  8.5'C. Na uppe~ o r  lower 

temperature t a l  erance 1 imi ts o f  Dol l y  Varden char eggs o r  a1 evins 
Mepe found i n  the literature, 

Upen emergence, anadr~meus Dal Iy Va~den char occupy relat ively 
quiet  stream reaches. Blacketr (1958 and Amstrong and E l l i o t  

1992)  noted yoy fish i n  shallow stream margins o f  Hood Bay 

Creek, Alaska. Amstrong and E l l i o t t  a l so  found yoy fish ir: 
a 

~ i v u l e t s  along Hood Bay Creek d u r t n g  early sumer. These stream 
margins were often only 1 rr! wide and 4 cm deep. No evidence o f  

yay fish entrapmnt by dewateping w i t h i n  these stream margins was 

detected in the 1 i terature.  Yoy Do1 l y  Varden, which feed 

primarily from the benthas, characteristically remain on o r  near 
the substrate, sometimes remaining mottanless and occupying 

gravel inte~stiees. Ysy cohc salmon, O W ~ V ~ P ,  feed 

from the surface w i t h i n  these same arras B l  ackett, 1968 

Earl ier research indicates t h a t  juveni le salmonids occupy areas 
Wickham, 1967 w i th  relatively slaw current vfilocities of ten  

adjacent  t o  apeas w i t k  faster  current v e l o c i t i e s  and w i t k  higher  

densities o f  d r i f t i n g  inver tebra tes  (Everest and Chapman, 1972 

A f ish moves periodically i n t o  the areas s f  greater food 

availability t o  forage and returns t a  res5ing pasitions i n  areas 
of slower current. f h i  s m i  prim fees energy expenditures and 

mraitfmi aer f iedi ng success Chapman and Bjepnn, 1965 

row they 04'ten occupy deeper and faster areas of the streala 
Everest and Chapman, 1972).  fh-is behavior  probably applies t o  

juvenile Or 1 l y  Varden ckai-. Leggett (1969 suggested t h a t  t ~ & ;  

cyl i n d r i c a i  body shape af b u l l  ekmr, wh ich  i s  morpholngica71y 
similar t o  Dolly Varden, pro~ab:y enables "chese f i s h  to otzrupy 



areas o f  faster current veloei t i e s  than most ~ t h e r  salmonids, 
Other salmoni ds typica l  1 y have 1 a te ra t  1 y compressed bodies. 

Habitat sel e i t i o n  by elder pre-smol t Oel i y  Va~den char i s  nct 
we1 1 dasurnented, a1 though the char are distribul:ed i n  deepev, 

sometimes faster hab i ta t  than yoy fish. Heiser (1966 fisted "5lhat 

yearling and older pre-smal t Dolly Yapden char accupied b o t h  

still and flawing reaches o f  several inlet  tributaries a f  Evb 

Lake. This  lake was eka~ae te~ ized  by g ~ a v e l  and s ; i l t  subst~ates 

wi t R  vatying alilotlnts o f  vegetation. Researchers studying Hoof 

Bay Creek c l a s s i f i e d  i t  i n t o  ten habitat: typ2s ranging f r o r ~  

siocghs, bndereut bank margf ns, pool s and r3ffSes. Baited minno~r 

t raps were placed i n  each hab i ta t  type, and length and frequerrc r 
of pre-smlt eahs salmon and Dolly Varden char were compaped fron 
each habi tat  type du r ing  July and August 1971. Pre-s~ol t Do1 1 y 

Varden char and cclho salman weye taken from a l l  hab i t a t  types. 

The smallest Do1 l y  Yarden char (41-50 m) were taken in sloughs 

and sidechannel undercut bank amas, and the largest Do1 l y  Vardes 
were found in riffles, 

Yearling and older pre-smalt Dolly Varden char occupy "pools. 
quiet  sidechannel s and sloughs and tri butavies a f f  the mainstems 
s f  bafk. ." "Le Ter+sr and Kizhbyak Rm'uei-s, Alaska, a l  thotg$P: 

juvenile f i s h  are occasicnally faund behind boulde as i n  faster 
water (Wt 1 son, Triheygr ta ld- r ige ,  fhs'ele and Trudgen, 1981). 

Minnaw t raps  were found t o  give a biased indication o f  hab i t a t  

occupancy by f i s h  becaase the b a i t  m~y  a t t ~ a t t  f ish f rom a 
eons3 derabl e d l  stance, Habitait cand9 t i  ~ n s  w k e ~ ~  tB~e f-m" ski ape 
artuel ly scsiding - may be qu i t e  different P ~ o m  candi t ionr  
imlsrdiately around the t r ap .  

Weed and Armstrong 1971) noted t h a t  juvenile coho sa imorl al;d 

Dai I y  Varden char weve capable o f  e n t o ~ i n g  and exi  t r n g  5aites1 
l b minnow, t r aps  Fished for 24 hours. ~ I P E  placement o f  two 1e:igtIis 



o f  w i ~ e  aci.*oss the ent~ance t o  each t r a p  resulted i n  a h ighe r  
I'i sh  retenti so rspate, 

Distribiixiorr and abundance a f  pre-smolt 3 0 1 1  '!a;-den char rney be 

inf2riensed by i n t r a  and interspecific fish i nteractions. 
Obre~vations o f  j u v e ~ j i  ie  echo salmon, Gnc 

and Do7 7y Varden char i n  Ho 

aquari urns Amstrong and Elliott, 1972 

jla~derr f ry  are aggressive arnong thernsel ves and i n  assoc i a t i an  
iyith coho f r y ,  Doily Vardrr: we.-? frequently attdcked by eohc 
salmorr f r y  bu; were never obse~ucd attacking coku Pry. Ware 
Dolly Varden f r y  remained e a r  the s i lbs t ra te  when associated w i t h  
cohu fry than wRen xhey were alone. Coho fry occupiied the upper 
half  o f  the aquaria when alone and w i th  Colly Vaipden char f ry ,  

Aquaria tests w i  ti; c l d e ~ ,  pve-smol t Dolly Vardert char and coho 

saf man indicated that Do1 l y Varden establ f shed and defended 

t e r ~ . i  tories when a1 one and when wi th  =ceho fingepf ings. Do1 1 y 

'Va~dcn f i ngepl ins; gene~a' l l  y ~cclipi ed post tions w i  t h i n  the 
a q u a r b  a t  o r  near the battam, h u t  when alone, they occupied more 
mid and shallow depth positions. Caha finger-lZngs were 

cor;sistttntly found i n  the uppep strata o f  aquaria a ~ c l  seldom 
attacked OelSy Yapden char fingerlings ( A  t rong  and 5 1  i o t t ,  

1972). 

Juveni le,  a~iadrornous Do1 1 y Yarden char grew rzlatl'vely slow1 y 

duv4ng the three t o  four years priar  t o  emig ra t~ng  t o  the P a c i f i c  

Ocea~.  Young o f  the yeifp f t s h  fram HOB(! bay Creek, Alaska grek$ 

about 10 rn between July 7 a f ~ d  3 ~ t ; l b e ~  1, 1965, reaching a rr;2an 

f o r k  'length o f  a b a u t  38 m (Blackett, 1968 G~swtB-r ~ a t e s  sf 

p~e-srnoit f?sh may vary and length ranges o c y o y  and o l d e r  age 

classes sr'ben ~ v e r l a p .  Pre-smelt Fish ira Alaska generally grow 
10 t o  40 m ann~ct: I y ,  primarily d u r i n g  the sugmer man-ths 
!fi.-~r~strong, 1963; Weiser, 1466; Blackett ,  1968). 



T h e  sumer d i e t  o f  stream rearing pre-smoi t Dol 1 y \larden char i s  

influenced by food availability, fish s i z e  and stream h a b i t a t  

selection (Am-inst~onq and Elliott, 1972). Gut analysis of 

pre-smolt f i s h  f ~ a m  Hcod Bay Creek d u r i n g  the sumer rearing 
period (Apri 1 t o  November) showed t h a t  substantiibl ~ulrrba~s of 

i m a t u r e  and a d u l t  aquat ie insects were eaten throughout  this 

p e ~ f o d .  Emergent and emigrant yoy salmon consumed invertebrates 
from Aprs'l t o  June and salmon eggs from July to November, 
R~latively large pre-smolt Dolly \larden char a t e  mom and larger 
faad items t h a n  smaller f ish. Pre-smolt f i s h  occupying stream 
rehches characterized b j  ove~hanging vegeta"cian and re1 a t i  ve iy  

low c u ~ ~ e n t  velocjtjes (such as sloughs and stream margins) 
general 1 y consuwd more t e ~ r e s t r i  a1 and surf ace P I  oat i  ng i nsects 
t h a n  fs'sh occupying mid-channel areas with moderate t c  f a s t  
current vel sei  t i e s  and with greater invertebrate d r i f t .  No d r i f t  

samples wepe taken t o  compare d ~ i f t  camposition w i t h  f i s h  gut 

contents, Brc-smolt Da!:y Va~den char occupy areas a t  o r  very 

neap the substrate i n  streams w-ith coho salnton. The char may 
browse along %Re substrate o r  consum drPiftjng P'nvertebrates 

Atmst~ong and E l  1 i o t t  , 1972 

Land practices which  result in remeval o f  vegetation along stream 

margins and deposition o f  f i ne  sedfmentr *in the stream channel 
eeuld possibly reduce the abundance and Fitness o f  pve-smcl t 
Dsl ly Varden char Ams t~sng  and Eiliatt, 1992; Elliott and 

B i  nneford, 1976). 

The seasonal d t s t r i b u t i ~ w  a f  pre-smolt Dolly Vardepr chap i s  

apparently Snfluenced by flbcttaating flca?ys and declining water 
temperatures duv ing  the late sumer and f a l l .  Fish rdppeiired t o  
be distvibuted even1 y t k r ~ ~ i ~ , l k ~ u t  Woad Bay CtUeek, A1 aska f ram Ju ly  

thseugh Sept~mber. By &ovember there were considerably fesqer . 

f i  sh i n  "Lhe downsti-earn reaciles. S i g n i f  ieant l  y mol-e pre-smol t 
Dolly Vardeyr ch3r were cap tu red  i n  the upper stream reaches 
d u r i n g  t h i s  tinie. F i  sh wet-e obserjied schoal ? n g  *i 3 mici-str'c;iiin i n  



October, behavior  which had no t  been noted prc-!iotlsl y .  Water 

t,emperatures d u r i n g  July th rough  September ranged f r c l m  5' t o  g°C 

41'-48"F), and water temperatures d u r i n g  October i lnd November 

were substantially lower (Blackett, 1968), Amstrong and E l  1 i o t t  

( 1972) found substant ia!  numbers 05 pre-smol t Dsl 1 y Varden char 
i n  the upper reaches a f  Hood Bay Creek i n  l a t e  winter where water 
temperatures werc cons1 otentl y 6'C warmer t h a n  i n  downstream 
reaches. Amstrong and El 1 i o t t  1972) concluded t h a t  warn, 
i ce - f ree  reaches o f  Hood Bay Creek attract c~veprdintering 
ppe-smalt Dolly Va~den chat  and t h a t  s u ~ v i v a l  rates are h igher  i n  

the warmer regions. Downstream reaches of' Hood Bay Creek become 
f rozen during the winter. 

Elliott and Reed (1974) and Elliott 1975 ) deternfned . that  
pre-smol t Do1 1 y Varden char 1 eave Starr igavan Creek, Southeast 
Alaska and enter spring-fed tributaries dur ing  autumn. The 

tributaries are characterized by relatl'veiy warn winter water 
temperatures and sornercrhat stable f l  owr . Imigra t ion  of pre-smoi t 
Do1 l y  Varden char and coho salmon t c i  overwintering areas usually 

nced in September, peaked i n  ear ly  October, and ceased by 

Decembev. Spates and decreasing water  temperatures w i t h i n  

Start- igavfn Creek appeared t o  stimulate movement o f  f i s h  i n t s  

these s t ~ e a m s ,  

Selection o f  l o t l c  overwintering hab i t a t  by juvenile Dolly Varden 

char i s  not we1 I documented, 

E l  1 i e t t  and Reed f 1974 noted t h a t  Juvenile Dolly Varden chap i n  

S p r i n g  Pond Creek burrowed i n t o  logging  slash and ather debris 
when tet- tesnperatlares dec~eissed t o  2°C. F i  sh veappeeteed when 

water temperatures pose above about  2'C. 

Other researchers ha#/@ noted mavement ci: jlive9ile sa ln~onids  when 

stream water tempera-tu~es deerease i n  the ai i tumn.  As w i i t ~ ? ~ "  

-temperatures decrease, " F i  stn a c t i  v i  ty "l eve1 s arrd !f i ges"zi an ra.tei; 



d r o p  (Reimers, 1959; Chapman and Bjornn,  1964). Cl~apman (1966) 
s ta ted  t k a t  the distribution o f  winter rearing juvenile salmonids 
i n  the P a c i f i c  Northwest and ather temperate areas i s  probably 

space related. F i s h  reduce feeding and seek overwilntering areas 
when water temperatures decrease t o  o r  below 5'C. Winter stream 
condi t i  ons , incl udi ng reduced f 1 ows , parti  a1 o~ eornpl ete 
ice-cover and water temperatures a t  or near freetzing do not 
constitute oui t a b l e  aquatic h a b i t a t  for  rearin!g salmanids. 
Juvenile salmonids reduce the risk o f  mechanjcal in jury  and 
d i  spl acemenf by avoiding shall ow, col d stream reacfies by moving 
t o  wamer and deepe~  stream rejches, burrowing i r l t o  substrate 
interstices, o r  associating with submerged logs and r o g t  masses. 
Factors whisk could adversely a f f e c t  the winter survival of 

anad~oaous Do1 1 y Varden 1 nel ude f ~ e e z i  ng 

du r ing  streamflow reductions and displacement and in jury  from 
ds'sl odged substrate materi a1 duri ng spates. The movement of 
juvenile Dolly Varden t o  inore s u i t a b l e  overwintering h a b i t a t  i n  

response t o  reduced winter st~eamflows has net been documented. 
movement sf yoy steelhead t r o u t  
t o  oveminter ing areas in response 

t o  a1 tered f l o w s  i n  Carnation Creek, B r i t i s h  Columbia. B u s t a ~ d  

speeul ated tha t  yoy steel head t ~ o u t  o v e w i  nteri ng w i th in  

' 9 s m I l  rubble,  o f t en  less t k a t  15 cm i n  diemeter" could be 
susceptible t o  in juvy from substrate movement d u r i n g  spates i n  

Carnation Greek, British Calumbf a. Hartmann 1968) found t h a t  

stab1 e -submerged 1 og jams provide excel 1 tlnt w in te r  h a b i t a t  For 

f i s h ,  al though loose logging debris which  i s  susceptfble t o  

displacement by f loods  i s  no"t,suitabPe fo r  salmonid ovewintering 
h a b i t a t ,  

Removal a f  submerged logging debvi s , natural  l y  o c e u r ~ i  ng f a 1  1 en 

trees and root  masses, and destruetisn o f  bankside vegetation and ' 

associated submerged i-oats cou'ld significantly reduce the 
abundance of juvenile Do1 l y  Varden char  i n  streams where these 
m a t e ~ l a ' l  s are usi.J f o r  a v e m ~ i  n-izei-i ng h a b i t a t  Berstal-d 



emphasized the need t a  i d e n t i f y  and preserve q t ~ a l i t y  f ish 

overwi nteri ng h a b i t a t ,  especial 1 y a1 ong small pelmanent and 

internittent streams t h a t  may be ove r loo~ed  as valuable f i s h  

habitat d u r i  ng timber harvest spera"1 at Q a S a  

Food consumption by pre-smol t Do1 i y Varden ch8r i n  o\,ewi nter ing  

apeas i s  much reduced from summer levels (Amstrong aknd Elliott, 

1972; Elliott and Reed, 1914). Farmsti-ong and Elliott 

ascribed the d i  f f i c u l  ty i n  obtain ing jlrveni 1 e Do1 1 y Varden char 
by bai ted  minnow traps i n  the headwate~s o f  Hood Bay Creek t o  the 

relatively low water temperatures, EIaC to 6. I0C, w h i ~ : h  influence 
fish ac t i v i t y .  

Emigration o f  pre-smolt Dolly Varden char from winter t o  summer 
rearing areas appears &a be influenced by water temperature and 

$1 0~ eondi t i  ens E l  ifott, 1975 and 1976 Rising water 
temperatures wepe associated with the emigration of pre-smol t 
Dolly Varden from Spr ing  Pond Creek, Alaska. F ish  emigrated f r o m  

March o r  A p r i l  t h rough  June. Floods appeap t o  retard f i s h  

emigrat ion w l  t h i  n Spr ing  Pond Creek. 

E m i g ~ a t l o n  o f  imature and mature anadromous Dolly Varden f~sm 
lakes usually occurs af ter  fee breakup i n  lakes. Factors,  other 
than the breakup a i  fee, w h i c h  could influenee the t iming o f  f i s h  

emigration from lakes include water temperature and streamflaw 

Amstrong, 1965b 

Laehavierral and physial  agical changer, c04 Iestively termed 
smr61 t i f  i ca t i on ,  and subsequent ocerrzrrd migratf en of age 2 t o  4 
and sometimes alder juvenile anadromous Dolly Varden typically 

occurs l'n southeast Alaska streams frml A p r i l  t o  June. Nan-%lake 
systems may support  an addi tiosla1 a u t u m n  srno1 I: m i  gratl'oir 
( A m s  t r o n g  , 1355 and 1970; Arm:setrong and K i  ssner, f 969). 

Ptiys-iulogical changes f o r  sal i n i t y  tslr~ance~ probably  begi11 

b e f o r e  seaward mi g r a t i  nn Contc arid Wagner, 1965 Fa G*t[S vb-- "S 



affecting t iming o f  smol t i f f  catsion are speculative but fish s i z e  

appears t o  be influential (Amstrong, P965a f . Fo r  example, 
Armstrong (1965) suggested t h a t  fish w h i c h  reach migratory sine 
several months after  spr ing  leave streams without  'lakes, such as 

Hood 8ay Creek, and enter  streams with lakes, such as Eva Creek, 
where they s v e ~ d i  nter u n t i l  the fol 1 aw,wi ng spr jng .  Ff sh have not  

been found t o  migrate seaward F P O ~  lake-stream sy:;tems, such as 
Eva bake during autumn. Amstrong (1965) speculated t h a t  f i sh  
thet reach migratory s ize  in lakes durtrag the arrtumn probably 

sven$Inteip and m f g ~ a t e  seaward the follcawirg spring. Dolly 
Varden smo l ts  may range i n  length from abeut 100 t o  180 m forrk 

Hei ser, 19661, Amstrong (1970) det inrid t h a t  sp r ing  
&s 

ram Hood Bay Creek, x = 129-134 m (f ere considerab? y 

smalle~ than autumn smal t s ,  2 = 141-146 m (f ur ing  1967, I968 
and 1969, 

D, Economic 1 

Wnadromous Dolly Varden chap are an important and sought after  
sport f i s h  (Mo~row, 1980 



$1, SPECIFIC HA3IPAT REQUEREbfENTS 

Aclult and immature anadromous Dolly Varden char leave the P a c i f i c  

Ocean and en te r  various l a k e  and non-lake stream systems from 
3ul y t.hleough December. Vapi eus s t u d i e s  have indi cate!d t ha t  1 ake 
and non-lake streams may support spawning anadraaous Uol ly Varden 

char although almost a l l  f i s h  both spawning and non-spawning 
enter ing nsn-lake streams such as Hood Bay Creak, Alaska, leave 
these streams and enter  streams wi th  lakes where thejr ovemf nter 
Amst~ong, 1963; Amstrong, 1965b; Amstrang and Winslow, 1968; 

Amstrong and Kissner, 1969). This section wl'll discuss the 

. upstream m i  g r a t i a n  o f  anadromous f i s h  in non-1 ake streams. 

I ,  Stream Flow 

Adult: and immature anadromous Dolly Varden may migrate up 

ncn-1 ake streams for  varying d i  stances from July  through 
November. Peak numbers o f  f i s h  have been reported du r ing  

spates in August and September in Hood Bay Creek 

1967; A m s t ~ o n g  and Winslow, 1968; Amstrong and Ki ssner, 

Peak numbers o f  fish have been ~ecorded entering selected 
streams d u r i n g  per8iods of high w a t e ~  in August and September 
Armstrong and k d i  ns l  ow, 1968; Amstrong, 1969). Upstream 

P?sh migratiart may be hindered by high current velocities 
resurl t i n g  from rapids and culverts. Low flows and shal 'i ow 

water deprhs could a l so  prevent upstream PSsh passage. 

Hater .temperatu~es cod nci d i n g  wi t ls  the  comcncc*nfe!-iLt, peak 

and temifnat-ion o f  the 1nrnigviqt:ion nf ;qadronrisus Go1 1 y 



Va~den i n  Hoed Bay Creek, Alaska d u r i n g  1967, lL968 and 1969 

were about 4.4' t c  12.6"C, 6.1' t o  ll.l°C and 3.s0 t o  4.4°C 

(Armstrong, 1967; Atmstrong and Ws'nslow, 1968; i4mstrong and 

Kissner, 1969 Water temperatur6s a t  the end of the 
inmigration are sl i g h t l y  lower t h a n  those du r ing  the 

beginning. 

Most Dolly Val-den move upstream i n  Hood Bay Creek a t  night 
Amstrang and Kissner, 1969). 

Na in fomi l t ion regarding the upstream sw iming  ab i  1 i t y  o f  

anadromous Do1 l y  Varden was found i n  the 1 i terature. 

There are on1 y 1 imi ted observations o f  anadromoue 001 1 y 

Varden spawn1 ng h a b i t a t  w i  t h  respect to cu  rent vel oc i  t y  . 
reported f l sk  spawning i n  a reach a f  Hood 

Bay Creek, Alaska which had e u r ~ e n t  v e l s c i t i e s  ranging from 

0,3 t o  1,2  m/sec 1.0-3,8 f t /sec Blackett: and Amstretrig 
noted f f s h  presumably spavni ng in a peach of Rodman 

Creek, sou"bheast Alaska, w i t h  il e u r ~ e n t  vel o e i t y  estimated 

t e  be about 0.63 misee 

2 ,  Substrate 

Wwatarosnclus Dolly Varden typically spawn i n  small gravels. 
B l a e k z t t  (1968) found F? sh spapining p a  1 i n  smal l 
gravels, 6 t o  50 mms i n  diarneeter i n  Hood Bay Creek. B'laclceti: 



and Armstrong (1965) observed what appeared t o  be f i s h  

spawning i n  Rodman Creek, southeast Alaska, i n  substrate 
d 

composed o f  "25% sand and 752 r u b b l e . "  Na substrate 
cl a s s i f  i e a t i o n  scheme was presented. Spawning anadrci 5 ~ 5  

fish use gravels ranging f ~ o m  2 t o  32 mm i n  diam~eter i n  the 
Terror and Kizhuyak Rivers, Kodiak Island, Alaska (Wilson e t  
a l e ,  1981). 

3, Water D e ~ t k  

The relationship between spawning h a b i t a t  and waiter depth i s  
speculative. Blackett (1968 observed spawning f i sh  a t  
dep th s  exceeding 0.3 rn whereas Bl ackett and Armstrong 
noted probats1 e spawning a c t i v i  ty  i n  a d i f f e r e n t  southeastern 
Alaska stream in water depths o f  about 1.25 m. 

Tke~e i s  little available i n f o m a t i o n  on the influence o f  
stream cover on selection o f  spawnirng hahi t a t ,  however, 
cover may be a i-equi rement. 

Inmigrant, immature Do1 ty  Va~den i n  non-lake streams such as Hood 

Bay Creek, Alaska usual l y  leave w i t h i n  several vdeleeks; however, 

spawners may renain for up t o  three months (Amstrong, 1967 

Pgrieds o f  high r~rater may enhance outmigration o f  imatupo and 

spawned-out Dolly \larden in Hoed Bay Creek Amstrong and 

K i  ssner, 1969 

1mnlatui.e anil spawned-out a d u l t  Do1 1 y Yarden i nmi grate t o  

avenvi  n t e r i  ng areas o f  Eva bake a t  d i f f e ~ e n t  t i i~ les .  Xm~latlare 

individuals entered priman l y  d u r i n g  J u l y ,  August and September-, 

and spawned-out adui t s  entered i n  l a t e  October and Novcmbr 
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f 968; Armstrong and i7 1 i o t  , 1972). M i  nnow t r a p s  captured 
juvenile, pre-smolt Dolly Varden char i n  Hood Bay Creek fram 
a v a r i e t y  o f  l o t i c  h a b i t a t  types. The Iarglest juvehile 

char,  a b o u t  150 m fork l e n g t h ,  were captured in riffles 

Armstrong and E l  1 i o t t ,  1972). 

Juvenile Dolly Varden have been observed i n  prox im i t y  t o  
var ious forms o f  instream covey including root  ba l l s ,  trees 
and unde~cut  banks Amstrong and Elliott, 1972; H i  lson, e t  
n l . ,  1981). 

4, Substrate 

Recent1 y emerged f r y  have been found a: ong stream margins 
w i t h  varying s i zes  o f  substrate, shallow d e p t h s  and very to\+ 

current velocities (Blacketl, 1968; Amstrong and E l  1 i o t t ,  

H e t s e ~  (1966) noted juvenile Dolly \Jarden char 

occupying "gravel o r  muddy substrata" w i t h i n  tributaries o f  

Eva Lake, Alaska. 

Deposit ion o f  s i g n i f i c a n t  amounts o f  fine sediment i n  

streams w i t h  1 i m i t e d  F l u s h i n g  abil i t i e s  could reduce the 
qua1 f t y  o f  juvenile anad~omous Do1 l y  Vikrden rearing h a b i t a t .  

Laboratovy stream channels contain i ng unimbedded rtlbbl e 
0.30 m i n  cl i  ameter) cansi s t e n t l  y supported more juveni 1 e 

steel head t rau t , and chinook 

thaw stream 

n n ,  Brusven, Molnari, 
M.i: I I ig3.1, K l  ampt , Chacho and Sckitye, 1977 Bjornn e t  a l .  

(1977) ascrSbed the reduct ions i n  f i s h  abundance i n  "{:he 

channeL bqith imbedded ~ * u b b % ~  Lo lass o f  intevsticial COVZP, 



pre-smoi t )  Dolly Varden char have been reported 
msvi ng upstream i n  S t a r ~ i g a v i n  Creek when watelr tempe~atures 

decreased f rom about 7" t o  4@C. The f ~!ntered Spr ing  

Pond Creek, a s p r i  ng-f ed tri btatary rharacte~~ized by mere 
stab1 e w a t ~ r  temperatures and f l  ows El 1 i ott and Reed, 1974; 

Elllott, 1975 No f i s h  movement i n t o  S p r i n g  Pond Creek was 
noted after Starr igavin  C~eek  water  temperattrres decreased 

below 4"C, 

2, Stream Flow 

Freshets wi th in  S t a r ~ i g a v i n  Creek, Alaska appeared t o  

s t imla te  imfglration o f  juvenile Dolly Yarden char t o  

Spr ing  Pond Creek ( E l  1 i o t t  and Reed, 1974; Elliott, 1955 

u n t i l  water temperatures decreased below 4'C, 

Fry overwintering areas i w  southeast Alaskan streams usually 

have pel a t ive ly  warn w a t e ~  temperatu~es. S p r i n g  Pond Creek, 
a &r ibu ta~ .y  of S t a r ~ i g a v i  n Creek, suppasts ovewimte~ing 
Dolly Varden char. T h i s  stream usually has w in te r  watei* 

temperatia~es a t  OP above 1.0'6 Elliott and Reed, 1994; 
Elliott, 1975 

The l~eadwater reaches o f  Hood Bay Creek a l s o  appeai* t o  
r;uppoi.t o v e ~ w i  nterf ng j uveni 1 e Do7 1 y Varden char  . Amst rong 

1L, rqp and E l  1 i a t t  ( 1972) found the greatest  nlavbars c--F jlaverri 1 e 

f i s h  d u r i n g  March and A p r i l  i n  1:eadwater reaches o f  Hoot! Way 



Creek where water temperatures were 5" t o  6 .  I D C .  D~wnstream 

reaches were c ~ a r a c t e r i z e d  by water temperatures o f  3.9"C. 

Elliott and Reed ( l S T 4 )  noted t h a t  Dolly Vaipden f ry  h i d  

apnot?g substrate intzrsti ces as water temperatuvRes i n  Spring 
Pond Creek decreased t e  4°C t c  2'C. When water teaperatvres 
rose above Z Q C  i n  March, fish begart t o  Eove about the 

stream, 

Stable  winter  f l o w  c ~ n d i t i o n s  such as those fc.,nd in Spr jng  
Pond Creek, are probably very important t o  winter survival 
(Elliott and Reed, 1974; Elliott, 1575). 

Debris and large substrate %aterial may enhance the qualfty 
o f  fish c v ~ m i n t e r i n g  apeas. E'ISistt and Reed 
juvenile Dolly Va~den char burrowing i n t o  logging debris and 

slash when water temperatures declined t o  4°C o r  below i n  

Spi-i ng Pond Creek, A1 aska.  

Deposition o f  f i ne  sediments i n  streams wi th  limited 

sediment i 7  u s h i  fig capiibi 11 t i e s  could imbed subst ra te  

material and significantly reduce the available 
~ v ~ n q i  n t e r i  ng habl t a t  f o r  j lrveni l e  Do1 I y Varden char. 
Experiments of overwinter habitat selection by juvenile 

chinaak and coho salmon and steelhead and c~ t * ' 1~* r ,  . t r o u t .  
a t  water temperatures less t h a n  

h a t  substrate 15-38 cm i n  d ia rn~ t : :~  

interstices devoid o f  Fine sediment cansistr;ltl y stmppor.*ted 

more f f s h  thaw s u b s t ~ a t e  imbedded wf th  fjne seclimewt 

(Bus"cadd, 1973; S j o r n n  e t  81. a 1977). 



pre-smsft! D?ily Vardgsn char wfire fcund t o  
emigrate from S p r i n g  Po;td Creek, a spring-fed stream 
i nhtais3tgd by ~q~ngrwiteri ng j'iveni 1 e and adul t: rest dent and 

a~adromcas Del l y  Yarden, t o  S t a r ~ i g a v i  n Creler wheri water 
ttsmse~3tures rase t o  4@ t~ S0C jn A p r i l  197" (ETlistt, 
13:s) * 

2 ,  Stream F1cg 

Elliott (1975: suggested tha t  floods i n  Spr ing  Pand Creek 
depressed the dognstream movement af j~rveni!e Do1 l j ;  Varden. 
i i  sh emigration 'ncroased when flows decreased. 

Hsst frndture and mature Dolly Varden char ( n o t  .including 

s ~ 3 1  t s )  evl; g ~ 3 - G  From Eva bake Creek, A l  zska short1 y a f t e ~  

! ce-breakup. GJateir tempe~3tures ~ a n g e d  f  om 4.4" t 0  6.7"C 

: A r n s t ~ c ) i i g ,  99658 

4it-riugh ire-bi-eakrip Cva Lake 3ppeare8 t o  s t ~ ~ n ~ l y  

influence fish migra t ion  t o  the sea, peak numbers of 

emi gratpts moved d~wtistreaei c'yi-i ng ?'I sod s tates  
" f FP""" l>Jd30) 4% 



Most Dolly Varden char egliigrated fram Eva Lake d u r i n g  

da~kness.  During the height  o f  the m i g r a t i o i ~  ind iv idual  s 
were detected moving downstream d u r i n g  both niight and day 

Cltmstrong , 1965b). 

Water 'emperatvres coinciding w i  t R  the initiation, peak and 

the near-end o f  the s p r i n g  Dclly Varden smolt migpation i n  

Hood Bay Creek, Alaska were 3', 5' and 6'C, respectively, 

d u r i n g  1957, 1968 and 1969 Amstrong, f 970 

Water ttaperatures a t  the begirlning, peak and end o f  t l te  

smolt migration dur ing  1962 and 1963 were 3", 5" and 8'C i n  

Eva Lake, and 6" and 10aC i n  Eva Creek (Armstrong, 1978). 

These valuer; a p e  somewhat s i m l  l a r  t o  water  telsperatures 
d u r i n g  the s p r i n g  smolt outmigration fram Hoad Bay Creek, 
Alaska, 

Dolly Varden molt stopped migration i n  mid-June 1957 in %he 
Anchor Rfver, Alaska when rhe water tempe~ature reached 
13.3'C ( A l l i n ,  i957 

The autumn smult migrat ion  4n Hood Bay C~eek, Alaslta begar] 

when water temperatures were M°C and ended when water 
temperatures were 6 P C  d u r i n ~  1969, 1968 arid 2969 ( A ~ ~ i ~ s t r o n g ,  

1970 1, 



3 Styeam Flow 

F! oods appa~en t !  y influenced the t iming a f  the s p r i n g  and 

autumn Dolly Vardnn char smol t  ms'gration in Hooti Bay Creek, 
A1 aska. Peak nunrbers o f  smol ts migrated downsl:ream dur ing  

periods o f  h i g h  water (Amstrong, 1330). Smel t;s have also 
been noted emigrat ing f rsm Mendenha1 1 Lake (near Juneau 

dur ing  the spr ing and early sumer. Peak migrations often 
coincide wi th  freshets BetRe~s, 1994 

Most smolt migrate downstream i n  Hood Bay and Eva Creeks 

du r ing  darkness, a1 t h o u g h  the peak s f  smol t ennig~ation i n  

Eva Creek occurred d u r i n g  both n i g h t  and day 

1970). 



~ 111, CORCEPYUAL SUITABILITY INDEX CURVES 

Habi t a t  sui  tabi!  i ty index curves were not constructed for  anatdromous Do1 l y  

Varden char. There were limited da ta  re la t ing t he  various Dolly Viirden 

l i f e  stages t o  the physical and chemical characte~is t ics  of the habi ta ts .  
When data  were available, they were o f t e n  not in a form w h i c h  could be used 
t o  construct h a b i t a t  suitabil i t y  curves. 



DEFICIENCIES IN DATA BASE 

A limitsd number o f  investigations indicate  t h a t  juverrile arisdrnmous 
Doily Varden char move t o  spring-fed reaches of streams w i t h  

relatively warm water temperatures du r ing  the f a l l  and leave these 
areas the fo l  lowing s p ~ i n g ,  as evidenced by baited minniow t r a p  samples 
from Hood Bay Creek B t  ackett, 1968; Amstrang and E l  1 f o t t ,  1972 

by weir sampling in the Sta~rigavin Creek wate~shed E l ' l  i o t t  and Reed, 
1914; Elliott, 1975, 1976 and 1937 The Sta~rigavin naterrshed was 
affected by timber harvest and deposition and remavial o f  logging 

deb 2-4 s , 

The re1 ationski ps between upstream swimi ng capabi 1 i t i e s  of juvenile 

and a d u l t  anadromcus Dolly Varden and current velocity, \.dater 
temperature, water depth and stream grad ien t  have not  been 
surf ic ient ly  investigated. Excessive stream gradient  and h i g h  current 
ve"ioc%" ts'es associated w l  t h  natural s$~eam features o r  cul v e e s  ~14u:d 

impede z i g r a t i o n  QP juvenile and adul t  f i s h  t o  sumer and w in te r  

rearing and spawning areas. The upstream swirmning perfoprrtance s f  

anadromous Do1 ly  Varden i s  probably influenced by the above factors as 

well as fish s ize,  spawning condi t ion  and,  pessibly, sex. 

Lotic habitat selection b j  spawning anadromous Dolly Y~irdeo char  i s  

probably col lectively influenced by current velacity, watev d e p t h ,  

svbstrate composjtian and imbeddedness and instream and bankside 

vegetation. Few studies have objective1 y described the above 1 o t i e  

h a b i t a t  sanditi~ns. IF a spec l f i e  arba of a stream is cha rac te r i z~d  
by ane unFavorable spawning h a b i t a t  feature, suck as excessifre current 
vel oci t.y o r  iin.,,tisfactory substrate conposi t i on ,  t kaupar t i cu l  ap. are3 
aE s t ream will  nox be selected by spawning f i sh  desp i te  o the r  

favorable  h a b i t a t  eanai t i~ws ,  

Mab-i %a'i conditions ava4 9 a b l e  f o r  Do7 1 y \!ardeu~ spa\gnP ng s'i t ;*if* 1 u ~ & T G ~ +  

se i  ec.i:iol: o f  spawni rig a rbas ,  ;t'i "Litough, met;hods a f  olsjzt: t f  vi; i y 
~ j e ~ ~ * p * i  b. , I  r r. t h i s  h a b 4 t a t  ilaf:e va r i ed .  I-- a !  " i c7 



kypothe%ical stream, stream reach A may support one p a i r  o f  spawning 

f ish and reach €3, four pai rs .  These two reaches may i c ~ n t a i n  equal 
amounts o f  "spawning habitats as defined by current ve'l oc i  t y  , wa te r  

d e p t h  and substrate composi t i on and imbeddedness. Pkle d i f f  arence 

between t h e  two reaches may be t h a t  "spawning hab i t a t "  \within stream 
reach A was concentrated i n  one area a i ~ d  "spawning h a b i t a t "  w f t h i n  

stpeam reach B was scattered among relatively large substrate and f a s t  
water. The nan-contiguous disWri b u t i a n  a f  spawning kabf t a t  i n  stream 
reach 8 probably dllows more f i s h  t o  spawn because ~f increased cover 
and v.s'sua1 l ' s o l a t i o ~ .  Th i s  example illustrates the need t o  examjne 

entire  stream reaches t o  better gnderstand selection o f  spawring 
hsbitaat, 

The i n f  I uence n f  d i  ssol ved oxygen 1 eve1 s , rates o f  intragravel  f 1 ow, 

sediment eempositians and water tempe~atures  on the survival and 

deveql apment o f  anadromous Do1 1 y Yarden char i s  not  understood. 
P4upnercus research focusing on the eggs and alevilrs o f  o ther  sa1rnoiiid.s 
indieate t h a t  "Lhe physical and chemical r'actors exert a substantial 
and aften interactive influence on the survival and fitness on the 
devel ~pmen t stages.  

A d u l t  and jmatuve past-smelt) Dal l y  \lairden typically at rewinter  i n  

lakes, although fish have been feund i n  spr ing-fed reaches of streams 

i n  southeast A1 aska. The importance a f  glac ia l  o r  glacis1 -inf 1 ueceed 
1 aices a ~ d  streams has not  been adequate! examined. The re1 I a t i  or&;hi ps 

beQ~een ovemti~ter;r,g h a b i t s t  and water d e p t h ,  current vel ec i  t y  , 
substrate compasei t ion,  wa te r  tenpe~abure and cther var iabl  es has not  
beers detem?ined. The distribution o f  o v e y $ ~ i n t e ~ i n g  Do1 1y Vardpn i n  

selected I akes majt be quite ~ e s t r l  c-ced, e l  t h o u g h  physical and chemical 
f a c t o ~ s  w h i c h  may limit the fish's d i s t r s ' bu t ion  ape not  k n o w r ~ .  

p~-e-smol P j Do1 'i y Varde2 have been dacu!nented movi riq 40 

spri  ny-fed t r ibu tar ies  and bukQrat.iing i c t o  1 o g ~ i  ng debrS s when u,'a-tere 

tempera*tz:-cs approizckied 4"C, T?tere, wei-"no -eferenc,e5 found i n  t h e  

]bii.;2r*arijyfz f '  j f i r q  r j  ~ - f  ~ * ~ A ; j * ~ ~ [ t 3 ~ - ~ 7 ~ ~ j i ~ f ~ 2  



o.:rea~Ds f a r  o v e ~ g i  nteri ng habitat. The apparent af'f i ni t:y o f  yoy a ~ d  
a lde r  juvenile f i s h  t a  rap id  run-off st:*eams d u r i n g  the summer 
i nd i ca tes  t h a t  t h j s  type s f  area could be used fo r  ovewintering 

I 7ab j t a t e  

There i s  I i t t l e  available information concerning the lotic sumer 
micr3-kabi t a t  selection by juvenile anadromous Do1 1 y 

\tarden char wi th  respect t o  val-isus physical and ehiemical l o t i c  
ha$! t a t  variables,  food arai  l a b i  1 i t y  and the presence of other fishes. 
Same investigators have attempted t o  describe juvenile fish habf t a t  
ql ianti tat i i fel  y by bankside observation, electro-shocking and ba i ted  

m i  nnsw t raps w i  t h  vary? r ~ g  degrees o f  success. Appa rent1 y snorkel i ng  

has n o t  been used for f4sh i?bsevvati%rn i n  c 1 ~ : a w a t e r  S"~=W~FI?S. 

Sncrke! i n g  has been shown t e  be a valuable f i s h  o b s ~ ! r v a t i ~ n  technique 

i n  eleawateer streams s f  the P a c l f i c  Novthwest and the aidwest 

(Everest and Chapman, 1972; Fausch, 1978 

Some kqork has focused on the feedfag habits o f  juvenile 

fish occupyit;g mainstem versus styeam margins but no d r i f t  o r  benthos 

sampl i n g  was done t o  fornulate "forage ratios." Few observations o f  

the feed-ing behavior o f  juvenile Dally 'Jarden char have occu~red  i n  

streams except for  yay f i s h  i n  very shallsw, low current velocity 
areas along s t ream margins. 

Some observations a f  juvenile eaho salmon and Dolly Varden char have 
oesupred i n  aqusri  ums and streams. The behavior o f  juvenile Do1 l y  

Yarden char. and other sdimoslids o c r ~ r r i n g  i n  the sam regions has not  

been studied adequate1 y. 



V,  RECOMMENDATIONS AND FURTHER STUDIES 

Studies should  be designed and conducted t o  determine !:he s u r v i v a l ,  

~ovemonts and behavior o f  a13 l i f e  st8qes o f  anadromous Dolly Varden 
char w i t h  respect t o  physical , chemical and  biological h a b i t a t  

components w i th in  selected pristine Alaska drainages. The above 

re? ationships should be examined thoroughly bo th  wi th in  the drainage 
and by supplemental Iaboratopy and f i e l d  studies ptr ior  t o  the 
occuryenee o f  any land use a c t i v i t i e s  which could m ~ d i f y  the habitat .  

Several years o f  study could be required t o  meet this object ive.  

Investigations should continue du r ing  and a f t e r  land use activities t o  

adequately monitor the f i s h  l i f e  stage-habitat relationships. Such 
9 

research and supplemental 1 aboratory and f ield studies could provide 

1 and managers w i  t h  needed i n f o m a t i o n  t e  protect and enhance 

anadramnus Do1 1 y Varden habi tat .  

Fiela and laboratory studies s h ~ u l d  be designed and conducted t o  

determi ne the upstream swimming capabi 1 i ty o f  imature ( p re  and 

post-smol t s  and gravid and spawned-out a d u l t  anadraaous Dally Varden 

char i n re1 a t i o n  t o  cuprent \iel oci ty ,y, water d e p t h ,  water temperature, 
stream gradient and 1 ength o f  potential migration harriers. Stud3es 

could be similar t o  thase described by ~acPhee and Mat ts  (1975) for  
testing A r c t i c  gray1 ing  s w i m i  ng p~rComanee, Results of these tests 
could be used f o r  deiemining the best  methods for  installing cuiverts 
t o  allow fish migration and t s  designs of eulvcrts and other f i s h  

passage facilities, 

Studies should be designed and conducte~ t e  e v a l # ~ a t e  the influence of 

water iemperatur-e, dissolved oxygen, rate of i ntrmgravel flow, 

substrate composition and pass ih ly  other physical and chemical h a b i t a t  

: : i l r ib l  es o n  the serrvi va? and devei spmnt o f  arprldpomotis Do1 l y Varden 

:kar eggs (lnd alevins and t i l e  F i tness and sirrvival c f  emergeuimt f r y .  

Control l e d  envl' ~aonmenlai l abo ra to ry  tests  shoui d complemefit f?e l  d 

s t u d j e s ,  



Standardized methods should  be developed and evaluated t o  objectively 

describe current velocity, water d e p t h ,  substrate cornposition and 

imbeddedness, instream and bankside cover and water  temperatuves a t  
anadromous Do1 1 y Varden spawni ng s i t e s .  The above 1 o t i  c hab i t a t  data 

collected a t  a number o f  ~ e d d s  w i t h i n  a stream o r  strealm reach could 
be examined by frequency analysis for  each I o t i c  habi t 6 a t  component. 

These frequency analyses w ~ u l d  kelp d e s c ~ i b e  Sot ic  habi ta t  selection 
by spawning fish, in relation t o  current velocity, water depth ,  

substrate eomp~sition and imbeddedness and possibly other Tot ic  
habi ta t  variables. The frequency analyses would not dietermine f i s h  

spawning habi ta t  preferences because streams and strealm reaches are 
characterized by a Finite combination af acceptable habi ta t  variables. 

Readers ape urged t o  consult Appendix IPI o f  the 
Instl~earn F l  ow by Wilson e t  a l .  (1981) which  dliscusses fish 

spawning h a b i t a t  selection and the assumptions associated w i t h  h ab i t a t  

suitability curve construetian. 

Standardized methods shou1 d be developed and refined t o  eva1 uate 
current velacity, water dep th ,  o u b s d ~ a t e  eomposi t i o n  and imbeddedness 
and instream and bankside cosrer a t  anadremus char spawning s i t e s  t o  
better- understand i ~ a b i  t a t  selection w i t h i n  individual streams or 
strei3m reaches. FOP example, I n t i c  habitat types could be 

characterized by current \re1 a e i t y  , water  depth ,  instream and bankside 

cover corjdi t i oas w i t h i n  those ranges measured a t  redds. Reasurements 
a f  substrate eramposi t i s n  and imbeddedness wkii ch were no t  used f o p  

spawning h a b i t a t  by arrsdu'smeus Do i l y  varclen char could h e l p  us t o  
:,I 

L.ietter understand spawning habi ta t  selectfoil of  this f i s h  i n  var'cius 
s t~eanss, 

Weirs ~ h o u i d  be used t o  monitor juvenile anadra~lorjs C B ~  1 y 

Varderi char movements i n re1 a t i  on t o  streaiilfl ow, water temperadu~e and 

other physica' i  and ctneinical kabi  t a t  \tarfables i n  smal I ,  ii~ I'elgn-i t4teai.t 
and i a r g e ~  styearns w i t h i n  a d~a i r rag i l .  Sllo,-ki i n 9  and minnow trapping 

cou i d s u p p l  emenf san~p l  i ng w i t h  wei rs, 



Studies s h o u l d  be dssignefl and conducted to describe sumer h a h i t a t  

selection by juven i  l e pre-smol t )  anadromous Do1 1 y Varden char wi th  

respect t o  a var ie ty  o f  physical and chemical h a b i t a t  variables,  foad 

availability and the presence s f  other f i sh .  Iinvesticlations using 
snorkl i n g  f o r  f i s h  abserva2:i~n should be eondf~cted  i n  clearwater 
streams u s i n g  techniques similar. t o  Everest and Chapman (1972 

Fish holding positions should  be characterized by 

water  depth, distance t o  streambed, 1 i g k t i n g ,  substimate composition 
and imbeddedmess , instream and bankside cover, currt.nt vet oc i  ty and 

proximity t o  o ther  fish, including zhar and other species. These 
investigations wcul d complement f i sh rncvei~etent studies along s"ceearns 

Studies o f  fish feeding behavior ~ o u p l e d  wi th  benthcis and dr i f t  

sampling and fish gut analysis should  be conducted t o  better 
understand the feeding hab i t s  and apparent affinity o f  Dolly Varden 
char t o  the substpate, 

More investigations should occur t o  detect and charactei-ize 
' o~em~~urintering hab i ta t  selection 'By various ages o f  j uven i l e  

pre-smoi t) anadrbonous Do1 l y  Varden char w i t h  respect t o  btaler depth, 

cur~ei-eot vo l  osi  t y  , water temperature, overkangi ng vegetation, underart 

h a n k s ,  substrate material and proximity  t o  stream margins. 
Ident i f ica t ion o f  a v e n t i n t e r i  ng f i s h  h a b i t a t  i s  yequire3 f o r  the 
p ro tec t i on  o f  this fish species. Various land use activities cc~ild 

s i g n i f i c a n t l y  reduce the quality o f  this  h a b i t a t  Bustard, 1973). 

Habi t a t  anhancemeult e f f o r t s  skoul el be fomt;l a t e d  w i t h  an unders ta r~ding  

o f  what eanstitutes goad ovemjntering hab'i tzt  f o r  various ages o-? 

Dally Varden char. 

L i  ~ o r a t a r y  and f i e ld  tes ts ,  some\ghat similar t o  these conducted by 

Bustard j 1973 snould be designe:' and conducted t o  c~mpielnent s t u d i e s  

cF the cl; s tr ' ibut-io~c and behav io r  o f  overiqfntering 8nadrorilous Dai 111 

V 3 r d c n  i n  selected streams, "I*?ese t e s t s  should  provjde juv~niie i" -kr i  



r i p a r i a n  cover, unimbedded t o  t o t a l  l y imbedded substratei of sand t o  

1 arge cobbi iz substrate and a v a r i e t y  o f  water temperatures. Jutjeni 1 e 

f i s i .  ~f various ages shoiild be tested because f i s h  s i z e  miay influence 

ovems-t"nter h a b i t a t  se'lectr"osci, 

Studies should be designed and conducted t o  detesmrmine "Lhe presence o f  

owwi n t @ ~ i  ng imature and a d u l t  anadromeus Dolly Yarden 

char i n  clearwater and glacia l  lakes and streams. The d i s t r i b ~ ~ t i o n  af 

o v ~ i u r i n t e r i n g  f i s h  in lakes can be qu i te  limited. Studiies o f  lot'ie 
evemiintering areas w i t h  respect t o  var ious physical and cherniczl 
hab i t a t  condit ions sRoul d be conducted t o  explain habi t is t  selection 
cr i ter ia  and t a  predict  fish overwintering areas by the character o f  

the h a b i t a t ,  

Radta telemetry shou ld  be considered as a v i ab le  technique t s  monftor 

movements of i m a l u p a  and a d u l t  anad~omous Dally Varden c k ~ r  i n  

o v e w i  nteri ng areas whish are di f f i 'cu i  t t o  sample by g i  11 net o r  citkep 

methrsd,s. 
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T h i s  repcrt compiles e x i s t i n g  in format ion on the freshwater 

habi  t a t  requi rements , to1  erances , and preferences of the 

threespine stickleback, and provides 

a d a t a  base for hab i ta t  evaluation procedures. The threespine 
stickleback i s  general l y  regarded as a hardy species, tolerant  of 

3 ~ i d e  ranpe o f  hab i t a t  conditions. 

Information on physiological tolerances and requirements have 
been gathered f rom th roughout  the range o f  the species. However, 

observations oa actual  condi t ions observed i n  bod%es o f  water 
rr 

where sticklebacks occur are general l y  restricted t o  81 aska, i he 

threespine has been extensively used as a laboratory  f i s h  fo r  

behavioral and pollution studies. Much work has been done on the 

physiolagy o f  the species in Europe, b u t  relatively 1'':tIe i n  

North America. I t  i s  recognized t h a t  h a b i t a t  requirements may 

d i f f e r  for  stocks f rom different geographic areas, but present 
da ta  available from Alaska are i n s i i f f i c i e n t  t o  demons-pate t h i s  

w i t h i n  the Sta te ,  

W i t h i n  the  Easteresteus nrr6-a acul eatus cemp!ex, three f o n s  are 

genera I 7wv recugn r'zerl bf~[~/~'hail and i indsey, 
partially p l a t e d  f ~ e s h w a t e r  form a heavily 
p l a t e d  marine fom ) , and an intermediate f o ~ m  

. T h i s  repor+t i s  restricted "t tth totally 

freshwate~ f o ~ m  ( even though the anadromcsus foms may 

use .Freshwater h a b i t a t  dur ing the breeding season. 

This report emphasizes habi::at requi rernents, prinlari l y those o f  a 
phys i ca l  and chemical n a t ~ r e .  Certain biological @Factors 

afi'ect7:ny the well being of t h z  population, such as  mf~ecj$ncj., 



predation. competition, parasites, and diseas!?, are not 
comprehensivel:# treated. 

The threerjpine stickleback i s  widgly df stributed i n  the northtsm 
he~fiisphere in North h e r i c a ,  Europe, and Asia. Except f o r  
Europe, i t  i s  not f ~ u n d  more t h a n  ra few hundred kilometers fraom 
the coas t .  On the At1ant"c coast o f  North Americz~, i t  rangrts 

from Baffin isltn~d and the Hudson Bay ares down t o  Chesapea'ce 
Bay. On the P a c i f i c  coast o f  North America, i t  ocsul-s fraln 
Alaska t o  8aja  California, On the eastern coast  04; A s i a ,  't 

ranges from the Bering Strsit south t o  Japan and Korea {Scott and 
Crossman, 1973; Notstton, 1975). 

Ic  Alaska, the threespine stickleback acehrs i n  a l l  coastal E reas 
from Dixoc Entrance to the Alaska Penjnsula, the Aleut ian Islands 
and Bristol Bay (Morrow, 1980), I t  a l so  occurs i n  the west, !m 

t t p  o f  the Seward Peninsula and 9n St. Lawrence Island; ho~e \~e r ,  
t i l e  f~eshwater Seiurus form i s  not thought t o  be nreserrt i n  the 
l a t t e r  areas [McPhail and ?+ndsey, 1930; Wootton, 1976 

Figure I .  1 

The leiurus fawn sesurs i n  6 0 t h  lakes and streams. 

Ai l  excel 1 ent syntkesi s c f  threespine s t i  ck!eback 1 i fe  h i  s t o ~ y  \lac 

been p~esen ted  by Mootton a Behavioral aspects of 

-tht-sespine s"Gick1eback -1 i P e  a i  stbry r e g a r d b g  rreprduuction 

(spawning and  i ncuba t i  on o f  eggs) h a j ~ e  beer! exte~si \ je l  y 

documented and wi l l  n o t  be ciealt w i t h  i n  th is  re~crt. S~r;*t io; i  

I I, Speei f i c H a b i t a t  Rcqui 1.ernents , vi l exsmi ne d a t a  on 

to*ier&ncas and  p;"efer@nces f o r  okysf cal and ciiei?ii cal  p a 1 ~ 3 i 3 e ' t ~ ~ ;  





h i  s t a y  aspects other than reprxifctive behavior f o r  juveniles 
and a d u l t s  , emphasizing A1 askan stud!es. Mlrch of: t l ~ i s  section 
has been provided by Cannon 1981), w i th  permission o f  the 
author,  

i d e n t i f i e d  t h ~ e e  elf scre'ce s i z e  classes of 

threespine st ick lebacks in lower Jean bake on the Kenai 
Peninsula. Standard lengths ranged f~o-om 22-ipl m. One size 

SDL = 32-33 was captured i n  surface tows in June 
and early July;  weekly abundance f o r  this  size class i n  tbs 

ca tch  decreased d u r l n g  t h f s  t ime. A smaller s i z e  class ( 

= 28-29 m) entered the catch i n  mid-June and r a p i d l y  

dominated the catch by mid- July. Dur ing  ;ii;?y and August, 

two sine classes were distinguished in ba i ted  minnow Wraps 
f ished on the l a k e  bottom. Stickleback (5 = 38-40 m 
taken i n  littoral areas; a larger s i z e  class 
was captured a t  depths of 19-20 me 

In  bake Ne~ka Wood River lakes observed a 

trimodal i ty o f  sine d i  s t r i  bu t ions  whi ck suggested the 
presence o f  three age groups i n  ear ly  summey. St ick leback 

t ry  d i d  not  appear i o  catches until August jnd were abundant 

in September. The maximum age was reached a t  three years o r  

mare and i n  a d u l t  f ish,  females were larger than males, The 

l i f e  histor18 o f  populations i nhab i t i ng  Karlvk and Bare Lake 

on Kadiak Island was studled by Greenb~~nk and Nelson 
L i fespan was determined t o  be 2-+ years, some tndividuals 

probably lived p a s t  a t h i r d  wintei-. Young i ~ f  the year were 

f i r s t  s b s e r v ~ d  i n  ccllections made i n  earkly J u l y ;  t h i s  s i z e  

class was repor ted  t o  be \rep), abundant and ; cn dominated 
the catch.  Mature Females attained a somewhat larger s i z e  

t h i t n  d i d  males. Narverb (1968) described t k s ~  general  '1 i f e  

h i s t a r y  s f  threespine s t icklebacks  i n  the C h i y n i k  Lakes on 



the Alaska Peninsula. Determination 08 age was accomplished 

by examinat ion o f  length- f  requency. An intelrpretation of 

s i z e  distribution for  a September sample plaecd Age 0 c-ishes 
w i t h i n  the 20-30 m fork l eng th  F.L.) s i z e  range, Agr I +  

w i t h i n  40-45 mm pange and Age 2+ w i t h i n  5 5 4 5  mm range. Fry 

f i r s t  appeared i n  tow net catches i n  e a ~ l y  Pluyust; t he i r  
densi ty increased rapidly.  Engel a1 so i d e n t i f i e d  

three s i z e  classes i n  beach seine and minnow t r a p  catches i n  

Jshnso.l, Scout, and Bear Lakes on the Kenai Peninsula. 
Length o f  1 i f e  was estimated t o  be 29 years, mean lengths 

fo r  ripe males and females i n  Bear Lake were 50.5 m 
and 49.5 m respectively. These lengths corrt2spond t o  those 
found by Greenbank and Nelson for  Age 2 f i s h .  The abundance 

and s i z e  o f  threespine found i n  ,ake Aleknagf k 
were exami ned by Rogers Age groups were 

assigned on the b a s i s  o requency. Age 0 f i s h  were 
approximately 10-20 mm the f i r s t  week o f  August and 

i n i t i a l l y  apneared i n  beech seine hauls i n  mid-July. Age 1 

were 30-35 mm, Age 2 were 40-50 m, and Age 3 ttcepe? 55-65 m. 

The v a r i a t i o n s  i n  age and size structure fcund in these 
s tud ies  undoubtedly reflects differences i n  genetic and 

environmental in f luences between the respective populations. 
D i  reet comparisons are confounded by difizrenses i n  sampl jng 

gear and measurement methods used. Rogers 
demonstrated t h a t  i n  years of unfavorable growth, major 
stickleback age groups rhowed d i s t i n c t i v e  l eng th  

frequencies; but i n  years of good growth, the older year 
cl asses over1 apped. 



I n i t i a l  sexual ma tu r i ty  i n  the Lower Jean Lake s t i ck leback  

papul a t ion  probably occurs d u r i n g  the second summer o f  1 i f e  

( Cannon, 1951 Fishes thought t o  be Age 1 which were 
captured i n  tows and minnow pots  were sexually mature; a 

smaller s i z e  class,  Age 0,  was not  mature. Only one age 

class tit sexual mturity was reported by G~eenbank and 
and McPRail and Lindsey 

1958), and Narver suggested t h a t  

threespines matarre a t  Age 2. Carl 3 )  and Jones and 
stated t ha t  breeding occurred dur4ng the first  

year  of l i f e .  A g i ~  0). Va r i a t i s l n  i n  these tnst imates cannot 

be explained w i t h  a v a i  1 ab le  infernation; however, 
d i f fe rences i n  length o f  season, food availability s;nd 

geneti  t character were probably influencing factors. 

A decrease i n  Age 1 st-ickleback catch per u n i t  effor t  fo r  
supface tows i n  Lower Jean Lake d u r i n g  the c o u ~ s e  o f  the 
sumep and the presence o f  a s i m 5 l a ~  s i z e  class in shallow 
shore1 ine areas suggested t h a t  there was a migra t ion  from 
pelagic t o  littoral h a b i t a t s  (Cannon, 1981 Because Age 1 
f i s h  were sexually mature. and were s t rong  y suspected o f  

s p a ~ n i n g  In lit"&oal areas d u r i n g  t h i s  Lime, the movement 
appeared ts be assoc ia ted  w i t h  reproductive a c t i v i t y .  

T i  nbergen ( 1952 and Narver (1968 described a spawn! ng 

mqgratian o f  schools of' threespine stickleback in0to 

shal lows, Males then IeTL schools t o  eslabl i sh Ler~ltories, 
stated t h a t  when reproductive instinct in 

threespine i s  a c t i v a t e d ,  a d u l t  f i s h  begin t o  migrate.  These 

m i g r a t i o n s  appeared t o  correspond w i t h  a reproduct ive  

stimulus t h a t  i s  only satisfied when the f i s h  reach shallew, 
w a r m  w a t e r s  w i t h  abundant vegetation. 
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per ssason have been shown t o  be pos i t ive ly  correlated t o  

the s i z e  of' t he  female Woottan, 1973 a 9e suggested t h a t  

papulntion es t ima tes  which ignored the h i g h  po ten t i a l  of  egg 

production and survival  provided by the mu'it i-seasonal 

spawni ~g capac i ty  o f  1 arge fegal es and the p r o t e c t i  \re 

nest ing behavior s f  males could grossly underestimate 
stfekleback praduci3on and would incorrectly assgss the 
importance of t h i s  species t o  the energetfcs of the 

Prcsshwater cemunity,  Potapova e t  a l e  4966) found t h a t  the 

quan t i ty  and v i a b i l i t y  s f  egg production i s  related t o  
growth rate and l i p i d  storage; large females e x h i b i t  h igher 

fecunditye 

The r i  gars o f  breeding evident1 y 1 ead t o  1 ncreased 

mortal i t .y .  fh i  s vieicr i s  supported b.v detailed descriptions 
s f  the ~ o m p l  ex n a t u ~ e ?  o f  stickleback reproductive behavior  
provided by f i nbergen and van Iersel 1953, c j ted  bv 

Mostton, 9976), High mrtal i t i e s  reported by Rogers i n  Lake 

Wleknagi k may have resulted from a dec~eased resistance t o  

h igh temperature due t e  the stress o f  spawns'ng. Narver 
observed h igh death rates associated w i t h  spawning 

stress i n  the C h i g n i k  bakes, Alaska, These h i g h  mertalities 
and the terri tori a1 spawni ng o f  s e i  ckl ebacks were eonsi dered 
possible density-dependent population .reguI ators. Hagen 

described post- reprcsdeacti\re mortal i ty i n  the 
threespine population inhabiting the Li t t le  Campbell River ,  

B.C. Many a d u l t s  were found En extremely poor condition; 

fungus and other psrasi t i c  eruptions were noted, 
Stickkebacks i n  Kar luk and Bare Lakes on Kg%deiak I s l and  

apparent ly r'ncu~red a h igh  mortal i t y  af te r  spawni ng and 

appeared nutri t i  oisal l y deprived Greenbank and  Nel son, 

reported post-spawning mortal i t y  i n  

s tudy  l a k e s  on tble Kena'i Peninsula, Alaska. 





i n  sur'face waters may have f l  lactuated d u r i i l ~ ~  the summer, due  
t o  varia t ians  f n t ke t  r abundance o r  ddistrf h l u t i o n ,  Swfilace 

and bottom feeding threespine sticklebacks i n  Lower Jean 
Lake were ecological 1 y separated (Cannon, 1981 ) . 
B i  stributisrsal differences were considered a mechanism by 

which s t i ck leback  age classes minimized competitive stress 
and maximtaed the u $ i % I z a t i s n  o f  l a k e  B " ~ S ; O U B " C ~ S ,  The 

ability s f  threespines t o  utilize 1 imnets'c waters as we1 I as 
i ~ o t t o m  envl ronmenls demonstirated thei r adapt:abi 1 i ty t o  use a 
wjde range o f  conditions thus a1 lowing expl  o f t a t i o n  o f  

diverse a q u a t i e  niches. Separation o f  ape classes between 

I imnetic and bot tom hab i t a t s  were bel iek~ed t o  be assodated 
w i t h  s p a w n i ~ g  migrations. Exposure t o  a wide variety o f  
Rabi t a t  types was f a c i  I i t a t e d  by these movements. 
Anatomical and pkysi ol ~ g i  cal d i f fe rences  between age groups 
may have enforced separat ion.  

Because spawning and early rear ing  occur i n  shallows, 
stickleback 1 if@ h i s t e ~ y  i s  closely associated w i t h  1 i t t o r a l  
habi tacs. The quantity o f  su i t ab le  1 i t t o r a l  area 
potential Iy serves as an important s t i c k l e b a c k  popu la t i on  
regulating f a c t o r  Na~ver, 1968 Ecol ogi  cal expansion 

would depend on the physical cond i t i on  and the magnitude o f  

co-acti an% competition and predats'en found i n  adjacent 

environs. For these reasons, the v a r i e t y  t y i  potential 

nr'ches accessible t o  sticklebacks and consequently the1 P 

d i  strf but ional  patterns can be expected t o  vary  seasonal l y  

and between systernc , 

S p a t i a l  d i f fe rences  exh- ib i ted between Age 0 and Age Z 
sticklebacks and rearing sockeye salmon i n  Lower Jean bake 

prov ided a mechanism t o  reduce interspecif i c  cirnpet-ition 
Cannon, 1981). Rearing sockeye wepe n o t  caught -k surface 

tows af ter  mid-July; t k i  s decl ine occurred i n  conJunc"ion 

wia th  a large vecruitn~ent 9-f kge O ~ ; t i c k l e b a c l c s ,  



Feeding similarities between s t i c k l e b a c k s  and yea r ing  
sockeye have been reported .by Buryner (1958:) i n  the Wcod 

River Lakes, Alaska,  Na~ver (1968) i n  t he  Chignik Lakes, 

Alaska,  and Krokhin (1957) in the  Kamchatka Lakes, USSR. 

Common prey preferences have suggested potenti i  a1 csmpeti t i o n  

for  food, in n a t u ~ e ,  many s i m i l a r  species appear t o  coex i s t  

wh i l e  see~ingly i n  competit ion; however, detailed 

observations have revealed di f ferences i n  hab i t a t  and 

bekavtor t h a t  p e m i  t coexistence. 

compared the food o f  sockeye :;almoi: f r y  and 

threespine sticklebacks i n  the Wood River Lakes. In 
littoral areas, the benthos was used mere by st ick lebacks 

than sockeye f ry ;  surface insects were utilized more ' . 

sockeye. In Iimnetic areas, winged insects were a :+  

impor tac t  prey for sockeye, b u t  were rarely ingested i,. 

sticklebacks. Parr (1972) ,  who studied the feedtng o f  
j u v e n i l e  sockeye and resident f i s h  species including 

threespine in the Chignik Lakes, i nd ica ted  t h a t  a d i s -  

s i m i  1 arf t y  ex1 s led  between s t i ck leback  and sockeye feeding. 

Sockeye more frequently fed on winged and pupal insects .  In  
Lower Jean Lake, a comparison o f  feeding between these 

although limited t o  on ly  a f i v e  week per lod  

d l  fferenees (Cannon,  1981 Sticklebacks and 

sockeye inhahi t i n g  surface waters during t h i s  per iod  

u t i !  imed similar prey, but  sockeye appeared t o  prefer winged 

insect species more than s t ick lebacks .  

P a r t i t i o n i n g  rations among sticklebacks and rearing sockeye 
i n  Laver Jean Lake app2ared $0 be aeconlp'lished thr~ougb~ 

differences i n  s p a t i a l  distribution Cannon, 1981 

threespine ut i l  i z e d  bottom h a b i t a t s .  Age 1 s t i c k l e b a c k s  and 

juvenile sockeye e x h i b i t e d  similar distribution p a t t e r n s  and 

feeding; however, s p a t i a l  ovetel ap and prey sinti 1 a r i  ty a r e  

rsn'iy prerequisites L9 potential conrpet i t ic~n.  A signjficant 



decrease i n  Age 1 threespines w a s  observed dur ing the sumor 
i n  Lower Jean Lake. T h i s  reduction was L~el ieved t o  be 

assoc ia ted  w i  t R  reppoductive migra t ions  w h i c h  b rought  aaul t 
f i s h  bottom environments. The r a p i d  recruitment of Age O 

s t i ck lebacks  i n t o  the near surface waters dur ing  July may 

have inf luenced the apparent s h i f t  in versmi eal d1s t r ibu" i ion  

o f  juven i  1 e sockeye into deeper water !;tratums and 

restricted the  return o f  Age 1  stickleback:^ i n to  limnetic 
areas. The high preference o f  Age 0 sticklebacks for 
rotifers was not  shared w i t h  sockeye o r  a d u l t  threespine, a 

small mouth s i z e  possibly was responsible for the apparent 

differences i n  feeding ppeference, a l t hough  Age 1 threespine 

o f  approximately the same s i z e  fed predominately on copepods 

i n  June when rotiiers were abundant i n  thle ne t  p l a n k t o n .  

Temporal v a r i a t i o n s  i n  the  vertical distributions o f  prey 

species may have been involved. Rogers 
t h a t  temporal as well as  s p a t i a l  diffgrences i n  

stickleback-sockeye feeding relationships could e x i s t .  

Narver  (1968) developed a conceptual model o f  sockeye- 
stickleback co-act ions for populations i n  the Chignik Lakes. 
He cencl uded t h a t  threespi ne st1 ckl ebaeks wki ch were 
ecologically a 1 ittcrral species would he displaced from 
lkmnetic areas by rearing soekeye i f  the young salmon 
remained abundant, Pavr detemined t h a t  the  

abrindancc of' Age 0 sockeye % n  the Chignik bakes had an  
advepse e f f e c t  on resident f i s h  opulations i 
threespi ne s t ick lebacks.  Burgner 

have suggested a s i m i  1 a r  popula t ion  regul a t i o n  

o f  s t i c k l e b a c k  abundance by large Age 0 sockeye salmon 

recruitments i n  "che Wood River Lakes. Reduced spawning 

escapement due t o  ovenl&rvest o r  envi  ronmental factors  have 

resu'l ted i n  periods of reduced sockeye Fry atrundance i n  the 
Mood River and Ch isn ik  Lakes. I3ur.iny these yeayes, 



s t i  tklebacks were able  t o  r a p i d l y  occupy vacant niches 

( B ~ ~ g n e i - ,  1958; Rarver, 1968). 

The threespine st ick leback i s  t h e  dominant fish species 
i nhab i t ing  Lower Jean bake Cannon, 1981 I ts  daminance i s  
favored by a prolonged spawning time, a subst:ant,ial 1 i t t o r a l  

spawning h a b i t a t  w i t h  abundant submergent vegetation, an 
a b i l i t y  t s  utilize deep and shallow bottom habi?a t r  as well 
as pelagic areas f o r  feeding, reduced inttraspecif i c  
competition between age classes v i a  di f fereinces in their 
spa t i a l  behaviar and d i u r n a l  migrations, 3nd an apparent! y 

low level of in te rspec i f  i c  competitiort from rearing sock~ye 
safmon in limnetie areas, 

4, D i s t r i b u t i o n  and Bekavior 

An apparent  die1 migrat ion of threespines in surface waters 
of Lower Jean Lake was observed by Cannon 7981 ) d u r i n g  the 

sumer, The abundance o f  ot?ck'lebacks in su~$ace tow net 
samples collected in the Wood River Lakes by Burgner 
remained h i g h  throughout  the day and n igh t .  Die1 

zeopl ankton migratiofis probably i n f  1 uenced s t i ck leback  

d i s t r i b u t i o n  i n  Lower Jean Lake. Stomach analysis  o f  

threespine from d i f f e r e n t  periods shawed no significant 

decrease i n  numbers o f  whole undigested zoop'l ankton. I f  

feeding continued throughout  the day and n igh t ,  sticklebacks 

eonceivubl y woul d concentrate a t  depths where prey densf t y  

was h-igh. Vertical migrations o f  1 imnet ic  zooplanktens 
cornonly occurring i n  Alaska  lakes  Rave been observed 

Rogers, 1974 

A reduct ion i n  interspecific cornpet! t i o n  between 
s t i c k 1  ebacks and scckeves caul d resul t from seascna? 
v a r i a t i o n s  i n  vertical distribution, Because threespine ape 

more resistant *to h i  gll tef:,pera"cui-e and  i 11 umi n a t i  o~ and  



because they are equipped w i t h  a self -contjined defense 
mechani sm, near-surf ace water residence :rrtoili d be I ess 

ecological 3;- in tolerable  far stickl~back t h l a n  f o r  sockeye. 

Outside o f  breeding season, sl. :kleback feed i n  schools 
T i  nbergen 1552 Generally, schooling f i lsh are the same 

s ize because f i s h  05 similar s i z e  swim a t  the sam speed. 
Sine i n  stick'lebacks varys between sexes and schools 
comprised o f  a1 1 males or a71 females have been observed 
Narver, 1968 Possible benef i ts  a t t r i  bulked to school i n g  

behavior have i ~ c l  uded i nereesed feed? ng eff ic iency , 
predator detect ion and defecse, increased a~bi! i t y  to 1 ocate 

a mte, enhanced learning ability, and e!eiiciency of' 

Eggers, 1975). Schooling was observed in 

sticklebacks i n  surfac2 wat~rs  (juveniles) and in shallow 

I %$$oral apeas a d u l t s )  o f  lower Jean Lake (Cannon, 9981). 

1946) described the thrsrspine stickleback as the 

fiercest Gresk~ater ffieh i n  Br-itain f a r  Pits size, I t s  
h i g h l y  f l e x i b l e  P in  motions are well sslited t o  feedlng in 

the dense vegetat ion and subme~ged debris o f  the  littoral 

envi  ronment . Hagen ( 9  967 who conducted dispersion studies 

o f  threespi ne, reported t ha t  s t i  ckl ebacks 
sedentar-y f l s k .  Recaptures o f  marked f i s 

beyond 200 m f ~ o m  the p o i n t  o f  release. St ick lebacks i n  

Lower Jean Lake general 1 y exhibited a 1 e tharg i  c swimming 

Cannon, 1981 ) . Adult s t i  cklebaeks observed i n  

schools Seeding i n  algae  beds and s o l i t a r y  fish which were 
probably spawning aoved slowly through the water. Even 

pelagical l y  feeding schools o f  Age 0 threespine swam 
sluggishly near the supface. Rapid s w i m j i g  mottions 
occurred d u r i n g  terri torial  defense and oecasi3nitl l y  i n  

p u r s u i t  o f  prey3 b u t  only 'For s '  ore dis tances .  



The threespine stickleback i s  often ab t~ndan t  where i t  i s  -Found 

and plays a significant role as a predator, campetitor, a ~ d  Frey 

species i n  miany lake ecosystems. There has be!en colicern 
regarding the stickleback as a potential competitior w'th sockeye 
salmorr ( 1 f ~ y  but treeen tstddies; Cannon, 1981 ; 

Manzer, 1975; Rogers, 1972; Wootton, 3976) have <Indicated t ha t  

competition t o  the detriment o f  the sockeye f ry  iioes not of ten 

See a l s o  disccssion i n  Section I.C., L.ife Hisgory 

In a r t i f i c i a l  situ~tions, such as the rec1zmat;on and 

re-stocking o f  lakes with rainbsw t r o u t  ( 

presence 3 f  three pine st$ ckl ebacks may 

t r o u t  population ngel , 1971). In many areas, sticklebacks are 
an important prey species f o r  predaceous fish such as t r o u t ,  
salmon, and northern pike McPkai 1 and Lindsey, 1970; Wootton 

and for f i s i ,  ea t i ng  b i r d s  (Scot t  and Crossman, 1973). 

The threespine stickleback has been harvested only tcr a minor 
extent. They ?lave been used for  o i l ,  ma', fgrtil izer,  and 

antmal food, including sled dog food (Mootton, 1975). 

Becalise the threespine sliekl2back i s  hardy, easy t s  keep, and 

widely distributed, i t  has proven t o  be an important laboratory 
f i sh .  I t  ilas been extensively used for behavioral s tud iez  and 

f a r  studies an the effect of wa te r  poljution Mootion, 1976 f . 



I!, SPECIFIC HABITAT REQUIRMENTS 

The surface water temperature dur ing  the breeding season i n  

Lower Jean bake ranged f rom about 12 t o  18°C Cannon, 1981 
I n  a stream o f  s0uthei.n British Calumbia, the average 
temperature du r ing  +,he breedlng season waks 7 6'C (Hagen, 

and a stpeam i n  England d u r i n g  the spawning season had 

temperatures ranging from 16 LD 19'C (lind!;ey, 1962). 

Greenbank and Nel son 1954) stated t h a t  the water 
temperature in two lakes on Kodiak i s jdnd may influence the 

l ime  o f  spaw ng. Threespine r t i  cklebacks spawned earl ier 
i n  Bare bake surf ace water temperatures from mi d-May to end 

a f  July weye 0-4-22.8"C) t h a n  in the deeper Karluk Lake 
. Baggeman 1957, s i t e d  by Mootton, 1976 

found  t h a t  increased tempel-atur~s 
sufficiently Icrcg daylength, accelerate xne maturatian 
process, 

2 ,  Water Depth 

Male threespine st ick lebacks build t h e i r  nests i n  streams or  
i n  shallow areas o f  lake shores. Hagen 9967) found t h a t  

the average d e p t h  o f  nests 4n Lltt le Cilmpbell River, B , C . ,  
was 24 cm; some nests were b u i l t  i n  water as snellow as 4 
Grn 0 



The nests are construcxed o f  smal l twtwigs, p l a n t  material, 
and sand. Some cests ma je constructed most ly  o f  sand 

Greenbank and Nel son, 1959; McPhail and Lindsey, 

Nests i n  the River Wear, England, were bull t on a "muddy" 

bottom (Hootton, 1974 The same substrate I used by the 
f e r n  i n  Ljttle Campbell River ,  6.C. 

Hagen gave m ~ l e  ~"iicklebacks a choice between "sand" and 
"mud" substrates i n  the laboratory and found t h a t  they 

demonstrated a st rong preference t o  b u i l d  their nests on the 

mud, The 7 ' form i n  Mayer Lake, B.C. a l s o  occurred on 

e s o f t  mud Moodie, 1972). Sco t t  and Crossman 
s ta te  t h a t  threespines prefer sandy treas f a r  nest building 
jfom n o t  mentioned 

St ick leback nests are usually Pound i n  o r  near aquat ic  

v e g e l a t i  on. 

Hagen (1967 observed s t i c k 1  eback nests in t he  

L i t t l e  Campbell River,  B. C, near dense s tands  o f  aqua t i c  

vegeta t ion  such 45 Oenanthe, Poto 

9 

always nested among broadleaved vegetat ion,  

In  the l abora to ry ,  Hageol 1967) presented males o f  the  

l e i u ~ u s  $erm w i t h  a choice between a p l a n t  Found 

i n  t he  17eadbvaters a lobde~ river p l a n t  

found a strong preference for. the fovmer. In a survey o f  

s t reams on Vancouver I s l a n d ,  d u r i n g  breeding season, Hagen 
found -va-mas leibirus plentiful on: ti i n  areas w i t h  dense ac;uiitbic 



vegetat ion.  The form i n  Mayer Lake, B. C., occurs- 
only among the  t h i c k  vegetation o f  in le t  stream margins and 

stream mouths and apparently does not  occur i n  open water 
Moodie, 193 l i t t o r a l  zone o f  Mayer Lake i s  densely 

covered w i t h  and emergent grasses. 

reported tha ,  spawning s t i  ckl iebaeks i n  the 

Ckigni k lakes were most abundant where aquatic vegetat ion 

was plentiful. However, Karluk and Bare lakes on Kodiak 

Is land,  which have good populations of sticklebacks, have 

en1 y sparse a q u a t i c  vegetat ion Greenbank and Nelson, 1959 

Gonad maturation o f  threespine s t ick lebacks in the s p r i n g  i s  

dependent on both an adequate light intensity and on an 

adequate daylength Bagge~m-man, 1957, c i t e d  by McInemey arrd 

Evans, 1970). Baggerman Pound t h a t  high temperature 
by i tself  i s  not e f f e c t i v e  i n  inducing sexual matura"cion, 

long photoperiods are a1 so required. Bag erma~ a l s o  showed 
t h a t  sticklebacks exposed t o  269-323 lux  25-30 Pt-eandl es 
matured slightly more rap id ly  than those exposed t o  161 l u x  

4 5 f t -candl  es MsEnerney and Evans reported t h a t  

stick1 ebacks {presumably the exposed t o  an 
energy level o f  370 @rgs/cm b o r a t ~ r y  had 

matu ra t i on  rates comparable 60 those of w i l d  f i s h .  T h i s  

energy level i s  equivalent t o  i l  luminance levels r ang ing  
F ~ o m  223 l u x  a t  the green wavelength) t o  5 l u x  
purple wavelength McIne~ney end Evans also tested t he  

e f f e c t  o f  1 i g h t  qua1 i t y  by exposing f i s h  t o  
four segments sf tne  visible  spectrum ranging from 388-653 

mi 19 i m i  cvsns long  u l t r a v i o l e t  t o  shor t  red They *found ria 

major  differences among the f o u r  i n  affecting the rate o f  

gonad ma tu ra t i on .  



s t a t e s  t h a t  the  maximum densil:y o f  threespine 

stickleback nests i s  4-5/m2 and t h a t  the minimum distance 
between nests i s  30-50 cm. The average disliance between 

nests i n  the  R i v e r  Wear, England, ranged Frolm 943-237 cm 

The t i ~ e  t o  hatching i s  directly dependent on temperature. 
1976) p l o t t e d  the data  o f  several investigators and 

found t h a t  the  time to hatching varies f r om about  5 days a t  
25°C t o  about 15-43 days a t  8'C. A t  18-19'C, hatching 

occurs 9'n about 8 days and the y o l k  sac i s  abso~bed i n  

another 4 days. Studies i n  Alaska have reported hatching 

t imes o f  14 days a t  a water temperature ranging from 9-16'C 

(Kodiak Is land;  Greenbank and Nelson, 1959) and 5 days a t  a 

w a t e r  tsmpe ature vai-ying from 21.1-22.8"C 

Engel, 1971 Neither a$ these studies was 

1947), i n  laboratory  studies i n  Belgium, found t h a t  
the best  survival  o f  eggs incubated i n  freshwater occurred 
a t  water t empe~a lu res  o f  16-26'6. Heuts showed t h a t  the 
eggs are adapted t o  a narrow range of temperatures. Lindsey 

reared the freshwater farm i n  the  l a b o r a t ~ r y  a t  
temperatures ranging f rom 10-28'6, No eggs were 

successful l y  r;$ared i n  freshwater a t  10°, 12' ,14', or 28'C, 

and survmi\ral a t  16' and 18°C was less t h a n  optimum. 

Efawever, there  may have been f ac to r s  present other ",an 
temperature which 1 orvered the  su rv iva l  r a te ,  Lindsey a'i so 
found ' th l - t  f i s h  reared a t  h ighe r  "cemgeratures 
greater) had a 1;igkrer. propor t l 'sn OF feasales * t l ~ a n  f i s h  reclv*eci 



a t  20°C and below. Ljndsey further showed t h a t  eggs f r om 

females w i t h  few la te ra l  plates have a hqigher optimum 
development temperature than eggs from females w i t h  more 
pl ates . The approxjmete optima were: 26°C 

4 or 5 maternal plates 
7 maternal p l  attrs) . 

c i t i n g  the work of Swarup 1958, 19591% 

stated t h a t  abnoma'i development occu 
fertilized eggs are exposed t o  very low 

temperatures for a d u r a t i o n  as short as 1.5-3.0 

hours. One o f  the a b n o m a l i t i e s  was the production o f  f l s h  

w i t h  a t r i p l a i d  number o f  chromosone These f i s h  develcped 

and  grew a t  the same rate  as normal f i sk ,  but were 
misshapen. 

measured water temperatures ranging from 16 t o  
the  nesting o f  sticklebacks i n  Li t t le  Campbell 

 rive^, B.G. Some approximate surface water temperatures f o r  

va r i ous  lakes i n  Alaska measured a t  the approximate tim? 

incubat ion occurs are: Bare Lake, 6? - 23"C, and Karluk 
Lake, 47 - 15'C Greenbank and Nelson, 1959 ; Lower Jean 

Lake, 13 - 18'C Cannon, 1981 ; Johnson and Scout Lakes on 

the  western Kenai Peninsula, 12 - 18'G, and Bear Lake i n  the 
Kenai Mountains, 7 - '15°C Engel, 1971 ; Wood River Lakes, 

Rogers, 1968 ; Lake Nerka, 9 - 18'C 
k Lake, 42 - 95'6, and Chignlk take, 



Given the f a c t  t h a t  sticklebacks nest i n  shallow areas wf th  

adequate 1 i g h t  penet ra t ion  and aqua t i c  vegetat ion,  dissolved 

oxygen levels i n  the water near the nests ere probably 

rarely a 1 i m i t i n g  factor. However, t h e  egg:; are placed 

i n s i de  covered nests, often on muddy bottoms containing much 

dead organic matter, and often in areas a f  little or no 
current, so circulation o f  water through the  nest Lo replace 
the oxygen used by the embryos i s  necessarry and i s  

accamplished by the f ann ing  a f  the male. In the absence o f  

fanning, van Iersel 1953, c i t e d  by Wooton, 1976) noted t h a t  

eggs became moldy and died.  The rate o f  fanning reaches a 

peak short ly  before hatching; presumably, t h i s  i s  when the 

oxygen requirement o f  the embryos i s  highest. When van 

Iersel ran water low i n  dissolved oxygen and high i n  carbon 
diox ide through a nest  i n  the labora tory ,  t he  amount o f  

fanning By t he  lilale increased, 

After ' leaving t h e i r  nests, young sticklebacks form school s, which 

may be an a d a p t a t i o n  f o r  cover, and eventually j o i n  the  a d u l t s .  

There i s  little i n fo rmat ion  t o  s u g g e s t  t h a t  young o f  the year 
have h a b i t a t  t a l  erances, preferences, o r  requirements d i f f e r e n t  

from those o f  adul t s ,  

O, Adult  Life 

The adu1"chreespine s t i c k l e b a c k  i s  usual l y  regarded as a 
eurythermal f i sh Mootton, 1476 Jordan and Gars<ide 
s t u d i e d  the upper le thal  temperaSture o f  tl~reespinc 

sticklebacks probab'l y t h e  *trachurus fom -$t*oalt @he h n r i ~ o r  
~ ~ " * ( s I ~ ~ ~ * * I Y ~ * m ; \ *  -- 



of Ha l  i f a x ,  Nova Sco t i  a whepe the s a l i n i l j r  ranges from 
20-30 pptl which had been acclimated t o  var ious  combinations 
o f  temperature and salinity. The h ighest  upper l e tha l  

temperature (28.8'C was noted for  F ish  accl imated t o  20°C 

and 30 ppt s a l i n i t y ,  tested a t  12 p p t ,  and the lowest upper 

1 e tha l  temperature was shown by f l s h  acclimated t o  

10°C and a s a l i n i t y  o f  0 p p t ,  tested a t  30 p p t ,  Fish which 

had been acclimated t o  freshwater a t  20°C, and tested i n  

freshwater, had an upper lethal temperature o f  27,2"C. 
There were? no s i g n i f i c a n t  d i f fe rences i n  survival among the 
d i f f e r e n t  s ized f i s h  t o t a l  lengths ranged from 30-80 m 
tested, Csad and Pow c i t i n g  Bertin 
t h a t  the threespine can * to le ra te  temperatures around 25°C 

and i s  a l so  t o l e r a n t  o f  temperature changesr. Heuts 
fourid w i t h  the leiurus fom collected a t  O'C and placed i n t o  
water a t  25 - 28'C t h a t  f i s h  w i t h  fewer lateral plates 
surv ived longer than f i s h  w i t h  more lateral plates. Mean 
survival time ~ s s  around 40 hours, Heuts a l s o  s ta t@d %ha% 

the freshwater f o rm  w i  11 not to1 erate ' I O W  temperatures, 

The threespine stickleback i s  found i n  Alaskan lakes w i t h  

l a t e  spr ing t o  early f a l l  temperature ranges o f  anywhere 
f rom 0" Lo 2 3 O C  Burgner, 1958; Cannon, 1981; Engel, 1977; 

Greenbank and Nelson, 1959; Parr, 1972; Rogers, 1968 and 

The s t i ck leback  may not be found a t  the extremes o f  

t h i s  range i f  they have a choice o f  more moderate 
tenperatlares. Li t t le  i n f o m a t i a n  i s  available on 
temperature preferences or on temperature d i  s t r i  bu t ion  

dur ing la"& f a l l ,  winter ,  and early s p y i n g ,  In the sumer, 
s t i ck lebacks  move i n t o  warmer, shallower, water b u t  t h i s  i s  

probably more a func t ion  of reproductive and feeding 

requi rements t h a n  a demonstrati on o f  temperature 
preferences . 



0 

Temperature i n f  1 uences the rate s f  growth Wootton 
c i t i n g  the  work o f  Cole, reported t h a t  the mean growth 
e f f i c i e n c y  increases from 5.9% a t  7.0DC t o  11.3% a t  20.0°C. 
Beukema (1968, c i t e d  by w o ~ t t o n ,  1976) foun~d t h a t  the 
feeding rate  a l s o  depends on temperature, 4:he rate of 

stomach evacuation ranging "From about '16 hour; a t  '11-112°C to 

"one n i g h t "  a t  18-20°C. 

The d e p t h  Qi stributien o f  threespine sticklek~acks i n  l akes  

results from temperature preferences, feeding migra t ions ,  
reproduction requirements, predation and competition. They 

are generally a shallow water Pish, parlieu'larly i n  the 
sumer when they move i n t o  the shoals along the shore, 

Dur ing  the summer they range from the surface t o  the bottom 

i n  lower Jean Lake Cannon, 1981 ) and Johnson 

the Kenai Pen%nsuSa, In K a ~ l u k  Lake 

have been caught fpom the surface down t o  24.4 m, bu t  none 

were caught i n  attempts a t  38.4 m or a t  61,O rn 

and Nelson, 1959 Very few f i s h  were caught below surface 
waters i n  Lakg Nerka dur ing the  sumer; the deepest 

stickleback was caught a t  7 . 3  rn Burgner , 7 958 

Although threespine sticklebacks commonly occur i n  streams, 
they prefer apeas w i t h  1 i t t l e  car no euiprent Hagen, 4957 

Hagen conducted a "chorcnragh study i n  Li t t l e  Campbell River, 

8, C. , and determined t h a t  swi  f"i&ters ;ire an unfavorable 
h a b i t a t ,  The average current v e l o c i t y  i n  a section o f  t h e  

SLI-earn wheve the fonn was plentiful was 3 cm/sec 
( g r a d i e n t  abou"c A s e c t i o n  w i t h  an average 

ve loc i ty  o f  23 cm/sec had orlly a Pebv sticklebacks o f  "the 



Ieiurus farm and a r i f f l e  section w i t h  an average ve loc i ty  

o f  34 em/sec had none. When Hagen t ransplanted the f i s h  

f rom the law current area into an area o f  f a s t  current, they 

m-igrated t n t o  areas o f  slower cuprent. WIlen Wagen gave 

males a choice between standing water and nnoving w a t e r  i n  

an aquarium, they demonstrated a strong pireferenee f o r  
nesting i n  the standing water. Hagen also reported t k a t  

some f i s h  successfully passed through a 70 m long  culvert 
w i t h  a current v e l o c i t y  o f  92 cmJsee, a1 t hough  this was not 

4 Disso l ved  Qxvaen 

calculated t h a t  the oxygen consumption o f  

threespine s t i ck lebacks  ir! Kamchatka 1 akes where the 

temperature ranges from 2.0 t o  14.3'C would range frcm 0.129 

- 0.365 mg 02/Rr-g live weight. He found t k a t  f i s h  i n  &Re 

labora tory  a t  a i e n p e ~ a t u ~ e  range o f  0,s - 19.5"C used 
oxygen a t  a rate rangjng from 0.12 - 0.55 mg OZ/hr-g I i v e  

weight. Threespine st ick lebacks from some Engl i sh streams 
had an oxygen consu ion rate rang1 ng f rom 1 ,Q mi crol i ters 
02/hr-mg dry weight mi erol i Ley = 1 ,43 micrograms 
mg dry weight  f i s h  t o  about 2.5 microliters/hr-mg dry  weight 

fo r  70 mg dry weight f i s h  tempe~ature not given; Lewis e t  

1948 and 1952, c4 ted  by Mootton, 1976) stated t h a t  

the minimum dissolved Dxygan (03) level a t  which threespina 

s t i c k l e b a c k s  can e x i s t  i s  ribout 0.25 - 0.50 mg/l .  Jones 
Found t h a t  the  avoidance response sqf sticklebacks i s  

triggered when the - f i s h  are exposed t o  water w i t h  a DO level 

of 0.3 mg/l a t  low temperatures. At 20°C, t he  response 
occurs a " c 2 . 0  mg/'l,  i n d i c a t i n g  the F i s h  have a lower 
tolerance f o r  isw DO conditions a t  higher temperatures, I n  

a srirvey o f  srlme Efig l i r ' :  ~ t u . + . a i y ~ s ,  I..cw.is ei- a:. (15172 



t h a t  threespine s t i ck lebacks  were ~ n s t  ~ b u n d i i n t  in w a t e ~ s  

w i t h  8 - 12 mg 0,/1, less abundant  i n  waters w i t h  6 - 8 mg 
Ik.. 

G2/1,  and absent from waters w i t h  2 - 5 mg 02/1. 

I n  bower Jean Lake, s t i ck lebacks  were caught near the  l a k e  

bottom d u r i n g  the summer where DO levels ranged from 3.0 - 
Cannon, 1981). These levels apparently had no 

e f f e c t  on feeding a c t i v i t y ,  Dissolved Oxygen levels above 

the themac l ine  rarrged Prom 10.9 - 14.0 mg/l. Greenbank and 

reported t h a t  the s t i ck leback  [population in 
#ar41uk and Bare Lakes are i n  u a t e ~ s  where tihere i s  ass 

"abundagce" s f  dissolved oxygen 2-t a l l  dep ths  during the 
sumer. They a1 so stated t h a t  the threespine stickleback 
" i s  known t o  s u r v l v e  sver winter in shallo~v lakes i n  

r~ortkcrn temperate and subarctic zones, where.. . . d i  ssal ved 
$5 oxygen s inks t o  a trace.... . 

Th~eesp ine sticklebacks have been reported t o  occur i n  

waters w i t h  a pH range o f :  7.0 - 8.3 i n  Karluk and Bare 
Lakes (Greenbank and Me1 son, 1959 ; 6.3 - 7.0 i n  three Kenai 
Peninsula lakes (Engel ,  1971 ; and 6.8 i n  t i t t l e  Campbell 
River, B,C. Hagen, 7967 1948, c l t e d  by Wootton, 

teseed the tolerance o f  the  f i s h  t o  a wide pH range 

and repor ted  t h a t  they avoided a pH a f  less than 5.6 or 
greater than 19.4. 

A slavvey o f  some Eng l ish  streams conducted bjt Lewis e t  a l .  

showed t h a t  the  threeesnfne d i d  not  occur i n  waters 
which smel led o f  hydrogen sulfide and r o t t i n g  v e g e t a t i o ~ .  



Krokhin (1957) calculated t h a t  threespine st ick lebacks i n  

some Kamchatka lakes,  where the annual tempr2rature range i s  

2 .0  -14.3'C, consume daily between 0,08 g / f i s h  in winter and 

0.23 g / f i s h  i n  August. Th is  represents 1.8 - 5.1% of body 

weight. The monthly food consumption ranged from 2.70 - 
6.77 g/f ish, f o r  an annual t o t a l  o f  42.49 g, which i s  
eq~livslent t o  8 o r  9 t imes the average ~ e f g h t  of an a d u l t  

In Lake Bal'neye, Krokkin cafeul ated t ha t  
2 t he  monthly food consumption ranged from 0.80 g/g 1 i v e  

weight i n  January to 2.185 g/g 1 i v e  weight in August. 

M a n z e ~  (1976) reported thax :Re d a i l y  va t ion  o f  threespine 
stickleback i n  Great Central Lake on Vancouver Island,  B.C., 

was 6.6% o f  the body weight i n  Ju ly  and 7,8% in October. 
Mootton (1976) s ta tes  "Late, t o  support a population o f  

threespine sticklebacks, an area must produce suitable food 
.- -- -- the- order o f  10 - 100 g/m 2 -yr. 



% I % ,  CONCEPTUAL SUITABILITY XRDEX CURVES 

Conceptual s i i i  t a b i  1 i t y  index curves are presented IFor water 
temperature, current vel oc i  ty , water dep th ,  d i  ssol ved oxygen 
concentration, and pH in Figures 2 through 4. Data t o  support the 

curves i s  included i n  Tables I ,  IE ? and I I I .  These curkves should not 
be construed as a graphical presentat1 on o f  actual da ta .  Rather, they 

are intended t o  be hypothetical models o f  the relatioilrhip between 
threespine sticklebacks and certain envi yonmental pararrrletei*~. As w i t h  

any hypothesis, they must be tested and v e r i f f e d  be fo~e !  being applied 
t o  any p a r t i c u l a r  s i t ua t i on .  

The curves are based on published and unpublished d a t a  and an 

conversations w i t h  fishery biologists who Rave worked w i t h  threespine 

sticklebacks. Both experimental laboratory  data  and f i e l d  

measurements and observations were used. The suitabii i t y  index f o r  
each environmental parameter ranges from zero t o  one. An index o f  one 
indicates an optimum o r  preferred level a f  t h a t  particular parameter 
and an index o f  zero indicates a completely unsuitable level. 

Data from Iabar3tory physiological studies in European populations o f  

threespine s t 1  cklebacks indicates t h a t  the optimum temperature d u r i n g  

incubation o f  errrb~yos i s  8 or  9°C higher than the average surface 
w a t e ~  tempe~5 tu re  d u r i n g  the presumed i nclabation per iod i n  several 
A1 askan I akes Figure 2 ) .  Until the temperature tolerance o f  Alaskan 

s l i c k 1  ebacks has been studied i n  physiological labora tory  studies,  i t  

must be assumed t h a t  the optimum temperature f o r  European s t ick lebacks 

does not  apply i n  Alaskan waters which r a r e l y  raaeh 22'C. 

A problem encountered i n  constructing t he  curves i s  t h a t  much o f  the 
d a t a  i n  the 1 if:erature concerning environmental parameters o f  

threespine stickleback kabi t a t  does not  re1 a t e  varioes level r o f  the 
parameters t o  some aeasure o f  h a b i t a t  suitability. Often, ranges o f  

the  parameter are  g iven  based on measuremenets taken throughout the 

area occupied by threespines b u t  there  i s  no i nd i ca t i os ,  t h a t  one p o i n t  



on the range i s  any better oi* worse than any other po in t  i n  terns of 

h a b i t a t  sui*tabi 1 i t y .  

The curves are drawn u s i n g  data  from throughcut the na~tura l  raRge of 

the threespine stick1 eback. A1 though there p ~ o b a h l y  atre differences 
i n habi ta t :  preferences and t o1  erarrces for different geographical arez s 
o r  even i n  d i f f e r e n t  streams o f  the same geographical area, there i:. 

not  enolijh data t o  support drawing separate curves art this time. 
However, one must be aware t h a t  any p o i n t  on the cuwe, especially 
toward e i the r  extreme, msly be unsuitable fo r  a par t icu lar  stock. Hcw 
f a r  the stock deviates from the curve must be datemained by field 
measurements and experimentat ion w i th  t h a t  particular r;tock. 

4 second precaution regarding the curves concerns the interaction c f 
various parameters. 4 given  level o f  one pirameter can have a 

different effect on the f i s h  as the level o f  another pzrameter varicis. 
For example, a dissolved oxygen concentrat'on o f  3 mg/l may he 
suitable a t  a waxer temperature of 5"C, but u n s u i t a b l e  a t  a 
temperature of 20°C. Ideal ly, given enough da ta ,  a separate bisso l i  ed 

oxygen curve should be drawn for  each o f  s e v o ~ a l  different 

temperatures, The overall suitability o f  any pa r t i cu l a r  h a b i t a t  i s  a 

summatio~ o f  t he  interacting e f fec ts  o f  many parameters. 

A t h i r d  preczution t o  consider i s  that  the e i  *zit c f  less than optimnl 

S eve1 s of ap:: p a r a m ~ t e r  on the f f sh depends s trong1 y sn the d u r a t i  011 

of exposure. St ick leback embryos exposed t o  a water temperature o f  
3 3 O C  f o r  1.5 - 3.0 hours experierlce an abnormal development (Swarup! 

1958 and 1959, c i t e d  by Wotton, 1976j, b u t  surv ive.  Embryos exposea 
t 3  33'6 f o r  a longer per iod  a f  time would d ie .  

A lso ,  difft:rent ages w i t h i n  a l i f e  stage probably have diFfeimrnt  

habi  "Lt requi rements . For exampl e , the oxyger: requi rement o f  embrym 
.; s highest just prior t o  hatching, k;.;wever, because of .i~suF-Ficient 
d a t a ,  it i s  n o t  p o s s i b l e  t o  draw separate curves f o r  different  ages. 



Over31 I , the su i  t a b i  l i t y  i niex curves presented in t h i s  reperf provide 

an i n d i c a t i o n  of condi t ions w h i c h  make a desirable threespine h a b i t a t  

and conditions whsch make a l e s s  desir~ble h a b i t a t .  Also,  a l though  

the curves are general, they can show differences in h a b i t a t  needs 

among tbrecspines 2nd other species. Filrther, the process of 

csnttructing there curves i s  beneficial in defining arbeas where more 
d a t a  i s  needed, Lastly,  "chese curves can a i d  i n  the design of 

experiments and sampl ing programs. As more data  becomes a v a i  1 able, 

these hypothetical curves can be further refined. 



-- a i z$ ie  i e  TWREESPIfiE STICKLEBACK 

Adul t  - Spawning 

' Y ? a - - r  .- a r a~eter Observed Values Remarks Locatron Refere~ce 

rerr;pet-atu~e, ca. 12 - 18 
8 P. 

L 
surface water temperature during 
breeding season 

sur face water temperatures 
during June and July  

average d u r i n g  breeding season 

during spawning season 

shall~west nest  

average depth fo r  nests 

Lower Sean Lake 

Bare Lake Greenbank and 
Kai*luk Lake 

L i t t l e  Campbell Hagen (1957) 
River, B.C. 

Hobson' s Brook, Lindsey 11962 
England 

Ld t t l e  Campbe1 1 
River, B , , .  



- -j ie  THREESPINE STICKLEBACK 

Incuba;ion o f  Embryos 

- -- a- P 

Q rameter Observed Values Remarks Locat ion Reference 

best  survival  rate 

no eggs successful l y  reared laboratory)  Lindsey 

s u r v i v a l  less than optimum 

best su rv iva l  

n3 eggs successful Py reared 

lower male:%emaIe r a t f s  
than f i s h  reared a t  4 0 ° C  

optimum development temperatures; the 
f i sh  w i t h  fewer materna l  plates 
{ f d v i  ng higher optimum temperatures 

expasuse t o  these temperatures England ? 
$ 0 ~  1 8 5  - 3,O hours causes 1 aboratory 
abnormal development 

time t o  hatching i s  15 - 43 days various 

t ime t o  hatching-is 5 days 

t ime  t o  hatching i s  5 days 

approximaGte surf ace water temp. Lower Jean Lake 
dur ing  incubation perfod 

approximate surface water  temp. Johnson Lake 
during incubation peraod 



8ulcilbation o f  Embryos 

c;;rn-9% ~ Q A E  
a d G ~ S T L  LC$ Observed Values Remarks Location Reference 

approximate surface water temp. 
du r ing  jncubation period 

appsoxdmate sur face  water temp. 
d u r i n g  incubation per iod 

approximate surface water temp. 
dur fng  incubation period 

approximate surf ace wa te r  temp. 
during incubation period 

approxfmate sur f  ace water temp. 
du r ing  incubation period 

apprerxdrnaLe st~rface water temp. 
during incubation period 

approximate surface water temp. 
dur ing  incubation period 

approximate surface water temp. 
dur ing  incubntion period 

- --- - - - - - - 

Scout Lake 

Bear Lake 

Bare Lake Greenbank and 

K a ~ l u k  kake 

kake Nerka 

B lack  Lake 

ChignSk Lake 



w j a!--+ -*A %- * -  i l l e  VgREESPINE STICKLEBACKS 

Pa g-amzter Observed Values Remarks Locat f  sn Reference 

Upper l e t h a l  temperature f o r  the Halifax. Nova alc~rdan and Garside 
? )  form acclimated t o  Sco t ia  

(1 abaratory ) 

The leiurus form collected a t  O0 Belgium 
and in to  water with these ( laboratory)  
temperatures d i e d  a f t e r  an average 
o f  40 hours; fish with fewer 
la tera l  p la tes  survived longer 
t h a n  f i s h  w i t h  more plates 

mean growth efficiency o f  5.9% 

mean growth efficiency o f  11.3% 

vate  o f  stomach evacuation was 
16 hours 

rate s f  stomach evacuation was 
"one night" 

1925, cited 
by Coad and Power, 
1973) 

unpubi i shed, 
c i t e d  by Mootton, 
1976) 

Beukema (1 968, 
c i t e d  by Mootton, 
'1% 976 



- :z-j'je Coot ' d THREESPINE STICKLERACKS 

ps rame.lter $ b ~ . r ~ e d  Values Remarks Locatjsn Reference 

ea r ly  June-mid-July; obsesved water temp, Lower Jeaa Lake Cannon (1 981 ) 
fish present 

Jan 1 - Sep.15; observed w ~ t e r  temp. Johnson and Scout Engel (1971 ) 
fish present l akes  

J u n  1 - Sep.15; observed water temp. Bear Lake 
f i s h  present 

mid May - mid Sept.; observed water  temp. Bare take 
f i s h  present 

mid Msy - mid Sep. ; observed water temp. Karluk Lake 
f ish present 

Greenbank and 

Aug., observed water temp. Fish present Wood River lakes Rogers 

Jun - Sep; 6 yrs; observed water temp. Lake Nerka 
fish present 

ea r ly  Jul - early Sep. ; observed water temp Black Lake 
f i s h  present 

la te  J u n  - ear ly  Sep.; observed water temp Chignik Lake 
f i sh  present 



S-L 5-a t - a~e t ep  Observed Values Weri~a r k s Locat f  on Reference 

X3ter Dep th ,  O - 21.3 (bottom) 

ill 

O - 18.3 (bottom 

0 - 24,4 

- i ~ y r e n t  3 
v p j ~ ; j t y ,  

cr~i/ sec 
{ st:*earn 23  
yg;rrg q 3 q" ,,, i , - ~ l o n )  

74 

Lower Jean Lake Cannon (1981) 

Johnson Lake 

sumer Scout Lake 

sumer Bear LLae 

sumer  Karluk Lake 

none caught; sumer 

greatest depth a t  which f i s h  Lake Nerka 
were caught; sumer 

Jun - Sept. 

Dec., Jan. ,  Feb. 

Kamchatka 
Lakes, USSR 

average i n  leiurus h a b i t a t  Litt le Gampbel l -- 
Rives, B.C. 

marginal h a b i t a t  

poor hab i ta t  

f i s h  were ab le  t o  negotiate 
a 70 m culvert with t h i s  v e l o c i t y  

Greenbank and Nelson 
195'3) 



- re-" op 1 I \ J ~ ~ ; E  d THREESPINE STICKLEBACKS 

Pa r2ineter O b s ~ t - ~ e d  Values Wemarks Lsca t i on Reference 

t l j  ssolved 8,25 - 8,50 m i n i m u m  level tolerable Great B r i t a i n  
5xygerl 
mg / 1 0 , 3  level a t  wh ich  avoidance response 1 aboratory 1952, c i t e d  by 

i s  triggered a t  low temps. Wootton, 1976) 

level a t  which avoidance response 
i s  triggered a t  20°C 

flsh mas% abundant i n  reaches with 
t h i s  level 

fish less abundant i n  reaches with 
this level 

f i s h  absent  from reaches w i t h  t h i s  
level 

healthy F i s h  caught  near lake bottom 
a t  t h i s  level; summer 

l eve1 above thermoel f ne, sumer 

avoided by f i sh  

measured value  

measured value 

measured value 

England 

Lower Jean Lake 

Great B r f t a i n  
( laboratory 

L i t t l e  Campbell Hagen (1967) 
River, B.C. 

Kenai Peninsula 
lakes 

Karluk arid Bare Greenbank 
I akes and Nelson 
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..----- 

these fish may provide  interesting i n f o m a t i o r !  about tlhe environmenl:al 
1 imits of the species. 

Very l i t t l e  infomaZion i r  available on the h a b i t a t  needs of the 
threespine stickleback d u r i n g  the stage immediately af4ter hatching )UP. 
prior t o  leaving the nests. D u r i n g  this period,  they are still untizr 
the parental care o f  the male, There are a lso  many questions abetit 

their 1 i f e  his to ry  between leatging the nes t  u n t i l  they f i rs t  begin to 
show up i a  minnow traps and fyke nets as young o f  the year. In 
Alaska ,  few observations have ever been made o f  actual  nests. 
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