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Underyearling coho salmon (Oncorhynchus kisutch) were exposed to sublethal csncentratisns sf Fraser River


suspended sediments (SS) in the laboratory. Csmparisons with other rivers indicated that Fraser River sediments


caused the lowest turbidity for a given SS value. Blssd sugar Bevels (y) were elevated and directly proportional


to SS exposure (x) accordingto y = 5.79 + 4.236~). Publishedbloodsugar datafor adult sockeyesalmon (0.werka) 

exposed to Fraser River SS were ire agreement with the linear relationship for underyearling coho. Cough fre-

quency was elevated approximately eightfold over control levels at 0.24 g SSeL-'. No increase in cough fre-

quency was observed at 0.02 g SS-L-'. Avoidancewas defined by movementto  the surface to escape higher SS


at depth. Mean avoidance (y) was related ts SS by y = 0.077 + 4.457(x) -  1 .547(x2) + 0.2026x3). Mean


avoidance was less than 5% up to the inflection point at 2.55 g SS-L-' but rose to approximately 25% at 7.0 g


SS-b-'. Laboratory results indicated that sublethal responses could be expected at naturally occurring SS levels


in the Fraser River.


Des saumons coho (Oncorhynchus kisutch) de moins dPun an ont 6te exposes en laboratoire 3 des concentrations


subl6tales de matieres en suspension (MS) du fleuve Fraser. Des comparaisons portant sur d'autres cours d'eau


ont montr6 que les matieres en suspension du fleuve Fraser 6taient celles donnant lieu 3 la plus faible turbidit6

i valeur 6gale. bes teneurs sanguines en sucre (y) etaient klevkes et directement proportionnelles a I'exposition


au MS (x); eiles s'exprirnaient par la formule y= 5'79 + 4,236~). Les donnkes publiees sur la teneur sanguine


en sucre de saumons rouges ( 0 .  nerka) exposks 2 des matieres en suspensiondu fleuve Fraser concordaient avec


la relation tin6aire determinke pour les cohos de moins d'un an. La frequence de la touw etait de huit fois supk-

rieure % ceile des tkmoins quand la concentrationde MS ataeignait 0,24 g-L- ' . Aucune augmentation de la toux


n'a cependant kt6 notee A la concentration de MS de 0,02 g-L - ' . Le cornpsrtement d'kviternent a kt4 d6fini

comme un dkplacement vers la surface effectuk afin d'kviter la plus forte concentration de MS en profondeur.


L'6viternent moyen (y)a 6t6 relik 21 la concentrationde MS par I'equation y = 0,077 + 4,457(x) -  1  ,54J/(x2) +


0,202(x3), L'kvitement moyen etait inf4rieksr 3 5% jusqu'au point d'inflexion, situk a 2,55 g MSsL-', mais atteign-

ait 25% environ 3 7'8 g MS-L- I. Les essais en laboratoire ont montre que les concentrations naturelles de MS


du fleuve Fraser pouvaient downer lieu a des r6actions subl4tales.
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he Fraser River is one o f the world's major salmon 

(Oncsahynchus sp.) producers (Northcote and Larkin 

1 989) and i t also carries a suspended sediment (SS) load 

which varies with season (Servizi and Gordon 1 989). While

much o f the Fraser River sediment originates from bank erosion 

in the upper reaches, some tributaries also contribute. I n addi- 

tion, anthropogenic activities may add SS directly or indirectly 

though alterations to the landscape. Juvenile salmon utilize 

habitat throughout the Frasersystemwhere they are exposedto

a range o f SS levels. Acute lethal toxicities for exposure to 

~ra s e r River SS have been reported for sockeye (b. nerka; 

Servizi and Martens 1 987), chinook (0 . tishawytscha; Servizi

and Godow 1 990), p ink (0 . gorbuscha; Servizi 1 990), and


coho salmon 60.ke'sutch) (Servizi a d  Martens 1 991 ).


both measuredon 1  1 5 samples andincluded data from an earlier

study (Servizi aead Mastens 1 991 ). A nephelsmetric turbidi-

meter (HF Instruments Ltd., model BRT 1 08) was used to

measure turbidities. Suspended solids were collected and meas-

ured according to Servizi and Martens (1 991 ).


Turbidity and SS o f Fraser River sediments were related by

the fo llowing equation (g < 0.81 , r = 0.952, d f = 1 1 3;


Fig. 1 ):


(1 ) T = 1 1 3(SS)O."'


where T is nephelornetric turbidity units (NTU) and SS is sus-

pended sediment (grams per litre). For various rivers i n Alaska,


L lo yd et a l. (1 98'7) reported that


The objective o f t h i s  study was to measure sublethal 

(2) T = o . ~ ~ ( s S ~ ~ ) ~ . ~ ~ ~ 

responses o f underyealing coho to Fraser River SS by using

tests for blood sugar9 cough frequency, and avoidance. 

(3) T = 1 . 1 03(SSmg)0.968


Materials m d  Methods 

where SSmg ismilligrams per  litre and T is NTU. The expres-

sion for Fraser River sediment given i n  milligrams per litre

becomes


Test sediment and particle size distribution were described


in  Servizi and Martens (1 98'7, 1 991 ). Turbidity and SS were (4) T = 8. %88(SSmg)0.g'6.


Can. J. Fish. Aqrrat. Sci.,  VoI. 49, 1992


C
an

. 
J.

 F
is

h
. 

A
q

u
at

. 
S

ci
. 

D
o

w
n

lo
ad

ed
 f

ro
m

 w
w

w
.n

rc
re

se
ar

ch
p

re
ss

.c
o

m
 b

y
 N

at
io

n
al

 M
ar

in
e 

M
am

m
al

 L
ab

 L
ib

 o
n

 0
6

/1
2

/1
7

F
o

r 
p

er
so

n
al

 u
se

 o
n

ly
. 

http://www.nrcresearchpress.com


0 2 4 6 8 10 $2

SUSPENDED SEDIMENT (9 0L -i)

FIG. 1. Relationship between turbidity and SS for Fra e r River sediments.


Sigle r e t d. (1984) re porte d 

(mod e l P23BB, Sta tham La bora tory) md  the n to a re cord e r


for wa te r d ose d with cla y. Compa rison among the se e qua tions 

ind ica te s tha t Fra se r Rive r se d ime nts use d in biologica l te sting 

ca use d the lowe st turbid ity for a give n SS va lue . 

Te st fish we re Chilliwa ck Rive r Ha tche ry coho re a re d from 

e ggs (Se rvizi a nd Ma rte ns 1991). Illumina tion d uring re a ring 

a nd te sting wa s via incid e nt d a ylight from north-, e a st-, a nd 


we st-fa cing wind ows. Fish we re re a re d a t 6-7.5°C a nd we re 


te ste d a t the re a ring tempe ra ture . Fish of simila r size , a s


d e scribe d be low, we re use d in e a ch te st. Fish we re re a re d on


Ore gon Moist Pe lle t (OMP) but we re not fe d within 24 h of


te sting. In a ll ca se s the e xpe rime nta l a re a  wa s scre e ne d to pre-

ve nt d isturba nce of fish d uring te sting.


Semm glucose wa s me a sure d in thre e groups of 10 coho (17.4

& 2.2 g, 11.9 & 0.5 cm) following 96 h of e xposure to two


conce ntra tions of SS a nd a se d ime nt-fre e control a t 6OC. Fish


we re confine d to cylind rica l ca ge s (30 x 8 cmhigh) suspe nd e d 


8 e m be low the sud a ce  in 217-L conica l te st ve sse ls. Sample s


weye d rawn twice d a ily a t the top of ca ge s for me a sureme nts 

of SS. At 96 h the ca ge s we re quickly tra nsfe rre d one a t a time 

to at8 a na e sthe tic ba th (Zphe nsxye thmol, 0.5 g*E -  I ) . Blood 

wa s colle cte d  in micro semm se pa ra tors imme d ia te ly following 

se ve ra nce of the ca ud a l pe d uncle . Semm glucose wa s me a sure d 

by the he xokina se e nzyma tic proce d ure (Anonymous 1974). 

A tota l of 93 coho (20.1 2 5.5 g, 12.3 + 1.1 cm) we re 

e xpose d to four SS conce ntra tions a nd a control for me a sure- 

ments of cough fre que ncy a t 6OC. The numbe rs te ste d a t e a ch 

conce ntra tion we re porte d in Ta ble 1. Fish we re confine d to 

ind ivid ua l ca ge s (15 x 3 x 4 cm) subme rge d a t a d e pth of 

8 cm in 35-L te st ve sse ls (Se rvizi a nd Ma rte ns 1991) d uring 

me a sureme nts of cough fre que ncy. Sample s for SS we re col- 

le cte d twice d a ily a t the top of ca ge s. 

Coughs we re monitore d using a bucca l ca nnula (Sa und e rs 

1961 ) conne cte d via polye thyle ne tubing (Cla y-Ad ams PE60 

Intra rne d ic) to one of two physiologicd  pre ssure tra nsd uce rs 

(mod e l 32 1, Sa nbom dua l-cha nne l ca rrie r amplifie r). Fish we re 


monitore d by a tta ching the fre e  e nd of the polye thyle ne tubing


to one of the two trmsd uce rs, re cord ing, d isconne cting, a nd 


conne cting the ne xt spe cime n in turn. Ge ne ra lly, fish we re ha n-

d le d in groups of four in the following way. Four fre shly ca n-

nula te d  fish we re pla ce d in ca ge s a nd re ste d for 18 h in


se d ime nt-fre e wa te r, when ba se line ve ntila tion me a sureme nts


we re ma d e . Two of the se fish we re tra nsfe rre d in the ir ca ge s,

subme rge d in a ba sin of wa te r, to a SS conce ntra tion whe re 


the y re ste d until ve ntila tion me a sureme nts we re ma d e , while 


two fish se rve d a s controls. Control ca ge s we re lifte d , a lso sub-

me rge d in a ba sin of wa te r, a nd re pla ce d to simula te  tra nsfe r.


Ve ntila tion ra te s we re me a sure d a fte r tra nsfe r (re a l a nd simu-

la te d ) a ccord ing to the sche d ule  in Ta ble  1. For e a ch fish, the 


ba se line a nd e xpe rime nta l me a sureme nts we re ma d e on the 


s m e  tra nsd uce r a nd the same re cord e r cha nne l. Following


tra nsfe r in the ir ca ge s, fish we re a llowe d to re st for a pproxi-

ma te ly l h be fore ba se line or e xpe rime nta l ve ntila tion wa s


me a sure d . On the a ve ra ge , ve ntila tion wa s me a sure d for

a pproxima te ly B 1 min a nd wa s a bout e qua lly d ivid e d be twe e n


ba se line a nd e xpe rime nta l cond itions. Coughs we re id e ntifie d 


a s promine nt spike s among uniform pre ssure re cord ings of ve n-

tila tion (Scha mburg e t a l. 1967). Ela pse d time be twe e n


coughs wa s use d to ca lcula te  cough fre que ncie s.


Avoid a nce te sts use d 30 fish (1.0 + 0.1 g) in e a ch 35-L te st


ve sse l (Se rvizi a nd Ma rte ns 1991). Avoid a nce wa s ba se d upon


the te nd e ncy of coho to swim a t the surfa ce to a void highe r SS

a t d e pth. Twe nty-five SS conce ntra tions a nd five controls we re 


te ste d a t 7OC. The same ope ra tor ma d e a ll obse rva tions but only


a fte r se ve ra l d a ys of pra ctise to a ssure obje ctivity. Obse rva tions


commence d within 10 min of tra nsfe rring fish to te st ve sse ls


a nd continue d for 96 h. The  obse rve r looke d a t the wa te r sur-

fa ce a nd imme d ia te ly counte d a ll the  fish se e n. Owing to tur-

bid ity, only fish within a pproxima te ly 1  crn of the surfa ce could 


be se e n in e xpe rime nta l ve sse ls. In controls, the obse rve r
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TABLE 1. Me a n cough fre que ncie s (se , maximum) sf und e rye a ling coho prior to a nd d uring e xposure  to Fra se r Rive r SS. Me a ns followe d by


the same  le tte r a re  not significa ntly d iffe re nt.


SS e xposure

Ba se line SS Turbid ity 1 h 24 h


Group No. coughsmin- ' (g.J-- (NTUIa (coughs-min- ') (coughs-fa nin -  '1


Ta Icula te d  from e qua tion 1.

counte d  only fish within a pproxima te ly 1 cm of the surfa ce . 

Fifty obse rva tions we re  ma d e of e a ch te st ve sse l a t a pproxi- 

ma te ly e qua lly spa ce d inte rva lsd uringe a ch 7 .5 h working d a y. 

The proportion of fish a t the surfa ce  wa s ca lcula te d  for e a ch 

obse rva tion and the me a n ca lcula te d  for the 200 obse rva tions 

ma d e a t e a ch conce ntra tion. All 6088 obse rva tions we re  use d 

to ca lcula te  a na lysis of va ria nce a nd 95% confid e nce inte rva ls. 

Sample s for SS me a sureme nts we re colle cte d  twice d a ily a t 

8 cm d e pth. Two hund re d  a nd forty SS me a sureme nts we re 

ma d e d uring a void a nce  te sting and the se  we re use d to ca lcula te 


95% confid e nce  inte rva ls for SS. A suspe nd e d  solid s gra d ie nt


was ba se d upon 199 me a sureme nts a t d e pths from 2 to 25 crn 

in id e ntica l te st ve sse ls without fish pre se nt. 

Tempe ra ture s in te st ve sse ls we re ma inta ine d  by wa te r ba th 

a nd we re me a sure d  d a ily. Dissolve d  oxyge n e xce e d e d  90% sf 

sa tura tion in a ll ca se s. Wa te r from Cultus Lake wa s use d for 

re a ring a nd for d ilution wa te r (Se rvizi and Ma rte ns 1991). 

Ana lysis of va ria nce wa s compute d  by the GLM proce d ure  

(SAS Institute  Inc. 1985).We compa re dme a ns using Dunca n's 

multiple  ra nge te st (SAS Institute  Inc. 1985) and the Tuke y- 

Ga me r te st (Soka l a nd Wohlf 1981) . 

Results 

Me an blood suga r of und e rye a ling coho was e le va te d  a bove 


control le ve ls following 96 h of e xposure  to SS (Fig. 2). Me a n


glucose  le ve ls a t 0, 0.53, a nd 1.36 g SSsL- we re  not sta tis-

tica lly d iffe re nt by ANBVA (GLM) but the  re gre ssion be twe e n


glucose  6,  millimole s pe r litre ) a nd SS (x, grams pe r litre ) was


significa nt (41 < 0.05, r = 0.384, df = 27):


Cough fre que ncie s we re  me a sure d  for ca nnula te d  coho in the 

four e xposure  groups a nd the control be fore a nd d uring SS

e xposure  (Ta ble  1). Prior to SS e xposure , me a n cough fre -

que ncie sra nge d  from0 .09 to 0.27 cough-min -  ' but the re we re 

no sta tistica ld iffe re nce s amongthe groups. The weighte d me a n 

wa s 0.15 coughamin- '. Nine ty pe rce nt of the fish ha d a ba se- 

line cough ra te  of 0.50.mins' or le ss. The me a n cough fre - 

que ncy sf Group A (control) wa s uncha nge d a fte r 24 h a s was 

tha t of the  0.02 g SS-L - ' e xposure  group (B). Howe ve r, a fte r 

24 h of e xposure  to 8.24 g SS-L-' or more , me a n cough fre - 

que ncie s we re e le va te d  a bove control va lue s (ANBVA, GLM, 

p < 0.05). In a d d ition, cough fre que ncie s incre a se d  with SS 

conce ntra tion to a ma ximum obse rve d  va lue of 13.20.min- ' 

me a sure d in 6.78 g SS-L - ' . One hour a fte r e xposure  to 2.46 g 

SSeL- ' , me a n cough fre que ncy was significa ntly incre a se d  

to 5.31.minP ' but d e cline d  to 3.32.min- h t  24 h (t-te st, 

p < 0.05). 

m e n  coho we re ke pt in cle a r wa te r without confineme nt to


a pa rticula r d e pth, the y usua lly schoole d just a bove the scre e n


(20 cm d e pth) and we re se ld om se e n a t the surfa ce . Howe ve r,


whe n coho we re e xpose d  to SS in te st ve sse ls, the ir norma l


be ha viour wa s a lte re d  within minute s a nd some fish swam a t


the surfa ce  a t inte rva ls a ppa re ntly to ta ke  a d va nta ge  of lowe r


SS. Evid e nce sf a SS gra d ie nt wa s confirme d by me a sure -

me nts. Qua d ra tic re gre ssion of the d a ta  yie ld e d  e qua tion 7


(41 < 0.01, r = 0.693, df = 196):


whe re y is pe rce nt of SS a t the surfa ce  a nd x is d e pth (ce nti-

me tre s). For e xample , a ccord ing to e qua tion 7, SS a t 18 cm


d e pth is e stima te d  to be 140% of the va lue  a t the surfa ce . Typ-

ica lly, fish could  only be se e n in the turbid wa te rs when the ir


ba cks we re  within a pproxima te ly 1 cm of the surfa ce . The fish


a void e d the je t of re circula te d  wa te r in e xposure  ve sse ls md

se le cte d  e d d ie s a t e ithe r sid e  of the je t. The  fish which could 


be se e n we re ofte n within 1 cm of e a ch othe r. The re  wa s no


e vid e nce  of a cute  oxyge n d e priva tion, such a s gulping, among


fish obse rve d  a t the  surfa ce . We inte rpre t swimming a t the  sur-

fa ce  in turbid wa te r a s d emonstra ting a void a nce  of highe r SS

a t d e pth. Close  obse rva tion ind ica te d  tha t ind ivid ua l fish d id 


not sta y a t the surfa ce  consta ntly, but a ppe a re d  a t the surfa ce 


for minute s a nd the n subme rge d . As one fish subme rge d ,


a nothe r would ofte n surfa ce  a t a d iffe re nt point. Pe rce nt a void-

a nce wa s ca lcula te d  for e a ch obse rva tion and ANOVA (GLM)


of a ll a void a nce  a nd SS d a ta  yie ld e d  p < 0.005, confirming


tha t significa nt d iffe re nce s e xist be twe e n me a ns. Line a r a nd


third -ord e r polynomia l re gre ssions yie ld e d  r va lue s of 0.940

a nd 0.966, re spe ctive ly. In a d d ition, visua l compa rison con-

firme d tha t the  

ga ve  a be tte r fit to the d a ta  (Fig. 3).


Accord ingly, we conclud e d  tha t a void a nce  wa s re pre se nte d  by


e qua tion 8 (41 < 0.01, r = 0.966, d f = 28):


whe re y is pe rce nt a void a nce  a nd x is grams SS pe r litre  me a s-

ure d a t 8 cm d e pth. Figure 3 sugge sts low-le ve l a void a nce  to


the infle ctionpoint (d e fine d  by d2yldX2 = 0) a t 2.55 g SS-L-'

(NTU = 2'70). For SS beyond this va lue , the  slope of the curve 


(dyldx) incre a se d  ste a d ily, pa ssing though 1:1 a t 3.45 g


SS-L- I , a nd a void a nce  rise s to a bout 25% a t 7.0 g SS-L-'.

Equa tion 8 pre d icts a 96-h EC50 for a void a nce  a t 8.5 g SSoL-'


(EC50; me dia n e ffe ctive conce ntra tion ca using a re sponse for


50% of fish). The nmow 95% confid e nce inte rva ls for SS in


Fig. 3 ind ica te low tempora l va ria bility of e xposure cond itions.


Confid e nce inte rva ls for SS ra nge d  from 0.01 to 0.50 g.L-'

a nd a re  typica l for a ll the  e xpe rime ntsre porte d  he re in a nd com-

pa re fa voura bly with SS d a ta  pre viously re porte d  for this a ppa -

ra tus and me thod ology (Se rvizi a nd Ma rte ns 1991).
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SOCKEYE

O 25.4 48.3 70.4 9f.9 113.0 133.8 154.4 174.7 $94.9

TURBIDITY (NTU)

FIG. 2. Responses sf b1md sugar to SS exposure for bmdergrearling coho (this study) a nd adult sockeye

(fmm Sewizi a nd Martens 1987).

Discussion 

Incre a se d blood suga r wa s one sf the re sponse s of und e r- 

ye a rling coho to SS. Simila r incre a se s in blood suga r we re 

re porte d for a d ult socke ye e xpose d  to Fra se r Rive r SS for 9 a nd 

15 d  (Sehvizi a  d   Ma rte ns 1987) a t tempe ra ture s in the ra nge 

7.5-14.5"C (Fig. 2). Mean blood suga r le ve ls for socke ye 

e xpose d to 1 -53 a nd 1.. 63 g SSsL- ' were d iffe re nt from those  

a t 0.55 a nd 8.46 g SS *L- ' and from controls (ANOVA, GLM, 

p < 0-05) and re gre ssion yie ld e d e qua tion 9 @ < 0 -0 1 , r -- 

0.689, df = 59): 

Equa tion 9 d iffe rs only slightly h m  equa tion 6 (coho blood


suga r) and for most purpose s the y could be consid e re d  e qud .

Me an glucose  le ve ls we re not sta tistica lly d iffe re nt for coho


e xpose d to SS but the  re gre ssion wa s significa nt (p < 0.05).


Sokd  a nd Rohlf (1981) note d h a t the re gre ssion te st is more


powe rful tha n ANOVA md a  significa nt re gre ssion is some- 

time s found when me a ns cha nge  only slightly, a s is the ca se  

for coho me an bwd  suga r. Ele va tion of blood suga r is cite d  a s 

a  se cond a ry stre ss ind ica tor (We d eme ye r e t a l. 1984). Mcb a y 

e t d .  (1987)re porte d incre a se s in blood suga r a nd blood suga r 

va ria nce mong Arctic gra yling (Thymllus arcticus) e xpose d 

to SS for 24 a nd 96 h but no ma thema tica l re la tionship wa s 

obta ine d , since  incre a se s we re highly va ria ble . The se a uthors 

conclud e d tha t the  24-h EC50 wa s le ss than 0.05 g-Lsa  for 

orga nic se d iment (pla ce r mining 'ove rburd e n" ) . Accord ing to 

e qua tion 6, 0.05 g Fra se r Rive r SSa L-I would e licit only a 

3.6% incre a se  in mean pla sma glucose  a fte r 96 h. This cha nge 

would not be  d e te cta ble  from control va lue s. An incre a se  in 

blood suga r va ria nce  among groups of sa lmonid s wa s a lso con- 

sid e re d a stre ss re sponse  (We d eme ye r and Mcb a y 1981). It is 

noteworthy tha t va ria nce , in the  form of sta nd a rd  e rror, 

incre a se d with SS for coho a nd socke ye (Fig. 2). For und e r- 

ye a rling coho, va ria nce wa s notice a bly incre a se d  a t the 0.52 g


SS.Ls ' e xposure  Bevel. This va lue is a 17% incre a se  ove r the


ba se line a nd is 2.4% of the  96-h LC50 for coho in Frme r Rive r


SS a t 6°C (Sehvizi a nd Ma-te ns 1991). Re d d ing e t a l. (1987)


use d cortisol le ve ls to d e te ct prima ry stre ss re sponse s mong

ye a rling coho e xpose d to suspe nd e d topsoil in the  0 .3 4 .6 a nd


2.0-4 .0 g -L- ' ra nge s. Although cortisol le ve ls we re initia lly


e le va te d five fold , the y d e cre a se d within 96 h, ind ica tingphys-

iologica l compe nsa tion.


'The fore going c om p~s o n s ind ica te tha t blood suga rconsist-

e ntly re spond s to the stre ss ind uce d by suble tha l SS e xposure .


For the stud y re porte d he re in the re la tionship be twe e n blood 


suga r and Fra se r Rive r SS is line a r up to 1 -4 g-~-' . Howe ve r,


beyond this ra nge , blood suga r may rise  fa ste r tha n line a r until


toxic a ctions impa ir this re sponse . This spe cula tionis ba se d on


our a na lysisof publishe d d a ta  (McLe a y e t a l. 1983)which ind i-

ca te s tha t blood suga r (y, millimole s pe r litre ) and the toxic


substa nce  pe nta chlorophe nol (x, micrograms pe r litre ) a re 


re la te d  e xpone ntia lly (y = 3.73e 0.0LMx) ove r a %-fold ra nge 


for Arctic gra yling.


Re sponse to a stre ssor is d e pe nd e nt on e nvirome ntd  fa ctors


such a s d ura tionof e xposure a nd tempe ra ture . Blood suga r vd -

ue s re spond e d e qua lly for und e rye a rling coho a nd a d ult sock-

e ye  e xpose d to Fra se r Rive r SS but e xposure  time s a nd 


tempe ra ture s d iffe re d  for the two spe cie s. Furthe more , a d ult


socke yewe re und e rgoingphysiologica lcha nge s a ssocia te d  with


ma tura tion. Give n the se d iffe re nce s, the  ne a rly id e ntica l e qua -

tions for und e rye a rling coho md  a d ult socke ye  re sponse s may


be coincid e nce .Furthe rte sting would be re quire d to re solve  the 


que stion of coincid e nce .


The maximum cough fre que ncy obse rve d  for coho e xpose d 


to SS was 13 .20~nin-' (Ta ble  1). This maximum is slightly


le ss than the  15-20 coughamin- maximum e stima te d for ra in-

bow trout (0.mykiss), no ma tte r wha t the  e xte nt of stimulus
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FIG. 3. A voidance of SS by underyearling coho calculated from the percentage of the population


observed at the surface during 96 h.

(Ba ssand He a th 1977). Me an cough fre que ncy was le ss a t 24 h 

tha n a t 1 h d uring e xposure  to 2.46 g SS.Ls ' . This re sult is 

consiste nt with re ports of an ove rnight d e cre a se  following an 

initia l rise in cough fre que ncy d uring e xposure  to a stre ssor. 

Spe cifica lly, cough fre que ncie s d e cre a se d for socke ye (Da vis 

1973) and ra inbow trout (Wa ld e n e t a l. 1970) a fte r ove rnight 

e xposure to ble a che d ha ft mill e fflue nts. 

Incre a se d cough fre que ncy ha s be e n re porte d forfish e xpose d 

to va rious chemica ls (He a th 1987)and e fflue nts (Wa ld e n e t a l. 

1970; Da vis 1973)but the re  a re limite d  obse rva tionsfor e xpo- 

sure  to SS. Cough re fle x is the me cha nism by which fish e xpe l 

fore ignma tte r from gills (Fry 1957). B m s  (1969)re porte d tha t 

socke ye  a le vins use d the cough re fle x to ccla r bucca l ca vitie s 

of suspe nd e d pa rticle s. Ma cLe od and Smith (1966) ma d e an 

e a rly a ttempt to qua ntify cough re fle x when they ma d e visua l 

counts to ca lcula te  cough fre que ncie s for fa the a d  minnows 

(Pime pkle s prome la s) e xpose d to pulp fibe rs. The y re porte d 

tha t coughing wa s e le va te d  within minute s following e xposure  

to 25 ppm pulp fibe rs. In our te sts, 0.02 g SS-L- (20 ppm) 

did not ca use  a n incre a se  in cough fre que ncy a t 24 h (Ta ble 1). 

The d iffe re nce  in re sponse  may be re la te d  to the na ture of the  

suspe nd e d pa rticle s and spe cie s d iffe re nce s. Visua l counts of 

6'gill fla ring9' ind ica te d tha t cough fre que ncy wa s significa ntly 

e le va te d  when und e rye a rling coho were e xpose d to SS (gra ve l 

pit fine s, la rge ly 0.024.86 m ) for 1 4 8  h a t 30 NTU (Be rg 

and Northcote 1985). More than 90% of pa rticle s in Fra se r 

Rive r SS were 0.05 rnm and sma lle r, ba se d upon ge ome tric 

me an d iame te r (Se rvizi a nd  Ma rte ns 1987, 1991).A turbid ity 

of 30 NTU is e quiva le nt to a bout 0.24 g Fra se r Rive r SS -Ls ' 

(e qua tion I), which ca use d a  significa nt incre a se  in cough fre - 

que ncy a t 24 h. The se re sults a re supportive  of a thre shold 

be twe e n 3 a nd 30 NTU for e le va tion of cough fre que ncy. 

Although swimming a t the surfa ce  ha s be e n re porte d d uring 

e xposure to SS for Arctic gra yling (McLe a y e t a l. 1987) and 

und e rye a rling socke ye (Se rvizi a nd Ma rte ns 198'7), our re sults


a re the first a ttempts to qua ntify this be ha viour. The te nd e ncy


of coho in control ve sse ls wa s to remain subme rge d se ve ra l


ce ntime tre s be low the surfa ce . Le ss tha n 1% of the  fish we re


obse rve d a t the surfa ce  ira cle a n wa te r. At SLF, e xce e d ing


0.3 g-L- (39 NTU), coho e xhibite d  first signs of a void a nce 


be ha viour in the ve rtica l pla ne . This point is 1.3% of the  96-h


LC50 (Se rvizi and Ma rte ns 1991) and is close  to 0.24 g


SS-L-', a t which significa nt e le va tion of cough fre que ncy


wcune d . Thus, a void a ncemay be a re sponse to the  stre ss a sso-

cia te d with incre a se d cough fre que ncy. Me an a void a nce  wa s


le ss tha n 5% up to the  infle ction point a t 2.55 g.L-' (NTU =


269)0 Continuous incre a se  in the slope  of the  a void a nce  curve 


a s SS incre a se  be yond the infle ction point (Fig. 3) may be a n


ind ica tion tha t the  ne e d for re lie f from SS stre ss incre a singly


ove rcome s the pre fe re nce  to sta y subme rge d . Ea ch time coho


swim ne a r the  surfa ce  in a na tura l se tting the re  is risk of a via n


pre d a tion (Pe te rson 1982).If the  be ha viourobse rve d in the  la b-

ora tory occurre d  in na ture , a via n pre d a tion may ca use  a  sig-

nifica nt loss.


Re ports of sdmonid  a void a nce  be ha viour in the horizonta l


pla ne ca n be compa re d with the  thre e  suble tha l re sponse s


obse rve d he re in. Sigle r e t a l. (1984) re porte d  emigra tion of


juve nile coho a nd ste e lhe a d (0.mykiss) from re a ring cha nne ls


conta ining 1 1 4 9 NTU. The se a uthors sugge ste d tha t this emi-

gra tion wa s e vid e nce tha t turbid ity was stre ssfulto the  fish. We


e stima te d  tha t the thre shold  for a void a nce  in the  ve rtica l pla ne 


was 37 'NTU. Our re sults for e le va tion of blood suga rs, cough


ra te , and a void a nce  re sponse  support the  conte ntion by Sigle r


e t a l. (1984) tha t turbid ity wa s stre ssful in the  ra nge  11-49


NTU. Bisson and Bilby (1982) re porte d a  13% d e cre a se  (gB <


0.05) in numbe rs of na ive coho in the turbid sid e  of a horizonta l


trough a t 70 'NTU. On the othe r ha nd , in the ve rtica l pla ne ,


me a n a void a nce  was only 2% a t 70 NTU (Fig. 3). This com-
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