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INTRODUCTORY CONkIEMTS 

There 1s clear evidence that  Atlantic salmon 
rjvers 'in parts of the Marftimes have been and are 
bei ng affected by increased aci diflcat 'ios of 
prec?:p"itadlan. Thc  rccenz stalemate i n  bi lateral  
negot ia t ions between Canada and the U.S., however, 
emphasizes the necessaty for better  documentation of 
the 1 i nk  between acidic precipitation and i t s  
aeleterious effecrs on salmon populations. 

The Westf ie ld  River project, as originally 
conceived, was designed t o  answer three questions: 
I )  How are mi  gratory fishes, particularly AtlantIc 
salmon, affected by low pH atvsarf oias stages of 
thefr  l i f e  cycles? 2) Mod js f i sh  production in 
these streams altered when these species disappear? 
a n d  3 )  What f s  the source of acidity t h a t f s  
responsible for the decrease in pH i n  these rivers? 
The Westfleid River was chosen because I t s  pH regime 
(annual man ca. 5-11 was &ought to be near the 
minimum tolerable for salmon m~roduct ian ,  There 
were some electrofishlng data obtained 95 yr  ago, 
Indicating that  i t  was one o f  the m r e  praductSve 
survey areas i n  the Medriay system a t  that  tfmc?; and 
i t  was o f  suftable slze For mnitorfng Fish 
movements. 

Fisheries research on the Westf Jeld Rl'ver was 
begun in the fa1 I of 1980, preceddng $mplernentatJon 
of the Departmental acid r a l n  program, when salmon 
eggs were planted In a r t i f  Scial redds I n  the 
Uestffelb (and several other streams) t o  determine 
t h e  in f luence o f  lche chemistry of wdd in te r s t i t i a l  
water on survival of eggs and fry. 

Due t o  the inevitable delays f n  hiring 
personnel, construction of f l e l d  equfpment, 
procuring lodging, etc . ,  t h e  P u l l  -scale f leld 
program was not begun unt? ' i  August o f  1981 with the 
I nstal l a t l s n  c f  caunti  ng fences, d l  scharge gauging 
steP4'ons, and the in i t ia t ion  o f  f i sh ,  invertebrate 
and periphyton sampling programs. The Field program 
$as thus been i n  F u l l  operatfan for 20 mo with only 
one complete f ie ld  season of data  collecrion (1982) 
accomplished, Permanent f i e l d  equipment now includes 
wet precipitation s a ~ p l i n g  equipment a t  three s i t e s  
i n  the Westfield drainage basin, discharge gauging 
stat ions on t k e  Mestfield and i t s  two main 
t r ibutar ies ,  and two coi in t i  ng Fences (operational 
From Apri 1 -December 1 s i tusted a t  the two  boundaries 
of the 4-km stretch o f  study area, and a stream-side 
t ra f  l e r  s u p p l  led w i t h  electrr"cfLy and a source of 
Nestfield River water for sstream-sl" de experimental 
set-ups, Precipitation and stream water chemistry of 
the Mestfield and the two t r ibutar ies  are wni tore  
on a weekly basis wieh mre Frequent sanrplling during 
the study of specific prectpltation episodes. The 
past winter was mild  enough that  mnthly assessment 
o f  F i s h  popu la t ions  colaid be made by electrofishfng. 

XI; additron t o  the f ield program, a nu&er of 
l aboratory projects were -i nl ti ated to p r o v i d e  some 
backup ioforsnation to  the f ie ld  program- These 
projects included studies on the Influence of low pH 
on the  sml t i f i ca t ion  process, on egg, alevin and 
f ry  deev lopwnt ,  on sexual iiklturatinrr and s t e r o i d  
production of At lan t ic  salmon adults, and on 
terr%" to r i a l  and feeding behavior of salmon paw.  

Findings oh the fs 'eld studies to date are: 
1 )  Survival of salmon eggs and fry i n  the Uestfl'eld 
system I s  inversely correlated with pK of the ~ d d  

in t e r s t i t i a l  vialev. 2 1 Stream-side er;;rerimnts have 
demonstrated very h i g h  Ica. 70%) mortal i ty  of newly 
Feeding f ry  iin tiestfield Rjver water, and t h a t  this  
mor"eall"cj, could k eliminated by r a i s i n g  the river 
water t o  a pH of 6,0 by passing i t  through 
limestone. 31 Possibly as a result of this 
f ncrcased m r t a l  i t y ,  densities of year1 gng salmon a n  
the Westfield are extremly low (migration of fry 
From the s t u Q  areas Is an a1 t e rna te  possibil i ty) .  
4) Mature a d u l t  salmon returned t o  the Westfleld 
River in 9982 i n  very low numbers, w i t h  mst  of the 
run 170%) consf st ing o f s t r a y s  from the salmon 
erthancewnt program initlared f u r t h e r  upstream on 
the main  Medway, 51 Nubers and blomasses of other 
migratory species lalewffe and eel) utl ' lizing, or 
mig ra t ing  t h r o u g h  the study area nave also ken  
est$ma"sd for one year, the eel population 
comprisdng most of the Fish biomass l'n the study 
area* 

The 'laboratory stud1 es have dermnstrated t h a t  
1) pH leue?s witkfn ranges encountered i n  the 
Westfield drainage can &crease ion uptake and water 
uptake dur ing harden3 rig i n  Atlantic salmon alevi ns 
and Fry, 2) Steroid prrsductIon or release is 
"inrpaired i n  male salmon durlng residence I n  the 
Westfleld, possibly msultfng i n  &creased egg 
Pert i l  ization, 3) Sm1Lr"ficatl"an i s  i q a i r e d  
resulting i n  reduced ionfc regulation and sal l n-i ry 
"colerarrce. 41 Na"chfng can be &Qyed a t  low pH due 
t o  lnhibitfon o f  the h a t c h f n g  enzyme and changes in 
egg capsule structure. 

Several o f  the pas"isLudies a the sm181 Flcakacsn, 
early developrarernlal and %"cream behabitor s"curlies5 are 
i n  the final stages of InvestIgatlon and are 
scheduled to terminate i n  2983-84, 

Me feel that  i t  i s  important to  eontlnue the 
studies in i t ia ted  on t h e  f i sh  popula t ions  o f  the 
Westflef d RIver as less t h a n  2 y r  o f  research effor t  
have been expended to  date, while 4 y r  are requfred 
just t o  conitor the salmon populat-ion through one 
generatfan* The Wes"ifle1d acid ra in  study i s  a l s o  
of strategic importance as the findings i n  t h i s  
stu* w i l l  complewnt those o f  the nearby Kejimkujik 
Caldbrated Hatershed Study, The Mestfield / s  a 
tr ibutary o f  t he  M"reay Fa4 ver and the f i n d l n g s  wlll 
also  be sf use t o  mnagewnt o f  the Mebway salmon 
enhancemni program as it provides -information on 
movemnts o f  salwn studied I n  th is  program which 
return t o  the Hestflelci, and on the likelihood of  
enhancewnt success i n  four tr ibutaries of the 
Medvrw = 

The ensuing proceedings of the second Westfield 
Workshop & t a l l  the findlrags of the varlous studies 
fo r  1982, 

R .  M, Cook 
Fisheries and Env i  ranmental Sct ences 
A p r i l  15, 1983, 
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ABSTRACT 

T h e  chemical composi-t-ion OF pre~dpi la t ion  dnd o f  water fron stu@ streams i n  tile M e s t f i e l d  River drainage 
and the ecaloglcal stueres o f  f i s h  populations conducted r n  these streams dlarlng 1982 are siimarized. The 
Westf jeld River had a man annual pH oaf 4-8; tributary streams bad man annual pH's s(6, Nature aduR tsalmov 
returned to the Westfield R-iver i n  very low numke..rs, w f t h  m s t  o f  the rwn bca. 70%)  consisting of strays from 
the salmon enhancement program i n f t i a t e d  on the fdedway R l ve r .  Fossibly as a result of  increased mrtal i ty ,  
densi"Les of yearl ing salmon i n  the Weestfieid R i v e r  were extremely low; no juvenile salmon were found i n  the 
more ac fd  t r i bu ta ry  streanis. Observed df-fferences i n  growth of ;uuenlle salmsn f a  streams o f  different pH 
could be explained as density-dependm e f f e c t s -  Successful errergence of salmon fry f rom natural  redds was 
confl  rmed, However, streamside experirwnls demnstrated very h i g h  (c i te 70%) mrtal f ty of newly feeding salmon 
F y i n  the Westfield River water and thls mrtality could be el fro1 nated by rg1s"ig the river water t o  pH H6,0 
by pdssr"r;g -it through limestone. 

R ~ S U M ~  

Ce q u r  sule est  un r6stiG de l a  eomposltfon chinrfquc? &s pr6cr"plta"cl"ons e t  & 1 k a u  de ctaurs dkeav au 
hassin hydrographique de l a  r4vi8ra Yestfield, afnsl" que des Qtlsaels Scolag?ques aea popiilatfons de poissans 
mendes dans ces ciiurs d k e a  en 1982, l a ;  pH annuemyen  & la  rivd5re Westf ield est & 4,B; eaux des 
trlbu"cal'res sont inf6rleurs ii 4,6, Les saumons adulteas matures ne retournen% B l a  rlv1Pr-e kiestfl'eld qukn  
t r e s  petfit nohre, l a  plupari; des remontes i e a  70%) Ctdnt e s  vagabonds en provenance dia program@ de 
revahorisation du saumon entrepris SUP l a  rivl"Bre I4edwa.y. La d e n s f J  des saumons d ' u p  an dam la rtvf5y.e 
Westf ie1 d e s t  extrlmement Fat ble, pass-iblemnl 1 cause & fortes mortal l dBs ;  auciane saumoneact n % at6  trouv6 
dans 1es tributa'lres, plus acfdes. Les dfffgrenees de erialssance observies cnen les jeernes saumns dens h s  
COUP"% d 'eau de pH eli'ffirents paurralent peiat-Stre sieexpi"fquer epm terms de dgpendanea & la densi"t6. On a pu 
conflmer Ici s u c c ~ s  de 'I "mergence des alevlnns & sauman des fraysres naturrlles. Cepcndarrt, des expGrl'ences 
menees sur l e  terraln o n t  dGmontr6 de trDs fortes (ca 70%) mssrtals"t6s dhalevins gu";eamni;aient 5 se nourrir 
dans I keau de la rlvfsre Westfield. Ces mrtalSt6s paurraient  &$re 61 fmln6es % 6levant Ve pH de 7 k e u  Q l a  
ririSre i 6,0, en la  f a i s a n t  passer 2 travers du calcaire. 



A. PRECKPITATION WD STREAM H T E R  CHEMISTRY 

Between November 1981, and October 1882, the 
to ta l  precipitation ( ra in  and snow) in the Westfief d 
drainage was 1449 m. The wettest months were 
November, December, April and dune. For the saw 
period, b u l k  precipftation I n  the Westfteld dralnage 
had an annual man pH of 4,78. Idai was the dominant 
cation and  C1-  was the dominant anion present, an 
i ndicauon of the marine influence on precipitation 
(Table 11, Other dominant ions were: H' for 
catlons and S04= POP anions, The pH of  bulk precip- 
i ta t ion  f l u ~ t u a t e d  throughout the year b u t  was 
lowest i n  November and March (F ig ,  I f  . 

I n  the Westfleld River, the majar decrease in 
pH recorded I n  the f a l l  and winter of 1381 d i d  not 
occur f n  1982. The total  imnthly precipftation was 
always less  than 100 m during the f a l l  of the 
i a t t e r ,  Instead, the river pH gradual ly increased 
From a tow o f  4.5 i n  March to a nraxl'mum of 5,3 r'n 
October (F'ig* 11. The three streams mnftored In 
the Westfield drainage were dominated by Na' and C 1 -  
ions (Table 2). Both H' and S04" were highest in 
the heaha te r  streams (Round Lake Brook and Moose 
P i t  Brook o f  the Westfiel d River, and the annual 
mean pH was less than 4-6 i s  b o t h  brooks. The 
average pH of the Westf iel d R l  ver was approximately 
equal to that  of precipitation. The wan concentra- 
t ions of Cai+ and ~g'' were relat ively higher in a1 f 
three stream2 than In the atmospheric inputs. NH~', 
NOS" and PQq- concentrations were extremly low i n  
the three streams, usually less  than 0.01 mg L - ~ ~  

The highest A l  concentrations were found i n  the 
Sow pH heaciwater streams IFdg. 2 1, Fe concentration 
was hignest i n  Moose P l h  Brook, a low order stream 
wi th  a h igh  organic content and a drainage coinprised 
o f  bogs. Both other streams have headwater lakes 
w h i c h  are likely to have a dampening e f f e c t  on 
outputs. Temporal varlatlons In A1 and Fe concen- 
t ra t ions  are apparently related Lo streamflow; 
concentrations were usually highest during periods 
of low flow such as from July to October, 

A 1  i n  a11 three streams likely or %curs as 
non-labile, organically complexed A l  s'nce concen- 
t ra t ions  o f  humates were high: 9 mg L-1 in the 
Mestfield R i  e r ,  11 irg L-I in Round Lake Brook, 
and 20 rng L-i in Moose Pi t  3rooX. 

8. ECOLOGY OF FISH POPULATIONS 

l i  Estimated numbers o f  migrating fishes 

Weirs for counting migrating fishes were 
operated a t  the boundaries of the Westfieid River 
study s'ite Prom Apr-i P t o  D cember during 1982, 
Water flow was low ( 4 1 0  rn5s-l) throughout this 
perfod.. 

Extremely low water level from mjd-July to 
November effectively prevented Atlantic salc10n from 
migraljng "E the herrkaters of the 2estfield River 
t o  spawn. A total  of Five salmon ( a l l  of hatchery 
orfgin] and 34 gr i l se  (23 o f  which were of hatchery 
origin) migrated t o  and past the study area; a71 b u t  
three of these Pjsh were counted I n  la te  June-early 
July, However, same salmon succeeded i n  migrating t o  
the lower stretches o f  the  Westfield River to spawn 
d u r i n g  November; a t  least  30 redds were completed 
there by salmon, 

Low water i n  the Westfield River, however, d i d  
not preclude alewlves from migrating to the head- 
waters. A total  of 4,434 alewives were counted 
mjgratlng upstream to spawn between M q y  10 and July 
10, Mast o f  these were ripe 1"3%i, and 484 were 
females, Spent a1 ewi ves were captured returning 
downstream from June 11 to S e p t ~ ~ n b e i  12; 2,354 f i r n  
were counted 653% survival o f  spawners. 1. The 
ernlgrarl'on of juvenile alewives from the system was 
continuous from Jd4y 311 t o  Moveher 26, Dur ing tn:s 
period a bawler net  was in place over the weir t o  
maximize t h e  capture rate of these small fish; wltn- 
out the barrier  net the weir was only 40% eff lc ient  
f o r  capturing juvenile alewdves. A t o t a l  biomass 
output of 1,050 k g  (wet weight) was estimated far 
juvenile alewives i N  - 111,077 f i s h ) .  

Few salmon smolts 0.i = 46'9 were captured m v l n g  
downstream dur ing  the spring I p r i l  26-May 291, 
There was also n o  appreciable dgra t ion of parr 
(yearlings or o l d e r )  a t  t h a t  ttim or d u r l n g  the 
fa1 The weirs proved t o  be unreliable for 
monitoring the dlspersad or the mvewnts of under- 
year1 ings dur ing their  f i r s t  season. Emigration of 
iJ+ parr La downstream areas (I =e. friedway RSver) 
could not be ruled ou t  as a possible explanation For 
the  extremely low older parr Qnst t - ies l"n the 
Westfield River and apparent lack of sm1ts. 

2 1 Estimated densities and growth of juvenile 
Atlantic salmon 

SIX streams i n  mlnland Nova Sco t la  were 
electrof?shed i n  1982, In  three of the rivers 
surveyed, no juvenile salmon were found. The 
streams, Round Lake Brook, Halfway Brook, and Moose 
P l t  Brook, are i r i  bubaries ta "che Mestfield River 
and each i s  consistently below pH 4.9, Bmer-ican eel 
i s  the m s t  abundant sprches In  these brooks; they 
a lso  support a few brook trout, ycliow perch, whlte 
sucker, nlnespine stickleback, and banded 
k J P 4 s " f i s h e  

The  other s i t e s  were on t h e  Westfield River, 
the North Rfver, and Harmony Brook, The North 
River, a tributary to the Lailave River, is  h-ighly 
colored wlth SOq' concentratfon sfa l lar  t o  tne 
Westf iel d; however, ~a"  cconce~tration Is double 
t ha t  i n  the Westfield and a pH near 6-0 i s  usual.  
Harmony Brook, a tributary to the Mednay R l  ver, is 
also usually above pH 6-0; however, unlike t h e  
Westfield and N o r t h  Rivers, it i s  a clear water 
stream with almost h a l f  OF the S04= concentration 
of the other rlvers. 

DensJty estimates of  each species were made 
regularly a t  s i tes  or the Westfield and North Rivers 
by the catch-per-unit-effort wthod. Growth 
paramters were a1 so wasured. J u v e ~ i l e  salmon have 
only recently 11981-1982) been lntroducted by 
l imjteeei stockl'ng I n  iiarmny Brook, a natural barrier  
a t  the muth of the brook used to prevent access by 
Atlantic salmon. Densi ty  estimtes of juireni l e  
salmon are not yet possfble i n  t h i s  brook because of 
the very low numbers, be t  growth parsmeters were 
masured. 

Prel irnlnary density e s t l m t e s  are presented 
only for juvenile salmon (Fig- 31- Extrapoiation of 
the s~rvivarsinip curve between the O+ and I+ age- 
classes i s  b u t  an assumption since estimates are 
only ava i l ab le  for a s i ~ g l e  year. Densities of  0% 
salmon i n  the Westfield Rlrrer were lower than i n  the 
Idarm QSver rhreughout the f irst  sed5on even though 



the intensity of spawning the prevjous f a l l  was high 
in both areas. Only a Few older juvenl'les rernal'n in 
the Mestfield River and a high ovewfnter m r t a l l t y  
(or  emigration31 i s  assumed in comparl'son to that  in 
the North River, The increase in densjty of I-+ parr 
i n  the North Rive r  during November results  from 
imigra t lon of precocious males to tne area. The 
average blonass OF O+ par? f r r  the Yiestfield is about 
70% of that in the North River, whereas "cat o f  %+ 
parr is reduced to less than 10% (Table 31, 

The growth of O+ parr i n  the North River was 
alfnost identical to that in the mre  acl'dlc 
Mestfield River (Fig. 41. The fas ter  growth o f  thfs 
age-class in Harmony Brook could resul t  fron the low 
density of this  age-class I n  the brook; only 2006 
f ry  were planted in J u l y  1982. Older parr ( I + )  were 
considerably larger, t h r o u g h o u t  the season, in the 
Westfield Rjver and Warmny Brook 'than In the North 
River, and the rate of growth was faster .  This 
difference can ms"clike1y be attr ibuted to much 
loner densl'tfes of I+ parr I n  the Former two 
streams, The sudden peaks in the growth curves of 
older parr during the fa1  1 result  fron the imdgra- 
t ion of larger F i s h  (mostly precocious males) to  the 
study s i t e s  a t  that  tr'me. Observed differences -;n 
the grow"c of jjlienile salmon can, thus f a r ,  be 
explained as densf ty-dependent effects;  they do not 
seem to be related directly to the different water 
chemistry of the rivers compared. 

3) Effects of Westfield River water o n  Atlantic 
salmn fry 

An int"tia1 study i n  1981 determined tltat 
ha tchab i l ib  of salmon eggs in the Westfield River 
was greater than 50%. Subsequently, successful 
emergence of salmon fry from natural redds was 
confl rmed, using ewrgence traps. The hl gh 
densitl'es of fry observed in the vlclnity o f  redds 
a f t e r  swlm-up I n  June 2982 suggests that  survival Lo 
the  in l t i a l  per lod of exogenous feeda'rmg my be 
adequate. 

The effects of Westfield River water on salmon 
f ry  were investigated i n  3 streanside experiment 
during 1982. Salmon f ry  were reared from swim-uo 
{May 23) for  a 2-mo period in tanks 122 L) reeel ~ l n g  
unaltered water from the Westfield River and river 
water percai ated through a 1 inrestone f i  1 t e r *  There 
were 750 Fry i n  each of four replicates (tanks1 for 
each treatment, a total of 3000 f;ryJtreatnent, Flaw 
was controlled a t  2 L m i n - I  i n  each tank and water 
depth maintained a t  7.5 cm. The fry were fed 
regularly from the onset I n  amounts approximating 5% 
of be@ weight each day. 

The river water was consistently near pH 5.0 
while treatment w i t h  limestone maintained the water 
a t  pH 6.0 throughorit the experimenL Mortality and 
growth data are stiimarized i n  Fl'g. 5, and prelimin- 
ary data on water and body ion content are displayed 
in Fig, 6, Data far  Four replicates a t  each pH 
regime were combined since there were no significant 
differences I P  = 0,051, 

%nl"t"ially, Fry I n  both treatments fed, although 
not as voraciously at  pH 5 as a t  pH 6, There was 
nevertheless an In i t ia l  weiokt  loss a t  bath pH" as 
Fry adapted to exogenous feeding* After 10 b ,  fry 
a t  pH 6 started growing rapidly while a t  pH 5 there 
war a contm"nued we-igkt loss u n t i l  h"jh mrtali'ties 
ensued. Mortality at  pH 5 occurred mostly between 
day 15 and 25; bath 50% cumul a"c ive mortal lty mi: 

peak mortality we-e on day 21, The condition of fry 
was below 0.6 when mr ta l  i l y  started and a1 1 &ad 
fry weighed less than 200 mg. 

She total  cumu1ative m r t a l i t y  for the 54-d 
period was over 70% a t  pH 5 and less than 5% a t  pH 
6 ,  The  relatfriely h i g h  aluminum concentrations 
(range 170-230 ,ug A 1  we,, almost fdentlcal 
a t  both pH reglms. 

Scrvivlng f ry  a f t e r  25-31) d a t  pH 5 were 
growfng very rapidly and the condition for these 
f i sh  exceeded that OF fry a t  pH 6 -  Eventually, 
a f t e r  40 d ,  fry at  both pH levels had similar growth 
rates and condl t i  on factors. 

The ionic composition of water and o f  fry {with 
stomach excised) i n  both "Leetmnts was compared 
regularly throughout the experimnt. There were no 
differences in water nor in body ~g ' "  a n d  K" content 
between treatments and concentrations were 
reiat ively constant over the t e s t  period. Water 
~ g "  concentration was 35 peq L-I and K' was 5 peg 
L " ~  total body N~'' range was O~10-0,15 peg mg dry 
wt-I and K' was 9-25-0,30 peq mg dry wt-I, 

Water ~ a '  concentratfan did not d i f fer  
between treatments, &ereas his was m r e  than 
doubled by f i  1 terlng river water through lirneslone.. 
A t  the onset, 'total body Na' and ~ a "  contents were 
similar a t  both pH'ss,  and the concentration of both 
ions increased durin the period of weight loss. 
The body ~ a *  and Ca*' contents of fry a t  pH 5 were 
both consislent'ly lower than those of fry a t  pH 5 
for  approximatle 20 d preceding the m r t a l i t y  3 perlod. Body Na content rclmalned lower For fry a t  
pH 5 until mrtaf iQ ceased. Thereafter, survi vl  ng 
Fry+ a t  pH 5 and fry at  pH 6 had similar total body 
Na and ~ a "  concentrations. 

The untreated river water bad a severe impact 
an salmon Fry durtng the r'nitiai feeding period, 
15-25 d a f t e r  eniergence. Such mr ta l r ' t i e s  are 
llkely to  severely l i n i r  salmon ~ c r u - i l m n t  i n  the 
Westfield River* 



Table I. Chemical data of wet precipilat~on, Westf ie ld  River drainage 
area, November 2981-October 9982. Annuai  imdn (unwei gh t ed )  i s  catculatea 
f rorn weekly b u l k  samples- 

Fi a 28-8 48-8 
Ca 4-6 7 - 8  
M9 6,7 11-4 
K 2.4 4.1 
H 16,5 27.9 
Cations 59-0 PC0,O 

Total ions 416.5 
Ani onslcat4ons 0,97 

$4 = - 1 o ~ i ~ l 0 - ~ ~  4-78 
A1 t a l i n i t y  (mpi-'N!aC03i -0-72 
Ac id i t y  ((reqL 1 89-3 
Tota l  p~eclpltatfon lrnl 1449 

Table 2 ,  Chemical campasitian of study streams, Mestfield River drainage area, November 1981- 
October 1982. Annual man f unweightedj i s  calculated f r o m  weekly values for grab  samples., 

Westfield River - Round i a ~ e  Brook Noose P I ~  B e -  
-1 

i-rw C eq pci~-" eq ,pqi-' % eq 

N a 100-3 54.1 104,9 51-3 116 1 50,6 
C a 31-4 16-9 31,9 15-6 40-4 47-6 
I4 S 32-4 17,s 32,4 15.8 43,3 18-0 
K 6-6 3.5 8,9 4-3 5.8 2 - 5  
W i4 ,8  7-9 26-6 13-0 26-0 11.3 
Cat i ons  185,s eo0,O 204-7 100, 9 229.6 :OD,O 

C 1 %10,3 58-9 116,9 57-3 150-6 61,3 
77-1 41.1 87,2 42-7 95,2 3 8 - 7  

Anions 131,4 HOG,G 284, l 300,Ci 245-8 100.0 

Total ions 372-9 
Ani ons/cat i  ons 1.04 

-- ---- 
b -PI? 

pH = - log(Z10 1%) 4,83 4-57 4-58 
Alkalinity (ng -' CaCDii -0.41 -1.16 -0.90 
Acidity ipeqL-\ 1 130-4 164-7 214-6 



Table 3. Average biomass ( g  wet weight m-2) o f  juvenile salrnon 
dur ing  the growing season, 1982; biomass a t  the end of the  growing 
season {Noventber) i n  brackets. 

S i t e  O+ I+ To ta l  

Mestfield River 0.23 0.07 0,30 
(0 .23)  (0.03) (0,261 

North Rl"ver 0.32 0.83 1,15 
10.32) (1.72) (2,041 



Fig .  1, Seasonal variat ion i n  pH o f  prec~pitation 
and  o f  the Westf ie ld  Wirer d u r i n g  1986-1982. 

f i g .  3 .  Juvenile ktlantjc salmon &nslt lc?s i n  the 
Westfield River [ W R )  and i n  the North River bN91 
dur ing  1982, 

Fig. 2, Seasonal v a r i a t ~ o n  I n  A1 aad Pc 
concentrations of  the three study streams from 
November, 1981, Lo Qctqher, 1982, 

Juveni le  Salmon Groirrtn 

F i g .  4, Increase i n  rean w i g h t  c f  O+ /loher 
curves] and P+ /upper curvesl Atlantis salmon park 
from the t h w e  stgar%$ streams b r i n g  1982. 



10 20 

D a y s  A i l r r  

F fg .  5, Mortality, growth, and condition of Atlantic salmon fry reared a t  
pH 5,0 and 6,0 from swim-up (day 0); Mans 2 1 s tandard deviation are shown 
f o r  wei ght  and candi t i  on. 



,i i i _ - L . _  i i 1 i 1 1  
o 30 20 in $0 

Days After Transfer 

F lg ,  6 .  Dry weight ,  and body Na' and Ca" content of Atlantjc 
salmn fry reared a t  pH 5.0 and 6.0 from swim-up I d q  0 ) ;  means + E s tandard  
deviat ion are shown, Water ~ a '  and  Cai+ cancentradlsns a t  both $4'5 
are also compared. 
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ABSTRACT 

T h i s  Is a preliminary report an a study o f  t h e  benthlc fauna  o f  the Westfield and North Rlvers cantaflinfng 
inforrnatlon from collections made between April  and December 1982, Representa"c8'ves of the orders Odptera, 
Trickoptera, Ephemeraptera and Plecaptera (85-97%1, dominated the benthic invertebrate papdlatfon. O f  these, 
41-70% belonged t o  the Family C h i  rononidae- 

R S S U M ~  

Nous prgsentons ici  un  r a p p o r t  pr&frimlnaire d'une ir tude & l a  Faune bentblque &s rlviiires Westfield e t  
North,  i ncorporant &s bonn6es recueill fes enlre avri i e t  dEcembre 1982, La pagulat~an d"nvert6bt-6s 
b e n t h i  ques est domi nPe oar &s repr6sentanls des ordres Dl'pdera, T r i  choptesa, Epnemroptera el, P l ecoptera 
(86-978). Parmi ceux-ci , 41-70% appartiennent l a  famll le des Chi ronomidae. 



INTRODUCTION 

A complete study of an aquatic ecosystem should 
include an investigation of the benthic invertebrate 
fauna which serve as the main Food source for mny 
f ish  (Johnston 1980; Logan 1953). 

T h e  invertebrate benthic fauna o f  rivers have 
been examined to determine zhe taxonomic composi- 
t ion ,  dfversity* relat ive abundance and seasonal 
variation (Babcock 1949; MInshal 1 1968; MSnshal I and 
Kuehne 1969; Egglishaw 1980; Turcotte and Harper 
1982). 

T h e  purpose of t h ~ s  preliminary report i s  to 
examfne the benthic Fauna of the WestFfeld and North 
Rivers, M-S., to determine thei r taxonoml"c composf- 
t ion ,  and study thefr  seasonal variation From 
April-December 1982 in the Westfield Rlver and 
June-December 1982 in the North Rfver. This study 
i s  to be completed i n  June 1983 a t  wkbich time the 
annual production For "Le two rlvers will be 
estimated. 

METHODS 

l nvertebrates were col lected from the Mestf lel d 
and North Rivers, N.S., usCng a Surber sampler 
(Macan 19581, 30 cm by 30 cm with a msh stze of 1 
mm, Colernan-tlynes pot samplers lGoleman and tlynes 
19701, having a d iamter  of 10 cm and a depth of 20 
cm, and d r i f t  nets w f t h  a 25 cm by 2.5 cm opening 
and a mesh size o f  604 ym. 

Three transects were sampled in the Westf 1 el d 
River consistfng of 9 pot sample s l t e s  and 9 Surber 
sample s i tes .  One of the transects was selected as 
a productjon study si te.  Each pot sample s i t e  
contained a duplicate set  of pots and each Surber 
sample s i t e  consisted of 5 random samples. Three 
s i t e s  for pots and Surber samples in the North River 
were chosen over a distance of approximately IOO m. 

Drift  nets were set  upstream and downstream o f  
the  production s i t e  in the Westfield Rlver and oniy 
upstream o f  the production s i t e  i n  the North River. 
Sampling mthods were the same as those descr-ibed by 
Knox and Dadswell 119821. Samples were preserved 
( i n  80% alcohol, 20% formalln solutioni, sorted, 
enurnrated and identified to othe lowest possible 
taxonomic group. 

RESULTS AND DISCUSSION 

The orders Dlptera , Trichoptera , Ephewroptera 
and Plecoptera made up  the largest percentage 
(85-9721, of invertebrates found i n  both pot and 
Surber samples From the WestF2eld and North Rivers 
(Table 11, 

The Ghironomldae were by Far the m s t  dominant 
invertebrate found i n  ei ther r iver 141-70%1, and 
Trichoptera were next in abundance ranging from 
6-36%, while Ephemeroptera (5-9%) were sl iqhtly more 
abundant than Plecoptera (34%) (Table 11, The 
remaining invertebrates comprise only 4-13% o f  the 
to ta l  fauna collected (Table 11- 

The t o t a l  number and wan number per d of 
major groups of invertebrates collected with Surber 
sampler from the Westfield and North Rlvers are 

a 4 
recorded i n  Table 2, The toea1 number and man 
number per po t  sample for  ~ 0 t h  rivers are recorded 
in Sable 3 ,  

Seasonal variation of the a ~ f f e r e n i  orders 
collected i s  shown in F i g ,  f FWestfield River, 
Surber sample), F i g .  2 (North Rlver, Surber samplel, 
F l g .  3 IWeotfleld Ziver, pot saeplel and F i g .  4 
(North River, pot sample). Since the data given are 
only for half a sampling year, these frgures do not 
ropor"i:he entire seasorial variation of the two 
rivers, 

In  order t o  estimate the annual production, 
using the Hynes Method (Hamiltan 1969; Waters and 
Crawford 1973) the invertebrates were grouped into 
orders and then separated into I-m length 
categories, Met weight, d r y  wefight ano ash-free dry 
weight (AFDWJ were determined, 50 dettermlne the 
AFDW, Benke and Wallacek (19801 mthod was 
followed, She annual productjon w i  1 l he calculated 
when the study Is completed i n  June 1483 (Appendix 
11. 

To &te  250 (0' and 1') salmon stomachs, 
collected from the Westfield and North Rjvers and 
Harmony Brook, N.S., have been analyzed for hod 
content, These findings plus those of stomachs to 
be analyzed ad a la ter  date w i l l  be reported i n  
Sepbember 9983, 
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i ab le*  1, Total  and percent compost L !on rrf i~racro-r nvertebrate orders col lected 
w j t h  Surber san~ples from the t ies t f~eld  and North Rivers,  N, 5, (June-Eecember 
13821, 
-"-- --- ------- 

Tota l  Iota1 
ca? 1 ected cid l 1 ect ed 
West f i e la  Nrjrtn 

RI ver % o f  T o t a l  RP 'ver % o f  Icstaal 
---wp---m--p------" ----- 

Pl ecoptera I 070 4 1 037 4 
Ephemeraptera i 692 7 2 371 9 
Trichoptera 9 191; 36 3 9 3  1 G 
Coi coptera 324 1 1 138 4 
Gdar~at a 230 I 628 2 
M ~ a l o p t e r a  215 I 291 I 
C h i  ronorn~ d 10 600 41 13 1313 52 
Otner Di ptera 63 3 2 1 187 5 
M i  scell  aneaus 191 1 391 2 
01 i gochaeta 1 489 6 1 048 4 

Total and percent cornposi t r on or Macro~nvertebrate Orders col lected MI tn pat 
samples from the Westfrel d RI ver ( A p r ~  1 -December 1962) and North RI ver 
(July -December 1982), 

P I  eccsptera i. 053 4 427 3 
Ephemeroptera 1 425 5 1 394 8 
l r i  choptera 4 261 12 904 6 
Col eoptera 50 <I 77 < 1 
Odonata 63 < 1 93 <I 
bteqal optera 28 (1 24 <I  
Chi ranoin~ d 13 164 $ 1  9 879 70 
Other Of  ptera 6 041 29 294 2 
M? see1 1 aneaus 305 I 498 4 
01 i gochaeta 743 3 492 4 

Table 2, Compas~t~on o f  beatbas collected w l  t h  Surber sampler from the destfaeld 
and  North Rivers, N. S. (June-ikcember 1982), 

Iota1 number Tcital nuinoer 
collected Mean N?, col 1 ected IVoaa~ i??$, 

W e s t f r e i d R ,  p e r M  5, D m  North R. per W S- D +  

Leuctra sp, 
SP* 

Other Plecootera 

An-i soptera  
Lygoptera 
Megal oytera 
Col eoptera 
Chr ronorng o ( i arvae ,I 
Smmul ~ a a e  jlar~aej 
D l  i goshaeta 
MI i ce1  1 aneous 
(Dtiier Dl ptera 
rota1 



Table 3. Composition of benthos collected wi th  pot sampler f rom Mestfield 
(Apri 1 -December 1982) and North Rivers (Ju i y -December 1982). 

T o t a l  number Mean No. Tota l  number Mean No. 
cal lected Poi a col l ecled POL. 

biestf-ield R ,  sample S *  D, North R, samplea S , D ,  
- 

Stenonema sp. 
Leptophl ebi i dae 
Other E~hemeroutera 

A n i  soptera 
Zygoptera 
Megal optera 
Col eoptera 
Chi rononid (larvae) 
Sinul idae ( larvae) 
01 i gochaeta 
Mi see1 1 aneous 
Other D i  ptera 
Total 

aVol ume of pot sample = *O015 m3 



Appendix I, Weights i n  mg of Ephemeroptera, Piecoptera and Trichoptera col lected 
from the Mestfield River (June 1982-December 1982), 

Length 
(m) fd Wet wet g h t  Dry welghl Ash we1 ght AFDW Mean AFOW 



lid 

Fig. 1, I.ionthly va r ia t jons  In the d e n s ~ t y  of the marn groups o f  
~nvertebrates coI iected from the Westfield R i v e r  (numbers per 2-15 m2) 
1982, 



Fig, 2, Monthly va r ia t rons  i n  the d e n s ~ t y  o f  the ii.d?n groups o f  
rnver-tebratcs collected froin the North River  (nurnbew per 2-15  m 2 )  1982, 



sOOOr C;onemldaa 
Other Blptera 

C J  J A S N O  A J J A S N D  I i J 9 S M D  A J J A S N D  

Monlha 

F ig .  3. Monthly v a r ~ a t i o n s  i n  the densi ty  o f  the majn groups o f  
invertebrates col i ec ted  from the i jes t f  1e1d R-i  ver (numbers per 0-05 rn-) 
1982. 



F ig ,  4, Monthly variat~ons i n  the d e n s ~ t y  o f  t he  ma-in groups o f  
inverteorates collected from the North Rlver (numbers per 0,05 m2) 1982, 
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ABSTRACT 

The mjor ob jec t i ves  (if t h e  fnvest?i"cgalion care to provide a taxonomic b a s i s  f op  knmledge OF a lga l  
cornun i t i es  and some understanding o f  the seasonal changes i n  streams OF man pH valrdes between 4 - 7  and 6.3, 
S-tatistl"cal analyses of these d a t a  ind ica te  t h a t  the f i v e  study r i v e r s  were significantly different i n  terms 
of t h e i r  perlphyton biomass. However, I f  the df atom fraction of each periphyton assedlage i s  gro~rped 
according to  pH preference, the Four wf th  a wan pH below 5.2 can be dd%stlnguished from the remining 
streams. 

L%CLude dgcr4te cf-dessous ava1"ecome abject-if principal de fohrnf r  une base taxonomique 5 l a  
connalssance des comunau"es algales et de rnlecax cantprenbre les changewnts safsonnless q u l  se prodl~isent dans 
les cours d%au de pH myen comeris entre 4 ,7  e t  5,3, A I 'aanalyse s t a t i s t f q u i ?  &s darrni!es, an constate que 
les cfnq rivl'8res 4tudi6es different de facon ~ l g n a " ~ i c l a t l u e  sous le rapport de l a  b-iomasse gGrfphyionlqhie. 
Cependant, si l "on gror;pe par orlire de prefgrence Q pH l a  Fract ion di"atua6es ae cheaque groiipe de p&sdphyton,  

9 on peut s6parer des autses 'ies qttatre cours d'eeau qu.i ont  us pH myen %nbF&r"ear 5 5,2, 



Freshwater systems i n  southern and western Nova 
Scotia are considered to be potentially susceptible 
t o  pH change due to the absence of limestone and 
other b u f f e r i ~ g  bedrocks. These systems are also 
sutrjected to  the m s t  intense acid preclpitatiorr i n  
Canada (Anon. 1982). However, c large proportion of 
lakes and streams In these regfons of Mava Scatfa 
are dystrophic, originating in acid bogs and 
forests.  Consequently, many streams have an 
indigenous mean pH around o r  below the pH 4.7 
reported by Lndemood (1981 1 for  precipltat i  on 
fa l l ing  on the area (Farmer e t  al. 1980). Thus, 
th i s  region 5s subjected to increases I n  acidity 
f ram both anthropogenic and natural sources, 

The present study forms part of a large acid 
rain program afmd primarily a t  investigating 
possible ef fec ts  of increases In the ae id iw of Mova 
Scotfan streams on ther'r salmnl d stocks. A1 though 
most lo t l c  ecosystems are heterotrophic, 
consfderable autotrophic production can occur in 
shallow streams flowing over stable bedrock ( H i 1  1 
and Mebster 19823, The mjor  obJectl YES of the 
i nvestlgation are to  provide a taxonomic basis for  
knowledge o h 1  gal cornunities and to understand 
samlhlng OF the seasonal changes frr streams of 
different man pH, thus enabt 'log an assessment OF 
the effect  of pH on l o t k  algal c o m n i t l e s .  

MATERIALS AND METHODS 

Four of the s t u a  rivers were sl'buated in Nova 
Scotia, Canada: the Bear River (44"35' M 5 5 " 4 0 9 1 ,  
the l a  Have River (44"40t V 64"501 W 1 ,  a tributary 
of the Mebay River ( 4 4 " 1 5 2  N41rl"SS>W), and the 
Westfleld Rirer j44"25" 655"002). A New 
Brunswick river,  the Digdeguash (44-25 9 NbJ"i2' MI, 
was included t o  extend the pH range studied t o  above 
5, A14 f ive  r ivers are shallow (maxinrum depth 1,25 
ma and flow over stable bedr ck composed of f l a t  B stones {approximately 0.1 rn- ) interspersed wi th  
larqe boulders i l  rn-3). The four rivers i n  Nova 
Scotia are si tuated an non-buffering bedrock. The 
Bear River i s  located in a region of white rock 
formation consisting of quartzite, s la te ,  s i l t s tone ,  
rhyolfke, t u f f  and basalt; the La Have River i s  on 
the goldvil i e  formation, consisting primarily o f  
grwwacke and s la te .  The Westfield River and M e d ~ w  
t r ibutary are on the Half fax formation comprf sing 
principally s la te  and s i  ltstone (Dept. o f  Mines and 
Energy, Nova Scotia, Geological Map, 19791- The 
Digdequash Is si tuated on a bedrock of greywacke, 
s l a t e ,  s i l t s tone ,  sandstone, conqlamrate and 
1 imstone IDept. OF Natural Resources, Geol oglcal 
Nap No. N.R. 1, 19681. 

The determination of pH, per-iphyton and major 
invertebrate taxa continued for a fu l l  year from 
August 1981. Samples were collected wnthly during 
the l a t e  Fall and winter and a t  biweekly intervals 
du r ing  the remainder OF the year, Hater depth of 
the rivers was recorded from a Qpth marker pole 
positioned in each r i v e r  for the duration of the 
survey, I eqe ra tu re  was wasu-red directly with a 
mercury ~ e r r i r a w t e r ,  An Orion Research pH w t e r  
Model 407A and conbinauion probe were used to  record 
pH directly a t  each sl'tc? to  a precision o f  0.135 pH 
units. 

The epipellc a lga l  c o m n l t y  was surveyed, 
u s ing  the m t h o d o f o ~  o f  B l l n n  e t  a l .  119801, An 
algal sample was removed from a 2 cma area of 
rock d i t h  the use of a s t i f f  brist led nylon brush 
and preserved i n  a vtai w i t h  Lugol 3 iodine. The 
cleaned area o f  rock was etched after eack 
cal l e c t f o n  t o  avoid sampldng the same area twice. 
The epiphytic a l g a l  senples were removed From a 5-ern 
distal  section of an aquatic mcrophyk species 
regularly present i n  eack river, The sampling 
techniques and laboratory methods of Moss (1981) 
were ewloyed FOP. t h e  analys is  of epfphytfc algae. 
The mcrophyte samples were drained r n  the f le ld  and 
placed separately i n  vials. I n  the laboratory, 
Fjltered water was added and t h e  plaqts  were shaken 
vigorously for 3 rnl  n and the supernatant retained. 
This procedure was repeated untll the water vgml ned 
c lear  af ter  shaking. The volume of water was 
recorded and the algae preserved d t h  Lugol" iodine 
prior t o  cauntjng. In each case three wpl lca te  
samples were collected of whfch 20 subsanrples were 
counted, using an A0 microscope and X40 objective. 

RESULTS MD DISCUSSION 

W total of 83 algal t a x a  were idectiffeei in the 
pesiphytarr of the f i v e  study r f  vers (Appendix I ) ,  
A11 a lga l  taxa within the samples have k e n  
recorded, inclucif ng sow spec1 es af planktonic 
orlgfn.  Physico-chemical f e a b r e s  o f  the f l  ve 
rf vers are recorded 'in Table I, The man seasonal 
pH values of the Mehay trl'bu"cay, Bear and 
VestPIeld Rlvers were 4,7,  4-8, and 4,8, 
respectively. The man p H 2  of "ce less aciddc La m 

Have and Digdeguash Rfvers were 5.2 and 6.3, The 
Dfgdeguash Rfver experienced the saw level of acid 
precipitatr'on as the study rivers in Nova Scatia 
(Cowling 19823, yet mfntains a higher pH due t o  the 
Snf luence of buffering bedrocks.. 

Tota l  number o f  saecies mrorded I n  the 
epf phyt ic  and epipei Sc comunl'kies throughout the 
year are recorded i n  Appendices 2-6. Distrf butjon 
of species number amng the Four si tes has been 
presented i n  addition to the total number of algal 
ce l l s  for each river, Data on standing crop, 
expressed as total number of algae, are presented i n  
Appendices 7-11, Principal components analysls 
(PCA) of We diatom specles data was perfornred as a 
mans of  fdentify-t'ng major paramters (such as pill 
involved in fnf iuencing the character of the 
periphytlc conenunitfes. The PCW was based on a 
ctarrelatior~ mtrfx and up Lo 17 Eigenvectors Liere 
generated, In i t i a l ly ,  ordisations were produced for 
the epr'pellc and epiphytic mta sets to investigate 
" c h e  seasma1 cldster  mlatlenskips o f  one rlver t o  
another. Subsequently, PCA's sere ~er fo rmr l  on the 
two algal data sets for each i n d i v i d u a l  river to 
assess seasonal clustering wi th i n  the river. The 
f i r s t  fi ve p r i  nctpal comonents combi neci a i m s t  
equally to provide 50% of the total variation w i t h i n  
the data. E i g h t  paramters were required to o b t a ~ n  
70% o f  the "Eta1 adariabi l i t y .  Thus, ordinations 
were of limited value i n  r'denl-ifylng the varjables 
i n f ldenc lng  the lo t lc  sysrems and have not ken  
f ncluded, 

The chi2 s t a t i sc l c  was a l so  sfiiployed to 
assess tne mlationships between rivers. 
Contingency tables were constructed for each pair of  
r fwrs ,  based on t l e  quantitative data of Cne 16 
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m j o r  species of the per-iphytic c o m n i ~ .  These 
s t a t i s t i ca l  t e s t s  indicated that  a1 l the rivers were 
significantly different in terms of Weir periphyton 
biomass. 

The algal assemblages of both the epipelic and 
eplphytjc comunltles for the fl've study rivers were 
principally composea of diatoms, These diatom - species have been grouped according to pH preference 
as obtained from the l i te ra ture  (Lowe 1974; Patrick 
and Keimer 1966, 1972). The data for each river 
have been replotted in "ie Form of a histogram with 
the diatom species divided into the Following 
categories: acidoblontic, acidophilous, 
alkaliphilous, and indifferent. The diatom 
assemblages of the four rivers in Mova Scotia show a 
simS l a r  seasonal distribution o f  pH groupings (Fig,  
1, 2 ) -  The majority of diatoms Fa31 into an 
acjdophi lous category.. The only aci dobiont recorded 
was :Lewis9 which 
occu Rlver. The 
Digdeguash, w i t h  a pH consistently above 6 ,  showed a 
nigher population of alkaliphilous diatom specles in 
both the epiphytic and epipel i c  comunl'tles, 
part icularly during the f a l l  and spring blooms. The 
grouping of diatoms according to pH preference was 
the only method of presentation which separated the 
acidic r ivers of Nova Scotia From the m r e  alkaline 
Digdeguash, 

As previously discussed, many factors are 
involved in determining the character of both the 
epipel i c  and epiphytic c o m n i  t i e s .  Nacrophyte host 
type has been reported as modffying epiphyte 
assemblages. Moss (1981 f Found that  the inf I uence 
o f  the host mcrophyte an the epipinytic comunfty 

A 

was greater 3 n  clystrophfc water, Use of the I4c 
method Far periphyton production estimates i n  the 
study rl  vers (Elner and Johnston, lrnpubl ished data) 
gave rates 'lower than those reported for many rivers 
{McGonnell and Sigler 1959; N i l 1  and Webster 19821, 
indicating that  the host type my be an important 
variable. However, due t o  seasonal heterogenefty i n  
macrophyte production between rl" vers, i t  was not 
always possible to sample the saae species of host. 

B i i n n  e t  a l .  (1980) considered current 
velocity, l i gh t  energy and nutrient budget to be 
more important than substrate type I n  determi nl ng 
the epipelon. The data Prom our study support 
Bllnn 2 concept, The highest epipel ic biomass 
(Appendices 2-61 occurred in the Mehay tributary 
which was also the shallowest river with the 
qreatert  l ight  penetration to the epfpeion. 

Frarn t i le histograms [ F i g ,  1 and 2) i t i s  
evident that  periphytfc species composition can be 
infiuenced by pH. However, i n  the Hestfield study 
area where the OW range is  limited, the seasonal 
influences of current velocr"ty, l ight energy, 
nutrient budget and macrophyte diversity predomi nate 
in determ: n f n g  the characteri str 'cs of tine p e r l ~ h y l i c  
comunl'ties. 
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Appendix k *  List of  a lga l  t a xa  recor .ded d u r i n g  the study. 

BLUEGREENS 

CHLORDPHVTA 

FILAMENTOUS CNLDROPHVTA 

DESMIDS 



Appendix 2. Tota l  number of species i n  the epipelic and eplphyt lc  c o m i i n l t l e s  
of the "zri~utary of the Fedway River ,  

Xi$-"En7 
Date r t f f l e  riffle pool pool r i f f l e  r f f f l e  pool pool 

----- 

Appendix 3, Tota l  number o f  specles f r :  the epl'pe: i c  and epiphytic comunf'ties 
of the Bear  River. 

Bate - i f f l e  r i f f l e  pool pool r i f f l e  r i f f le  a001 pool 



Appendix 4. Total numbers of species I;n the ep . ipe1- i~  and eplpirytic comunjlies 
of the Mes"tield River. 

Y 
Date  r i f f l e  r i f f l e  pool pool r i f f l e  r i f f le  pool pool 

A ~ ~ e n d j x  5, Total number of species i n  the epipelic and e ~ i a h y t i c  c o m u n l t i e s  
0%' the La Have River. 

Date riffle r i f f l e  pool pool r f f f l e  r i f f l e  pool pool 



Appendix 6* T o t a l  number of species 1 w  the epipelic and epiphytic comunitles 
of the Digdeguash River ,  

5 
Date r i f f l e  r i f f le  pool pool r i f f l e  r i f f le  pool pool 

Appendlx 7, Sbaniring crop for the ep lpe ik  and  eepighytic comunl t ies o f  the t r i b u t a r y  of the Mednw Rlver, 

-- 
Date r i f f l e  r i f f l e  pool pool Total r i f f l e  r i f f l e  pool pool Total 



Appendix 8 .  Standing crop estima"tes For  " c h e  epipel l c  and epiphyt-ic cornun i t i es  of the Bear R-i ver. 

- - - Tu-n-ni- -- -- -- 

Date r i f f l e  r i f f l e  pool pool Tota l  r f f f l e  r i f f l e  pool pool Total 

Appendix 9. Standing crop estimates fo r  Ute ep ipe l ic  and eplpkylic camunitles of the "ulestfleld River ,  

-- 

Date r i f f l e  r i f f l e  pool pool Total r i f f l e  r i f f l e  pool pool Total 



Appendix 10. Standing crop estl'mates for the epipellc and epfphytfc comunitfes o f  the La Have Rl'ver. 
- 

Date Tota l  r i f f l e  riffle pool 

Appendix 11. Standing crop estimates for the epfpell'c and epiphyt jc  comun l t les  of the Urgdegvash Klve r .  

Date r i f f l e  r i f f le  pool pool Total r i f f l e  r i f f l e  pool pool Toea1 



F t g .  I, Diatom pH categories For the eplphyls's: comul l i ty  o f  the f i v e  
rf vers. 



F i g .  2, Diatom pH categories for the epipelon o f  the five rivers 
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ABSTRACT 

Two-year-old Atlantic salmon of the same stock were held in cages in the low pH Hestfield 
River and the higher pH Medway Rive comparfson. Bath groups of  f i s h  were fed da i  I:, the same diet .  ibe 
Medway River Fish ate better ,  gained mre  weight, produced larger eggs, and had lower mrtai;;t??. ;he blood 
sex hormone levels i n  the Wedway River f i s h  were normal but there were indications that the lrormne levels in 
the  Westfleld River f ish were not. 

Des satlmons atlantiques ISa lmr,  de 2 ans d'un Gine stock an"bSL6 mintenus dans des cages plarges 
dans l a  sivi6re Westfield 1 ba L, pour comparal"son, dans la ~~~~~~e Redway 13. pH p l u s  S lev i ,  i e s  &ux 
groupes ont r e p  quotidiennenren"cla dme ratlon, Les potssons Q l a  riviGre Medway mang6rent d h u  n f l l e u r  
a p p B t i t ,  augment8rent davantage de polds, produlsierent des oeufs plus gros e t  subjrent &s imrta1i"cs 
moindres, Les niveaux d'hormones sexuel les  du sang des polssans de l a  ri vizre t4edww Qtafent ncrmaux, mais on 
a des fndlcations que ceux des poissaris de l a  rjvlese; WesPfieY d ne i "talent pas. 



I n  198i we fajnd tna t  she b lood  levels  of the 
t w o  p r ~ n c ~ p d i  androgens, 11-ketolestosterone and 
t e s tos te rone ,  were much lower r n  sexually natdre 
male A t l a n t ~ c  salmon i w  1 sampled on tnel r 
soansgnq i m c j r d t l o n  i r l  the de I d  R i v e r  :pP 4-71 
t h a n  :P sisirnor~ From t12e Keaqay ? i u e r  (phi 5,%1 
sampiea a t  the same t i r e  (7reeliian i 9 8 2 ) .  
Testosterone ano I l - k e t o t ~ s t o s t e r o n e  i n ~ r e a s e  i n  
c o n c e n t r a t ~ o n  I n  rhs bioc i i  of cormai mle  A t l a n u l e  
salmon during sexual maturatlan and peak a t  or near 
f u ~ c t i o n a i  maturity ( I d l e r  et a l .  1971; Sangalang 
a n d  Freeman 197%; LiunP e t  a ? .  1987). T ~ E  di  ri"eI. 
r e l a t ~ o n s h a p  between anarog-n product~on and 
ma~ntenance sf spermatogenesis i n  ver tebrates  
including f i s h  i s  kell knonn (5zon 19721. 
Therefore, we ~ n v e s t i  ~ i i l z d  ine r c l a t s a n s n ~ p  Setkeen 
b l o o d  sex ho-VOP~ levels  and 5exual maturation t o  
determine uf the At lan t ic  salasa an the low DH 
d e s t f i e l d  R'iver have r e p r o d u c t ~ o n  proolems. Thc 
wedghl; gain from ear 1y v a ~ i i r ~ t y  to f u n c t ~ e w l  sexual 
rnaturlty o f  the heestf~elil  iJ?ver salmon was a l so  
compared w i t h  similar sallolan fur the iesr  e c ~ n i c  
fledway River, 

I n  1982, 54 ma tu r i ng  A t l a n t ~ c  salnaon, equal 
numbers o f  each sex, wern olaced IP a cage i n  the 
W e s t f ~ e l d  R ~ u e r .  She same ndrnoer of 4trantsc salmon 
were he lo  ~q a cage 1n trte "Igher 31-1 E"ledv~ay RI ver 
For com~arison* The Westfaeld R7vi.r IS a small 
t r i b u t a r y  o f  the Medway U118er w h i c h  enters  tne 
bledviay from a northeasterly dll-ectioo approxalnatel:, 
211.1 km upstream Prarl tne iuedway R ~ v e r  a t  
G r e e ~ f i e l d ,  Queens Co, , "acda 5c;o"Lo- 

Two-year-oi d A t 1  a n t i c  salmon o f  Nledazray River 
o r i g i n  were purchased r 'ro~i the Cape Breton Marine 
Farm, Baddeck, Nova Scot ia ,  These salnon were 
tagged a t  Baddeck with numbered p 1 a s t . i ~  tags {Eisner 
a n d  Ritter 5979)-  The sex OF the f ish was 
determined by ana lys i s  of blood plasma 9y 
radi airnunoassay, u s i n g  13-ketotestosterow 
an t i se rum as desc r ibed  by Sangalang ct a7.  11978). 
The safrnan were t ransported to a f loa t ing  cage 
dnchored i n  the M e h a y  River a t  Greenfield, Nova 
Scot ia ,  on July 13 arid 15, 1982, where they were 
held and fed da i l y  6.35 mfij t r o u t  grurier pellets 
purchased from Co-Dp At lan t ic ,  New Minas, Kova 
Ssotia, unt i l  J u l y  28, 1981; when the f i sh  piere 
divided i n t c  two groups 3f equal nt;abers containjiiy 
equal numbers of each sex- 3no group was held i n  
t h e  cage i n  the bledwiay R i v e r  a d  the other was h e l d  
i n  a s imi la r  cage i n  the Uestf ie id River. 

Tne ~ I S P  cages iiere consti-kcted by siispendl?ng a 
3-18-cn w s k  ny lon oe-3 66 x 7-44 x 1-83 iil deep) 
frorr the  open centel. OF a rocsl;r?gu;a- doaden 
platform buoyed by n ? .  7-cm t h l  ck styrufaam. The 
platform h a d  ozrtsiae nieasureinents of 4 - 8 7  x 6-10 m a  
The open secricri idas fenced a"r,t"ie top of k+e 
~ I a t P o r n ~  w i t h  0-61-81 hcgn ch;clie- wire (2-5-cm 
mesh), The fenced opening  dh ich provldeo access to 
t h e  f i s h  was caueved w i ~ i l  rL17-ven w i ~  s~ziired i n  a 
"snug-P-r t t ing"  "bt rersiovable tloodev f , a ~ e ,  The 
suspended cage was protectea Yrcrln predators and 
d e b r i s  by a 2-5-crn nesh ch~cken wr r e  enclosure 
suspended from tPe outer 2dge of the nooden p l a t f ~ r m  
o f  %he cage so t h a t  ~i:  wds a f o o t  o u t s ~ d e  "te nylon 
n e t t 1  ng. 

Tne f i sh  a t  zotrr I ~ ~ i ~ t j ' i i l s  continued ro be fed 
d a i l y  the t r o g t  grower pellets, On August 23 and 
24 ,  1"31$2, tlie ni,nrSc.rs of f i sh  in each cage were 
reducci! i o  42, Star:.ing 3c August, 23, 1982, or] the 
Westf.ie1; Xiver aris A~.~g?ist 24 ,  1582, on the Fkdway 
River and then at 2 -  t o  3-wk in te rva l s  the f i s h  were 
rerr?o\~iid Froin the cdges, ar;des t h e t i  zed w i t h  MS222, 
siieigherl and appre~irnal;cly : isi of hlgocl was 
c o i  iected ? n  heparicized syringes by caudal 
venopuncture, iielncitocr-j ts were deter,r,;i iied. B! ood 
plasma were sepal illeil by centri; i i i g i i ~ g  ai.6 stored at  
-40°C prior t o  subsequent anaiysrs  ror 
I l -ketotestosterone and testnsterone by 
radiuimnunoassay (Sangal ang and Freeman 1977)- Tile 
pt" and  teriiperature of the river waters Mere 
deteri!~lr;ed at each s a ~ i , p l  i ny period a 

A t  spawri ing Lime, the f i s h  were anaesthet ized,  
weigkei:, sparsried, acd sampled for b1aod. The man 
diameter of the eggs o f  each female was determined 
and the packed ce i  l vcl mie ( sper i ;~a tocr i t )  of sperm 
was deterri ined, usi nc g: cso cap? i l nr ies  and a 
cenirS fuge as for  hei:ia+lcrits, 

The eggs from l4ecway and d e s t f 7 e l d  f ~ s h  were 
f e r t ;  1 I 7ed W T ~ I  PI 1 t S T O ~ ~ " I S ~ ~  from tnel; r respect ive 
groups. The ~ g q s  were incubated a t  the Kersey 
hatchery dnd the Iror ts i : ly  of eggs to the  eyed s tage 
pas d ~ t e r a : 7 ~ ~ i i  .. 

ill', profi ! e s  of the >ledway and Mestfield River 
waters a t  the t-icre of sa r~p l  ins are slrowai i n  F i g *  I ,  

The pi4 of tne id!edway Rivet" water was higher 
than t n a t  of She i.jertfield River, with the pH 
rangin?: from 5.4 to 6-15 on the Nedway and 5,1 t o  
5-28 on the Mesrfield, The pt! of the water i r i  t he  
W e s t f i e l d  River cicjr5ng the  present study period f rom 
Augus t  t o  Ploveinber 1'382 ~das conslderalily higher t h a n  
a t  ",he t i n e  of szmpljng the ~ { i i c i  Atlant ic  salmon i n  
Noveniiier 1981 wherr tile pE Has 4-7, iiie higher pH i n  
1982 +tas p o s s i b l y  due to very l i t t l e  ra in fa l l  d u r i n g  
the fa1 l c i  1932, Tnis cdused lower water levels  and 
a nigher water pri in "che Westfield Rjvipr.. in the 
f a l l  o f  1981 the re  was much ra infa i l  resulting i n  
high water leve;s in the Westfieid River and, 
presuiriably, contriuiil?ny t o  the low ph of 13-1- The 
recorded d a t e r  ze:,i,:eratures ( F i g .  2) are not t h e  
mean tenper-atiires f o r  the day b u t  tw temperature a t  
t h e  t-iiile o f  s;ii;p! ingg, i he  kestfPleld River water 
tnii3peratures werii generally taker] a t  7130 t c  8:00 
F , N ,  [he water Ceniperatuue i t +  the Westt'ield 
f l i lc tudted :r!oi-c thar :i7e l+kd,,'t,.iay water te;::peratures 
as  i t  SJCS \#cry shai iow and Itilcr~Ycjr? t h e  xa te r  
te l i~perat~ire  early. i n  :he nnrr i ing adis nearer the aair- 
teenrperat?ire and generally iower thag i l l  the Miidway 
whose water tcrnperature f luctuated only s l i g h t l y  d u e  
t o  i t s  i a rgo  volume a' waLei- flsw, 

A t  t h e  aeginniny  ;if the experiiner~t, the man 
body weSgh t s  (tS,D,) of Westfield Rive r  and Medway 
River salnion were 759-1 (2321,lj and 893-9 j i354,4) 
g ,  resnectivnly (Tabis Ij, The rean bod,y weights of 
t h e  b1ed~da.y 2iver- f i s h  increased i:, 1088,1 ji21?2,9] g 
a t  spa.(~i i ing ?:ir;r (;at 70 l i j  w h i l e  t h e  mean body 
w e i g h t  04: the WesCf.icid K i  ver, salmon i i~ereased t c  
832-0 (t268,2) over the sane period of t i n e  (Table 
I), lil!s represents so a.ierage increase i r ~  body 
weight of 2 2 , 1  and 5),60% ' o r  the Medway and 
Hestf ie ld i i i vc i -  salmoil, respec"; ively, Twei ve days 



af te r  spawning, ( a t  92 c i i  Lrie lriean b o d 3 ~ e ; g h :  of 
t h e  Medw~y Rwer salmon bras 330.2 (5264-5) y knr:e 
t h a t  of the "ristf~aeld 2i \ -er  salinon was 761,8 
(-246.9) y. This was an  average mean body we~ght  
gain of 4,052 For the Fcchaj and only a 0.37% 
average we1 yht g a i l  fo r  d z s t f ~ e l u  f i s h .  

The grea te r  height g a i n  o f  l . h ~  i:Cviwdy f i s h  i s  
explained by t t h  l4edway River f i s h  eating well when 
fed d a i l y ,  The Westfieid f i s h  were not as ac t ive  
and did n e t e a t  well althougn they were fed da i ly  
t h e  same d i e t  as the  Medway River f i s h ,  Their lack 
of  appe t j t e  could have Seen clue LO the coi1dit'ions of 
t h e  water i n  tile Westfield River, sugyestirrcj t h a t  jt 
was not as su i tab le  fo r  h o l d i n g  salrnon as the Medway 
River waters. 

On 2overnber 24,  1982, I d a f i e r  the l a s t  b l o o d  
sampl ing, the Westfieid i i i v e i  sdlinc:~ w r e  moveu bdck 
t o  the Idedway River vtnerc they are now be ing  held, 
A l l  salmon a re  being fed dai i y ,  The &dway f i s h  
s t i l l  feed be t te r  than the 2estf  ield f i s h h ,  lire f i sh  
a r e  cur ren t ly  under ~b~~"~"di3$'j0n to  iieterc~ine whether 
t h e  e f f e c t s  of the i;.destfioid itiver wa"Le-:i a re  long 
l a s t i n g .  

The sa imon i n  110th rive!-s became sexually 
mature & r i n g  the  same period of t i n e  (November 
- 5 )  17 Medway males and II Hestf ield males 
ripened; 13 females ripened i n  each of the two 
r i v e r s ,  The egg !mortal i t y  t o  the g e d  stage Far 
Westfieid eggs was 90,9% compared t o  59,JX For eggs 
from the I-ledway River f i s h ,  The near) egg diameters 
for  t h e  ?ledway and Mestfield River salmon were 5-77 
and 5.46 rnm r e s p e c t i v ~ l y ,  indicat ing t h a t  the egg 
*vw'lume o f  the  f4ebway H.Ivor- +isti was 16% g r e a t e r  than 
those taken froni the kestf- ie ld R i v e r  fish,  i t  .is 
not known whether the srnai l e r  mean :'oliine o f  the 
Weslffeld River fish eggs i s  drre to the  f i s h  being 
smaller  i n  s i z e ,  f o r  25 the begrnnlng of the 
experiment the k'estf.ield i?i ver f i s h  weighed 15% less  
t h a n  t h e  f4edi.tay R i v e r  fish, o r  whether i t  i s  due to  
other f a c t o r s ,  iarsol; and Pickova (1978) Found a 
p o s i t i v e  carrel  atiori between female wei silt and egg 
s i z e  in  a17 age cldsses a f A t l a n t i c  salmon i n  a 
study car r ied  out on three r iver  stocks in Svteden. 
i t  i s  known, however, thdt egg s i r e  may be 
influenced by d-iet and water teinoeratiire ( Irei ier  
Foff ,  personal observat iorrj, Mebe ee: a1 , ( i 9 7 9 )  
found t h a t  the re  was no s ign i f ican t  cor re la t ion  
between egg s i z e  and siir:'i;ial; the re fa re  i t  would 
appear that  the h i g h  mortality of the kiestfieid 
River salmon eggs may riot be assocjdted w i t h  s i ze ,  

The packed cel i volume of the :I,< 1"irol;r Fledway 
K r ~ e r  f-ish rangeti from ?6,0-413,5% (mean 31-7 i ii,Lij, 
The packed cel I vo? uxie :>"he krestf'ieid K-iver f i sh  
ranged from !3,0-61,9'; (:wan d0,U ?r i2,8), A; 95% 
confidence leve l s  ( F - t e s t )  the t ~ o  groups a re  
d i f f e r e n t  h u t  we do n u t  know what t h i s  imp? i e s ,  

The mean concentrations a f  1 1 - ~ e t o t e s t o s t ~ r c n e  
i n  the blood of b o t h  the Meciway and Hestf ie id River 
i i~aie  saliiion increaseti as the  f i s h  n~attreii  sex~ia i iy  
( F i g .  31, agreeing w i t h  what was fcund in other  
inves t iga t ions  with nlaturing sain~oriids ( i d l e r  e t  a1 . 
1971; Sangal ang and F;-eer~?ar? 7 974; hunt, ei, a ] .  IEPB2), 
The leve l s  of t h i s  androgen peaked a b o r  near 
runctiiinal maturity, ?he peak valiies !% i S,i i , )  of 
li -ketotestosterorre f o r  Medway and i e s t F i  elcl Ri'ler 
f i s h  were 62.0 6 20-1 r~ginil and 40-3 2 25-9 ngirni ,  
respect ively (Tablo 2j, These horr;io:ie l eve l s  are  
with-in the range r e p - t e d  by Hunt et a l .  (69821 wIlo 
f o u n d  Il-ketc~testoster~oi1e peak I a r e i s  to  range from 
2-5-7.1) $/I00 m i  j i  , a ,  25 Lo 71; : ~ g J ~ n i . )  of p"iasma i n  

4 1 
sexual l y  ~naticrr? rxaie at i a n t c  sli1i:li:ii in Scot1 and 
a l s o  during the rranths of October and November, The 
mean leve l s  of :I-ketoiesiosterone i f i  male salmon 
froin the Westfiel d and ?"lddwsy Rivers and 22 W I  I d  
niale salmon sampled a t  the  Goldbro~k iiatchery, 
Go1 dbrook, Fbva Scoti a ,  were approxiniatxel y the  sane 
( c a ,  40 rrg/ml of plasma) Fio\iernber 2-12, 1982 (Table 
2 ) ;  h o ~ e i e r ,  the meaa coficerrtratieir i;f 
? I - k e ~ o t e s t n s t e r o n e  i n  the plasma of t he  male 
West-: le l d salmon decreased sharply or1 Wove!ih?r 23, 
1982 j i  i g ,  31, This level differed -From those found 
? n tqe f4edi.iay f i  sr; ( F i g ,  3 )  arid Fu-aiii tile data 
obtaitied from f i s h  of the same sexual maturity i n  
Scotlalid by Hunt e t  d l . ,  (1982)- The r e s u l t s  suggest 
t h a t  the metabol i si.1 or i r t i  1 i zarion of 
11-k"cotestoosterorre m y  be dbnorn~al i n  the Mestfieid 
R i v e r  even wherl t he  pH \-:as s l i g h t l y  over 5 and 
h-igner thari it, was I n  1981, I n  Novoiiiber 1981, we 
found very ! i t t i e  or oriiy a t race  of 
ll-ketoi-estcster~one i n  the blood o f  vi? ; d At1 diltic 
salmon ' i i :  the des t f ie ld  River *whjchat t h a t  tirile had 
a OH or  4-7, 

Testosterone levels I r l  "ce blood plasma of 
s e ~ i ~ a l 7 . y  inatiir-ing male i t l a n t i c  sairnon i n  the Wedway 
R1 ver increased as the FI sh matured sexdal iy asd 
peaked a t o r  Rear funct~icirial r~ii"tr~tg, :Table 21, as 
r n the case for  normal salmori~ds ( I d l e r  el, a l .  
LYII; Sangaiang art1 i-reenran icl-74, H u n t  e t  a1 . 19821, 
The plasna tes tosterone levels  were a lso  1s the 
nornal rasge f o r  the varnous stages sf sexual 
maturatron, The wal levels of p l a r ~ l a  tes tosterone 
of  the Westfield P?sh d ~ d  not show a d i r e c t  
cor re ia t ion  w ~ t h  the appwach o' funct-ional sexual 
rnaturl t y  as rarwal! y o ~ c u r s  ? n  salrnon~ds i id le r  e t  
a ? ,  1971, Sangdidng and Freeman 1974, dunt e t  a l .  
~982)- Tuere was no shrdrp d r c l r r ~ e  - c  plashla 
t es tos te rone  a f t e r  funct7onal iniiturrty (Fig* 4 )  as 
norra3 ly  occurs * 

A s i m i l a r  elevated plasma level o f  tes tosterone 
d f l f r  spawning and a t  the onset of  t e s t i c u l a r  
r*egrn-ession vsas observed i n  brook trou"ttht were 
held !iz t r ace  sublethal toxic levels  of cadmji;i;i 
( S a n g d a n i j  and Freeman l974), suggesting t h a t t h e  
e1evatc.d testosterone leve l s  i n  the male Westfield 
Atiaritic salmon rnay have been cadsed by the tox ic i ty  
o f  sanrc poilg~tant  associated with ?..he low pH of the 
r i v e r  water. 

Alsheugi; the physiological e f f e c t s  of the 
"a?Jror;~~ai'~"imenci o f  stt?roid Te::els i n  the & s t f i e l d  
f i s t  appear obsrii:,e to  iis d s  t h i s  tirne, the resu l t s  
of the comparative s tudjes  a t  tne Wes t t~e id  and 
f4edway Rivers sirorisZy suggest soi:iii interference 
witk the  norrndi sexuai iaatirrat'ion process i n  the atl I z ~ ~ ~ ~ c  - .  salrmnn i n  tho k i t f i e l d  River, This 
possibly could explain the h i g h  mortal i l y  (910,9%) of 
the  eggs fro6 the WestfSeld K i  ve r ,  

I t  l jrcaii~ apparent ? a t @  11 odr f i e i d  riork t h a t  
the  year 1982 was <lot s good ;ear fc; s t u d y ~ n g  the 
e f f e c t s  of ion ofl o r  A t ' l a n t ~ c  saimnn ~n tne 
Westfield K ~ v e r  as Were was l i t t l e  r a ~ n f a l l ,  
resirit  i n 3  ~n iow r-iver tvater arid a higher pH t h a n  i n  
1981, 

I:) conr: usion, th i  s invest: g a t i o n  deinonstrates 
differences het+ieen the ii sh held i n  the Westfield 
and those he ld  in the hkiglrer pH Fledway H i  ver. The 
Medkiay River f i s h  a t e  b e t t e r ,  gained mrc? weight ,  
produced larger  eggs, and tiad lower egg r o r t l l i t y ,  
Blood sex hormone levels 411 the Medway Fish were 
nor~-i;la? b u t  there dere 'indications t h a t  the tlormone 
leve l s  i n  the Weetf-ieid f i s h  were not* 



T h ~ s  study should con t l aue  as ~t 1s ~mportant  
t o  establ vsh a d e f ~ n ~ t e  r e l a t ~ o n s h l p  between the 
q u a n t ~ t y  a: ra - in fa l? ,  "ce pk! o f  xhhr r rver  m t e r  and 
t h e  e f f e c t s  of low pH on f ~ s n ,  I t  as ~mportant  to  
e s t a b i ~ s h  whether a r a m f a i l  would a f fec t  the pH of 
t h e  n v e r  d r a s t ~ c a l l y ,  and whether "this again would 
t r a n s l a t e  to  the difference% ale have observed I n  
1981 and 2932, I t  i s  a l so  Important t o  es tab l i sh  IP 
a graaual de te r lo ra t lon  of conditlonr i n  the 
ir'estf-ield River would continue Lo be *e+lec"cd i n  
t h e  sexual naturat lon or  reprod~cz lon  process, o r  
whether a " c h r o n ~ c  corid?tioni\nould resu1"zn a 
species  auaptlng t o  r t s  envlronrnent, he thrnk t h a t  
~t 1s Important t o  ~ o n t l n i i e  our e fgor t s  t o  answer 
t h e  many questroiis chat WP recognize rema~n t o  be 
answered r n  the ear ly phases of our s tcdy.  
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Table 1. Mean body w e ~ g h t s  of A t l a n t ~ c  salmon a t  
s a r ~ p l ~ n y  t imes,  

I ~ m e  ( d )  River Mean body wt i S,D. ( g j  

O - (August 23/82) Westfield 759,1 = 321,1 (42 f i s h )  
1 7  d e s t f i e l d  765.0 i 337.7 
3 8 Westfield 800.3 i 308.0 
S 8 Westfield Bi8,3 i 299-8 
70 Westfield 832-0 i: 268-2 
92 ( a f t e r  spawning) Westfield 751,9 i 246.9 

0 - (August  24382)Medway 8 9 3 . 9 2 3 5 4 - 4  ( 4 2 f i s h j  
16 Medway 957-2 i: 340,2 
3 7 Medway 9 5 9 , 3 ? 3 1 0 , 5  
5 7 Medway 999,4 i 275-0 
7 0 Medway 1088,1 1: 282-9 
92 ( a f t e r  spawning) Medway 930,1 + 264,s 

Taole 2. Concentrations o f  11 -ketotestosterone (11 -KT)  and  t e s tos te rone  ( T )  I n  the 51006 plasma o f  male 
At lan t ic  salmoi~ (Salmo salat-j h e l d  In the kdway and Westfieid Rivers ,  Nova Scot la ,  and wi ld  spawning inale 
salmon sanlpled a t  the Coldbrook Hatchery, Coldbrook, Nova Scotia.  

Sanpl i ng period ng 11-Kl/mL X k S,D, (S,E,M,) -- - ng T/nl X + S,D, (S,E.M,) 
1381 Medway kiestf i e i  d Med wa y Uestf; e ld  

Aug, 23-24 5.69 + 3.80 (0.21) 8.36 i 4-28 (0-43) 3-27 + 1.74 (0,10) 2 , 7 8 1  1.5 (0.15) 
Sept.  3-10 7,96 i 2.32 (0.12) 11,7 i 7,6 (0.59) 8-23 i 3,86 (0.21) 19,9 + 7-61 (0.59) 
Sept .  30 13.1 z 6.05 (0,341 18,7 * 1 0 - 7  (0-89) 15.6 i 10-8 (0,671 12.2 i 3-46 (0,321 
Oct. 20 62-0 i 20,1 (0.131 40-3 + 25-9 (0.32; 20-8 I 10,9 (0,64) 19,6 i 10-3 (0,10) 
Nov. 1-15 37.5 i 12.7 (0.11) 38.3 i 17,5 (0.13) 18-7 i 8-55 j0,53) 11.8 i 3 , 9 1  (0,331 
Nov. 23 29-6 2 19.8 (0.14) 7-64 2 5,28 (0,59) 13=2  1 5-96 (0.37) 20,5 + l C , 7  (0,22) 

Col dbrook hatchery Col dbrook Hatchery  
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This paper reports on studies conducted between early March and l a t e  May to show how l o w  environmental pH 
affec ts  smolting of Safmo sa iar -  Temperatures ranged from 2.3 to IO.O"C and three pH levels were mintained: 
mean 6.78 (control 1;- and mean 4.66. There was a high rate of m r t a l i t y  i n  the low as compared with 
the intermediate and control pH levels. Growth was reduced I n  the low pH range. Saiinfty tolerance ( t o  35.0 
o/oo sea water) was marginally reduced in the intermdl'ate pH group and greatly reduced In the low pH group in 
comparison with control fish. N ~ ' K '  ATPase activl'ty was likewjse reduced i n  the ;intermediate and low pH 
groups. Plasma Nat, C 1 -  and Cat+ regulation #as adversely affected i n  the intewnediab and low pH group. Under 
the conditions of our experl'ment, smelting of salmon was inh-ibfted by environmental pH" below 5. 

Nous gcr ivons  dans le prBsent a r t i c l e  des htudes mnBes entre le d6but de m r s  et la f ln dc? mi dans le 
b u t  de &montrer 1 'influence du pH ambiant sur la smolt-ificatioil & Salm salar. Les temp6ratores and varl i  
de 2,s 5 10,O"C e t  t ro i s  ~Iveaux de pH on* Bt6 utiSis6s: myenfie de ns); myenne de 4,94 e! 
inoyenne de 4,66. Les mortalites ont 6tg Blevees aux bas pH comparatfvemnl aux eW i n t e r d d l a i r e s  e t  temoins. 
Dans l a  game des bas pH, l a  croissance a dimfnu6. La tolirance 5 la s a l i n i t i  (a one eau de m r  de 35,0 o/oo) 
a 5 ~ 6  mrqinalernenl 6 d u i t e  dans l e  groupe de pH - interddiaires e t  consl"d6rablemnt Gduite dans celui mlntenu 
2 bas pit, comparatlvemnt aux poissons emoins. L"ctivit6 de 1 9 8 7 a s e  N ~ ~ K +  a Ggalemnl Pti Gduite dans les 
groupes de pH i n t e r k d i a i r e s  e t  bas. La rggulation de Na*, C l -  e t  Cati plasmatlque a subi &s effects 
adverses chez les groupes de pH i n t e r k d i a i  res e t  bas. Bans les conditions de notre expirjence, l a  
smoltification du sauman a E t i  paralyses par &s pH alirbiants inf6rieurs i 5, 
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ABSTRACT 

Effect of humic acid on toxicity of aluminium in aciaic waters was studiea under laboratory conditions. 
I L L  values a t  pH 5.0 were calculated to  be 179 and 245 yg A l l i  k r t h  and without humic acid, respectively. The 
corresponding values at  pH 5.5 were 188 and 159 bg WlA, respectively. 

L keffet  de I 'acide humique sur la  toxicl't6 de 1 'aluminium dans des eaux acides a 6 t i  Etudii dans des 
conditions de laboratoire. i e s  valeurs de ILL 2 un pH de 5,0 Ont 6t6 calcul6es 2 179 e t  245 pg A l / L ,  avec e t  
sans acide huml'que, respectjvement. Les valeurs correspondantes au pH de 5,s ont 5tG Q 188 e t  169 pg A l / L  
respectlvemnt. 



A c i d ~ f ~ c a t ~ o n  of s i r f d ~ r  wdter 1s a major 
prooleei In parts  of eastern Canada, e s p e c ~ a i i y  Irr 
Nova Scot la ,  Runoff from a ~ r d s c  precip-ildtron has 
added another d ~ m e n s ~ o n  to the  problen, s lnce r t  may 
promote c o n s ~ d e r a b l e  mob; l ~ z a t q o n  of alun~nldrn atmd 
t r a c e  metals : ~ k e  copper, zlnc, cadn?riiir, l ead ,  e tc . ,  
from xhe drasnage b a s ~ n  te the lakes and streatas 
{Cronan and S c h o f ~ e l d  1379, Fiermann and Baron 1980, 
Hall  and L~Lens 19Rlj, Several reports  have neen 
pub1 rshed r n d ~ c a t ~ n g  t n a t  allrm;n~iim r n h ~  l i r ed  by 
a c i d ~ c  w t e r  has contrlb?ited t o  f~ sh i~rrta"! l-cy 
(Baker and S c h o f ~ e i d  1980; O r ~ s c o l l  e t  a ? ,  1980; 
Munw and i e ~ v e s t a d  1980j In several par t s  of the  
wor ld .  Elevated leve l s  of alurn~n-iun: have a1 so been 
reported In streams Fro;? Nova Sco t la ,  and serrous 
concern has of ten been expressed regaralng tire 
e f f e c t  041 a1 urn1 n~ urn on freshwater f l  sbe-y resources. 
'lost streams and lakes are  also c h a r a c t e r ~ z e d  by 
having waters of less than 5-0 pii and bbr0-c~ acid 
content ~n the range of up to  5 aig/L, The s u r v ~ v a l  
and growth of brook t r o u t  and white suckers during 
devel oprnentai peviods, I ,e eggs, 1 arvae, and 
postiarvile a t p H  levels 4.2 t o  5-6, atid alum1niun1 
cancentratrons up t o  0.5 iiiijj~ have ,)fen ~rivestrgated 
(Baker and S c h a f ~ e l d  1982)- However, e f f e c t s  of 
natural organlc chelators  l ~ ~ e  h u n ~ c  a c ~ d  have not 
been ~ n v e s t i g a t e d ,  Consequently, a study #as 
undertaken t o  detern?ne the zn~L~gdLriig e f f e c t ,  ~f 
any, of hum~c a c i d ,  on t o x l c ~ t y  of aiiar?~n~tiiii a t  
several pH leve l s .  Rebuct~on I n  t o x i c l t y  of metals 
I rKe Cu by humlc a c ~ d  has been documented (Zitko e t  
a7 ,  19731, 

A t l a n t ~ c  salmon parr jn = 10, avg, l eng th  = 8.2 
cm) were used For 95-h hioassays s n  running tapwater 
i n  f iberg lass  tanks (32 L) d t  iG0C,  Const3nt-head 
Mar~ot te  b o t t l e s  were used as required t o  dei~ver 
alum1 n i u m  sul pkate, sod~brn k u ~ a t e ,  and suiphuric 
ac id  and/or sodrum hydroxide solirtlons t o  tne t e s t  
tanks,  Goncentrabons of a1 u m l n ~  uin and hiinrc acld 
were monitcred several t1rnc.r a bdy throughout the 
t e s t s .  The t e s t s  were rtn a t  several pY ks. Ddtd 
f o r  runs a t  pH 5 and 5.5 are  given below. 

Caicziiated le tha l  dbresholds jug/i-; Po? A: and 
salmos p a r r  

Tile l e t n a l i t y  11nes ( i ~ g .  I) ini i lcate  t h d i  , dt  lower 
concentrat?ons o f  A3, the  presence of hula~c acid 
does not a f fec t  the  t0x~c1L.y of A l  ~ u t ,  above 
I mg A l / L ,  t h e  toxlcl  ty 1s s?iilewhaL i ~ o d ~ f - i e d  by i t .  
A t  present ,  exgerirnents a r s  be1 ng conducted to 
deternlne t o x l c l t y  of A1 a t  dnd a t  several 
se lec ted  pH"* F ~ e l d  experiments, usrng water with 
sa tura l  huaatc, a r e  also planned For future study, 

Cornpl e x a t ~ o n  of A1 r i~ t l i  Ilumic acid In 
l a b o r a t o ~ y  and f r e l d  s - i t t~a t lons  :s also b a n g  
a n v e s t ~ g a t e d ,  A t  present,  7t 75 net known whather 
natural  hufnates  porn^ c ~ m s i r x e s  w ~ t h  Al as they do 
w i t h  other  metals l ~ k e  C,: and i n ,  ~ 7 t h  co~~seqiient 
reduction of t o ~ ~ c l t j  t o  f a s b .  

rhree ~ w ~ ~ a r e i ~ ~ u l a r  rcsln, i X A D  2, -1 and - 7 )  
of varying p o : a r ~ i y  have been tested f o r  recovery of 
Al and hhrni.c aclu fjo-l i ia ter ,  under laboratory 
conal t ions,  and hare performed sa t?s fac tor r1y ,  
Fdeariy 100% recovery of 41 1s ootaii;ed w r t h  H C 1 ,  
NH4il1-l o- NaOii, i i i j i q ~ c  a c ~ d  i s  best retained by 
XJD-2 dna car be ciiiced fror: +he resll- with 
alcohol rc MliqOH. 

nixed ~11th sodluri  hii71atp lcdaed on XAO-2 and 
XAD-I  zaldnrrs 7s separated 7nto t i r o  f rac t ions  by an 
acad c l i e n t  Foi lowed by a rroase. Tbe f ~ r s t  Fraction 
c o n t a ~ n s  only A1 w h ~ i e  the  second contains Al and 
hunatc, suggestlng thdt  a porl:on of Al may have 
forineir e humate coinpiex on f inxing r t  WI tii sodrum 
humate, 4 number o" buma?x s a m ~ i e s  have Seen 
col lected froin Yovd Scotla lakes and the techriique 
develo~ied w~ 1 l be aocl ~ c o  t o  deternrl ne whether A I  1s 
bound -c3 irunratts under F ~ e l a  condi"tons, 
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F i g .  1. Lethal i ty  l i n e  for j uven i le  salmn exposed 
t o  A 1  and t o  A1 + hunic acid a t  10°C a t  pH 5.0 and 
5.5, 





ENERGY METABOLISM DURING SEVERAL LIFE STAGES OF 

SALMO SALAR UPON EXPOSURE TO LOW pH -- 

K. Haya, E. A. Waiwood and L .  Van Eeckhaute 

Fisheries and Envlironmntal Sciences 

Department o f  Fisheries and Oceans 

B ? o l o g i c a l  Station 

S t .  Andrews, New Brunswick 
EOG 2x0 





Several s t l id~es  are 31"  progress Pa determine the e f f c ~ t  05 txbnsure t o  low p h o n  -intnrmed?jary energy 
rnetabolf sn during several l i  Fe stages of Atlantmc salmon !SaIha S a l a r ) ,  

Fer t i l ized eggs exposea t o  pH 4-5 tbsough  hatclrang t o  swi.ii-lap snowed a larger ~um~ia- t ive  mr ta l l ty  than 
those h e l d  a t  pii 6.5, Olocl~em,cdl de?a:yses are 1cccrnpIete lor t h i s  study, 

8t lan"cc salmon pasr were held a t  pH 4.5  d u r i n g  f ~ n a l  stages r~ f  smoltif~cat~an 183 d ) .  The controoi 
salmon (pH 6,5) showed a n  ncrease i n  weignr ane l e n g t h ,  and i i v e r  we13ht which  *ere not observed I n  the low 
pH group, There was a larger decrease l r i  condit~en factor of the low pH grou? t h a n  o* me controls- 

After :5 d ,  I e v ~ l c ,  o f  ABP and gitacilsf. Mere nlgher and adenyla:i? energy c h a r g e  I A E C ) ,  creattne phosphate 
and glycogen were lower I n  the ,nliscl~s of acrd-ex~ased salmon. These riualitative d~fferences dere ml'ntained 
until t h e  end o f  the experrment. These results ~vdicatea t h a t  ekpnsure to lob pH caused glucaneogenesls f rom 
amino acid precurscrs t h r ~ u g h t h e  c l t r l c  a c l d  g c i e  t o  become the predornjnant pathwil:, ratner t h a n  from 
glycogen. 

The levels of ATP, t o t a l  adenylatee, AEG and glucose were cons-istently higher ln the livers of the 
acid-exposed salmon compared t o  the coatrols. Together with thc  observed l a i c  of growth, thcsr results 
indicate tha t  low pll caused impairment OF analPo1:c processes. 

Plus-ieurs Ptudes sont en COUPS dont les o b j e c t ~ f s  sont de dcterrriiner l kffel :  de 1 kexpasl'tlon i de bas pH 
sur le &fabolisme 6nergGtique interm6diaire dir saurnon at1 iafit~que (Salmo salar-) pendant plusieurs phases Q 
son cycle de v ie .  

Les oeufs FecondCs expos6s i tin pH de 4,s dest11s ~ ' ~ C I O S I O F I  ~ i i s q h h u  sstde & nnge vers i e  h a u t  oni; subj 
des niortalit6s cumulatrves p l u s  63evPes que ceux m l a t e w s  i ~ * n  pH de 6,5, tas analyses bloch~rnicjues no sont 
pas encore terrnin6es. 

Des tacons ont 6t6 m ~ n t e n u s  5 tin ol- de 13,s pendant ies  stddes f inals de l a  s m o i t ~ f ~ c a t i o n  ( 8 3  jo$rs / .  
Les saumons tGmo~ns (pH 6,s) aagwen";rent de po l& e t  de longueur au corus e t  ck p o ~ d s  dti fo-ie, augmentatSans 
qui  n l o a  pas PLP obse-v5es dans le groupo mi~teni l  2 bas DH* l a  d ~ r n l n u t i o ~  du caefficle~t de condmtron a 6t6 
plus forte dans i e  groupe a bas pll que chez les "Lera:oins, 

Apr6s 15 jours, les n:veaux d%AD ~ ' t  dde g :~cose  ont Gt6 plus 6iev6s. t a n d ~ s  que Id  charge 6nergGtique 
d>&nylates ( A E C ) ,  l e  phosphate de t ~ i d t ~ n e  ct i e  glycrrg611e ont 6 t i  plus Farbles dans les muscles be saumns 
expusgs 2 t 'aacl de. Ces dl ffGrwrices r j i a ~ l  i t a t - ives  se sor~dt mi37 n t e ~ i j ~ s  J U C ~  '5 " a  fz P $2 1 I"c?/;pPr~encci, Ces 
resul ta ts  ~ n d i q i a e n t  q~l'uiie expos:rlon a u n  oa; pH ci iase tine g l u c o n 6 o g i n ~ s e  i par-ilr  d b c ~ d e s  anlnGs corn* 
prGcurselirs, passant par ie cycle de 1 bac-ade cllr lque,  pour d e v ~ n ~ r  la vole ~~6dorninanlo plue6t q u %  part lr  du 
giycog2ne. 

i e s  nsvedzlx d%Wi", d ' ad i iny la l e i  t O t d ~ X ,  ,a2 ae glucose onr 6t6 bn:forn&ae.it p l u s  6ievGs dans le  to le  
de saumons exposis 2 l'acrde, coaipardtlverent akiY St6moln~. GCS T ~ S U  t a t s ,  ga ln t s  as manque 8 cro lssance 
ebserv6, j n d i q u e n t  q u > n  bas pH n u l t  aux p r o c e s s u s  anabalirlues, 



LOW pH o f  many freshnarer systems rs a s s u c ~ a t e d  
w i t h  a c ~ d  precipltdt~oli  cr r u ~ o f f  from boggy areas. 
A c ~ d i f i c a t r o n  of lakes drld streams rs resraltlng ~ r ;  
the d-r sappesrance OF TI sh popu l a t ~ o n s  (Beamr sh and 
i-larvcty 1972, Schnf~eld 1976;- The seris: z ~ v - r r y  t o  
i;Oi;iG ef fec ts  of lok pH can vary w r t h  dlLferent l e e  
stages of Salmo s a l a r  (D3ye and Garside 19771. 

Adenylate eiiergy charge ( A E C l  i s  a masuse of 
the wtabo11c energy s t a t e  of cei Is ili-,i;-inso~ 19771, 
AEC i s  consrdered t o  be a p n t e n t l a i l y  bse'ful 
~ndicatoor of sublethal effects cavseG; by xe~cbloklcs 
or physiolog~cal i y  undes~rdble condasrons (ilayli and 
Waiwood 1983; Ivanov~c-! 19801, Act i vs t l e s  o f  
regua a to ry  enzymes of cdlabol ~c  and anabol 16: 
pathways are a l t e red  i n  order to  rnaistain a steady 
s t a t e  vaiw o f  4EC, For example, expowre t o  T O W  pH 
causes a decrease i n  AEG of varroiis tissues of  

iMacFariane 19811 and alierat~ons 
r ca l  parameters of muscle energy 

metasto1 .ism i n  T i l a p j a  m s s a n ~ b ~ c a  [Murtvry et a l .  
nsau, 

I n  "ce present sttdy Sa lm sa'lar #ere exposed 
t o  low pH dlirZng Pdo l i f e  Fertilazation 
o f  eggs to swim-up (cllea:n experfmnt) arid durfng  
the paw-smol t transformation dsmol t i  f i c a t i o n  
exper iment ) .  

AtEVIN EXPERIMENT 

iibirlng previous work on tne development of 
chorionase acti  v i  t .  [(idiaya and Uas'woob 1981 ; ka~waod 
a n d  Haya 19831 a behav~oral  change s n  embryos he1 d 
a t  low pY was observed. There bas  a d e f ~ n ~ t e  lack 
ofmovement i n  these embryos which anpeared t o  
hinder their  escape from the chorioo ghos t  and a 
lack of motenrent ovce natched, Peterson and 
Martin-Robrcha~d :I9831 have snown r h a t  lack of 
movement I n  eiiibryos about Lo natcb when h e i d  a t  low 
pH could be reversed on ;#I  tchr ng t o  a m b ~ e g t  pii. 
The purpose 06 the curreilt study IS to determ-ine AEC 
and related substrates OF erergy produclr~g catabol ic  
processes ' n  A t l a n t ~ c  saIi~on alevins exposed to Icw 
pY durrng hdtch lng u a t l  i swlm-up. The Loxlc effects 
of law p9 on alevins may be related t o  disraption of 
I nterniedi ary energy mer;a~oi i sni. 

SMOISlFlCAilON EXPERIMENT 

Pi?ysioiog~cdl and b l ~ c n e m l c a l  C ~ L ~ ~ C S  Lcat 
occur d d r ~ n g  smalli f-.cd"cion have teen reu~ewed 
(Yederneyor e t  a1,  19803, The parr-smolt 
transfcrmat~on does not proceeo noraally d u r ~ n g  
exposure of salnon t o  p4 %aannder+ et a3, 
13821, T ~ P  purpose of t h l z  s t u d y  was to oetermrne 
the e f f e c t s  of low brl dbr r rag  vnoi t ~ f - c a t : a n  05 

i nterrnedi ary eneryj  metaool- sm ~n order t o  o h t a ~  n 
~nforrnatlov on b~ochern~cai  necsanisms of a c i d  
toxsc7 tJ1, 

Sairno s a i a r  p g y s  *ere obtarned fxom the d o r t h  
A t 1  anKc?h7XiK"F?esezrch C~ntre ; NASX I. Eggs fro-! 
iatlr females we-e mixild h n t h  rill;$ frcni s l r  males aqd 

wer? diiowed to harden i n  Chamcook Lake w a t e r  ( a l l  
f i sh  were 91-1 lse ~ . t . tu rv l r ;a  t o  a iASRCj  di"ilr~n 4 11 
tne eggs were transpcrted ~o the E - o l o g ~ c a l  S t a t ~ a n ,  
S t .  Andreks, avla placed I n  expersnental containers. 
4 p ~ r o x 1 m a t e l . y  10,531;" eggs were d:v ideo between 
contror ( d m b ~ e n t  p i ? )  and low pi! ( 4 . 5 ,  boxes. For 
detaris 3 f  the exper~irental s e t - i p  sec xa~kood and 
days il985). Sampl;ncj ~ a s  i . ;? t la ted a t  t rm of 
f ' l r i t  .ecce55fu1 h d t ~ b i l ~ ,  I * e  442 degree days.  
41ev1os viere grouped ' In tns- iom.uar.t.,rents accord1 ng 
to aagc, since tne fiumDers of aievins nn  1cw pi-l were 
much redurea by earlg nrcrtaf :z les ,  the groups a t  low 
oW span longer periods of t iw.  A total 9f 1481 
a'iev~rrs a t  lord pH were s a m ~ l e u  and 3194 From control 
L O i I U  1 j u r B b a  

Aienddns to be sairplr-6 were removed from fne 
experimental containers, quickly  blotted dry and 
dropped i n t o  l i q u i d  n i t r o g e n ,  The samples are 
stored a t  -80 C awaiting analysis  For  AEC, 

Jhe exposare o f  Atllanzrc salmon parr  t o  lohi pH 
f a r  ot- expor-iolest was c o ~ h c t e d  as pdrt of another 
p-ojece ( S a ~ n d o r s  e t  i l l , ,  see t h ~ s  report), Thus a 
la rge  nurnwr of  sdlmon were exposed and our samples 
were chosen a t  random %om %qe t o t a l  pool o f  salmon 
i n  a l l  treatment groups, Atlant ' ic salmon parr were 
exposed t o  iov pH or pd 6,s (son"i01 s )  as previously 
desc.1 oed (Saunders e t  a1 . 1982 1 ,  The temperature 
was mints i lned a t  i C " C  and the flub bere Fed 
cnrnmerclal tEW3S: ~ P ; J  pel l e t s  st "carate of 2% body 
we~ght/d;??i. The salmon w r e  d ~ r l l n a t e d  t o  tne 
experi~.ental c o n d f t ~ o n s  a ~ d  appara tus .  For the lcw 
pti group, the pH tias &creased gradually over I1 d 
t h e n  waintaioed oetweea 4-5 and 5.0 for the 
remii~nder of t b e  e x o e r i w n t .  

Periadica;ly dur ing  the experimnt (March 2 ,  
i382-Flay 28, 19821 six salmi;n p a r r  f r o m  each 
treatf ienl  Miire transferred w i t h  a d i p  net to 10 L of 
water of  the sare pi" a n d  temperature- The salmon 
were anaesthetfzee! w i t h  t-awl alcohol = The g i l l s ,  
l i v e r  and a section sf white m ~ s ~ 1 e  (dorsal-lateral 
between the pectorbi and a r ~ a i  Fins)  were r a p i d l y  
excised, frozen with l i q u i d  n i t r o g e n  and  s tored a t  
-80°C. The  l iver and muscle sarnp'les were analyzed, 
using erizymatic spectrnphntone&ric techniques 
{Bergmeyer 1974; Haya et a l ,  1983) f a r  adenosine 
trjghosphate (ATP 1 ,  adenosine di phosphate ( A D P ) ,  
adenosine monophosphate jAldlF"1, creatinrr iihosphale, 
g i u c o s c  and glycogen- AEC was calcuiated froin the 
formula: AEC=lATB+O.S kDPII(AiP.ADP+AMP), 

Lumulat've m r t a l i t i e s  d u r i n g  the experimnt 
were "?6% in t i le ::ontrsls (pH 6,5j compared to b7,8% 
For the acid-exposed group (pfi 4-5; F i g .  1 ), 
Nunbers of dead included in fe r t i l e  eggs,  embryos 
dead p r i o r  t;; hatchl:ng, those dy ing dur ing the 
h a t c h i n g  process anc a i e v i n s .  A l a r g e  number of 
deaths occirrred diaring tne exrly prirL of the 
exposure and was probably due to  the i n a b i l i t y  of 
the eggs Lo adapt  t o  pl-I 4,5, There was no 
dlfferewce between the degree days f o r  t he  f i r s t  
successful nazching to occur i n  both treatments. 
The mst  sensitive period t o  the t o x i c  e f f e c t s  of 



low pH appeared t o  be during tee  hatchleg prccess 
j 5U0-850 degree days 1. 

Determ? n a t ~ o n  o f  The DI nchcnr~ca I pararljeters of 
the a l e v i s s  has not been accomp l I shed. Sensi t r  dc 
a n a j y t ~ c a l  methods wil hdve t o  De developed for  the 
low l e v e l s  of adciiine n u c l e c t ~ a e s  i n  t s e s e  samples, 

SMDLTIFICATZON EXPERIMENT 

A 1 inear  regression indicated a s i g n i f i c a n t  
Ip < O , C i l )  jncrease in  weiglit and length u i t h  rime 
f o r  the  salmon held a t  i3tl 6,s ( c o e ~ r ~ l s j  but not fo r  
sa l r i~o i i  heid a t  pH 4-5-5,O (2ic.i d.-oxposed j over the 83 
d of t h e  experiment j l - ig ,  21, ~~~~~~~~~5 e t  a i ,  
(1982) rseported a diicreasc 4ri growth r a t e  fo r  salcun 
during sn~oIt ' if5cation a t  pi! 4-5 calr~pared t o  pil 6 - 5 ,  
The overal l  trend I n  our- experiinent was a decrease 
i n  weight of the acid-exposed sdioion, thus a 
s igni  f i c a n t  ( 1  inear  regression,  p <0,31; decrease i n  .. 3 condit ion f a c t o r  (C5) was observed ( F i g ,  i ! .  A 
small decrease i n  CF i s  e x ~ e c t e d  d a r i n g  
smol t i f i c a t i o n  ( love 1980; Saunders ot al . 1982; 
Medemeyer et a1 , 1980), The CF d e c r ~ a s e d  
s i g n i f i c a n t l y  (p <3,01) froin ?,05 t o  0-92 i n  
c o n t r o l s  and t o  0,03 in t h e  acid-exposed groop. The 
decrease of CF i n  the acid-exposed g-oup ~ i a s  
s i g n i f i c a n t l y  more ;hati t h a t  o f  "ibe :ontrois ( A W V A ,  
p < O , O l ) ,  This i s  i n  c sn l rzs t  t o  a s imilar  
experiment i n  vihich there  was no difference i n  the 
CF between the two groups a f t e r  sna:ti .Tication was 
eoinpleted i n  the con"io1 s [Sar:riders et a? . 1982 j 
This djscrepaiscy Fray be because the sairrion parr i n  
t h e  Sawnders ' s t u d y  were ci~:ch larger  at the 
beginning of the ex;~eriinni~t compared to the pacr of 
our study (mean of dzy 1 controls  was 60,s g vs  32,7 
g ;  the small 'loss i n  kieighz would have a greater  
e f f e c t  on the ZF o f  ~iiial l e r  f i s h  coirr3ared to 1asi;er 
f i s h ) ,  There was a s i g n i f l c a n l  j l i r ~ e a r  ~ e g r e s s ? e n ,  
p <0,01) increase i n  l i v e r  weight of the contra! 
salirlon b u t n o t  of the acid-exgeseci s i i m ~ i i ,  This 
resu l ted  i n  a s ign i f ican t  increase i n  the l i v e r  
soniatic index of the coiitrsl arid no s-iijn? f i c a n t  
change i n  t h a t  of the acid-exposed y o a p  ( F i g ,  2)- 

The decrease in CT of  t i t i .  c a n t r c i s  rriay be due 
t o  an increase i n  the sir-eanil .irring ofthzii body 
dut-irig smoPttificatiu:i (Love i380)- :iovdever the 
reduction of CF and a l te red  metabolic energy 
pathways ( see  l a t e r )  are ind+caiive ~f a decrease in 
t h e  pi lysioio~ici i l  s t a tus  o f  the acid-exposed group 
duri fig our experinrent, 

The mechn level s of adenine ili,cl cot i  des 
j k [ p = i ,  7 6 ;  i b p = g , 8 2 ;  Af lP=O, i j i j ;  Ijmo 1 / g  t*& ; n::b) 
and AEC (0,937; n = 6 j  i n  the irtscies o f  centre! 
salmon a t  the s t a r t  of tile exyerii:~eri~ are  s i i??lar  t o  
those reported f o r  w k t e  ~'iidscle 511 cchei- f-ish 
(Vet t e r  and iiodser~ 1982 ; i4acFari ane 1981 ; Jorgerisen 
and Mustafa 2980)- The mean level ofAATP (!A7 
pmoi j g  wet wt ; n-6)  i :I the ? i ver was io:.rei. t h an  tha t  
fourid in  n~uscins,  b u t  those of kiiP arid AMP were 
s imi la r  in tile l i v e r  ani; r;ittscie, Thus the  nedn AES 
value was lower i n  the l i v e r  (0,689) a n d  was 
comparable l o  t h a t  of k i  1 l l5 :;!I : i ver (E;acFarl ane 
1981), The leve l s  of adenine nucientides i n  the 
q i  1 I s  could nut be nieasiired by spectrophoiometr i~ 
techniques and w i l l  i-equi r e  a i - W I W  sen+,it  i ve rxthod 
of drialysis,  

A prel ibjjjnar-y s i i j t?  s?: icai eva! ! i d t i o r  of t he  
b-iochen~ical aata  iiss bee!] ccimp ietec;, Gelierai l y  the 
hiochen~icdl paraninters i n  the mi~scles ( F i g ,  3 and 4; 
a n d  l i v e r s  ( F i g ,  5 and 5: o f  control saliiion varie:i 

siyni f~cantiy b u t  i n  a  i-ar;doin fashion  ( i i i i i i V i i ,  
p <O,U5) i.ijtil tl?:c and the  variiftians were probably 
of no :>inciiemica~ si gni f ica r~ce ,  However, the re  a r e  
some f!!uctuatises t h a t c a n  3e related t o  those weeks 
d u r i a y  which  a i l  the f i s h  were s!~b,jected t o  several 
days o f  s t i a r v a t i o n  ancl s day of i?;~aestiiesia ard 

.'I 3 pc n s ,  . ,; {sainpi i ii.1 p r o c s d ~ r e s  Fijr d concurrent 
expei'iirenL see Sai~ntiers ut a ! ,  tRis r n p ~ r t j ,  For 
F nstance, l argl: decrei?ses in !i ver glycogen occurred 
on days 4 i , 69 an!d 33 (F i g ,  61, Tnese days 
corresi~orid tc the ;i*rnpl i n g  tiii:cii; f o r  Sarinciers " 
e x p e s ~ ~ n e n t ,  Thus  niiiche:olca! rasu;i.s from samples 
taken on these days were evaluated w i t h  cau t i cn .  
T l  - 1 n - i ~  niav be the redson we werz uiiab:e to  detect  the 
ciecredse i n  l ivev qlycogen tha t  <?ci!irs during the  
parr-~r; :3l t  Lrc i" iSf r~ :~e t j~r~  (iiedenieyer e t  cI . IYBO), 

~511alysis 0.f varic.~ice 10,01) .indicated tha t  
there  were differeiices betweeri the l eve i s  of RIP ,  
A!;" )\EL, c r e a t ?  nc? pimsphate, g l  ucosi? and glycogen 
7 r i  n;cicles of acid-exposed saii-ion and ".,has of 
cnnt rv i s ,  After 15 d rif tlzr experfment the levels  
of a i l  of these except ATP differed i n  a consis tent  
limnnor- between the two groups, A l l i h n d  g l~ ;cnse  
leve l s  were higher and A E C ,  c rea t ine  phosphate and 
glycogen leve l s  were lower .En rnnscles 05 the 
acid-exposed group compared t o  those of controls  
(Fig. 3 ant: i j j ,  The large decrease of AkC observed 
I n i:i~!sc:i.s 0 2 1  l 1 i il sh (Fundu'i tis c~randi  s j upon 
acute exposure t o  low pti ji?aci'ar.;-ane 1981) was riot 
see r  i n  our experi;~reqt, irr the i:luscie of YjIapfa 
mossan:Lica acidto expasure to  ac1-l c ~ i l d i t i ~ n ~  
decreased white nuscle glycogen concentrat"Lios, but 
cIev6tcd slycogen levels  Here f o d n d  a f t e r  i 5  d of 
expusbra jMurthhy el: a l ,  198i ) ,  Thjs i s  i n  c o n t r a s t  
to our r e s u l t s  i n  "iirtich t h e  g i j coqen  content 
remained lower for t he  93 d oVtl i ic tcxperirnend 
(except  w i th  oay 48 samples, Fli;, "4 jin the muscles 
of  acid-ei:posed sa ililon -. 

I w a  of tne possinle ex pi an at lo^:^ FGT the 
d e c r e a ~ ~ e d  AEL and qlycoger; level; and thc 
:nainterlait:e of f d j r i y  cor!stantgi;icose levels  i n  
mwscl ec o f  zc i d-exposed salinr?n coiripar-ei to tilose i n  
muscles o f  c o n t r ~ i s  a re :  1- i f-s t ,  t he re  could be an 
i ncp-ease .ifi ra te  :IF giyco!,enoi;~si 5 t o  naintain 
giuccze leve l s  arid a s i i g i ~ t  docroase i n  axddative- 
phnsyhiirl y:at"iun r;?siil"ciny i n  a decrease of AEC, 
Second, the:"tm conid be d rlecredsr i n  glycoyeo 
synthesis  anti ari increase jil giui:oneogenes.ms frorn 
araino a c i d  {j)r-otoiflj prfx:iroor.s th ra~ igh  ;.i~e c i t r i c  
a c i d  cycie rather t i l u i i  f r . ~ i ~ l  glyciiseri, R 
sifiultdneobs increase iil giycii'lys?s leads Lo a 
reduction .in REC because giyct~lyr  i s  {an anaerobic 
process) i s  less  efikciexrt t h a n  2xicistjve 
phosphoyy: a t i o n  i n  tne pi-iidir~"cio:i of cnetabol i c  
enersy from glucose. The I c t t e p  clescription of 
biuchuraical  processes i ~ i v o i v e r i  dadring the su3lethal 
exposure ofsalmon t o  law pii i s  mr.2 l ike ly  because: 

1,  Cxposuro o"iF"slr to lob pi! ha s  been 
suggested to caci*.e ?vpo:h (IMa!:Farl ane 
19Fi j; 

2. hypuxia causes a reduction i n  AEC of f i sh  
rnuscie (Yetter  dn?? licdsen 1962) and of some 
worms {SahvbLIer 1979) dse to increased 
re1 iance on a n a e r ~ b i c  rletdbol i c  pathnays ; 

3 GI i~co;ieogenes.i s vr i  eh ani rio acids rather  
t n i a n  ciircohyi;rdtes as the i n i t i a l  subs t ra te  
4 s the preferred v.3utf? of rsaintaining 
glucose 1eve:s I ~ I  f - i sh  :Malton and Cowey 
l98.2) , 



AEC remained only slightly loner i r r  the iliuscles 
of the acid-exposed sa7;lru:i eoii:pared to those 05 the 
cont ro l s  a f t e r  15 d of ex?nsure to i o ~  pH ( f i g ,  3 ) '  
AEC values i n  the acid-ex?osed group remained above 
61-9 which 5s -in the range expected -h:r f j s h  muscles 
i n  a healthy nietaboiic energy s t a t e  (t4acbarlai1e 
1981; Vetter and Hodson 1982; Jorijensss and Mustafa 
1981)j, T h u s ,  ",here a re  s i i f f ic ien tmmetabol  i c  energy 
s t o r e s  t o  meet the reqi;irei;retiSs f o r  :necbanica'i work 
(niuscl e contraction j a i d  .clsmntlc work (ac t ive  
t ranspor t )  and the observed hiocheiiiieai e f f e c t s  i n  
w h i t e  ~ ~ i u s c l e  a f t e r  exposure of salmon to  low pH may 
not  be o f  any physioiogica! c~r:seijaence, 

T h e  l e ~ f e l s  o f  ATP,  t o t a ;  adenylates, A k i  a n d  
glucose were cons i s ten t ly  higher (AWUVR, 3 (0.01) i n  
t h e  l i v e r s  of acid-exposed s a l m ~ n  thar;  i n  those of 
conira'i salmon, The :nerabglic energy o f  liver" i s  
used -in active transport  pr-iicesses hut i s  inainly 
required fur anabolic processes. As i n  muscle, the 
h i g h  level of glucose i n  lives n f  acid-exposed 
salmon rnay be indicatf ve of aa increase i 
gliiconeogenesis through aiilino ac id  rather  t han  
glycogen consuc~lrig patl?wiiys, Eloudever, the increased 
levels may a l s o  ind ica te  a decrease i n  the ability 
t o  ut i l i se rji ucose because cf i m p a i  r31en"cf 
anabol isin, increased l w e i  s 3f ATPi t o t a l  
adenylates arid AEG a d  no s i g n i f i c a n t  diFfl'eence -in 
c r e a t i n e  phosphate  or glycogen stores between 
acid-exposed salnion and ciintl-oi salmon 8nea:i t h a t  a 
re1 a t i  ve decrease i n  anabol i snr (energy consurriing) 
compared to  cataboi ism (energy producing)  has 
occurred. This decrease j r ~  anabolic precesses 
cventuai?y r e s u l t s  i n  a lack of growth and 
developnient, i h u s ,  d i s r ~ p t  ion c f  anasal Ism 
contributes t o  the detrimental e f f e c t s  caused by 
exposure of salmon t9 low pH auring the  pzrr-smalt 
t ransformation,  
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Degree  Days 

F i g .  1. Cumulative mreal i t j e s  o f  A t ' l a r i t i c  salmon from f e r t l l  l 'zat ian t o  
swlm-up a t  law pH (4.5) and ambient pH (6.51- 
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F I ~ .  2 ,  LIver somatic Index, condi t ron factor ,  l e n g t h  and welght o f  
8"clantic sa:mon d u r f n g  smol t l f ica l7"on a t  Tow pH (4.5-5-01 and conerol pH 
i6.51. 
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Fig.  3. Adenine rsucleotide levels sad AAE of Atlantic salmn muscle d u r i n g  
s m l t i f i c a t i o n  a t  low pH /4,5-5.0) and control pH (6.51- 
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F i g .  4. Creatine phosphate,  glucose and glycogen levels OF Atlantic salmon 
muscle d u r i n g  smoltificatlon a t  low pH (4.5-5.01 and control pH f6.5). 
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Fig .  5. Adenjne nucleotide levels and AEC of Atlant ic  salmon liver during 
smottification a t  low pH (4.5-5,0) and control pH (6.5). 
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F i g .  6, Creatine phosphate ,  glucose and glycogen levels of Atlantic salmon 
liver du r ing  smolllflcalion a t  low pH 14,5-5.01 and contra1 pH f6,5).  
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Pralimfnary results  ( a f t e r  the completion o f  three of  sixteen replicatesj  are presented For an 
~nvest igat ion of effects o f  sublethal levels o f  acidic pii (5.0-6-5) on growth arid I n t r a -  and interspecf f f c  
behavior o f  Lhe blacknose dace, slimy scuipfns and juvensle salmon. Tests were condticted i n  a simulated 
stream environment a t  two stream velocity regimes. At a3 1 treatment levels, interspecf f ic  interactions have 
been s imi la r ;  juvenile salmon usiialay hold stations on the  stream bottom and are t e r r i to r i a l  and the dace and 
s c u l p i n s  consistently flee when a t t acked  by salmon. FJo predatlorj o f  any specles bas oeen ot?served. A 
p o s i t i v e  r e l a t i o n s h i p  between weight gain and pH i s  fndicrmted for a14 species. No differences i n  feeding 
frequency ad the different treatment levels wr3i.e observed FOP w f l d  salmon parr and hatchery reared f r y *  
however feeding frequevcy o f  w i l d  f ry  appears to &crease w i t h  declining pH. 

Wous pr6sentons icl les r6suItat.s pprGlirm~nal res (aprPs ach8vement de t ro is  sur seize 6 p l  iquesj dhne  
6tude sur  les ef fe ts  de nivezrux sublQhaux de pH acides (5,Q-6,s; sur  la crolssance e t l e  comportemnt Sn t r a  e t  
irrterspgci f l que  de naseux nol r s  , de chabots vf sqeaeux e t  & saunons juv6n-i ies. Les essaf s n n t  P t E  mnis &ns un  
environnement s f m l a n b n  cours d'eeau, ii deux r6gimes & vitesse de courant. Les Interactions 
i ntersp6ciFiq~les saplt identiques, 2 tous les niveaux de traitxernent; les saumcrneaux mintiennent ord-inai remnt 
leur stat lon sur 4e fond e t  exhibent un comportewmt t e r r i t o r i a l ,  t and i s  quVfnvariablemnt les naseox noirs e t  
les-chabots visqueclx Fuient lorsque attaqu6s par les saumons. l o u s  nharons oaserwi cie prEdation chez aucune 
espece. I I  y a, chez houtes les espkes ,  use ~ I a t I o n  posr""civ eentre 3e gain pondgrai e t  le pH, Nous n%avons 
pas observE de d i f fe rence  & frGquence de 1 "a'iwrtation aux dfffgrents nfvcaux de t r a l t e w n t  entre des tacons 
sauvages e t  des alevs'ns de saumon ePevPs en pisciculture, bien que cette frEqvrence, chez des alev-ins salrvages, 
semble diminuer 2 msure que b a f s s e  Ie pH, 



On the basis  of Loricolugical i n v e s t i ~ d l i c n s ,  
Uaye and Garside (1980), and Daye (1930) have  
suggested t h a t  A t 1  a n t i c  salmon sheti1 d not be stocked 
;n waters having a pi4 of iesi; t h d n  5-0, A l t h o u g h  
there  1s conflictiray evit irmce as to  tne e f f e c t s  o f  
ptl on f i s h  growth (framm 19811), p H l e v e l s  above 5,0 
niay re ta rd  the growth cuf j u v e n i l e  sa ixm (Farmer el; 
i l ,  1980; Spry e t  a1 . l i i f l l j ,  The aim (if t h i s  study 
i s  to  inves t iga te  the e f f e c t s  of sublethal l eve l s  of 
ac id ic  pH an the behavior and growth 3f juveni le  
salmon (wild and hatctiery-reared f r y  and w i l d  p a r r ) ,  
and two Syni~atr l  c spec1 e s ,  oi ackr-iose i i d ~ e  

atrarinaus), drid $1 1m.y S C I I ~ ~ I T I S  j c s t tbs  
t are  po te r t?a l  :ompet ~ t o r s  wlth sainon 

f o r  food and soace, inrcrrspscr 61c as  i i e i  b s  Intra- 
s p e c i f i c  interbct ions are  &ins corisldered to assess 
whether clsanges i n  co-11pet it i vc re1 a t i snsh i  ps aicang 
t h e  specjes  occur a t  t i i f fcrent  pl~i levels, 

The expera~~ie~i i s  are be1 ncj rsnd~!~lltld ' ~ n  Four 
l a rge  stream tanks i n  wh7c.h natural si?Ss>de, 
l i g k t ,  temperature, strecar. flow and f~ sii paplalat~nn 
d e ~ s s t y  condrtions are s ~ m v i a t e d ,  For each 
exoenment, each Lailk i s  md~ntalned a t  the save 
cur ren t  veloci ty reg~iiie b4"c d~f*erent  pi1 k v e l  - 
one o f  the four  t r e a z ~ ~ e l t  levels,  -i.e,, a pH of !LO, 
5,5, 5,0 or  "55, The pL1 e f f e c t s  i re  o e ~ n g  assessed 
a t  two vel~crtj regirales, a ''i11gh'\1-60 ci*Jsec) and 
a ""low""--33 ccir./sec) reg;m& used a l i e r o a t e l y  In 
t h e  exper7irients, Water teinperatilri?, pH, an3 neaky 
metal 7ekeY s are regwharly i w n l  tnreo,  The f ~ s h  ~n 
each tank are  fed, t w r e  d a l l y ,  d rtanddrd ral ;an o f  
bra ne shripp ana t u b 1  Fex wnrr-s, 

A H h e  s t a r t  of ea:h expcxi ineni ,  a i  I t:sh are  
anesthiit .J;j zed w i t h  tert iary amyl a1 cobol , ana %en 
weighed, aeasiired (fork ;erigti?), 21:d i r ~ d i v l d u a l i y  
branded (as per the fin-branairrg i:ietl.icd sf RNicol 
and Noakes (1979)), 

-, i ne  Follow;ng i s  the experlinenhal protocol used 
i n  each exper.lnreiital rep1 i c a t e :  ;or the f i r s t  week, 
only wild salmon parr- and f ry  and son-saleonid 
f i s h e s  a re  rnaintairied i n  the s"lrea~~l tanks.  On the 
f i r s t ,  secontl, fou r th  arid seventh day of t h i s  week, 
observations or? each f i s h  are made once i n  the 
morning arid again in tlie afterricon- E d c h  "is nis 
located and then i t s  behav io r  For t he  n e x t  minute i s  
noted, iq or"der to s in~ula te  the s i  t ~ ~ a t i o f ~  where 
hatcriery-reared f i s h  are skccited i n  d s~.raam, they 
a r e  placed i n  tile t e s t  taci :  jty a f t e r  the other- f i s h  
have been a l  lowed t o  esiab! i sr: prior. residence, 
Hatchery-r-eai-Fid sa inion Sr~y dra introdiaced on the 
iiiarning of the eighth day ( t h e  s t a r t  o f  the second 
\\reek), On each morlfnc; and dFl.tir.~:ui)ii 3f 12 t e s t  
days F3i 1 3 ~ :  ng the  introduction of the hatchery-. 
reared f r y ,  the  location isrru behavjor- of a l l  f i s h  
( f o r  a 2 ~ m i n  period) arc- again record;id, A d d i t i n i ~ t i i -  
l y ,  on each t e s t  day iitcr-e lenqthy observations are  
made of one f ry  (15 m i n )  and the  sing;e parr jh m i n ]  
i n  each tank, The identity of the one f ry  (of the 
four  i n  each "Lank t o  be cbserved in the 15.-m-in 
observation i s  predeterinjned i i i  a raridoinized manner 
p r io r  t o  the  s t a r t  of each rep: i ca te  o f  the 
experiment, After the o h s e r v a t i o ~ s  for. edch 
rep1 i c a t e  have been ccnrpieted, the tanks are  emptied, 
and  the fish a re  co i  iected and reweighed and 
:neasiiri.d - 

Rt a!  I pi1 I ~ I I C ~ T ,  i e  ifate i n t c l r s p e c ~ f ~ c  
I n t e r e ~ t i o n z  0ave beel: s ~ s i - i l a r ,  i ry, part~cuiariy 
t h e  i i i ' i u  fish, act1 ie iy defend areas of zhe tank and 
attack &her f r y ,  Siaricrose dace, sculpins ana, 
accas ond'iy, par) t h a t  !linger n e a r  tien!. dlachnose 
dace and .;,irip;;s r d n s ~ ~ s e n t l y  rice \her1 attacked 
an0 sorn?tlmes are  i~ucsiaed f o r  s r i c r h c ? ~  stances,  
Chase5 t y p ~ c a i  l y  end wen  tne f ~ s h  have l e f t  the 
area "act?) or nave h16den dmong rocks on tve bottom 
(sculp;ns; ,  90 soclai r n t e r a c t ~ o n s  between dace a d  
sculp'ns hdve been ohrerj.,ed although the two species 
bave sonetrrnes Dean seen close togetner  ;n the 
tanks.  The yarr ,  a1 thcu~h rnainta~ning s t a t i o n s ,  
lea5 consrstent iy deffend too area around then. 
Sometir~es f r y ,  dace m u  scuipins e re  to le ra ted  a t  
c lose  r a m p ,  ad t t h a r  tlines they e re  d t tacked  and 
drrven out o f  the defenaed area,  Fb pretlatloxl OF 
e l ther  f r y  o r  scu1p:ns has occurrea, nohever three 
of tne 32 dace used 1x1 the f : r s t  two replrcates  of 
the eiper1i;en-t were not Foun:I, Yi~ese mag have been 
eaten b u t  no extenden iiursia~t o f  tlle dace by the 
o ther  f ~ s h e s  has Seer1 cbser ved, 

S I X  of ene twelve sculp3ns tes ted a t  the owest 
pH (5.0) d ied ,  hbt few o ther  deaths ( f a r  any 
specaes) have occurred, Prei l ia isar j  resia:ts ( a f t e r  
three $35 i 6  replicate experiments have wen 
conpleted) suggest a pas-t~ve regationsnip oetween 
weljght gal n aria pi4 for  a1 1 species, Feed~rry 
frequercy was enumerated on1 y fo r  the A t 1  a n t i c  
salriion fry and parr. Paa d i f ferences I n  Feed~ng 
f r e q u e n c ~ e s  aslong trestrrent 1s;vcls were observed f o r  
the parr and the  hatct1e.y f r y ,  Pcwevter, f o r  w ~ '  
f r y ,  fecal ng f requency appears to  decrease w - i t h  
decl iqing pH, A11 f ~ s h  e ~ c e p t  the s c u t p ~ n s  read11 
captL/rc  tbe food supplien, the sc;ipdns are  less 
adept a t  hclndl~ns d r i f b n y  ;.ster?ai ( I  , e ,  &en 
sw~niril~ny as te r  food "aey ,il ss ;",n~re frequently 
t n a n  do t h e  other  species]. 
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ABSTRACT 

T k o  types of erilb~yo if~vements o f  Rtiantfc salmon (Salm sa l a r  L a  1, pectoral f in f lu t t e r  and rrunk 
inovements, were fneasured as a function of incubation temperature, $4, and wvelopmevr"t1 state.. Trunk movements 
began at200 degree days, inl ' t jal  ly a t  hi ghes"irequency. The Frequency decreased throughout subsequent 
development, then increased sl ightly jus t  before hatching-. Mcvenents were nuch mre stereotyped in the 
ea r l i e s t  stages of development than just  prior to hatching. frequencies a t  200 degree days were insensitive 
t o  temperature and pH. Frequencies Just  prior to hatchlng were very temperature sensitive (QI0 of 13) and 
were decreased a t  low pH, This &creased Frequency may be related to documented effects sf temperature and 
low pH on hatching. Pectoral f j n  mvemnts were temperature sensitive [ Q l ~  of 2) and pH Insensitive. 
These movements were in i t ia ted  a t  350 degree days o f  development and a t t a ~ n e d  mximl frequency a t  400 degree 
days- 

Deux types de muvements dieembryons de saunon atlantique iSairno sa lar  i,), les  batternents cles nageoires 
pectorales et. les mouvements du tronc, 0n"Lt.t e s u r 8 s  en fonct m6rature dVincuhation, du pH e t  de 
I %tat; de dgveloppemnt. Les mouvements du "croc colmncent ;i 200 Jours-degres, l a  frEquence 6tant mximale 
au! dibut. Elle dlmlnue par l a  su i te ,  pour augmenter I6g6remnt juste avant  1 %closion. Les muvemnts sont 
plus stir6otypGs dans les premiers stades de &velappemnt que juste avant I%cclsion. 1.a FrEqiaence, ii 
200 jours-de rgs, n%st  pas snfluencie par la  temperature e t  le pH, EIle e s t  par contre trGs sensl'bie 5 l a  
temperature ?QID de 131 juste avant I '6closion e t  dimlnue quand i e  pH esf bas. I l  peut y avoir 
corrGlation entre cetze diminution de la Friquence e t  1 ' e f f e t  documend Q la temperature e t  du bas pH sur 
1 %closion. Les mouvements des nageoires peclorales sont senslbles 5 la t eq6ra tu re  f Q l g  de 21, mais 
insensibles au pHe Ces mouvements comncent  i? 350 jours-degrEs Q dGveIoppenw?nl e t  atteignent une frgquence 
maximal e 5 400 jours-degrgs. 


