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The winter distribution and blood chemistry parameters of fishes along an estuarine gradient leading 
into James Bay, Northern Quebec, and of brook char from an adjacent bay initially believed to be 
saline, were investigated. Gadids and sculpins were strongly freeze-tolerant, and plasma electrolytes 
and glucose were well equilibrated despite cold temperatures. Cortisol levels were high, but this was 
probably related to the stress of capture. Gadid and cottid winter distributions were probably not 
limited at  this site by cold temperatures. By contrast, the cis-o (Coregonus artedii) changed its 
distribution between summer and winter, to occupy a winter area where freezing risk was minimal. 
Brook char were not overwintering in sea water, and were poorly equipped to cope with winter 
temperatures at this site. 
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Fishes of arctic and subarctic areas of North America face the stress of a prolonged (8-9 
month), cold (minimum air temperatures c -50' C) winter. Those living in the sea or in estuaries 
must cope with subzero water temperatures. This occurs because the water's high salt content 
permits its chilling to temperatures below 0' C without freezing (supercooling) ( G o  r d o n et  al. 
1962). The less salty body fluids of fish also supercool, and contact with ice crystals while in a 
supercooled state can cause them to freeze and die ( G o  r d o n et  al. 1962; V a n V o o r h i e s et  
al. 1978). Cold temperatures can also fatally disrupt the ability of salmonids in salt water to 
regulate body salt content (A u d e t, C l a i r e  a u x 1992; G. Claireaux, C. Audet, unpublished 
data). 

*The issue, edited by David M. Harper (U. K.), publishes the proceedings of the IVth International 
Symposium on the Ecology of Fluvial Fishes, Puhusk, Poland, 23-26 June 1993. 
** Order of authorship determined by proximity to the 50' C isotherm during the field portion of - the study. 
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. 
Some fishes have coped with the supercooling dangcr by cvolving antirrcczcs which depress 

their freezing point (e.g. V a n V o o r h i c s  et al. 1978; D c V r i c s, B a s t m a n 1981). Othcrs 
may search out water layers of favourable tcmpcraturcs, or thosc whcrc ice crystals arc absent, 
thereby reducing the risk of thc initiation of freezing. 

Habitats and resources of the north of Canada havc rcccntly bccomc subjcct to much debate. 
They are critical to the way of life of native pcoples, and are bcing altcrcd by hydroelectric 
developments (e.g. Anon. 1992). In addition, Canada's aquaculturc industry is scarching for cold 
hardy stocks of salmonids which can resist cold wintcrs (I: l c t c h c r ct al. 198Sa). Spccics in 
northern areas may have evolved greater cold tolcrance than conspecifics from more southern 
areas. Despite these interests, logistical difficulties and grcat costs have impcdcd rescarch on 
northern fishes in winter. Our work in Wemindji, Qucbcc (Fig. 1) studicd cnvironmcntal correlates 
of fish distribution in winter. Our objectives wcre to: 

1) Document wintcr distributions and abundan~zs of fishcs along an estuarine gradient, 
2) Determine environmental conditions along this gradicnt (tcmpcraturc and salinity), and link 

them to fish plasma freezing resistance and plasma chcmistry (ionic composition, glucose and 
cortisol levels), 

3) Investigate reports from our Crce guides of thc occurrence of brook char (Salvelinus 
fonlinalis), in costal areas of Moar Bay (a marine sitc) in winlcr. This spccics is of grcat intcrest 
to Quebec's aquaculture industry, which would likc to culture it in thc St. Lawrcnce estuary, 
which supercools in winter. Laboratory studies with hatchcry stocks suggcst that thc brook char is 
neither particularly cold hardy (F l c t c  h e r et al. 19SSb) nor capablc of maintaining its salt 
balance at cold temperatures (G. Claireaux, C. Audct, unpublishcd data). If Moar Bay contained a 
cold hardy stock capable of osmoregulation in scawatcr at vcry low tcmpcraturcs, it could have 
great economic benefits. 

2. MATERIALS AND METIIOIIS 

Sampling was conductcd within the estuary of the Maquatua Rivcr, and in Moar Bay (Fig. 1). 
Estuarine fish were captured in winter 1989 and 1990 by fishing with an cxpcrimcntal gill net 
(50 m panels of 25, 39, 51, 64, 77, 102 mm mcsh sizc sct on thc bottom). All fish caught were 
identified, and counted. Numbcrs caught wcrc cxprcsscd as wtch pcr 24 hours of fishing effort 
(CPUE). The brook trout wcre jigged with baitcd hooks rrom stations in Moar Bay. Vertical 
profiles of temperature and salinity at cach site wcrc madc with a Ucckman STD rccorder. The 
instrument was packed in hot pads whcn not in use. Ambicnt air tcmlxraturcs ranged rrom -30 to 
-50" C during the field work. 

Blood samples were taken in 1990 and could only bc collcctcd from livc fish, which limitcd 
our sample sizes. We had also planncd one morc wintcr sampling campaign; howcvcr thc closure 
of Arctic Biological Station ( D u n  b a  r 1992) eliminated our logistical support and prematurely 
terminated the work. 

Living fish brought to the surhce wcre rapidly placcd in a coolcr filled with watcr from the site 
where they were captured, and transported by skidoo to our ficld basc at Wcmindji. Thcre they were 
killed, measured, weighed, and a blood sample collcctcd from thc caudal vcin. Thc sample was 
centrifuged to separate out the plasma, thcn frozcn Tor transport south to our laboratories. There, 
plasma ionic composition (Na+ by atomic adsorption spectrophotomctry; CI- by a Corning model 925 
chloride analyzer) and freezing point dcprcssion (by total osmolarity (Wcscor vapor pressure 
osmometer or an Advanced Micro-Osmometer 3MO) whcrc 1000 mosm/l = 1.86' C dcprcssion of the 
freezing point below 0" C) were dctermincd. Plasma glucose and cortisol wcre mcasurcd with 
standard commercial kits (Sigma procedure No. 16W and Kallcstad radio-immunoassay proccdure 
No. 825 respectively). Unfortunatcly, the volumc of blood wc obtaincd from somc fish did not pcrmit 
us to run all the analyses. 
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Fig. 1. The study site 

For the brook char, stomachs were preserved in formalin and otoliths removed for ageing. The 
liver (an energy storage organ) was weighed for calculation of hepato-somatic indici; (HSI = 
liver weightbdy weight x 100). Condition factors (K) were also calculated as K = W x 100/L3, 
where W is body weight (g) and L is fork length (cm). Values of K c 1.0 generally indicate fish 
are in p r  shape. Stomach contents were analyscd to the lowest possible taxon, to determine if 
marine-prey were being consumed. Livers and samples of epaxial musculature were freeze dried 
to calculate tissue water content, and their lipid (energy stores) contents determined with a 
Labconoco Goldfisch fat extractor. 

3. RESULTS 

Winter catches at all estuarine stations were dominated by Greenland cod 
(Gadus ogac, Table I). At the warmest, least saline station (station I), cisco 
were the next most abundant fish. By contrast, two sculpins (the fourhorn 
Myoxocephalus quadricornb and the shorthorn (M. scorpius) were the next most 
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Table I. Experimental gill net. Mean (3SD) catch per unit effort (number of fish caught per 24 h) at 

the three stations in summer 1988 and winter 1989. Data fmm M o r i n (1990) and M o r i n et al. (1991) 

abundant fishes at the colder, more saline stations (stations 2 and 3). CPUE's of 
all species were higher in summer than in winter. 

Brook char were captured in inshore areas of Moar Bay. Ice thickness was 90 
cm, and there were about 30 cm of free water between the under-ice surface and 
the mud bottom. Our thermistor/salinometer was not functioning at this site, but 
surface water temperatures in the holes were -0.9" C, and the water was fresh to 
taste. Five trout were captured (mean fork length 26.7 cm, 3.0 cm S.D., range 
24.3-31.7 cm; weight 168.51 g, 55.3 g S.D., range 118.7-170.5 g). All char were 
aged 2+. Condition factors were poor (mean K = 0.86, 0.05 S.D.); hepatosomatic 
indices were low (1.04, 0.12 S.D.), and no visceral fat (the principal fat storage 
area for salmonids) was present. Mean lipid contents were 1.99% (0.54 S.D.) for 
muscle and 9.7% for livers (a single pooled sample from all fish). Water contents 
were 78.8% (0.8 S.D.) and 73.2% (3.1 S.D.) for the same organs. Stomach 
fullness values ranged from 0 to 100%. Prey items were exclusively freshwater or 
terrestrial in origin, and included snails (Physa gyrina gyrina), corixids, the 
trichopteran (Ceraclea annulicornis) larvae, and adult insects. Overall the data 
suggest that the char are limited to freshwater areas, and are suffering from a 
winter food shortage. 

G. ogac and M. scorpius had the highest freezing point depressions (capable 
of tolerating temperatures of -1.86" C), followed in order by M. quadricornis, 
C. artedii and S. fontinalb (Table 11). The values for M. quadricornb are 
calculated only from the concentrations of sodium and chloride in the plasma 
and hence are conservative. Only the brook char appeared to be supercooled and 
at risk of freezing at the sites where it was found. 

The plasma ion and hormone data show that all species were well 
equilibrated to the sites where they occurred despite the cold temperatures 
(Table 11). 

Species 

G. ogac 

M. quadricomis 

M. scorpius 

C. artedii 

Station 

1 

Summer 

2.4 

(3.2) 

3.6 

(5.5) 

0 

(0) 

7.4 
(18.4) 

Winter 

9.7 

(5.0) 

0.8 

(0.8) 

0 

(0) 

4 

(2.5) 

2 

Summer 

4.3 

(3.8) 

9.9 

(6.5) 

0.6 

(0.7) 

8.2 

(9.9) 

3 

Winter 

5.5 

(0.7) 

1 .O 

(1.4) 

0.5 

(0.7) 

0 

(O) 

Summer 

10.4 

(5.4) 

2.8 

(2.4) 

5.0 

(3.0) 

12.2 

(8.6) 

Winter 

3.5 

(0.7) 

0 

(0) 

1.5 

(0.7) 

1 

(1.4) 
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Table 11. Plasma freezing points and chemistry parameters o f  the capturcd fishes. l l e  number 
o f  fish analyzed in each test is given in parentheses, and was dctcrmincd by thc availability 

o f  sufficient quantitics o f  plasma 

* Surface temperature in fishing hole; ** Bascd on ~ a ' a n d  CI-conccnlration alone. 

Station captured 

Average daily min. 
station T (* C) 

MOSM/L 

Plasma freezing (* C) 

~ a +  (meq/L) 

CI- (meq/L) 

Glucose (mg/100 ml) 

Cortisol (mg/100 ml) 

4. DISCUSSION 

The species captured during our wintcr sampling periods wcrc also the most 
common found during our summer sampling (M o r i n 1990; M o r i n el al. 1992). 
CPUEs for all species were lowcr in winlcr than in summcr, which probably 
reflects a lower activily on the part of thcse poikilothcrms due to cold 
temperatures and a conscquent reduced probability of lhcir cncountcring a gill net. 
The sculpins maintained the samc dislribulion pallcrn in winlcr and summcr, and 
their plasma chemistry indicates they were wcll adaplcd lo copc with winter 
conditions (H o 1 m e s, D o n a 1 d s o n 1969). Thc shorthorn sculpin is known to 
produce an antifreeze ( G o r d o n  et al. 1962), and we suspect that the other 
sculpins do likewise. We also note that winler walcr temperatures were relatively 
mild at this site (minimum of -1.26" C) cornparcd to those oC Labrador (-1.81" C) 
and Antarctica (-1.9" C; D e V r i es ,  E a  s tm a n 1981). This may bc due to the 
warm freshwater inflow from the Maquatua river. 

By contrast, the cisco and Grecnland cod showcd major changcs in distribution 
between the seasons. Cisco were caught at thc warmcst, least salinc station in 
winter, whereas they were abundant at the othcr shlions in summcr. Thc cisco's 
winter plasma freezing point depressions were idcnlical lo the tcmpcralurcs at the 
site where they were caught, suggcsting that lhcy moved to this arca to avoid 

C. ogac 

1 

-0.74t0.10 

> 1000 

(8) 

<-1.86 

(8) 

214.3d4.6 

(10) 

207.5220.9 

(11) 

160.4e99.7 

(13) 

18.1t12.7 

(15) 

M. scorpius 

3 

-1.26t0.03 

>lo00 

(2) 

<-1.86 

(2) 
264.9*93.5 

(3) 

214,6227.4 

(3) 

31.7226.6 

(2) 

11.8*7.4 

(6) 

C. artedii 

1 

-0.74t0.10 

411.0t41.2 

(3) 

-0.74t0.11 

(3) 

165.7t21.3 

(4) 

143.4t13.6 

(3) 

231.0t79.2 

(4) 

8.0t4.6 

(7) 

M. quadricornis 

3 

-1.26t0.03 

N o  data 

<-0.S5** 

(2) 

221.6t13.1 

(2) 

231.0t2.8 

(2) 

65.0*22.3 

(2) 

37.2214.9 

(2) 

S. fontinalis 

4.5 

-0.9* 

305.0*11.0 

(4) 

-0.56tO.02 

(5) 

151.3*11.8 

(4) 

137.3t2.2 

(4) 

97.0t26.2 

(4) 

5.821.7 

(5) 
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freezing. Greenland cod catches were most abundant at Station I, and declined 
subsequently at stations 2 and 3 in winter. By contrast, cod catches at the same 
stations in summer demonstrated exactly the opposite patlern. V a n V o o r h i e s et 
al. (1978) showed that the Greenland cod produced an antifreeze which dcpressed 
freezing points below -2" C, and our data conrirm that the observed habitat shift is 
not due to osmoregulatory or temperature constraints in winter. It may be 
associated with spring spawning in brackish watcr (V 1 a d y k o v 1972; M o r i n 
et al. 1991). 

The short summer growing season, limited food resources in frcshwater and 
relatively abundant food in marine environmcnls have favoured the development 
of anadromy in populations of Arctic salmonids (Mo r i n et al. 1980; M o r i n, 
Dodson 1986). Some populations of brook char succcssrully overwinter at sea 
(e.g. P o w e r  1980), which presumably pcrmits them to fecd on marine resources 
for most of the year. However, most show a seasonal migration, dcsccnding to the 
sea in spring and returning to fresh water to overwinter ( P o w  e r 1980; D o y o n 
et al. 1991). Our char were not residing in the marine cnvironmcnt in the winter. 
Blood parameters were typical of winter-adapted frcshwater char (Aude t ,  
C 1 a i r e  a u x 1992), and this population actually had lcss freezing resistance than 
populations from more southern arcas (F 1 e 1 c h c r ct al. 1988b). Their cncrgetic 
reserves were depleted comparcd to summcr char (Cu n j a k, P o w e r  1987; 
D o  y o n et al. 1991), and we found them in areas whcre thcy wcre probably 
supercooled, and at risk of encountering ice surraces. How thcy avoid freezing in 
these circumstances is unknown. The cisco, anothcr salmonid, movcd into areas 
where they were thermally protectcd. Curiously, a mcmbcr of the mainly tropical 
wrasse family (Labridae) has colonized norlhcrn waters, shows antirrccze activity, 
and hence is more cold tolerant than the salmonids (V a 1 e r i o ct al. 1990). 

5. SUMMARY 

Distributions of Greenland cod and sculpins along the Maquatua Rivcr estuary in winter were not 
determined by their ability to resist freezing in sub-zcro watcr lcrnpcraturcs. By contrast, cisco shifted 
their distribution in winter compared lo summcr, to occupy an area whcrc plasma would not freeze. 
Brook char appeared to occur at sites whcre thcy bewrne supcrcoolcd, and at risk of frcezing. 
Electrolyte and blood glucose levels of all spccics werc well equilibrated, dcspilc thc cold. 

ACKNOWLEDGEMENTS 

This work was supported by the Department of Fishcries and Occans/Tiatural Sciences and 
Engineering Research Council of Canada joint Sciencc Subvention I'rograrn. We thank D. Iiope, B. 
Morin, N. Morin, and B. Vanier for help with the ficld work, T. llicciardi for invertebrate 
identifications and critically reading early drafts of the manuscript, and our Crce guidcs, W. Matches 
and C. Swallow for keeping us safe. 

6. REFERENCES 

Anon., 1992. Guidelines: Environmental Impact Statment [or the proposed Great Whale River 
hydroelectric project. Montreal, Evaluating Cornmittec, Kativik Environmental Quality - 



Distribution and plasma freezing resistance of fishes 29 1 

Commission, Federal Review Committee North of the 55th parallel, Federal Environmental 
Assessment Review Panel. 

A u d e t, C. C l a i r e  a u x, G. 1992. Die1 and seasonal changes in resting levels of various blood 
parameters in brook trout (Salvelinus fontinalis). Can. J. Fish. Aquat. Sci., 49, 870-877. 

C u n j a k, R. A., P o  w e  r, G. 1986. Seasonal changes in the physiology of brook trout, Salvelinus 
fontinaliis (Mitchill) in a sub-Arctic river system. J.  Fish Biol., 29, 279-288. 

D e V r i e s, A. L., E a s t m a n, J. T. 1981. Physiology and ecology of notothenoid fishes of the 
Ross Sea. J. Royal Society of New Zealand, 11, 329-340. 

D o y o n ,  J.-F., H u d o n ,  C., M o r i n ,  R., W h o r i s k e y ,  F. 1991. BCn6fices i court terme des 
mouvements anadromes saisonniers pour une population d'omble de fontaine (Salvelinus 
fontinalis) du Nouveau Quebec. Can. J. Fish. Aquat. Sci., 48, 2212-2222. [Engl. summ.]. 

D u n b a r, M. 1992. Arctic Biological Station, 1947-1991. Can. Soc. Zoologists Bull., 23 (3), 
22-25. 

F I e t c h e r, G., K a  o, M. H., D e m  p s o n, J. B. 1988. Lethal freezing temperatures of arctic char 
and other salmonids in the presence of ice. Aquaculture, 71, 369-378. 

F l e t c h e r ,  G. L., S h e a r s ,  M. A., K i n g ,  M. J., D a v i e s ,  P. L., Hew,  P. L. 1988. Evidence 
for antifreeze protein gene transfer in Atlantic salmon (Salmo salar). Can. J. Fish. Aquat. Sci., 
45, 352-357. 

G o  r d o n, M. S., A m  d u r, B. H., S c h o l a n d e r, P. F. 1962. Freezing resistance in some 
northern fishes. Biol. Bull., 122, 52-56. 

H o l m e s, W. N., D o  n a l d s o n , E. M. 1969. The body compartments and the distribution of 
electrolytes. In: H o a r, W. S., R a n d a l I, D. J. [eds.] Fish Physiology, V. I., 1-89, New 
York, Academic Press. 

M o  r i  n, B. 1990. Description et distribution de la communaut6 de poisons Wemindji, Baie de 
James, et ecologie de la morue de Greenland (Gadus ogac). MSc. thesis, Montrhl, McGill 
University. [Engl. summ.]. 

M o  r i n, B., H u d o  n, C., W h o  ri s k e  y, F. 1991. Seasonal distribution, abundance, and 
life-history traits of Greenland cod, Gadus ogac, at Wemindji, eastern James Bay. Can. J. 
Zool., 69, 3061-3070. 

M o r i  n, B., H u d o n, C., W h o  r i  s k e  y, F 1992. Environmental influences on seasonal 
distribution of coastal and estuarine fish assemblages at Wemindji, eastern James Bay. Env. 
Biol. Fishes, 35, 219-229. 

M o r i n, R., D o d s o n, J. J., P o  w e  r ,  G. 1980. Estuarine fish communities of the eastern 
James-Hudson Bay coast. Env. Biol. Fishes, 5, 135-141. 

M o r in, R., D o  d s o  n, J. J. 1986. The ecology of fishes in James Bay, Hudson Bay and Hudson 
Strait. In: M a r t i n i, I. P. [ed.] Canadian Inland Seas, 293-340, New York, Elsevier. 

P o w e r ,  G. 1980. The brook charr, Salvelinus fontinalis. In: B a l o n ,  E. K. (ed.) Charrs: 
Salmonid fishes of the genus Salvelinus. 141-203, m e  Hague, Dr. W. Junk. 

V a  I e r i o , P. F. M., K a  o, M. H., F I e t c h e r, G. L. 1990. Thermal hysterisis activity in the skin 
of the the cunner Tautogolabrus adspersus. Can. J. Zool., 68, 1065-1067. 

Va n V o o r h i e s, W. V., R a y m o n d, J. A., D e V r  i e s, A. L. 1978. Glycoproteins as biological 
antifreeze agents in the cod, Gadus ogac (Richardson). Physiol. Zool., 51, 347-353. 

Vl  a d y k o  v, V. D. 1972. Morphological differences in male gonads among nine genera of 
Gadidae (Pisces). J. Fish. Res. Board Can., 29, 1709-1716. 


