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The Beluga, Delphinapierus leucos, in the Si Lawrence Estuary is ai the southern limit of the distribution of this species. 
The luge distances separating diis population from northcrn Belugas, its low genetic variability, and the raity of Beluga 
sightings outside their normal range in the Gulf, suggest that it is isolated from its northern conspecifics. Over-exploitation 
and anempted extermination reduced this population to the low hundreds; it is now conservatively indexed at between 600 
and 700 and is slowly increasing. Reproductive rates, survival rates at each age, and population age structure are similar to 
those of other Beluga populations. Factors potentially limiting the size of this population include limits on food Sfocks and 
extent of critical habitat; its growth rate may be affected by low genetic variability, boat ùaffic, and environmental contam- 
ination. St Lawrence Belugas are protected fmm hunting and are excluded from maine mammd species targeted by the 
whale-watching industry. Regulations and guidelines on the behaviour of marine traffic under the Fishenes Act and within 
the operating mandate of the Saguenay Maine Park offer some protection from disturbance although more may be needed. 
Pollution reductions upsneam and improved conüols on toxic çompaunds, are hclping to reduce ambient levels of contam- 
inants, but efforts to accelerate and maintain this progress are important. 

Le Béluga, Delphinapterus leucas, dans le Saint-Laurent est 2. la limite méridionale de la distribution de l'espkce. La 
grande distance le séparant des Bélugas du nord, une faible variabilité génétique enùe les individus, et les rares observa- 
tions de Bélugas à l'extérieur des limites normales de leur dismburion dans le golfe laissent supposer que ces Bélugas sont 
isolés de l e m  congénères du nord. La surexploitation et des tentatives d'extermination auraient causé le déclin de cette 
population. Un indice prudent de son abondance acNdle se situe enm 600 et 700 individus, et elle s'accroît lentement. Le 
taux de naissance, le taux de survie à chaque âge, et la structure d'âge de la population des Bélugas du Saint-Laurent sont 
semblables à ceux des autres populations de Bélugas. Les facteurs qui risquent de limiter la taille éventuelle de cette popu- 
lation incluent Vabondance de nouninire et ?étendue de l'habitat critique. La faible variabilité génétique à l'intérieur de la 
population, la circulation maritime et la contamination de l'environnement pourraient limiter son taux d'accroissement. 
Les Bélugas du Saint-Laurent Sont protégés conne toutes formes de chasse et sont exclus des espèces visées par I'indusbie 
de l'obseivatiori des baleines. Des règlements et des directives visant le comportement de la circulation maritime, et émis 
dans le cadre de la Loi sur les Pêcheries et &l'intérieur du mandat d'opération du Parc Marin du Saguenay, offrent "n cer- 
tain niveau de protection conne le harcèlement. Une protection accme pourrait toutefois êVe nécessaire. La réduction des 
émissions de polluants en amont et un niveau accm de connôle des rejets de composés toxiques conmbuent à la réduction 
des niveaux ambiants de contaminants. II demeure néanmoins important d'accélérer et de maintenir ce progrès. 
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The Beluga (Delphinapterus leucas Pallas, 1776) 
is a member of the family Monodontidae. It is char- 
acterized by unfused cervical vertebrae, the absence 
of a dorsal fin, a rounded prominent "forehead", a 
thick demis ,  and white coloÿr (Figure 1). Ir has one 
close relative, the Narwhal, Monodon monoceros 
(Lint et al. 1990). In both species, the absence of a 
dorsal fin and the thick d e m i s  are believed to be 
adaptations to living in ice-infested waters. 

Newbom Belugas are slate-grey or brown. They 
average 1.5 m long and weigh around 78 kg. As 
they mature, they become bluish-grey in colour, and 
then progressively iighter. The pure white colour, 
character is t ic  of adul ts ,  i s  general ly  a t ta ined 

*At a meeting of COSEWIC on 16 April a change to 
"threatened" was supportcd by 12 votes ont of 21; this 
majority was less than the two-thirds needed 10 change the 
statu& so "Endangered" was retained. 

between the ages of 6 and 11 years (Brodie 1971; 
Sergeant 1973; Burns and Seaman 1985), but on 
average at different ages in the two sexes (Sergeant 
1959; Ognetov 1981; Burns and Seaman 1985). 
Most femaies mature sexually while still light grey, 
but most  males  become white  before maturity 
(Burns and Seaman 1985; Doidge 1990a). Adult 
males are longer and heavier than females (Sergeant 
and Brodie 1969; Broùie 1989), the difference vary- 
ing slightly between populations (Doidge 1990h). 
Compared with other Belugas of eastern North 
Amenca, S t  Lawrence Belugas are of medium size 
(Sergeant and Brodie 1969). White females and 
males f rom hunted samples in  the S t  Lawrence 
(some perhaps still growing) averaged 3.5 m and 
3.6 m long respectively (Viadykov 1944); asymp- 
totes of growth curves fitted to age-length data from 
beach-cast Si  Lawrence carcasses were 3.62 and 
4.17 m (Kingsley 1996). 
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FIOURE 1. The Beluga (Delphinoprems leuens) phatagraphed by Véronique Lesage in 1991. The left shows the species as 
usuaily seen in the field, taken in the Sr. Lawrence EsNary. The right showing details of morphology was taken at 
the Shedd Oceanmium in Chicago, Illinois. 

Distribution and Migration 
The Beluga is limited to seasonally ice-iufested 

Arctic and sub-Arctic seas. The St Lawrence Beiugas 
are at the southem limit of the worldwide distribution 

ings have recently been reported from: Blanc-Sablon 
on the north shore of the Gulf of St Lawrence; New- 
port in the Baie des Chaleurs; the Miramichi estuary; 
Tracadie and Escuminac on the “north shore” of 

of the species (Reeves 1990). Beluga skeletons in 
Pleistocene clays and saud deposits in Québec 
(Canada) and Vermout (United States) suggest that 
the Beluga established itself in the St Lawrence 
region during the last Ice Age, about 10 O00 years 
ago (Hariugton 1977). At that time, the Champlain 
Sea covered an area of 53 100 km’ or more between 
Québec City and Lake Ontario, including pait of the 
lower Ottawa River Valley and the Lake Champlain 
Valley in New York and Vermont. Belugas probably 
remained in the northern (iower) sector of the 
Champlain Sea during the retreat of the Laurentian 
Ice Sheet and established themselves in what would 
become the present St  Lawrence River. 

i n e  currenr disrrïoution of the St Lawrence 
Beluga (Figure 2 )  is uot as extensive as that 
described 50 years ago by Vladykov (1944). Their 
distribution in the upper Estuary then extended 48 
km upstream of Québec City, but now is limited to 
the Battures aux Loups Mains, approximately 100 
km downstream of Québec City. The eastern extent 
of the Beluga’s range in the Gulf of St Lawrence 
has been reduced from Natashquan to Sept-Iles 
dong the north shore, and from Baie des Chaleurs 
to Cloridorme d o n g  the south shore; there are, 
however, occasional sightings of smaii uumbers off 
the “north shore” of New Brunswick, and recent 
observations of small numbers in the northern Gulf 
in summer (Kingsley, unpubiished data). The 
extent of their distribution in the Saguenay River 
has been reduced slightly from Chicoutimi to Saint- 
Fulgence, 1 2  km downstream of Chicoutimi 
(Michaud et al. 1990; Figure 2). 

Belugas are reported outside the limits of their 
usual distribution each year (Pippard 1985; Sergeant 
1986; Michaud et al. 1990). In eastern Canada sight- 

-. 

New Brunswick Prince Edward Island; the “east 
shore” of Nova Scotia; Digby, Nova Scotia; the 
Newfoundland south Coast; and along the eastern 
seaboard as far south as New Jersey (38”55‘N) in the 
United States (Reeves and Katona 1980 Michaud et 
ai. 1990; Kingsley unpublished data). Belugas are 
also seen, from time to time, on the Labrador and the 
east Coast of Newfoundland. The origin of most of 
these animals is uncertain. Belugas within the Gulf 
of St Lawrence are almost certainly from the St 
Lawrence population; two east-Coast sfrandings in 
Newfoundland had low levels of organochlorines, so 
were probably Arctic animals (Muir et al. 1996a); 
the mtDNA from a Beluga living in Guysborough 
IIzbour, on the “east shore” of Nova Scoua, sig- 
gested that it was from the St Lawrence, and not the 
Arctic (J. Claytou, Department of Fisheries and 
Oceans (DFO), Freshwater Iustitute, Winnipeg, 
Manitoba, personal communication). Whales on the 
Gaspé shore of the Estuary are susceptible to being 
swept eastward and southward by the Gaspé current 
(Sergeant and Hoek 1988). Sightings in the western 
and northern Gulf seem more frequent in the spring 
and early summer (Sergeant and Brodie 1975; 
Sergeant 1986). 

Migration 
St Lawrence Belugas move seasonally, but com- 

pared with their Arctic conspecifics they are rela- 
tiveiy sedentary (Figure 2). The summer distribution 
is centred at the mouth of the Saguenay River and 
extends in the Sasenay  to Saint-Fulgence and in the 
Si Lawrence Estuary from the Battures aux Loups 
Marins to Les Escoumins on the north shore, and to 
Saint-Simon-sur-Mer on the south shore (Michaud et 
al. 1990; Michaud 1993a; Kingsley 1993, 1996). An 
extension of the summer distribution to Rivière 
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Portneuf (30 !un downstream of Les Escoumins) has 
recently been noted (Michaud 1993a; Kingsley 
1996). In fall, Belugas are distributed mostly as in 
summer, but there is a more intensive use of the Es- 
tuary downstream of the Saguenay River, and the 
upper limit of their distribution in the Saguenay 
River is reduced to Baie Ste-Marguerite (Boivin and 
INESL 1990). A general movement downstream 
begins in late September or early October. The wh-  
ter distribution is not completely described, but 
probably includes al1 the estuary downstream of the 
Saguenay and extends as far east as Cloridorme on 
the south shore and Sept-Iles in the north-western 
Gulf (Michaud et al. 1990; Kingsley, unpublished 
data). Winter distribution may be related to the 
migration of prey (Boivin and INESL 1990), and 
reflects the availability of loose ice or open water 
(Vladykov 1944). In spring, Belugas are widely 
distributed, moving into the upper part of the 
Estuary, between the Saguenay River mouth and the 
Batmres aux Loups Marins, while late migrants may 
ais0 be seen near Cloridorme and Pointe des Monts 
(Michaud 1990), or around south-West and western 
Anticosti Island (Kingsley, unpublished data). The 
spring movements may follow the migrations of 
Capelin (Mallotus villosus) and Herring (Clupea 
harengus) from east to West along the north shore 
(Bailey et al. 1977). 
Stock Discreteness 

The nearest neighbours to the St Lawrence River 
Belugas winter in Hudson Strait, off south-east 
Baffin Island and off western Greenland (Reeves 
1990). Regular Beluga sightings along the 
Newfoundland and Labrador coasts before the eariy 
1900s (Reeves and Katona 1980; Pippard 1985; 
Sergeant 1986; Reeves 1990), as well as an increase 
in Beluga nnmbers in the St Lawrence during the 
late 1920s that was attributed to  immigration 
(Vladykov 1944: 141-142), suggest that occasional 
immigrations may have slowed the decline of the Si 
Lawrence population (Mitchell and Reeves 1981 
Pippard 1985; Reeves and Mitcbell 1987). Belugar 
are stiU seen along the Labrador Coast (Curren and 
Lien 1995). but significant immigration is no longer 
likely to occur because Beluga populations that 
summer in eastern Hudson Bay, Ungava Bay and 
Cumberland Sound are  depleted (Reeves and 
Mitchell 1989; Richard 1991, 1993). 

A lower level of nuclear genetic variation within 
the St Lawrence Belugas than that of the Beaufort 
Sea population (which totals about 11 500 whales) 
was iuterpreted as suggesting that the St Lawrence 
population lacks significant genetic exchanges with 
other populations and is composed of related indi- 
viduals; it therefore may suffer from inbreeding 
depression (Patenaude et al. 1994). The mtDNA 
analvses shows that St Lawrence Belueas are more 

Bay populations (Brown and Clayton 19931, so com- 
paring their genetic variability with tbat of those 
neighbouring populations, or with tbeir own pre- 
exploitation level (Patenaude et al. 1994). would be 
more informative. 

Protection 
International Protection Measures 

The parties to the International convention to 
Regulate Whaling have not decided that the conven- 
tion applies to small whales like the Beluga. Canada 
is not a signatory. However, bipartite agreements for 
management or research, or both, that are of signifi- 
cance in the protection of Canadian Beluga stocks 
exist between Canada and Greenland, and between 
the Inuvialuit of the western Canadian Arctic and the 
people of Alaska. 

The listine of the Beluoa on Amendix II of the 
Convention o n  International I rade in Endangered 
Species of Flora and Fauna (CITES) restricts inter- 
national trade only to the extent of requiring export 
permits. Presently, there is no h o w n  international 
trade in Beluga products, apart from the supply of 
live animals to zoos and oceanaria. Live Belugas 
have not been exported from the St Lawrence for a 
long time, and the Canadian Department of Fisheries 
and Oceans has suspended al1 permission for live 
exports from Canada since December 1992. The 
only region affected by this decision is Churchill 
wbich was, since 1970, the principal source of cap- 
tive Belugas for Europe, Japan and North Amenca. 

National Protection Measures 
Beluga Pro tec t ion  Regulutions under the 

Fisheries Act date from 1949 and have since tben 
been frequently altered and extended (Reeves and 
Mitchell 1989); in 1979 the St Lawrence, Labrador 
and Newfouudland were added to the geograpbical 
scope and the St Lawrence was closed to hunting. In 
February 1993, the Beluga Protection Regulations 
were superseded by, and absorbed iuto, the Marine 
Murnrnal Regulations of the Fisheries Act. Tbese 
regulations generally forbid disturbance of marine 
mammals. These clauses were intended to control 
wbale-watching, a popular recreational activity and a 
flourishing industry in the St Lawrence Estuary. No 
permit, other than those relating to marine safety, is 
required to conduct whale-watching cruises in 
Canada. However, an informa1 agreement exists 
between the Canadian Department of Fisheries and 
Oceans and commercial whale-watching crnises in 
the St Lawrence Estuary to exclude Belugas from 
the species sought by whale-watching boats. The 
Depamneut has also establisbed behaviourial guide- 
lines for vessels that unexpectedly encounter 
Belugas (Ministère des Pêches et des Océans 1992). 
The harassment sections of the Marine Mammal 

- Regulations could be regarded as a safeguard if the 
code of ethics were not respected, but are difficult to closely related to Hudson Strait and east Hudson 
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FIGURE 2. Seasonal distnbution of the Belugas of the St Lawrence. 

nforce. The creation of the Saguenay-St Lawrence 
Aaine Park may provide a further level of control 
#ver a part of the summer habitat of the population, 
'ut also increases publicity for the area. 

At the provincial level, the Québec Threatened 
'nd Vulneruble Species Act allows the Minister to 
esignate species threatened or vulnerable and to act 
3 protect them or their habitats. 

'opulation Size and Trends 
A Beluga fishery flourished along the S t  

awrence River between the late 1500s and the early 
950% and was intense between 1860 and 1945. 

tion or index estimates ranging from 300 to 705 
(Table 1; Figure 3). Most have been aerial surveys, 
either visual (uncorrected for diving animals) or pho- 
tographic (with a minimum diving correction) but 
boat surveys have also been med. Sample surveys of 
the distribution area (Sergeant and Hoek 1988; 
Kingsley and Hammill 1991: Kingsley 1993. 1996). 
as well as complete-coverage surveys of the most 
highly frequented areas (Pippard and Malcolm 1978; 
Béland et al. 1987b) have been carried out. While d l  
are bonu fide attempts to estimate a population 
index, the variations in method impose caution in 
comuarinp their resnlts. Since 1984. vertical large- . -  - 

rom records of trarld 011 and skins, Rcmcs and 
lirchell 1984, cstimared bat  about 15 O00 Belugas 

format photograph! ha3 been u m J  combincd s i n x  
1988 nirh irmdard çamr>ic desicns usine rrmsects 

iere removed from the St Lawrence population 
etween about 1880 and 1950; this may have been 
n overestimate as commercial records often did not 
istinguish between products obtained from Belugas 
nd those from other species (Reeves and Mitchell 
984). Such a harvest could have depleted a popula- 
on numbering even several thousand in the 1880s 
> a few hundreds by the middle of the twentieth 
entuIy (Reeves and Mitchell 1984). Hunting proba- 
ly continued throughout the 1970s, and it has been 
uggested that approximately 25 whales per year 
iere then still being removed (Pippard and Malcolm 
978). 

SNdies from 1973 to 1996 have produced popula- 

across the river (Sergean; and Hgek i98C Kingsley 
and Hammill 1991; Kingsley 1996). Surveys 
conducted in 1988, 1990, 1992, and 1995 gave index 
estimates of between 490 and 705 Belugas using a 
correction factor of 15% to account for diving ani- 
mals (Kingsley 1996). A standardized conservative 
index, smoothed on a linear trend with previous esti- 
mates, is 650 for 1995, with estimated standard error 
45. The diving behaviour of monodontids in Arctic 
Canada suggests survey correction factors near 80% 
(Matin and Smith 1992; Martin et al. 1994), which 
if applied to the St Lawrence surveys would greatly 
increase the population estimate (Innes 1996). This 
has not been done, as conditions in the St Lawrence 
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are different, and no similar work has been done 
here. 

Béland and Martineau (1985) deduced (from three 
data points) that the population declined at 6%iyear 
from 1963 to 1985, but the current population size is 
very different from their prediction, and survey 
results in the 1980s and 1990s have consistently 
failed to support the thesis of a declining population. 
in the absence of resource limitations, a zero growth 
rate is inûinsically unlikely, and al1 current evidence, 
from birth-rates, age.at death, and survey data, sug- 
gest an increasing trend (Kingsley 1996). A longer 
senes of surveys will help to establish an unarsable 
past trend for the index; curent trend may, however, 
remain uncertain. 

In an attempt to generate more immediate infor- 
mation on growth rates, Béland et al. (1988) devel- 
oped an age structured population model. Age-spe- 
cific birth rates were obtained from Alaskan data 
(Burns and Seaman 1985), and mortality rates from 
the ages of beach-cast St Lawrence Belugas; animals 
were assumed to tum white at maturity. They con- 
cluded that the limit between an increasing and a 
decreasing population occurred when the population 
contained 28 to 30% grey animais (excluding young 
of the year). Recent observations of the fraction of 
grey animais in the population vary from 29 to 32% 
(Michaud 1993b Desrosiers 1994). and snggest that 
the St Lawrence Beluga population is not growing 
fast. However, the effects of the vanous assumptions 
in these models were not fully explored and the pro- 
portion of grey animals, while a useful index, does 

not provide a calibrated measure of population 
growth rate (Kingsley and Hammill 1993). Data 
from different populations cannot be used to cali- 
brate it, as site-specific ecological and hunting pres- 
sure can alter fecundity and survivorship schedules 
(Doidge 1990a). Counts and measurements of short 
animais on aenal survey film, while imprecise, have 
suggested that the birth rate may be quite variable 
from year to year, but is probably not, overall, seri- 
ously reduced (Kingsley 1996). 

Habitat 
TypicaI Habita2 

Beluxas inhabit cold waters. The winter distnbu- 
tion of fhe Beluga generally coincides with 4-8/10 
ice cover in areas over the Continental Shelf (Jonkel 
1969; Fraker 1979; Finley and Renaud 1980). In 
summer, they concentrate in the warm, shallow, tur- 
bid waters of Arctic river-mouths, but the reasons for 
th is  are not understood; suggestions include calving 
(Sergeant 1973; Finley 1982), breeding (Brodie 
1971), feeding (Kleinenberg et al. 1964; Tomilin 
1967), or moult (Finley 1982; Finley et al. 1982; St. 
Aubin and Geraci 1989; Reeves and Mitchell 1989; 
St. Aubin et al. 1990). 

The presence of this Arctic species in the St 
Lawrence Estuary is favoured by cold, productive 
waters and seasonal ice cover. A cold, West-bound 
deep current in mineral-rich Laurentian Channel 
along the north shore cnmes against a si11 at the con- 
fluence of the Saguenay River and the St Lawrence 
Estuary, creating an upwelling of mineral-rich 
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waters. This area has strong tidal and set currents 
and precipitous bottom topography %t create fre- 
quent ocean fronts and discontinuities, capable of 
concentrat ing prey. T h e  lower S t  Lawrence 
Estuary is fed by several large fresbwater sources: 
the Saguenay, Bersiamites, aux Outardes, and 
Manicouagan rivers, some of whicb couid provide 
additional sballow estuarine summering areas. 
Upstream of the Saguenay, Belugas find shallower, 
warmer, and more turbid water, and a pattern of 
islands that may serve as protection from wind and 
rough seas. 

Areas lntensively or Regularly Frequented 
Group pattern and herd composition has been 

most studied from July throngh September, but may 
Vary with season (Michaud and Chadenet 1990). 
About 45% of the animals are typically observed 
downstream of the Saguenay mouth, they are most 
often clustered near the head of the Laurentian 
Channel and along its southem scarp, but the distri- 
bution sometimes extends to Pointe au Boisvert on 
the nortb shore and St-Simon-sur-Mer on the south 
shore. Groups of adults may be seen throughout th is  
area, but adults with young tend to be in the 
upstream part, toward the Saguenay mouth and the 
south shore (Michaud 1993a; Kingsley 1993, 1996). 
However, an unusud number of grey juveniles were 
seen dong the north shore between Begeronnes and 
Les Escoumins throughout the summer of 1994. 
Another 50% of the population is usually dismbuted 
upstream of the Saguenay, where herds usually num- 
ber less than 30 and include over 30% juveniles 
(Sergeant 1986; Sergeant and Hoek 1988; Kingsley 
1996). Thirteen “highly frequented areas” have been 
defined upstream of the Saguenay mouth as far as 
the iie aux Coudres jfichaud 1993a). The remain- 
ing 5% of the population may, on average, be found 
in the Saguenay fjord, usually near its mouth or at 
Baie Ste-Marguerite. Biological and physico-chemi- 
cal characteristics of most of the sectors are summa- 
rized by Michaud et d. (1990), and behaviours asso- 
ciated with differing habitats are presented in 
Pippard (1985). 

Temporal Variations in Preferred Sectors 
There is emerging evidence for short-term season- 

al variation in preferred sectors, even within the 
sumnering area. It appears from a study conducted 
during $e presumed spawning penod of the Hemng 
in the Ile-aux-Lièvres region that St Lawrence 
Belugas may take advantage of resources abundant 
in specific sectors during short periods of time 
(Lesage and Kingsley 1995). Belugas may exploit 
other sectors such as the sandbanks between Isle- 
Verte and Trois-Pistoles where Hemng gather before 
spawning (Bio-Conseil Inc. 1982) or the Batture aux 
Alouettes where Capelin spawn between mid-April 
and mid-May (Parent and Brune1 1976); they are 

seen in the port of Rivière-&-Loup, but usually only 
in spring. However, the seasonal movements from 
spring to f d i  have not been described in detail. 

The intensity with which some sectors are used 
varies on the longer rime scale. Michaud et ai. 
(1990) and Kingsley (1993) recently noted in 1990 
to 1992 an increased number of Beluga in tke 
southem portion of the Estuary downstream of Ile 
Verte whereas other sectors, such as the Saguenay 
River, Tadoussac Bay ai the mouth of the Saguenay 
River, and the Manicouagan banks, which were for- 
merly regularly frequented by Belugas, were less 
visited. Reasons for the reduced frequentation or 
desertion of such sectors are difficult to establish 
and may involve different factors. Disturbance by 
human activity has been suggested as the reason for 
the paucity of sightings in Tadoussac Bay, and the 
60% reduction in the frequency of passage of 
Beluga ai the mouth of the Saguenay River (Ca- 
ron and Sergeant 1988). Over-exploitation. or mod- 
ifications of biological or physico-cbemical charac- 
teristics of the habitat (temperature, salinity or flow 
patterns) resulting from hydroelectric development 
have been suggested as possible reasons for the dis- 
tributional changes observed in the Manicouagan 
banks region (Laurin 1982b; Pippard 1985). In gre- 
garious species such as the Beluga, a reduction in 
the population size may result in the desertion of 
peripheral range (Brown 1984; Gaston and Lawton 
1990). This could also account for other restrictions 
in distribution, such as reduced occurrence in the 
Baie des Chaleurs,-the lower North Shore, and 
regions upstream of Ile aux Coudres. 

Changes in Qualiry of Habitat 
Within the Si Lawrence drainage basin, indusmal- 

discharges, both accidental and deiiberate, of several 
polluants into the Si Lawrence and Saguenay rivers 
and their tributaries. They include mercury, lead, 
polycyclic aromatic hydrocarbons (PAHs), and a 
wide range of organochlofmes of varying persistence 
and toxicity; the Si Lawrence Beluga Recovery Plan 
(Bailey and Zinger 1995) reviews the specinim in 
detail. Water power is available in large quantities 
from the rivers mnning into the Saguenay fjord and 
the north side of the St Lawrence EsNary, and has 
attracted industries that have released contaminants. 
Among them are, or were, chlor-aikaii plants (mer- 
cury) and aluminium smelters (PAHs). Mirex, a sta- 
ble organochlonne used as a stabiliser and a pesti- 
cide, was produced on the south side of Lake 
.Ontario: PCBs, used as flame retardants, are ubiqui- 
tous; so are many pesticides, including DDT. The Si 
Lawrence drains the intensively-farmed land of 
southwestern Québec, southern Ontario, and parts of 
the northem United States, and picks up agricultural 
pesticides. Many of these compounds are toxic; 
some much more than others. 

isation, a,T;cs!:ÿ;e, and ..-L--: uivai,saiuvii -A:-- L-. resülted in 
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However, over the iast 20 years, habitat quality has 
improved; to the extent that 70% of the 56 recom- 
mendations made in the S i  Lawrence Beiuga 
Recovery Plan were found to have b e n  anticipated 
by the govemment depadments responsible (Bailey 
and Zinger 1995; SLV-2000 1996). The most danger- 
ous OCs, notably PCBs and DDT, are better con- 
troiied. Under the St Lawrence Action Plan initiated 
in 1988, toxic dischxges have been reduced and fur- 
ther reductions are tameted as federal and provincial 

(Balaenoptera physalus) and Blue (Balaenoprera 
musculus) whales, not Belugas (which are forbidden 
to il), much of its activity is off Tadoussac Ber- 
geronnes Les Escoumins, where almost half the 
Beluga population can sometimes he found 
(Michand 1993a; Kingsley 1996). 

Habitat Protection 
The Fisheries Act, the Canada Shipping Act and 

the Canadian Environmental Protection Act are the - 
regul3tions for pulp and p3per n6lls arc implsmcnted 
(SLV-2000 1996,. Of 746 îdrnissibk Qusbec ripaian 

principal Irgisldtive insmmsnts amilable 10 govern 
the rclsiliie of toxic subsiances into aquatic habiwtz. 

municipalities, 126 are now connected to waste-water 
purification plants (Environnement Canada 1993). 
Contaminant levels have dropped in buds and mam- 
mals (MU et al. 1996b), and at lower trophic levels. 
Between 1982 and 1992, PCB levels in American 
B i s  (Anguilla rostrata), have declined by 68% and 
Mirex by 56% (Hodson et al. 1994); mercury concen- 
trations in shrimps and Blue Mussels (Mytilus edulis) 
have also declined (Cossa and Desjardins 1984; 
Cossa and Rondeau 1985; Pelletier et al. 1989); so 
bave organochlonne levels in other faunal elements 
of the Great Lakes and Gulf of St  Lawrence 
(Environment Canada 1991; Becket al. 1994). 

But marine traffic may also affect the quality of 
Beluga habitats. The St Lawrence River is an inter- 
national waterway with a high volume of commer- 
cial and recreational ship traffic. In recent years, 
whale-watching has become an important econo- 
mic activity. While if is centred in Tadoussac and 
Baie Sie-Catherine, companies involved in this 
activity are being estabiished in severai communi- 
ties aiong the north and the south shores of the 
Estuary. Aithough the industry mostly targets Fin 

There is no legislative act which specifically controls 
marine traffic for the benefit of manne mammals, 
but the Marine Mammal Regularionr of the Fishenes 
Act prohibit deliberate harassment. The Canada 
Wildlife Act  authorizes the Minister of the 
Environment to create National Wildlife Areas, and 
the Canada Oceans Act is expected to permit the 
creation of Marine Protected Areas; either couid be 
applied to protect cetacean habitats. Guidelines 
established by the Canadian Depadment of Fishenes 
and Oceans have identifed critical sectors within the 
Si Lawrence Beluga snmmer range for boaters to 
avoid, and in the context of the Management Pian for 
the Saguenay-St Lawrence Marine Park, additional 
areas may be considered for protection. 

At the provincial level, the Québec Environmental 
Qualify Act gives the Minister certain powers to pro- 
tect the environment in general, and the Wildlije 
Conservation and Development Act establishes 
zones for the protection of wildlife habitat. The 
Watercourses Act gives the provincial Minister 
responsible some powers over banks and beds of 
fresh and marine water-bodies. 
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Generai Bioiogy 
Reproductive Capability 

In Arctic Belugas, females mature sexually 
between age 4 and 7 years; males, between age 8 and 
9. The mating period varies between populations and 
is thought to occur in the St Lawrence Beluga 
between Apnl and June. A female usuaily bears a sin- 
gle calf (Vladykov 1944; Kleinenberg et al. 1964) 
after 14.5 months' gestation. Births in  the S i  
Lawrence generally occur in July and August 
(Vladykov 1944; Sergeant 1986; Béland et ai. 1990; 
1992). Lactation, which continues over 20 to 24 
months, may partiaily overlap the following gestation 
(Vladykov 1944, Brodie 1971; Sergeant 1973; Doidge 
1990). The incidence of gestation in sexually mature 
females suggests a diree-year reproductive cycle. 

Reproductive parameters of the S i  Lawrence 
Beluga are difficult to establish. The examination of 
reproductive tracts of stranded carcasses suggests 
that the reproductive rate of St Lawrence Belugas is 
low: less than 21% of the sexually mature fernales 
examined were pregnant or lactating (Béland et al. 
1992). However, these animals had al1 died of dis- 
ease or old age, and almost 60% (20 of 34) of them 
were beyond the age at which fertility starts to 
decline (Burns and Seaman 1985). Modelling of 
monodoutid populations indicates that the gross 
annuai birth rate should be around 9 to 10% (Burns 
and Seaman 1985; Kingsley 1966). Surveys of 
neonates of S i  Lawrence Belugas soon after the calv- 
ing penod produced reproductive rate estimates of 
8.1, 9.0 and 9.9% similar to estimates of birth rate 
predicted by models, but 31 to 38% lower than in the 
Arctic (Lynas 1984; Sergeant 1986); however, in a 
subsequent publication these estimates were revised 
downward to about 5.5%/year (Sergeant and Hoek 
1988). The Arctic rates of 12 to 14% used for com- 
parison may be too large (Kingsley 1996), and esti- 
mates of 10% for  hoth the Bering Sea and 
Cumberland Sound Belugas (Brodie 1967; Burns 
and Seaman 1985). are much closer to those 
obtained for the St Lawrence population. The repro- 
ductive rate of the St Lawrence Belugas has also 
more recently been estimated by censusing immature 
animals soon after the birth period. These estima- 
tions, which vary between 12.5 and 32% of the total 
population size, are similar to, or slightly lower than, 
those obtained for Arctic populations (Lesage and 
Kingsley 1995). Neonates and juveniles together 
compose only about 20% of strandings, possibly 
indicatiug a low birth-rate, high juvenile survival, or 
hoth (Béland et al. 1988; Bailey and Zinger 1995), 
but also reflecting sampling bias if they are more apt 
to sink than the fat adults that compose most of the 
strandings (Béland et al. 1992). 
Sumival 

Age-specific mortality has been estimated Rom 
the age structure of whales that have died from natu- 

ral causes and have been recovered. However, mor- 
tality rates calculated from this sample couid be 
biased, as young animals may be more apt to sink, 
and may be under-represented (Béland et ai. 1987a, 
1988). The apparent Iife expectancy ai maturity is 
about 16 years (Kingsley, unpublished data; Figure 
4) equivaient to an average annuai adult mortality of 
ahout 6.5%; Béland et al. (1992) estimated overail 
anuual mortality a i  3 to 4%. Estimates of life 
expectancy are biased downward, owing to the diffi- 
cnlty of readiug the occluded and wom teeth of v e v  
old animals (Béland et al. 1987a). Compared with 
two Arctic populations, there are more Belugas in 
the St Lawrence population at adult ages up to the 
late 20s (Figure 4); the Arctic populations appear in 
live longer as there are in  both samples some 
Belugas in the age range 34 ta 38, absent' in the S i  
Lawrence. 

Behaviourial Adaptabrlity 
Behaviourial responses of Belugas to vesse1 traffic 

have been examined in many parts of their range. As 
expected, their response varies, which may be a 
function of the degree of exposure, the type of 
approach and the frequency range of noise generated 
by passing traffic, and the animal's hiological 
requirements (e.g. feeding, breeding, calving or 
moulting [Macfarlane 1981; Finley et ai. 1982, 1990; 
Fraker 1983; Pippard 1985; Hazard 1988; Blane 
1990; Cosens and Dueck 1993; Lesage 19931). The 
animal may thus stay in an area until its tlueshold of 
tolerance is reached, leading to an apparent negative 
response, including desertiou of the favoured area 
(Ford 1977; Brodie 1981; Richardson et al 1983; 
Finley 1990; Caron and Smith 1990). Belugas in the 
St Lawrence Estuary and the Mackenzie River Delta 
in ine aeaufort Sea, areas wiin the greatest exposure 
to trafk, appear to be the most tolerant of shipping 
activity, while Belugas along the ice edge in the high 
Arctic emit what are presumed to be alarm calls 
when ships are still 80 km away, and show strong 
avoidance reactions ai 50 km (Finley 1990 Finley et 
al. 1990). In contrast, Belugas in the St Lawrence 
Estuary are often seen close to boats, and sometimes 
show only subtle reactions to perturbation, such as 
progressive movement away from the track of a ves- 
sel, slightly longer dives, and changes in their vocal 
behaviour (Pippard and Malcolm 1978 Blane 1990 
Lesage 1993). However, some vocal changes may 
also impair communication. 

Noise, low frequency vibrations, or human pres- 
ence may cause damage to the auditory system, 
iuduce hormonal or digestive imbalauces, or result in 

*This observation is liable to be madified by the iecovery 
on 25 May 1996 at Escuminac, New Brunswick of a dead 
fernale Beluga, 37+ Io 39+ years old ( McAlpinr: and 
Kingsley, in preparnrion). 
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reproductive failure (Fletcher and Busnel 1978; 
Geraci and St. Anbin 1980; Richardson et al. 1983; 
St. Aubin and Geraci 1988, 1990; Ketten et al. 
1993). In addition, humans may negatively affect 
wildlife through interference with their activity or 
perception of sound. 
Food Habits and Feeding 

In an extensive study of the summer food habits of 
the St Lawence Beluga in the late 1930% close to 50 
different invertebrate and fish species were identi- 
fied, including cephalopods and polychaete worms, 
and fish such as the American Sand Lance 
(Ammodyres americanus), Capelin, and Greenland 
(Gadus ogac) and Atlantic (Gadus rnorhua) Cod 
(Vladykov 1946). Atlantic Herring, Three-spine 
Stickleback (Gasterosreus aculearus), Rainbow 
Smelt (Osmerus mordar) and American Eel are also 
considered potential prey. The winter diet of St 
Lawrence Belugas is not known. In Alaska, the 
major pari of the Beluga diet is composed of few 
species, but preferred species vary with the season 
and habitat, and with the sex and age of the animal 
(Kleinenberg et al. 1964; Lowry et al. 1985). 

Limiting Factors 
There is littie evidence that any extnnsic factor is 

currently limiting either the size or growth of this 
population. We discuss two kinds of potential limit- 
ing factor - those that regulate the size of a popula- 
tion, and those that, while not controlling size direct- 
ly, may limit growth rate of a population or cause its 
decline. 

The population of Belugas in the St Lawrence has 
been back-calculated, from estimated catches, to 
have numbered a few thousand in the late 1800s 
(Re-ves 2nd Mitchell 1384), so there sh-ÿld nou be 
a surplus carrying capacity in the habitat. Natural 
factors limiting the size of Beluga populations are 
not well known, and habitat changes that would have 
reduced the carrying capacity bave not been identi- 
fied. Finite food resources, and competition from 
other species including increasing numbers of seals, 
have obvious potential to limit populations, but there 
is no information on whether they are now having an 
effect (Bailey and Zinger 1995). Interspecific com- 
petition could become a senous menace if global 
warming were to reduce or eliminate winter ice 
cover in the St Lawrence, as Beiugds do not else- 
where live in areas that are ice-free al1 year. 
Reduction in the amount of cntical habitat, such as 
the formerly frequented mouths of the Rivière aux 
Outardes and the Betsiamites River, has been sng- 
gested as a limiting factor (Pippard 1985), and 
ascribed to change in flow regime due to dams. 
However, cntical habitat for the species or this popu- 
lation has uot been defined, limiting densities in 
Arctic estuarine summering areas are higher than 
any seen in the St Lawrence, and evidence for down- 

Stream effects of dams on estuarine habitat for 
Belngas is equivocal (Bailey and Zinger 1995). In 
the npper estuary, the population now frequents the 
same sectors as in 1977 (Pippard and Malcolm 1978; 
Michaud 1993% Kingsley 1996) and seems not to be 
greatly expanding its use of new areas. To continue 
using these sectors, it has to tolerate increasing lev- 
els of noise and human activity. The number of 
whale-watching companies operating near the 
Saguenay has increased from 13 to 20, the number of 
vessels has increased from 22 to 34, and the number 
of departures has more than doubled (GREMM 
1993). Kayak tonrism near Baie Ste-Marguerite is 
ais0 increasing. These activities might limit popula- 
tion size if the areas are cntical to reproductively 
active females. 

The growth rate of the population is limited to 
4%/year o r  less by the low reproductive rate 
(0.16 PiPlyear) typical of the species (Innes 1996), 
and low genetic variability may further reduce if 
(Patenaude et al. 1994). If marine traffic disturbs 
females with Young, and thereby affects juvenile sur- 
vival, it might fmther limit population growth. 

Environmental contamination may limit popula- 
tion growth by adversely affecting birth rate or sur- 
vival (Martineau et al. 1987; Béland et al. 1992). St 
Lawrence Belugas have higher levels of lead, mer- 
cury, and selenium, although less cadmium than 
most Arctic whales (Wagemann et al. 1990; Béland 
et al. 1992), and PCB, DDT and Mirex concen- 
trations in males from the St Lawrence are 25, 32 
and 100-fold higher than in Arctic males (Muir et al. 
1990). Marine mammals acquire contaminants 
chiefly in food. Marine and esmarine fish in the St 
Lawrence are not highly contaminated, but 
American Eels migrating from industrialised areas 
near the Great Lakes and upper St Lawrence may 
bring significant quantities of fat-soluble conta- 
minants into the EsNary (Khalil et al. 1985; Lunn et 
al. 1987; Gagnon et al. 1990; Muir et al. 1990; Cossa 
1990; Hickie et al. 1991; Béland et al. 1992; B. E. 
Hickie, in preparation: Development models for 
chemical accumulation by Arctic Marine Mammals; 
see also Muir et al. 1996a). However, levels of PCBs 
in eels (about 6 ppm in 1982) and of Mirex (0.2 
ppm) had decreased by factors of 3 to 4 by 1990 
(Hodson et ai. 1994). Most Belngas so far examined 
for contaminant burdens were born dunng the late 
1960s and early 1970s, and thus reflect a history of 
long exposure to high levels of contaminants. 

Neonates (O+ years) and juveniles (1 to 5 years) 
each compose only abont 10% of strandings; assum- 
ing that the population was stationary, and the 
stranding rates record unbiased, Béland et al. (1988) 
concluded from this that the birth rate was much 
reduced, but partly compensated by high juvenile 
survivai. Reproductive failure bas occurred in seals 
and mink experimentally fed diets high in 

, 

' 
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organochlorines (Reijnders 1986; Brouwer et al. 
1989). However, seals are not cetaceans, and “there 
are few pnblished data for cetaceans that allow test- 
ing of the hypothesis that there are comparable 
effects” (IWC 1995). The absence of any controlled 
experimental study in Belnga or other cetacean 
species of the effect of contaminated diets led 
Addison (1989) to conclnde that the resnlts present- 
ed by Martineau et al. (1987) on the St Lawrence 
Beluga were inconclnsive in  associating high 
organochlorine levels with rednced reproductive 
rates. Dead beach-cast females have lower than nor- 
mai levels of recent reproductive activity (Béland et 
al. 1992). but this sample is biased in respect of age 
and health relative to Belngas alive in the river; in 
earlier life, ovarian scars accumnlate at a nomai rate 
(Sergeant 1986). Direct counts of juveniles in aerial 
photographs (Kingsley 1996), or of grey juveniles 
from boats (Michaud 1990). do not show that the 
overall proportion of young animals is much lower 
than normal. Stranding or recovery biases could 
cause a shortage of jnveniles in the stranding record. 

Necropsies of carcasses found on the shores of the 
St Lawrence have shown that Belugas usually die of 
disease and that other causes are rare; ailments of the 
alimentary canal appear to be the most frequent 
(Béland et al. 1992). It bas been suggested that the 
popuiation generally suffers from immunosuppres- 
sion, due to OCs, that results in a high incidence of 
tumours, multi-systemic lesions, and penodontitis in 
St Lawrence Belugas, and contributes to the prema- 
ture death of highly contaminated animals (Béland et 
al. 1992). This bypothesis ments further investiga- 
tion; tissue sampling from live-caught animais in the 
St Lawrence would allow direct evaination of some 
aspects of the immune system. Contaminant burdens 
increase with age (Béland et al. 1993), and the age 
distribution of stranded carcasses does not show a 
pattern of early deaths of highly contaminated ani- 
mais (Sergeant 1986; Béland et al. 1988) as wonld 
be expected if organochlonnes were having a signifi- 
cant immunosuppressive effect. Instead, the pattern 
of mortaiity appears to follow the typical J-shaped 
mammalian pattem (Caughley 1977). The distibu- 
tion of ages at death is similar for males and females, 
although OC levels are 1.5 to 2 times higher in 
males. Contaminants may be implicated to some 
extent is some deaths of St Lawrence Belugas, but 
how many, which ones, or to what extent, is impossi- 
ble to determine; age at death is on average high. and 
early death does not seem to be limiting population 
growth (Figure 4). 

In the St Lawrence, collision with ships, or entrap- 
ment in fishing-gear are not major causes of mortali- 
ty. Under a stranding program initiated in 1982, one 
possible ship strike was reported by Béland et al. 
(1992); one definite ship strike also occurred in 1995 
and one in 1996. Incidental catches of Beluga in $11 

nets have occurred in the past, but a mail survey con- 
ducted during 1989 and 1990 did not report any inci- 
dental catches of Beluga in recent years (Fontaine 
1992). Belugas have good directional nnderwater 
hearing, and a well developed echolocation system 
capable of functioning in “noisy” environments (Turl 
1990); but so have other odontocetes that often get 
tangled in fishing gear (Au 1993). The low incidence 
of entrapment observed in St Lawrence Belngas 
might, therefore, rather be the result of a small fish- 
ing indnsty in this region. 

Special Significance of the Species 
The St Lawrence Estuary is remarkahle for the 

diversity of its cetacean fanna, to which the presence 
of an Arctic species at 46” North latitude makes a 
significant contribution. The white colour of the 
Beluga, its gregariousness, and its estuarine habits 
make it highly visible, and a popular tounst attrac- 
tion. The uncertain future of this population has 
made it a symbol of the condition of the St Lawrence 
River. The impact of these factors is al1 the greater 
because the presence of Belugas in North American 
aquaria and oceanaria has made this playful and per- 
petnally “smiling” whale known to many people. 

Arctic populations have not been affected by envi- 
ronmental problems, but some that, like the St 
Lawrence population, were heavily hunted for mar- 
ketable prodncts, remain depleted (Reeves and 
Mitchell 1989; Richard 1991). 

Evaiuation 
The recent favourable changes in certain indices 

of population dynamics, notably the proportion of 
young visible on aenal photography, and the estimat- 
ed population index, suggest that the population may 
be recovering. Survival of adults, determined from 
age at natural death of stranded animals, appears 
high and stable, and birth rates appear normal. 
Levels of mortality from predation, stranding, ice 
entrapment, fishing gear, and hunting seem to be 
low. There is no evidence of downward trend in pop- 
ulation size. Ambient environmental contaminant 
levels are falling, even if slowly. Finally, active pro- 
grammes are in place to improve habitat qnality by 
controlling pollution, and by acting against distur- 
bance from shipping and pleasure boats. 

However, the population is apparently separated. 
with linle chance of replenishment from or genetic 
exchange with other groups of Beluga, which places 
it at increased risk. The maximum natural rates of 
increase and turnover of the species are low. The 
population is not large, especially for a large mam- 
mal with a 1ow reproductive rate, and the genetic 
variability of the population appears reduced. 
Contaminant burdens are high in stranded carcasses; 
if this implies high levels in the living population, 
they may be continually under physiological stress. 
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Habitat quality, especially in summer, is moderate; it 
is downstream of a highly industrialised and inten- 
sively farmed area. If is also subject to heavy marine 
traffic. The wbole population is concentrated in a 
small area of the Estuary in summer, so al1 its mem- 
bers mn the same risks. 

“Endmngered” status is applied to populations or 
species that are in imminent danger of extinction 
or exürpation. The existing status of “Endangeres‘ 
was based upon Pippard‘s (1985) evaluation that the 
size of the population was 300 to 350 in 1977, that it 
was declining, and had been for some rime. Whether 
owing to  improved survey metbods or to  a real 
change in the size of the population, recent estimates 
both of indices and of population trend are more 
encouraging: the smoothed estimate of a conserva- 
tive population index is 650 animals2; and two 
decades of research have failed to show any evi- 
dence of decline. We conclude from Our analysis that 
the population is not in imminent danger of extinc- 
tion and a status of “Endangeres‘ is not justified. 

However, population remains vulnerable, owing 
to its small size, reduced genetic variability, and 
exposure to manne traffic and environmental con- 
tamination. Additional, and perbaps the most sen- 
ous, vulnerability factors for these Belugas are their 
isolation from their conspecifics and their restriction 
to a small summer range. A suitable status for this 
population is “Threatened”: it may become endan- 
gered if the factors  that threatened i t  are not 
reversed. Factors, in particular, that are critical are: 
the size the population; the rebuilding of populations 
in Labrador, Hudson Strait and West Greenland; and 
futher improvement in the environmental protection 
accorded to Beluga habitat in the St Lawrence. We 
recommend that the status of “Threatened” b e  
accorded, on account of low numbers, low genetic 
vaiability, isolation, small area of summer occupan- 
cy, and environmental circumstances. 
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