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The Beluga, Deiphinapterus leucas, in the St Lawrence Estuary is at the southern limit of the distributicn of this species.
The large distances separating this population from northern Belugas, its low genetic variability, and the rarity of Beluga
sightings outside their normal range in the Gulf, suggest that it is isolated from its northern conspecifics. Over-exploitation
and attempted 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 stocks and
extent of critical habitat; its growth rate may be affected by low genetic variability, boat traffic, and environmental contam-
ination. St Lawrence Belugas are protected from hunting and are excluded from marine mammal species targeted by the
whale-watching industry. Regutations and guidelines on the behaviour of marine traffic under the Fisheries Act and within
the operating mandate of the Saguenay Marine Park offer some protection from disturbance although more may be needed.
Pollution reductions upstream and tmproved controls on toxic compounds, are helping 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 & la limite méridionale de la distribution de I’espice. La
grande distance le séparant des Bélugas du nord, une faible variabilité génétique entre les individus, et les rares observa-
tions de Bélugas 4 ["extérieur des {imites normales de leur distribution dans le golfe laissent supposer que ces Bélugas sont
isolés de leurs congénéres du nord. La surexploitation et des tentatives d’extermination auraient causé le déclin de cette
population. Un indice prudent de son abondance actuelle se situe entre 600 et 700 individus, et elle s acerofit lentement. Le
taux de naissance, le taux de survie & chaque 4ge, et Ia structure d’4ge de la population des Bélugas du Saint-Laurent sont
semblables & ceux des autres populations de Bélugas. Les facteurs qui risquent de limiter Ia taille éventuelle de cette popu-
lation incluent I"abondance de nourriture et I"étendue de 1’habitat critique. La faible variabilité génétique a I'intérieur de la
population, la circulation maritime et la contamination de Penvironnement pourraient limiter son taux d’accroissement.
Les Bélugas du Saint-Laurent sont protégés contre toutes formes de chasse ef sont exclus des espices visées par 'industrie
de I’observatiou des baleines. Des réglements et des directives visant le comportement de la circulation maritime, et €émis
dans le cadre de la Loi sur les Pecheries et 2 I'intérieur du mandat d’opération du Parc Marin du Saguenay, offrent un cer-
tain niveau de protection contre le harcélement. Une protection accrue pourrzit toutefois étre nécessaire. La réduction des
émissions de polluants en amont et un nivean accru de contrdle des rejets de composés toxiques contribuent 2 la réduction
des niveaux ambiants de contaminants. It demeure néanmoins important d’accélérer et de maintenir ce progrés.

Key Words: Beluga, Delphinapterus leucas, White Whale, Béluga, threatened, St Lawrence River.
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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 dermis, and white colcur (Figure 1). It has one
ciose relative, the Narwhal, Mornodon monoceros
(Lint et al. 1990). In both species, the absence of a
dorsal fin and the thick dermis are believed to be
adaptations to living in ice-infested waters,

Newborn 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 lighter. The pure white colour,
characteristic of adults, is generally attained

*At a meeting of COSEWIC on 16 April a change to
“threatened” was supported by 12 votes out of 21; this
majority was less than the two-thirds needed to change the
status, 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 (Sergearnt
1959; Ognetov 1981; Burns and Seaman 1985).
Most females mature sexually while still light erey,
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; Brodie 1989), the difference vary-
ing slightly between populations (Deidge 1990b).
Compared with other Belugas of eastern North
America, St Lawrence Belugas are of medium size
(Sergeant and Brodie 1969). White females and
males from hunted samples in the St 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 St Lawrence carcasses were 3.62 and
4.17 m (Kingsley 1996).
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FiGuRre 1. The Beluga (Delphinaprerus leucas) photographed by Véronique Lesage in 1991. The left shows the species as
usually seen in the field, taken in the St. Lawrence Estuary. The right showing details of morphology was taken at
the Shedd Oceanarium in Chicago, Illinois.

Distribution and Migration

The Beluga is limited to seasonally ice-infested
Arctic and sub-Arctic seas. The St Lawrence Belugas
are at the southem limit of the worldwide distribution
of the species (Reeves 1990). Beluga skeletons in
Pleistocene clays and sand deposits in Québec
(Canada) and Vermont (United States) suggest that
the Beluga established itself in the St Lawrence
region during the last Ice Age, about 10 000 years
ago (Harington 1977). At that time, the Champlain
Sea covered an area of 53 100 km? or more between
Québec City and Lake Ontario, including part of the
lower Ottawa River valley and the Lake Champlain
vailey in New York and Vermont. Belugas probably
remained in the northern (lower) 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.

The current disiribviion of the St Lawrence
Beluga {(Figure 2) is not as extensive as that
described 50 vears 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 Marins, 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
along the north shore, and from Baie des Chaleurs
to Cloridorme along the south shore; there are,
however, occasional sightings of small numbers off
the “north shore™ of New Brunswick, and recent
observations of small numbers in the northern Gulf
in summer (Kingsley, unpublished data). The
extent of their distribution in the Saguenay River
has been reduced slightly from Chicoutimi to Saint-
Fulgence, 12 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-

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
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
al. 1990; Kingsley unpublished data). Belugas are
also seen, from time to time, on the Labrador and the
cast 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 strandings in
Newfoundiand had low levels of organochiorines, so
were probably Arctic animals (Muir et al. 1996a);
the mtDNA from a2 Beluga living in Guysborough
Harbour, on the “east shore” of Nova Scotia, sug-
gested that it was from the St Lawrence, and not the
Arctic (J. Clayton, Department of Fisheries and
Oceans (DFO), Freshwater Institute, Winnipeg,
Manitoba, personal communication). Whales on the
Gaspé shore of the Bstuary are susceptible to being
swept eastward and southward by the Gaspé current
(Sergeant and Hoek 1988). Sightings in the western
and northern Guli seem more frequent in the spring
and early summer {Sergeant and Brodie 1975;
Sergeant 1936).

Migration

St Lawrerice Belugas move seasonally, but com-
pared with their Arctic conspecifics they are rela-
tively sedentary (Figure 2). The summer distribution
is centred at the mouth of the Saguenay River and
extends in the Saguenay to Saint-Fulgence and in the
St 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 Riviére
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Portreuf (30 km 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 win-
ter distribution is not completely described, but
probably includes all the estuary downstream of the
Saguenay and extends as far east as Cloridorme on
the south shore and Sept-lles 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
Battures aux Loups Marins, while late migrants may
also 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 early
1900s (Reeves and Katona 1980; Pippard 1985;
Sergeant 1986; Reeves 1990), as well as an increase
in Beluga numbers in the St Lawrence during the
late 1920s that was attributed to immigration
(Vladykov 1944: 141-142), suggesi that occasional
immigrations may have slowed the decline of the St
Lawrence population (Mitchell and Reeves 1981;
Pippard 1985; Reeves and Mitchelt 1987). Belugas
are still 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 interpreted 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
analyses shows that 5t Lawrence Belugas are more
closely related to Hudson Strait and east Hudson
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Bay populations (Brown and Clayton 1993), so com-
paring their genetic variability with that of those
neighbouring populations, or with their own pre-
exploitation level (Patenaude et al. 1994), would be
more informative.

Protection
International Protection Measures

The parties to the International Convention fo
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 Inuviahait of the western Canadian Axctic and the
people of Alaska.

The listing of the Beluga on Appendix II of the
Convention on International Trade in Endangered
Species of Flora and Fauna (CITES) restricts inter-
national trade only to the extent of requiring export
permits. Presently, there is no known 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 all permission for live
exports from Canada since December 1992. The
only region affected by this decision is Churchill
which was, since 1970, the principal source of cap-
tive Belugas for Europe, apan and North America.

National Protection Measures

Beluga Protection Regulations under the
Fisheries Act date from 1949 and have since then
been frequently altered and extended (Reeves and
Mitchell 1989); in 1979 the St Lawrence, Labrador
and Newfoundland were added to the geographical
scope and the St Lawrence was closed to huniing. In
February 1993, the Beluga Protection Regulations
were superseded by, and absorbed into, the Marine
Mammal Regulations of the Fisheries Act. These
regulations generally forbid disturbance of marine
mammals. These clauses were intended to control
whale-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 informal agreement exists
beiween the Canadian Department of Fisheries and
Oceans and commercial whale-watching cruises in
the St Lawrence Estuary to exclude Belugas from
the species sought by whale-watching boats. The
Departruent has also established behaviourial guide-
lines for vessels that unexpectedly encounter
Belugas (Ministdre des Péches 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
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FIGURE 2. Seasonal distribution of the Belugas of the St Lawrence.

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

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

*opulation Size and Trends

A Beluga fishery flourished along the St
awrence River between the late 1500s and the early
950s, and was intense between 1860 and 1945.
rom records of traded oil and skins, Reeves and
Aitchell (1984) estimated that about 15 000 Belugas
sere 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
entury {Reeves and Mitchell 1984). Hunting proba-
Iy continued throughout the 1970s, and it has been
uggested that approximately 25 whales per year
tere then still being removed (Pippard and Malcolm
978).

Studies from 1973 to 1996 have produced popula-

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 tried. Sample surveys of
the distribution area (Sergeant and Hoek 1988;
Kingsiey 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 all
are bona fide attempts to estimate a population
index, the variations in method impose caution in
comparing their results. Since 1984, vertical large-
format photography has been used, combined since
1988 with standard sample designs using transects
across the river (Sergeant and Hoek 1988; 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 1993, with estimated standard ermor
45. The diving behaviour of monedontids in Arctic
Canada suggests survey correction factors near 80%
(Martin 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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Figure 3. Population index estimates for the St Lawrence Belugas, 1973-19935.

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%/year
from 1963 to 1985, but the current population size is
very different from their prediction, and sarvey
results in the 1980s and 1990s have consistently
failed to support the thesis of a declining populaticn.
In the absence of resource limitations, a zero growth
rate is intrinsically unlikely, and all current evidence,
from birth-rates, age -at death, and survey data, sug-
gest an increasing trend (Kingsley 1996). A longer
series of surveys will help to establish an unarguable
past trend for the index; current 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 turn 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 animals (excluding young
of the year). Recent observations of the fraction of
grey animals in the population vary from 29 to 32%
(Michaud 1993b; Desrosiers 1994), and suggest that
the St Lawrence Beluga population is not growing
fast. However, the effects of the various 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
animals on aerial 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
Typical Habitat

Belugas inhabit cold waters. The winter distribu-
tion of the Belnga 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
this are not understoed; 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 comes against a sill at the con-
fluence of the Saguenay River and the St Lawrence
Estuary, creating an upwelling of mineral-rich



104

waters. This area has strong tidal and set currents
and precipitous bottom topography that create fre-
quent ocean fronts and discontinuities, capable of
concentrating prey. The lower St Lawrence
Estuary is fed by several large freshwater sources:
the Saguenay, Betsiamites, aux Outardes, and
Manicouagan rivers, some of which could provide
additional shallow 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 Intensively or Regularly Freguented

Group pattern and herd composition has been
most studied from July through September, but may
vary with season (Michaud and Chadenst 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 southermn scarp, but the distri-
bution sometimes extends to Pointe au Boisvert on
the north shore and St-Simon-sur-Mer on the south
shore. Groups of adults may be seen throughout this
area, but adults with young tend to be in the
upstieam part, toward the Saguenay mouth and the
south shore (Michaud 1993a; Kingsley 1993, 1996).
However, an unusual number of grey juveniles were
seen along the north shore between Begeronnes and
Les Escoumins throughout the summer of 1994.
Another 50% of the population is usually distributed
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 lie aux Coudres (Michaud 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 al. (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
summering area. It appears from a study conducted
during the presumed spawning period of the Herring
in the fle-aux-Litvres 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 Herring gather before
spawning (Bio-Conseil Inc. 1982) or the Batture aux
Alouettes where Capelin spawn between mid-April
and mid-May (Parent and Brunel 1976); they are
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seen in the port of Rividre-du-Loup, but usually only
in spring. However, the seasonal movements from
spring to fall have not been described in detail,

The intensity with which some sectors are used
varies on the longer time scale. Michaud et al.
(1990) and Kingsley (1993) recently noted in 1990
to 1992 an increased number of Beluga in the
southern portion of the Estuary downstream of {le
Verte whereas other sectors, such as the Saguenay
River, Tadoussac Bay at 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 at the mouth of the Saguenay River (Ca-
ron and Sergeant 1988). Over-exploitation, or mod-
ifications of biological or physico-chemical 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 fle aux Coudres.

Changes in Quality of Habitat

Within the St Lawrence drainage basin, industrial-
isation, agriculture, and urbanisation have resulied in
discharges, both accidental and deliberate, of several
pollutants into the St Lawrence and Saguenay rivers
and their tributaries. They include mercury, lead,
polycyclic aromatic hydrocarbons (PAHs), and a
wide range of organochlorines of varying persistence
and toxicity; the St Lawrence Beluga Recovery Plan
(Bailey and Zinger 1995) reviews the spectrum in
detail. Water power is available in large quantities
from the rivers running into the Saguenay fjord and
the north side of the St Lawrence Estuary, and has
attracted industries that have released contaminants.
Among them are, or were, chlor-alkali plants {mer-
cury) and aluminium smelters (PAHSs). Mirex, a sta-
ble organochlorine 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 St
Lawrence drains the intensively-farmed land of
southwestern Québec, southern Ontario, and parts of
the northern United States, and picks up agricultural
pesticides. Many of these compounds are toxic,
some much more than others.
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FIGURE 4. Competing-risk curves of adult survival (Siler 1979) fitted to data from beach-
cast 5t LawrenceBeluga carcasses and to hunted samples from Arctic populations.

However, over the Iast 20 years, habitat quality has
improved; to the extent that 70% of the 56 recom-
mendations made in the St Lawrence Beluga
Recovery Plan were found to have been anticipated
by the government departiments responsible (Bailey
and Zinger 1995; SLV-2000 1996). The most danger-
ous OCs, notably PCBs and DDT, are better con-
trolled. Under the St Lawrence Action Plan initiated
in 1988, toxic discharges have been reduced and fur-
ther reductions are targeted as federal and provincial
regulations for pulp and paper mills are implemented
(SLV-2000 1996). Of 246 admissible Québec riparian
municipalities, 126 are now connected to waste water
purification plants (Environnement Canada 1993).
Contarninant levels have dropped in birds and mam-
mals (Muir et al. 1996b), and at lower trophic levels.
Between 1982 and 1992, PCE levels in American
Eels (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
have organochlorine levels in other faunal elements
of the Great Lakes and Gulf of St Lawrence
(Environment Canada 1991; Beck et 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 it is centred in Tadoussac and
Baie Ste-Catherine, companies involved in this
activity are being established in several communi-
ties along the north and the south shores of the
Estuary. Although the industry mostly targets Fin

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

Habitar Protection

The Fisheries Act, the Canada Shipping Act and
the Canadian Environmental Protection Act are the
principal legislative instruments available to govern
the release of toxic substances into aquatic habitats.
There is no legislative act which specifically controls
marine traffic for the benefit of marine mammals,
but the Marine Mammal Regularions of the Fisheries
Act prohibit deliberate harassment. The Canada
Wildlife Act authorizes the Minister of the
Environment to ¢reate National Wildlife Areas, and
the Canada Oceans Act is expected to permit the
creation of Marine Protected Areas; either could be
applied to protect cetacean habitats. Guidelines
established by the Canadian Department of Fisheries
and Oceans have identified critical sectors within the
St Lawrence Beluga summer range for boaters to
avoid, and in the context of the Management Plan for
the Saguenay-St Lawrence Marine Park, additional
areas may be considered for protection.

At the provincial level, the Québec Environmental
Quality Act gives the Minister certain powers to pro-
tect the environment in general, and the Wildlife
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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General Biology
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 April and June. A female usually bears a sin-
gle calf (Vladykov 1944; Kleinenberg et al. 1964)
after 14.5 months’ gestation. Births in the St
Lawrence generally occur in July and August
(Vladykov 1944; Sergeant 1986; Béland et al. 1990;
1992), Lactation, which continues over 20 to 24
months, may partially overlap the following gestation
(Vladykov 1944; Brodie 1971; Sergeant 1973; Doidge
1990). The incidence of gestation in sexually mature
femnales suggests a three-year reproductive cycle.

Reproductive parameters of the St Lawrence
Beluga are difficult to establish. The examination of
repreductive tracts of stranded carcasses suggests
that the reproductive rate of St Lawrence Belugas is
low: less than 21% of the sexually mature females
examined were pregnant or lactating (Béland et al.
1992). However, these animals had all 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
monodontid populations indicates that the gross
annual birth rate should be around 9 to 10% (Burns
and Seaman 1985; Kingsley 1966). Surveys of
neonates of St Lawrence Belugas soon after the calv-
ing period produced reproductive rate estimates of
8.1, 9.0 and 9.9%, similar to estimates of hirth 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 both 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
indicating a low birth-rate, high juvenile survival, or
both (Béland et al. 1988; Bailey and Zinger 1993),
but zlso reflecting sampling bias if they are more apt
to sink than the fat adults that compose most of the
strandings (Béland et al. 1992),

Survival
Age-specific mortality has been estimated from
the age structure of whales that have died from natu-
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ral causes and have been recovered. However, mor-
tality rates calculated from this sample could be
biased, as young animals may be more apt to sink,
and may be under-represented (Béland et al. 19874,
1988). The apparent life expectancy at maturity is
about 16 years (Kingsley, unpublished data; Figure
4} eguivalent 1o an average annual adult mortality of
about 6.5%; Béland et al. (1992) estimated overail
annual mortality at 3 to 4%. Estimates of life
expectancy are biased downward, owing to the diffi-
culty of reading the occluded and worn teeth of very
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 to
live longer as there are in both samples some
Belugas in the age range 34 to 38, absent” in the St
Lawrence.

Behaviourial Adaptability

Behaviourial responses of Belugas to vessel 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 neise generated
by passing traffic, and the animal’s biological
requirements (e.g. feeding, breeding, calving or
moulting [Macfarlane 1981; Finley et al. 1982, 1990
Fraker 1983; Pippard 1985; Hazard 1938; Blane
1990; Cosens and Dueck 1993; Lesage 1993]). The
animal may thus stay in an area until its threshold of
tolerance is reached, leading to an apparent negative
response, including desertion 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 the Beaufort Sea, areas with the greatest exposure
to traffic, 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 at 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,
induce hormonal or digestive imbalances, or result in

*This observation is iizble to be modified by the recovery
on 25 May 1996 at Escuminac, New Brunswick of a dead
female Beluga, 37+ to 39+ years old ( McAlpine and
Kingsley, in preparation).
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reproductive failure (Fletcher and Busne] 1978;
Geraci and St. Aubin 1980; Richardson et al. 1983;
St. Aubin and Geraci 1988, 1990; Ketten et al.
1693). In addition, htumans may negatively affect
wildlife throngh interference with their activity or
perception of sound.

Food Habits and Feeding

In an extensive study of the summer food habits of
the St Lawrence Beluga in the late 1930s, close to 50
different invertebrate and fish species were identi-
fied, including cephalopods and polychaete worms,
and fish such as the American Sand Lance
(Ammodytes americanus), Capelin, and Greenland
(Gadus ogac) and Atlantic (Gadus morhua) Cod
{(Vladykov 1946). Atlantic Herring, Three-spine
Stickleback {Gasterosteus aculeatus), Rainbow
Smelt (Osmerus mordax) and American Eel are also
considered potential prey. The winter diet of St
Lawrence Belugas is not known. In Alaska, the
major part 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
{Xleinenberg et al. 1964; Lowry et al. 1985).

Limiting Factors

There is little evidence that any extrinsic 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 Beiugas in the St Lawrence has
been back-calculated, from estimated catches, to
have numbered a few thousand in the late 1800s
{Reeves and Mitchell 1984}, so there should now 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 have 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 1993). Interspecific com-
petition could become a serious menace if global
warming were to reduce or eliminate winter ice
cover in the St Lawrence, as Belugas do not else-
where live in areas that are ice-free all year.
Reduction in the amount of critical habitat, such as
the formerly frequented mouths of the Riviére aux
Outardes and the Betsiamites River, has been sug-
gested as a limiting factor (Pippard 1985), and
ascribed to change in flow regime due to dams.
However, critical habitat for the species or this popu-
lation has not been defined, limiting densities in
Arctic estuarine summering areas are higher than
any seen in the St Lawrence, and evidence for down-
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stream effects of dams on estuarine habitat for
Belugas is equivocal (Bailey and Zinger 1995). In
the upper estuary, the population now frequents the
same sectors as in 1977 (Pippard and Malcolm 1978;
Michaud 1993a; 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 tourism near Baic Ste-Marguerite is
also increasing. These activities might limit popula-
tion size if the areas are critical to reproductively
active females.

The growth rate of the population is limited to
4%/year or less by the low reproductive rate
(0.16 @/2 fyear) typical of the species (Innes 1996),
and low genetic variability may further reduce it
(Patenaude et al. 1994). If marine traffic disturbs
females with young, and thereby affects juvenile sur-
vival, it might further 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 estuarine 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-scluble conta-
minants into the Estuary (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 accurnulation 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 al. 1994). Most Belugas so far examined
for contaminant burdens were born during the late
1960s and early 1970s, and thus reflect a history of
long exposure to high levels of contaminants.

Neonates (0+ years) and juveniles (1 to 5 vears)
each compose only about 10% of strandings; assam-
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
survival. Reproductive failure has 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 published 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 Beluga or other cetacean
species of the effect of contaminated diets led
Addison (1989) to conclude that the results present-
ed by Martineau et al. (1987) on the St Lawrence
~ Beluga were inconclusive in associating high
organochlorine levels with reduced reproductive
rates. Dead beach-cast females have lower than nor-
mal levels of recent reproductive activity (Béland et
al. 1992), but this sample is biased in respect of age
and health relative to Belugas alive in the river; in
carlier life, ovarian scars accumulate at a normal rate
(Sexgeant 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 juveniles in the stranding record.

Necropsies of carcasses found on the sheres 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 has been suggested that the
population generally suffers from immunosuppres-
sion, due to QCs, that results in 2 high incidence of
tumours, multi-systemic lesions, and periodontitis in
St Lawrence Belugas, and contributes to the prema-
ture death of highly contaminated animals (Béland et
al. 1992). This hypothesis merits further investiga-
tion; tissue sampling from live-caught animals in the
St Lawrence would allow direct evaluation of some
aspects of the imroune 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-
mals (Sergeant 1986; Béland et al. 1988) as would
be expected if organochlorines were having a signifi-
cant immunosuppressive effect. Instead, the pattern
of mortality appears to follow the typical J-shaped
mammalian pattern (Caughley 1977). The distribu-
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 gill
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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 underwater
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 Belugas
might, therefore, rather be the resnlt of a small fish-
ing industry in this region.

Special Significance of the Species

The St Lawrence Estuary is remarkable for the
diversity of its cetacean fauna, 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 tourist 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 all the greater
because the presence of Belugas in North American
aquaria and oceanaria has made this playful and per-
petually “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 products, remain depleted (Reeves and

Mitchell 1989; Richard 1991).

Evaluation

The recent favourable changes in certain indices
of population dynamics, notably the propertion of
young visible on aerial 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 quality by
controlling pollution, and by acting against distur-
bance from shipping and pleasure boats.

However, the population is apparently separated.
with little 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 low 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 livieg population,
they may be continually under physiolegical stress.
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Habitat quality, especially in summer, is moderate; it
is downstream of a highly industrialised and inten-
sively farmed area. It is also subject to heavy marine
traffic. The whole population is concentrated in a
small area of the Estuary in summer, so all its mem-
bers run the same risks.

“Endangered” status is applied to populations or
species that are in imminent danger of extinction
or extirpation. The existing status of “Endangered”
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 time. Whether
owing to improved survey methods 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 animals?; 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 “Endangered” is not justified.

However, population remains vuloerable, owing
to its small size, reduced genetic variability, and
exposure to marine traffic and environmental con-
tamination. Additional, and perhaps the most seri-
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 it 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
further improvement in the environmental protection
accorded to Beluga habitat in the St Lawrence. We
recommend that the staius of “Threatened” be
accorded, on account of low numbers, low genetic
variability, isolation, small area of summer occupan-
¢y, and environmental circumstances.

Acknowledgments

We thank the reviewers, W. D. Doidge, D. E.
Gaskin, M. Hammill, J. Lien, R. R. Reeves and G. B.
Stenson, for the improvements they suggested.
Financial support for V. Lesage was provided by the
Canadian Department of Fisheries and Oceans
through the St Lawrence Action Plan.

Literature and Documents Cited

Addison, R. F. 1989. Organochiorines and marine mam-
ma] repreduction. Canadian Journal of Fisheries and
Adquatic Sciences 46: 360-368.

Au, W.W.L. 1993. The sonar of dolphins. Springer-
Verlag, New-York. 277 pages.

2Note added in procf: the most recent survey {in August
1997} produced a smothed index estimate of abont 690.

LESAGE AND KINGSLEY: UPDATED STATUS OF THE ST LAWRENCE BELUGA

109

Bailey, R., and N. Zinger. 1995. St Lawrence beluga
recovery plan. World Wildlife Fund, Toronto and
Department of Fisheries and Oceans, Mont-Joli, Québec.
73 pages.

Bailey, R. F. J., K. W. Able, and W. C. Leggett. 1977.
Seasonal and vertical distribution and growth of juve-
nile and adult capelin (Mallotus villosus) in the St.
Lawrence Estuary and western Gulf of St. Lawrence.
Journal of the Fisheries Research Board of Canada 34:
2030-2040.

Beck, G. G., T. G. Smith, and R. Addison. 1994,
Organochlorine residues in harp seals, Phoca groen-
landica, from the Gulf of $t. Lawrence and Hudson
Strait: an evaluation of contaminant concentrations and
burdens. Canadian Journal of Zoology 72: 174-182.

Bédard, C., and R. Michand. 1995. Etde des activitSs
en mer des cétacés de Iestuaire maritime du Saint-
Laurent. Unpublished report prepared for the Canadian
Parks Service, Saguenay-St-Lawrence Marine Park.
GREMM, Tadoussac, Québec. 58 pages.

Béland, P., and D. Martineau. 1985. Aerial survey of St
Lawrence belugas in 1985: what you see is not what you
get. Department of Fisheries and Oceans, Centre de
Recherche en Ecologie des Péches, Rimouski, Québec.
57 pages.

Béland, P., A. Faucher, and P. Corbeil. 1990. Observa-
tions on the birth of a beluga whale (Delphinapterus leu-
cas) in the St. Lawrence Estuary, Quebec, Canada. Cana-
dian Journal of Zoology 68: 1327-1329.

Béland, P., S. De Guise, and R. Plante. 1992. Toxicologie
et pathologie des mammiféres marins du Saint-Laurent.
INESL, Montréal, Qc for the Fond Mondial pour la
Nature {Canada), Toronto. 95 pages. NTIS.

Béland, P., R. Michaud, and D. Martinean. 1987b.
Recensements de la population de bélugas
(Delphinapterus leucas) du Saint-Laurent par embarca-
tions en 1985. Rapport technique canadien des sciences
halieutiques et aquatiques 1545. Z1 pages.

Béland, P., A. Vézina, and D. Martineau, 1988.
Potential for growth of the $t. Lawrence {(Québec,
Canada) beluga whale {Delphinaprerus leucas) popula-
tion based on modelling. Journal du Conseil internation-
al pour I’'Exploration de la Mer 45: 22-32.

Béland, P., D. Martineae, P. Robichaud, R. Plante, and
R. Greendale. 1987a. Echouages de mammiferes
marins sur les ctes du Québec dans estuaire et le golfe
du Saint-Laurent de 1982 2 1985. Rapport technique
canadien des sciences halieutiques et aquatiques 1506:
44 pages.

Béland, P., S. DeGuise, C. Girard, A. Lagacé, D.
Martinean, R. Michaud, D.C. G. Muir, R.]J.
Norstrom, E. Pelletier, 8. Ray, and L. R. Shugart.
1993. Toxic compounds and health and reproductive
effects in St. Lawrence beluga whales. Journal of Great
Lakes Research 19: 766-773.

Bio-Conseil Inc. 1982. Evaluation des frayéres de hareng
{Clupea harengus L.) sur la rive sud de 1’estuaire do
Saint-Laurent. Prepared for Department of Fisheries and
Oceans, Divisiea of Fisheries Sciences, Québec,
Québec. 64 pages.

Blane, J. M. 1990. Avoidance and interactive behaviour
of the St. Lawrence beluga whale, Delphinapterus leu-
cas, in response to recreational boating. M. Sc. thesis.
University of Toronto, Toronto, Ontarig. 43 pages.

Boivin, Y., and INESL. 1990. Survols aériens pour



110

I"estimation de la distribution saisonnigre et des déplace-
ments des bélugas, INESL, Montréal, Québec. 91 pages.

Brodie, P.F. 1967. The biology of the beluga Delphin-
apterus leucas Pallas of Cumberland Sound - Baffin
Island. M.Sc. thesis, McGill University, Montreal,
Québec. 65 pages.

Brodie, P. F. 1971, A reconsideration of aspects of
growth, reproduction, and behaviour of the white whale
(Delphinapterus leucas), with reference to the Cumber-
land Sound, Baffin Island, population. Journal of the
Fisheries Research Board of Canada 28: 1309-1318.

Brodie, P.F. 1981. Energetic and behaviourial considera-
tions with respect to marine mammals and disturbance
from underwater noise. Pages 287-290 in The question
of sound from icebreaker operations: the proceedings of
a workshop. Edited by N. M. Peterson. Arctic Pilot
Project, Calgary, Alberta.

Brodie, P. F. 1989. The white whale, Delphinapterus leu-
cas (Palias, 1776). Pages 119-144 in Handbook on
marine mamrmals. Velume 4. Academic Press. London.

Brouwer, A, P. J. H. Reijnders, and J. H. Koeman.
1989. Polychlorinated bipheny! (PCB)-contaminated fish
induces vitamin A and thyroid hormone deficiency in the
common seal (Phoca vitulina). Aguatic Toxicology {3:
99-106,

Brown, J. G., and J. W, Clayton. 1993. Differentiation
of north American beluga whales using mitochondrial
DNA sequence variation. Tenth Biennial Conference on
the Biology of Marine Mammals. 11-15 November
1993, Galveston, Texas.

Burns, J. J., and G. A. Seaman. 1985, Investigations of
belukha whales in coastal waters of western and north-
ern Alaska. II. Biology and Ecology. Report to the
Alaska Department of Fish and Game, Fairbanks,
Alaska, NA 81 RAC (0049, 129 pages. NTIS.

Caron, L. M. [, and D. E. Sergeant. 1988. Yearly varia-
tion in the frequency of passage of beluga whales (Del-
phinapterus leucas) at the mouth of the Saguenay River,
Québec, over the past decade. Le Naturaliste canadien
178:111-116.

Caron, L. M. J., and T. G. Smith, 1950, Philopairy and
site tenacity of belugas, Delphinapterus leucas, hunted
by the Inuit at the Nastapoka Estuary, castern Hudson
Bay. Pages 69-79 in Advances in research on the beluga
whale, Delphirapterus leucas. Edired by T.G. Smith,
D.I. St. Aubin, and J. R. Geraci. Canadian Bulletin of
the Fisheries and Aquatic Sciences 224,

Caughley, G. 1977. Analysis of vertebrate populations.
Wiley-Interscience, New York. 234 pages.

Cosens, §. E., and L. P. Dueck. 1993. Icebreaker noise in
Lancaster Sound, N.-W.T., Canada: implications for
marine mammmal behaviour. Marine Mammal Science 9:
285-300.

Cossa, D. 1990, Chemical contaminants in the St.
Lawrence Estuary and Saguenay fjord. fn Oceanography
of a large-scale estuarine system, the St. Lawrence.
Edited by M. 1. El-Sabh and N. Silverberg. Coastal and
Estuarine Studies, volume 39. Springer-Verlag, New
York.

Cossa, D., and C. Desjardins. 1984. Evolution de la con-
centration en mercure dans les crevettes du fjord du
Saguenay (Québec) au cours de la période 1970-83.
Rapport technique canadien sur hydrographie et les sci-
ences océaniques 32: v + § pages.

Cossa, D., and J.-G. Rondean. 1985. Seasonal, geograph-

THE CANADIAN FIELD-NATURALIST

Vol. 112

ical and size-induced variability in mercury content of
Mytilus edulis in an estuarine environment: a re-assess-
ment of mercury pollution Jevel in the Estuary and Gulf
of St. Lawrence. Marine Biology 88: 4349,

De Guise, S., D, Martineau, P. Béland, and M. Fournier.
1981. Possible mechanisms of action of environmental
contaminants on St. Lawrence beluga whales. Environ-
ment Health Perspectives 103: 73-77.

Desrosiers, J. 1994, Analyse photogramméirique de la
structure et la dynamique de la population de bélugas du
Saint-Laurent. Thése de maftrise. Université Laval,I
Sainte-Foy,Québec. 84 pages.

Doidge, D. W. 19%0a. Age and stage based analysis of the
population dynamics of beluga whales, Deiphinapterus
leucas, with particular reference to the northern Quebec
population. Ph.D. thesis. McGill University, Montreal,
Quebec. 190 pages.

Doidge, D. W. 1990b. Age-length and length-weight
comparisons in the beluga, Delphinapterus leucas. Pages
59-68 in Advances in research on the beluga whale,
Delphinapterus leucas. Edited by T. G. Smith, D. J. St.
Aubin, and J. R. Geraci. Canadian Bulletin of Fisheries
and Aquatic Sciences 224.

Environment Canada. 1991. Toxic chemicals in the
Great Lakes and associated effects. Synopsis. Approvi-
sionnements et Services Canada, Catalogne Number En
37-94/1990E.

Environnement Canada. 1993. Bilzn Saint-Laurent. Le
fleuve... en bref. Capsules-éelair sur 1'état do Saint-
Laurent publiées par le Centre Saint-Laurent. Mars
1993. Capsule-éclair No 11.

Finley, K. J. 1982. The estuarine habit of the beluga or
white whale Delphinapterus leucas. Cetus 4 4-5.

Finley, K. J. 1990. The impacts of vessel traffic on the
behaviour of belugas. Pages 133-140 iz Pour I'avenir du
béluga. Compte rendu du Forum international pour
["avenir du béluga. Edited by J. Prescott, and M.
Gauquelin. Presses de 1'Université du Québec, Sillery,
Québec.

Finley, K. J., and W. E. Renaud. 1980. Marine mammals
inhabiting the Baffin Bay North Water in winter. Arctic
33: 724-738.

Finley, K. J., M. A. Miller, M. Allard, R. A. Davis, and
C.R. Evans. 1982, The belugas (Deiphinapterus lew-
cas) of northern Quebec: distribution, abundance, stock
identity, catch history and management. Canadian
Technical Report of Fisheries and Aquatic Sciences
1123: v + 57 pages.

Finley, K. J., M. A. Miller, R. A. Davis, and C. R.
Greene. 1990. Reactions of belugas, Delphinapterus
lencas, and narwhals, Morodon monoceros, to ice-
breaking ships in the Canadian high Arctic. Pages
97-117 in Advances in research on the beluga whale,
Delphinapterus leucas. Edited by T. G. Smith, D. J. St.
Aubin, and J. R. Geraci. Canadian Bulletin of Fisheries
and Aquatic Sciences 224.

Fletcher, J. L., and R. G. Busnel. Editors. 1978. Effects
of noise on wildlife: Academic Press. New York, 285
pages.

Fontaine, P.-M. 1992. Quelques aspects de I"écologie du
marsouin commun (Phocoena phocoena) de estuaire et
du golfe du Saint-Lavrent. M.Sc. thesis. Université La-
val, Sainte-Foy, Québec. 90 pages.

Ford, J. K. B. 1977. White whale - offshore exploration
acoustic study, Unpublished Report by F. F. Slaney&



1998

Co. Ltd, Vancouver, Canada, for Imperial Oil Ltd, Cal-
gary. 21 pages + figures and tables.

Fraker, M. A. 1979. Spring migration of bowhead
(Balaeng mysticetus) and white whale (Delphinapterus
leucas) in the Beaufort Sea. Fisheries and Marine Ser-
vice Technical Report 859.

Fraker, P. N. 1983. The 1982 white whale monitoring
program, Mackenzie Estuary. Part I. Migration, distribu-
tion and abundance of whales and effects of industry
activities on whales. Report by L.GL Limited, Sidney,
Britsh Columbia for Esse Resources Canada Limited,
Calgary, Alberta. 54 pages.

Gagnon, M. M., J. J. Dodson, M. E. Comba, and
K. L. E. Kaiser. 199). Congener-specific analysis of
the accumulation of polychlerinated-biphenyls (PCBs)
by aquatic organisms in the maximum turbidity zome of
the St. Lawrence Estuary, Quebec, Canada. The Science
of the Total Environment 97/98; 739-759.

Gaston, K. J., and J. H. Lawton, 1990. Effects of scale
and habitat on the relationship between regional distribu-
tion and local abundance. Oikos 58: 329-335,

Geraci, J. K., and D. J. St. Aubin. 1980. Offshore
petroleum resource development and marine mammals:
a review and research recommendations. Marine Fish-
eries Review 42: 1-12,

GREMM. 1993. Les activités d’observation en mer des
baleines dans Vestuaire du Saint-Laurent. Situation
actuelle et problématique. Prepared for Parks Canada,
Tadoussac, Québec, 46 pages + appendix.

Harington, C.R. 1977. Marine mammals in the Cham-
plain Sea and the Great Lakes. Annals of the New York
Academy of Sciences 288: 508-537.

Hazard, K. 1988. Beluga whales. Pages 195-236 in
Selected marine mammals of Alaska: species accounts
with research and management recommendations.
Edited by 1. W. Lentfer. Marine Mammal Commission.
Washington, D. C.

Hickie, B. E., D. Mackay, P. Béland, and P. V. Hodson.
1991. Modelling contaminant accumulation in the St.
Lawrence Beluga. fn 12th Annual meeting of the Society
for Environmental Toxicology and Chemistry, Seattle,
November 1991,

Hodson, P. V., M. Castonguay, C. M. Ceuillard, C.
Desjardins, E. Pelletier, and R. McLeod. 1994,
Spatial and temporal variation is chemical contamination
of American eels, Anguilla rostrata, captured in the
estuary of the St Lawrence river. Canadian Journal of
Fisheries and Aquatic Sciences 51: 464—478.

Innes, S. 1996. Report of the National Marine Mammal
Peer Review Committee, Winnipeg, 7-8 May 1996.
Department of Fisheries and (ceans, Winnipeg,
Manitoba.

IWC. 1995. Report of the workshop on chemical pollu-
tion and cetaceans, Bergen 27-29 March 1995, Inter-
national Whaling commission, Cambridge, SC/47/Rep2.
25 pages + Annexes.

Jonkel, C. J. 1969. White whales wintering in James Bay.
Journal of the Fisheries Research Board of Canada 26:
2205-2207.

Ketten, D. R., D. E. K. Odell, and D. P. Domping. 1993.
An anatomical model of manatee hearing. Tenth
Biennial Conference on the Biology of Marine Mam-
mals, November 11-15 1993. Galveston, Texas.

Khalil, M. F., J. Labbe, A. C. Horth, and M. Arnac.
1985. Chlorinated hydrocarbons: pollutants or indica-

LESAGE AND KINGSLEY: UPDATED STATUS OF THE ST LAWRENCE BELUGA

111

tors of fish stock structure, International Journal of
Environmental Analytical Chemistry 21: 105-114.

Kingsley, M. C. S, 1993. Census, trend, and status of the
St Lawrence beluga population in 1992. Canadian
Technical Report of Fisheries and Aquatic Sciences
1938: vi + 17 pages + appendices.

Kingsley, M. C. 8. 1996, Population index estimate for
the belugas of the St Lawrence in 1995. Canadian
Technical Report of Fisheries and Agquatic Sciences
2117. vi + 24 pages + appendices.

Kingsley, M.C.S., and M. O. Hammill. 199].
Photographic census surveys of the St. Lawrence beluga
population, 1988 and 1990. Canadian Technical Report
of Fisheries and Aquatic Sciences 1776. 19 pages.

Kingsley, M.C.S., and M. O. Hammill. 1993,
Estimating trend of the St Lawrence population of belu-
gas: evaluation of the “grey index”. Tenth Biennial
Conference on the Biology of Marine Mammals, 11-15
November 1993. Galveston, Texas.

Kleinenberg, S. E., A. V. Yablokov, B. M. Bel'kovich,
and M. N. Tarasevich. 1964. Beluga (Delphinapterus
lencas): investigation of the species. Akad. Nauk USSR,
Moscow. [In Russian, translation by Israel Program for
Scientific Translations, Jerusalemn, 1969). 376 pages.

Laurin, J. 1982. La chasse aux bélugas (Delphinaprerus
leucas) du Saint-Laurent et statut actuel de la papulation.
Les Camets de Zoologie 42: 2347,

Lesage, V. 1993, Effet de la circulation plaisanciére et
d’un traversier sur le comportement vocal et social du
béluga du Saint-Laurent (Delphinapterus leucas). M.Sc.
thesis, Université Laval, Sainte-Foy, Québec. 129 pages,

Lesage, V., and M. C. 8. Kingsley. 1995. Bilan des con-
naissances de la population de bélugas (Delphinapterus
leucas) du Saint-Laurent. Rapport technique canadien
des sciences halieutiques et aquatiques 2041: vii + 44
pages.

Lint, D. W., J. W. Clayton, W. R, Lillie, and L. Postma.
1990. Evolution and systematics of the beluga whale,
Delphinapterus leucas, and other odontocetes: A molec-
ular approach. Pages 7-22 in Advances in research on
the beluga whale, Delphinapterus leucas. Edited by
T. G. Smith, D. I. 8t. Aubin and J. R. Geraci. Canadian
Builetin of Fisheries and Aquatic Sciences 224.

Lowry, L. F., K. 3. Frost, and G. A. Seaman. 1985.
Investigations of belukha whales in coastal waters of
western and northern Alaska. ITI. Food habits. Alaska
Department of Fish and Game. Fairbanks. Alaska. 24
pages.

Lum, K. R., K. L. E. Kaiser, and M. Comba. 1987.
Export of mirex from Lake Ontario to the St. Lawrence
Estuary. The Science of the Total Environment 67:
41-51,

Lynas, E. M. 1984. Notes on the St Lawrence River white
whale population. Oceantec (Ocean Research Informa-
tion Society) Field Report 8401. 3 pages.

Macfarlane, J. A. F. 1981. Reactions of whales to boat
traffic in the area of the confluence of the Saguenay and
St. Lawrence Rivers, Quebec, Manuscript Report for
Department of Fisheries and Oceans. Arctic Biclogical
Station, Ste-Anne-de-Bellevue, Québec. 50 pages.

Martineau, D., P. Béland, C. Desjardins, and A. Lagacé.
1987, Levels of organochlorine chemicals in tissues of
beluga whales (Delphinapterus leucas) from the St. La-
wrence Estuary, Quebec, Canada. Archives of Environ-
mental Contamination and Toxicology 16: 137-147.



112 THE CANADIAN FIELD-NATURALIST

Martin, A. R., and T. G. Smith. 1992. Deep diving in
wild, free-ranging beluga whales, Delphinapierus
leucas. Canadian Journal of Fisheries and Aguatic
Sciences 49: 462-466.

Martin, A. R., M. C. S. Kingsley, and M. A, Ramsay..
1994, Diving behaviour of narwhals (Monodon mono-
ceres) on their summer grounds. Canadian Journal of
Zoology 72: 118-125.

Michaud, R. 1990, Distribution estivale et mouvements
des bélugas (Delphinapterus leucas) dans |’estuaire du
Saint-Laurent. M.Sc. thesis. Université Laval, Ste-Foy,
Québec. 71 pages.

Michand, R. 1992, Fréquentation de la Baie Sainte-
Marguerite par le béluga du Saint-Laurent (Delphinap-
terus leucas). Prepared for the Department of Fisheries
and Oceans. Contrat # FP707 1 5171. 34 pages.

Michand, R. 1993a. Distribution estivale du béluga du
Saint-Laurent; synthése 1986 4 1992. Rapport technique
canadien des sciences halieutiques et aquatiques 1906. vi
+ 28 pages.

Michaud, R. 1993b. Evaluation de la structure de la pop-
uiation des bélugas du Saint-Laurent. I. Potentiel d”ac-
croissement de la population, Prepared by INESL. 108
de la cale s&éche, Tadoussac, Québec. Prepared for the
Department of Fisheries and Oceans, Parks and Environ-
ment Canada.

Michaud, R., and V. Chadenet. 19%0. Survols agriens
pour I'estimation de la distribution printaniére des bélu-
gas du Saint-Laurent. Prepared by INESL, Montréal,
Québec. 36 pages.

Michaud, R., A. Vézina, N. Rondeau, and Y. Vigneault.
1990. Distribution annueile et caractérisation prélimi-
naire des habitats du béluga (Delphinapterus leucas) du
St-Laurent. Rapport technique canadien des sciences
halieutiques et aquatiques 1757, 27 pages.

Ministére des Péches et des Océans. 1992, Directives
aux plaisanciers et capitaines de navires d’excursion
pour prévenir tout dérangement et harcélement des
bateines. Ministére des Péches et des Océans, Québec,
Québec.

Mitchell, E., and R. R. Reeves. 1981. Caich history and
cumulative catch estimates of initial population size of
cetaceans in the eastern Canadian Arctic. Report of the
International Whaling Commission 31; 645-682.

Muir, D. C. G., C. A. Ford, B. Rosenberg, R.]J.
Norstrom, M. Simon, and P. Béland. In Preparation.
PCB organochlorine pesticides and polychlorinated
dibenzo-p-dioxins and dibenzo-furans in beluga whales
(Delphinaprerus letcas) from the St. Lawrence Estuary.
Submitted to Environmental Pollution.

Muir, D. C. G., C. A, Ford, R.E. A. Stewart, T. G.
Smith, R. F. Addison, M. E. Zinck, and P. Béland.
1990. Organochlorine contaminants in belugas, Del-
phinapterus leucas, from Canadian waters. Pages
165-190 in Advances in research on the beluga whale,
Delphinapterus leucas. Edited by T. G. Smith, D. J. St.
Aubin, and J. R. Geraci, Canadian Buliletin of Fisheries
and Aquatic Sciences 224,

Muir, D. C. G., C. A. Ford, B. Rosenberg, R. ]J.
Norstrom, M. Simon, and P. Béland. 1996a. Persis-
tent organochlorines in beluga whales (Delphinapterus
leucas) from the St Lawrzence River Estuary. I. Concen-
trations and patterns of specific PCBs, Chlorinated
Pesticides and Polychlorinated dibenzo-p-dioxins and -
dibenzofurans. Environmental Pollution 93: 219-234,

Vol. 112

Muir, D. C. G., K. Koczanski, B. Rosenberg, and P.
Béland. 1996b. Persistent oranochlorines in beluga
whales (Deiphinapterus leucas) from the St Lawrence
estuary. . Temporal trends, 1982-1994. Environmental
Pollution 93: 235-245.

Ognetov, G. N. 1981. Swdies on the ecology and the tax-
onomy of the white whale (Delphinapterus leucas
Pallas, 1776) inhabiting the Soviet Arctic. Report of the
International Whaling Commission 31: 515-320.

Parent, S., and P, Brunel. 1976, Aires et périodes de
fraye du capelan (Mallotus villosus) dans I’estuaire et le
golfe du Saint-Laurent. Travaux sur les Péches do
Québec 45: 146, Direction Générale des Péches mar-
itimes du Québec.

Patenaude, N. J., J. §. Quinn, P, Béland, M. Kingsley,
and B. N. White. 1994. Genetic variation of the St.
Lawrence beluga whale population assessed by DNA
fingerprinting. Molecular Ecology 3: 375-381.

Pelletier, K., C. Roufeau, and G. Canuel, 1989. Niveau
de contamination par le mercure des sédiments de sur-
face et des crevettes du fjord du Saguenay en 1985-
1986. Revue Internaticnale des Sciences de 'Eau 2:
13-27.

Pippard, L. 1985, Status of the St. Lawrence river popu-
lation of beluga, Delphinapterus leucas. Canadian Field-
Naturalist 99: 438-450.

Pippard, L., and H. Malcolm. 1978. White whales
{Delphinapterus leucas). Observations on their distribu-
tion, population and critical habitats in the St. Lawrence
and Saguenay rivers. Unpublished report prepared for
Department of Indian And Northern Affairs, Parks
Canada, Ottawa, Ontario. 161 pages.

Reeves, R. R. 1990, An overview of the distribution,
exploitation and conservation status of belugas, world-
wide. Pages 47-58 ir For the future of the beluga.
Proceedings of the International Forum for the Funure of
the Beluga. Edited by J. Prescott, and M. Gauguelin.
Presses de 1"Universite du Québec, Sillery, Québec,

Reeves, R. R., and S. K. Katona. 1980. Extralimital
records of white whales (Delphinapterus leucas) in east-
ern Norih Amterican waters. Canadian Ficld-Naturalist
94:239-247.

Reeves, R. R., and E. Mitchell. 1984. Catch history and
initial population of white whales (Delphinapterus leu-
cas) in the river and gulf of St. Lawrence, eastern
Canada. Le Naturaliste canadien 111: 63-121.

Reeves, R. R., and E. Mitchell. 1987. Catch history, for-
mer abundance, and distribetion of white whales in
Hudson Strait and Ungava Bay. Le Naturaliste canadien
114: 1-65.

Reeves, R.R., and E. Mitchell. {989, Starus of white
whales, Delphinapterus leucas, in Ungava Bay and
Eastern Hudson Bay. Canadian Field-Naturalist 103;
220-239.

Reijnders, P. J. H. 1986. Reproductive failure in com-
mon seals feeding on fish from polluted coastal waters.
Nature 324; 456-457.

Richard, P. R. 1991. Status of the belugas (Delphinap-
terus leucas) of southeast Baffin Island, Northwest
Territories. Canadian Field-Naturalist 105: 206-214.

Richard, P. R. 1993. Status of the beluga, Delphinaprerus
leucas, in western and southern Hudson Bay. Canadian
Field-Naturalist 1G7: 524-532.

Richardson, W. J., C. R. Greene, J. P. Hickie, and R. A.
Davis. 1983. Effects of offshore peiroleum operations



1998

on cold water marine mammals. A literature review. Pre-
pared by LGL Ltd., Toronto, for Environmenial Affairs
Department, American Petroleum Institute, Washington,
D.C. 247 pages + appendix.

Sergeant, D. E. 1959. Age determination in odontocete
whales from dentinal layers. Norsk Havalfangsttid 48:
273-288.

Sergeant, D, E. 1973. Biology of white whales
(Delphinapterus leucas) in Western Hudson Bay.
Journal of Fisheries Research Board of Canada 30:
1065-1090.

Sergeant, D. E. 1986. Present status of white whales
Delphinapterus leucas in the St. Lawrence Estuary. Le
Naturaliste canadien 113: 61-81.

Sergeant, D. E., and P. F. Brodie. 1969. Body size in
white whales, Delphinapterus leucas. Journal of
Fisheries Research Board of Canada 26: 2561-2580.

Sergeant, D. E., and P. F. Brodie. 1975. Identity, abun-
dance and present status of white whales (Delphin-
apterus leucas) in North America. Journal of Fisheries
Research Board of Canada 32: 1047-1054.

Sergeant, D.E., and W, Hoek. 1988. An update of the
status of white whales Delphinapterus leucas in the St.
Lawrence Estuary, Canada. Biological Congervation 45:
287-302.

St. Aubin, D. J,, and J. R. Geraci. 1988. Capture and han-
dling stress suppresses circulating levels of thyroxine (T4)
and triiodothyronine (T3) in beluga whales Delphinapte-
rus leucas. Physiological Zoology 61: 170 175.

St. Aubin, D. J., and J. R. Geraci. 1989. Seasonal varia-
tion in thyroid morphology and secretion in the white
whale, Delphinapterus leucas. Canadian Journal of
Fisheries and Aquatic Sciences 46: 796-803.

St. Aubin, D, J., and J. R. Geraci. 1990. Adrenal respon-
siveness to stimulation by adrenocorticotropin hormone
(ACTH} in captive beluga whales, Delphinapterus leu-
cas. Pages 149-157 in Advances in research on the belu-
ga whale, Delphinapterus leucas. Edited by T. G. Smith,
D. 1. St. Aubin and J. R. Geraci. Canadian Bulletin of
Fisheries and Aquatic Sciences 224,

St. Aubin, D. I., T. G. Smith, and 1. R. Geraci. 1990.

LESAGE AND KINGSLEY: UPDATED STATUS OF THE ST LAWRENCE BELUGA

113

Seasonal epidermal moult in beluga whales, Delphinap-
terus leucas. Canadian Joumnal of Zoology 68: 359-367.

Siler, W. 1979. A competing-risk model for animal mor-
tality. Ecology 60: 750-757.

SLV-2000. 1996. Implementation plan of the SL.V2000
partnership in response to the recommendation of the St
Lawrence Beluga Recovery Plan. Canadian Department
of Fisheries and Oceans, Mont-Joli, Québec;
Environment Canada, Ste-Foy, Québec; Saguenay St
Lawrence National Marine Park, Tadoussac, Québec;
and Ministére de I'Environnement et de la Faune duv
Québec, Québec, Québec.

Tomilin, A. G. 1967. Mammals of the UJ.$.8.R. and adja-
cent countries. Volume 9: Cetacea, Israel Program for
Scientific Translations, Jerusalem.

Turk, C. W. 1990. Echolocation abilities of the Beluga,
Delphinapterus leucas: A review and comparison with
the bottlenose dolphin (Tursiops truncatus). Pages
119-128 in Advances in research on the beluga whale,
Delphinapterus leucas. Edited by T. G, Smith, D. J. St.
Aubin, and J. R. Geraci. Canadian Bulletin of Fisheries
and Aquatic Sciences 224.

Vladykov, V. D 1944. Biude sur les mammiferes aqua-
tigues. III. Chasse, biclogie, et valeur économique du
marsouin blanc ou béluga {Delphinapterus leucas) du
fleuve et du golfe Saint-Laurent. Département des
Pécheries, Province de Québec. 194 pages.

Vladykov, V. D. 1946. Etudes sur les mammiferes aqua-
tiques. IV.- Nourriture du marsouin blanc (Delphinap-
terus leucas) du fleuve Saint-Laurent. Départernent des
Pécheries, Québec. 129 pages.

Wagemann, R., R. E. A. Stewart, P. Béland, and C.
Desjardins. 1990. Heavy metals and selenium in tis-
sues of beluga whales, Delphinapterus leucas, from the
Canadian Arctic and the St. Lawrence Estuary. Pages
191206 in Advances in research on the beluga whale,
Delphinapterus leucas. Edited by T. G. Smith, D.J. St.
Aunbin and J. R. Geraci. Canadian Bulletin of Fisheries
and Aquatic Sciences 224.

Accepted 7 Inly 1997





