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ABSTRACT: Thirty stranded beluga whales (Delphinapterus leucas) from the St. Lawrence Es-

tuary (Quebec, Canada) population and five animals from the Hudson Bay aboriginal hunt (North-

west Territories, Canada) were examined. Twenty one animals from the St. Lawrence Estuary
had mild to severe adrenal lesions and four whales from the Hudson Bay population were affected
by minimal adrenal changes. Cortical hyperplasia was observed in 24 adult beluga whales all from
the St. Lawrence Estuary. Bilateral cortical cysts and cellular vacuolar degeneration were observed
in the adrenal glands of 19 beluga whales from both populations. The cysts, filled with a cortisol-

rich liquid, were present in both sexes. Beluga whales with adrenal cysts were significantly older
than animals without cysts, and the severity of the lesions increased with age. Nodular hyperplasia
of the medulla was observed in seven of the beluga whales, all from the St. Lawrence Estuary
population. All lesions could be part of a normal aging process. The adrenocortical lesions might
be due to stress or adrenocorticolytic xenobiotics, while the medullary hyperplasia might be
caused by hypoxia or exposure to estrogemc xenobiotics.

Key words: Adrenal gland, beluga whale (Deiphinapterus leucas), cetaceans, endocrinology,
environmental contamination, marine mammals, pathology, stress, xenobiotics.

INTRODUCTION

Anomalies of the adrenal glands have

been described sporadically in marine

mammals (Howard, 1983). Adrenal hyper-

plastic lesions, that may be etiologically re-

lated to adrenocorticolytic xenobiotics

have been observed in Baltic seals (Berg-

man and Olsson, 1985). De Guise et al.

(1995) reported hyperplastic nodules and

serous cysts in the adrenal glands of beluga

whales (Deiphinapterus leucas) from the

St. Lawrence Estuary (Canada). Since this

small isolated and endangered population

(Pippard, 1985) is exposed to and contam-

inated by high levels of xenobiotics (Mar-

tineau et a!., 1994), the degenerative ad-

renal lesions observed might be related to

adrenocorticolytic compounds. The objec-

tives of the present study was to charac-

terize the adrenal lesions observed in be-

luga whales from St. Lawrence Estuary

necropsied during 1987 to 1993 and to de-

termine the potential risk factors associat-

ed with these endocrine anomalies.

MATERIAL AND METHODS

Adrenal glands from 35 beluga whales (15
males and 20 females) were examined from
1987 to 1993 as part of standard postmortem
examinations of the Canadian Cooperative
Wildlife Health Center, (Quebec, Canada). Fif-

teen of these animals, of which nine had ad-
renal anomalies, have been previously listed in
De Guise et al. (1995). In addition, we exam-
ined the adrenal glands from 15 beluga whales

found stranded along the St. Lawrence Estuary
(Quebec, Canada; 47#{176}N, 70#{176}W, 50#{176}N,66#{176}W),

and five killed for subsistence by Inuit hunters
at Arviat (Western Hudson Bay, Northwest Ter-
ritories, Canada; 61#{176}06’N, 93#{176}59’W).

A complete standard postmortem examina-
tion was performed on each animal. Both ad-

renal glands were removed from each whale
and examined. Cysts from three glands were
punctured and cortisol measurement were per-
formed on their content by radioimmunoassay
(Coat-A-Count#{174} Cortisol, Los Angeles, Califor-
nia, USA). Adrenal glands were fixed in 10%

neutral buffered formalin and sections of fixed
tissues (5 mm) were made in order to detect
any macroscopic anomaly. Transverse sections
of macroscopic lesions and of the adrenal body,
were embedded in paraffin, cut into 5 to 7 p�m
thick sections and stained with hematoxylmn,
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TABLE 1. Adrenal anomalies observed in male and

female beluga whales (Delphinapterus leucas) exam-

imied between 1987 and 1993.

Cortica I cysts� Cortical
Medul-

lar
Total Macro- 1m�per- hyper-

Sex

examn-

ili(’(l

Total

)%)

scupic
(%)

pk�
(%)

pla.sia

(%)

Female 20 12(60) 4(27) 16(80) 4(20)
Male 15 7 (47) 5 (25) 8 (53) 3 (20)

Total 35 19(54) 9(26) 24(69) 7(20)

Macroscopic amid mmcroscopic.

phloxine and saffron (HPS) (Luna, 1968). The

thickness of the adrenal cortex and medulla
were measured on the widest point of the

gland, on a transverse section. All adrenal

glands, including these from De Guise et al.

(1995) were handled using the same protocol.
Whale ages were determined by counting

dentine growth layers on longitudinal sections
of teeth (Sergeant, 1973), adopting the stan-
dard of two growth layer groups per year (Bro-
die, 1982). A logistic regression, using whale

age as a continuous independent variable of in-
terest, was calculated to measure the statistical
significance of the age as a factor in the prob-
ability to have adrenal cysts. A Pearson corre-
lation coefficient (r) was calculated between

the age and the cortical thickness. The level of
significance of all tests was set at P � 0.05.

Statistical analyses were performed using the

SAS software (SAS Institute Inc., Cary, North

Carolina, USA).

RESULTS

Examined beluga whales were < 1-yr-

old to 32-yr-old (mean ± SE 16 ± 1.6

yr). Adrenal glands of immature beluga

whales (� 5 yr old) had a convoluted pat-

tern, and were separated into pseudolob-

ules by projections of dense, poorly cellu-

lar, connective tissue originating from the

capsule. This pseudolobulation also was

noted in adult animals but the convoluted

pattern was usually far less pronounced

and the fibrous projections were thicker.

The cortex/medulla ratio of the gland was

highly variable between animals, ranging

from 0.9 to 11.5 (3.7 ± 0.6). The demar-

cation between the three cortical layers

(zona glomerulosa, zona fasciculata and

zona reticularis) was distinct only in well

preserved tissue from immature animals.

TABLE 2. Age distribution in adrenal anomalies ob-
served in beluga whales (Delpluinapterus icucas) ex-

amined between 1987 and 1993.

Cortical cysts�
Cortical

Medul-
lar

Age

(years)

Total

exam-

med

Total’

(%)

Macru-
�0�1(

(%)

hvper-

�l,1xat
)%)

Imvper-
�)lasia

)%)

�5 6 0 0 0 0

6 to 16 9 5 (56) 0 5 (56) 2 (22)

�17 20 14(70) 9(45) 19(95) 5(25)

Total 35 19(54) 9(26) 24(69) 7(20)

a Macroscopic and mnicruscopic.

Three types of adrenal anomalies were

highly prevalent in beluga whales. These

included cortical cysts, cortical enlarge-

ment with hyperplastic nodules and med-

ullary hyperplastic nodules (Tables 1 and

2).

Cysts of various sizes (diameter � 15

mm) were seen in one or both adrenal

glands of 19 whales (54%). In ten cases,

these cysts were microscopic, while in nine

cases they were bilateral (47%). Only ma-

ture animals were affected by adrenal

cysts, and both males (7 cases) and females

(12 cases) displayed lesions. Belugas with

adrenal cysts (19.1 ± 2.0 yr) were signifi-

cantly (P = 0.023) older than belugas with-

out cysts (11.5 ± 2.2 yr). Animals with

macroscopic cysts (25.8 ± 1.5 yr) were sig-

nificantly (P 0.005) older than animals

with microscopic cysts (15.6 ± 2.1 yr).

Cystic lesions were found in both St. Law-

rence Estuary and Hudson Bay popula-

tions in 50% and in 80% of the examined

whales, respectively. In the latter, corn-

posed of younger adults, only microscopic

cysts were observed.

The cysts were often multiple, con-

tamed a clear serous fluid, occupied the

three cortical layers, and usually corn-

pressed the adjacent medulla and cortex

(Fig. 1). They were lined by simple squa-

mous cells, contained an acidophilic fluid

of variable density and were surrounded

by connective tissue capsules of variable

thickness (Fig. 2). Small cysts, often co-

alescent, were frequently subdivided into
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FI;uiu’: I. Tramisverse sections of formnaliu fixed adrenal glands showing (A) miormnal glands of an a(hmlt
mumale belmmga whale amud ( B) cystic 111(1 hvperplastic’ adrenal gland of an adult female l)eluga whale. Note the

muiarke(l nodular cortical hvperplasia (arrowheads) and the mnultifocal cystic’ structures (arrows). Bar I (��1l.

1”I(:trRE 2. Adreimal glamuml from aim a(huIt k’mmmale beluga whale showing mninimal vacimolar degeneration of

a(lm(’umo(’ortlcal (‘(‘115. ( ommi1)art’ uuoruiial cells ) N) witlm the pale swollen cells (arrows). A portiomi of a t’�’st (C) is

mmml by t’iumhmtlimIial-lmkm’ flattm’tum’d cells (arrowheads). Ilemuiatoxvlimm. pluloximue amid saffromi. Bar = 80 pimi.
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F1;uRF: 3. Adrenal gland of an adult female be-

luga whale showing severe vacuolar degeneration of

a(lremuoc’ortical cells and large, single or muuuiltiplesac-

uoles filled with pale ac’idophilic’ homuiogeneomms fluid

(lilatmmlg the cvtoplasmuu. Ilematoxylmmi, plmloxnw and

saf’fromi. Bar = 40 limo.

smaller cavities by thin bands of fibrous

tissue. Most of the adrenal glands with

cysts also had areas of variable size in

which cortical cells were swollen, pale and

vacuolated (Fig. 2). The cytoplasm of the

most severely affected cells was moderate-

ly to severely dilated by large, single, or

multiple vacuoles filled with pale acido-

philic homogeneous fluid (Fig. 3). The

rupture of the cytoplasmic membranes of

adjacent degenerated cells and the persis-

tence of the connective stroma conferred

a spider web pattern to some cortical areas

(Fig. 4). Cyst fluid sampled from three an-

imals from the St. Lawrence had cortisol

concentrations of 663, 3034 and 4020

nrnol/l, respectively.

Mild to severe diffuse cortical hyperpla-

sia, which caused the loss of the convolut-

ed pattern, was observed in 24 of 29 adult

beluga whales examined (83% of the ani-

mals > 6-yr-old). A significant positive

relation (r 0.65, P 0.0001) was found

between the maximum adrenal cortex

thickness and age of the animal.

Hyperplastic cortical nodules were pres-

ent in ten adult animals (all > 15-yr-old)

from the St. Lawrence Estuary. These

variably sized nodules ( � 2 cm) were often

circumscribed by a fibrous capsule, usually

compressed the adjacent parenchyma, and

were observed in both sexes (Table 1).

Nodules were observed in the medulla

of seven beluga whales from the St. Law-

rence population. Three females and four

males were affected, and all hut one ani-

ma! were > 21-yr-old. These nodules were

of variable size, unencapsulated, and usu-

ally protruded into the cortex. They con-

sisted of clusters of lightly hasophilic pheo-

chromocytes which did not compress the

adjacent tissue (Fig. 5). Five of the seven

whales affected by hyperplastic nodules in

the medulla also displayed cortical hyper-

plasia.

DISCUSSION

In immature beluga whales (� 5-yr-old)

adrenal morphology was similar to the de-

scription in other species of cetaceans

(Simpson and Gardner, 1972), and the cel-

lular morphology of the different layers

was similar to the description given for

large ruminants by Dellmann (1976).

A high prevalence of adrenal lesions, the

severity of which increased with age, was

observed in beluga whales from two Ca-

nathan populations. Adrenal lesions have

been rarely reported in other marine

mammals. Adrenocortical vacuolar degen-

eration was described in stranded marine

mammals by Howard (1983) who associ-

ated it with stress, disease or trauma.

These lesions are similar to the vacuolar

degeneration described here. However, in

beluga whales the lesions involved all

three cortical layers, mainly the zona fas-

ciculata, whereas only the zona glorneru-
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1’I(;tlRI .1. Adremmal gland of aim a(Immlt femmuale beluga whale. Degenerate cortical areas show typical spider

sveb pattm’mi (S ) s,mrroimuu(1m’(l I v 1 (mnnal cortical cells (N). M multiple cavities formed by the fimsion of’ ruptumre(l

swollm’mu cells aim’ sm’paratt’(l b� mlm’limate stramids of’ couunective tissue, Ilemnatoxylin, pluloximue and saf’fromi. Bar

= 70 �
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losa was affected in the animals reported

by Howard (�983).

Based on our microscopic observations,

the cortical cysts seemed to originate from

the coalescence of microcavities resulting

from the rupture of degenerated cells. The

capsule, most apparent in larger cysts, was

probably formed by the collapse of the ad-

jacent collagen stroma.

Adrenocortical cysts also have been re-

ported iii a COtflITlOfl dolphin (Deiphinus

deiphis) (Cartee et a!., 1995), and in

stranded adult Atlantic white-sided dol-

phins (Lagenorhyncli us acu tus) (Geraci et

al., 1978). In Atlantic white-sided dol-

phins, adrenal cysts were mainly ol)served

in females and large cysts were present

only in the left gland. This distribution dif-

fers from our findings where cysts were

frequently bilateral and present in both

males and females. Geraci et a!. (1978)

postulated that these cystic lesions were

caused by sinusoidal blockage or hyperse-

cretion and that they were probably stress

related. The very high cortisol concentra-

tion found in beluga whales adrenal cyst

suggests a similar etiology.

Adrenal cysts are rare in terrestrial

mammals. In humans, they are associated

with organization of hemmorhage or lym-

phatic malformation (Page et a!., 1986),

which both differ morphologically from

the lesions found in our study. Since the

severity of cysts seems to increase with age

in beluga whales, these changes could also

be part of a normal aging process. In old

female laboratory rats, similar lesions are

considered to be a nonspecific change re-

lated to aging (Hamlin and Banas, 1990).

However, these lesions have not been de-

scribed in other aging mammals, and thus

other etiologies might be envisaged.

The metabolites of various xenobiotics,

such as 7, 12-dimethylbenz(a)anthracene

(DMBA), 2-(2-chlorophenyl)-2-(4-chloro-

phenyl)-1 , 1-dichloroethane (p,p’-DDD),
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Fl(aIiI.: .5. Amlrm’mual glamu(l of amm (ulumIt female Ix’-

Immga whale. Mild muodumlar IIvpm’rplasia of time mmuedumlla

� � Note the demumarcation betweemu luvperplas-

tic muo�1im1�’s amid tIn’ munrmnal mmuemlmmlla (arrowheads).

I lemmuatosylimu, pllloxine aiim1 saffrouu. Bar = 2(X) p.mmu.

and 3-IIlethVlSUplphOnVl-2,2-l)is(4-chlOrO-

phenvl)-l , 1-dichioroethene (MeSo2-DDE),

induce the degeneration of the adrenocor-

tical zonac fasciculata and reticularis in

various species (Brandt et a!., 1992; Hall-

berg, 1990). High levels of such xenohiot-

ics have been demonstrated in the blubber

of’ stranded beluga whales from the St.

Lawrence Estuary (Masse et a!., 1986).

Conseqi ientlv. adrenocorticolytic metabo-

lites might he present in adrenal glands of

these animals, and cause cortical degen-

eration. The contamination of the Arctic

beluga population by D1)T and its metal)-

olites (Muir et a!., 1990) also might explain

the presence of degenerative lesions in the

Hudson Bay beluga whales.

The adrenal cortex of adult belugas was

diffusely and focally enlarged when com-

pared to that of immature belugas and

other cetaceans . Adrenocortical hyperpla-

sia has been reported in harbor porpoises

(Phocoena phocoena ) that were chronically

sick, and chronic stress was suggested as

the causal agent (Kuiken et a!. , 1993).

Chronic stress induces bilateral adrenal

cortex hyperplasia in domestic mammals

(Anderson and Capen, 1978). Since

stranded beluga whales are frequently af-

fected by debilitating and stressful dis-

eases, disease-related stress might be re-

sponsible for the cortical enlargement that

we observed.

Adrenocortical hyperplasia has also

been observed in seals from the Baltic sea,

and MeSoc,-DDE, or other adrenocorti-

colytic xenobiotics have been proposed as

a possible etiology (Bergman and Olsson,

1985). However, Kuiken et a!. (1993)

found no correlation between the relative

volume of the adrenal cortex and levels of

chlorinated hydrocarbons in harbor por-

poises. Also, Bergman et a!. (1994) (lid not

find any MeSo2-DDE, in the blubber or

liver of a female heluga whale from the St.

Lawrence, affected by cortical hyperplasia

and cortical cysts.

Adrenocortical nodular hyperplasia is

common in old domestic animals (Ander-

son and Capen, 1978) and humans (Bondy,

1954). Likewise, this lesion could he part

of a normal aging process in beluga

whales. It could also be a regenerative re-

sponse to degenerative lesions such as the

vacuolar degeneration that we observed

(Dobbie, 1969).

Apparently, medullary hyperplastic nod-

ules have not been reported in cetaceans.

In laboratory rat, the incidence of nodular

hyperplasia of the medulla increased with

age (Hamlin and Banas, 1990). Since nod-

ular hyperplasia of the medulla was ob-

served mainly in older beluga whales, it

can be proposed that this proliferative le-

sion could be associated with aging. How-

ever, a similar aging process has not been

described in the adrenal medulla of do-

mestic species (Capen, 1993). Nodular hy-

perplasia of the medulla and cortical hy-
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perplasia have been produced experimen-

tally by prolonged hypoxia (Gosney, 1985).

Hyperplasia of the adrenal cortex was ob-

served in five of the seven whales with

medullaiy hyperplastic nodules. Four be-

luga whales with medullaiy nodular hy-

perplasia had pneumonia and one had en-

docarditis. Thus, this adrenal lesion could

he related to hypoxia caused by lung or

cardiac diseases or by prolonged agony.

Proliferative lesions of the adrenal me-

dulla have been described in bulls and hu-

mans affected by multiple endocrine ad-

enopathies. These inherited syndromes are

characterized by multiple proliferative le-

sions of the endocrine tissues, including

medullary carcinoma of the thyroid gland

(domestic hulls and humans), insulinoma

(humans), and pituitary adenoma (hu-

mans) (Greene et a!., 1983; Jubb and

McEntee, 1959). None of these endocrine

anomalies were observed in the whales ex-

amined in our study. In laboratory rats,

proliferative lesions of the medulla have

been caused by exposure to various agents

including estrogens, nicotine, growth hor-

mofle, and reserpine (Tischler and De-

Lellis, 1988). Thus, the high levels of es-

trogenic xenobiotics, detected in the tis-

sues of heluga whales from the St. Law-

rence population (Martineau et a!., 1987),

could potentially be associated with the

proliferative lesions observed in the adre-

nal medulla. Finally, we stress the need to

increase our knowledge of the endocrine

physiology and pathology of free-ranging

cetaceans to better define the respective

effects of aging, stress, diseases, and xe-

nohiotics on the endocrine homeostasis of

these animals.

ACKNOWLEDGMENTS

This study was funded by the U.S. Environ-
mental Protection Agency, through a grant to

the World Wildlife Fund-USA, by Fisheries

and Oceans Canada under the St. Lawrence
Action Plan, by the Canadian Wildlife Toxicol-
ogy Fund, a joint initiative of Environment

Canada and World Wildlife Fund-Canada (with

contributions from Alcan, the Fondation de la

Faune du Qu#{233}becand Environment Quebec),
and by a NSERC grant to PB and DM.

LITERATURE CITED

ANDERSON, M. P., AND C. C. CAPEN. 1978. The en-

doenne system. In Pathology of laboratory ani-

mals. Vol. 1, K. Benirschke, F. M. Garner, and T.

C. Jones (eds.). Springer-Verlag, New York, New
York, pp. 423-508.

BERGMAN, A., R. J. NORSTROM, K. HARAGUCHI, H.

KUROKI, AND P. BEL�ND. 1994. PCB and DDE
methyl sulfones in mammals from Canada and
Sweden. Environmental Toxicology and Chem-
istiy 13: 121-128.

, AND M. OLSSON. 1985. Pathology of Baltic

seal and ringed seal females with special refer-

ence to adrenocortical hyperplasia: Is environ-

mental pollution the cause of a widely distrib-
uted disease syndrome? Finnish Game Research

44: 47-62.

BONDY, P. K. 1954. Disorders of the adrenal cortex.
In Williams texthook of endocrinology, 7 ed. J.
D. Wilson and D. W Foster (eds.). W. B. Saun-
ders, Philadelphia, Pennsylvania, pp. 816-890.

BRANDT, I., C. J. JONSSON, AND B. 0. LUND. 1992.

Comparative studies on adrenocorticolvtic Dl)T-

metabolites. AMBIO 21: 602-605.

BRODIE, P. F. 1982. The beluga (Deiphinapterus len-

cas): Growth at age based on a captive specimen

and a discussion of factors affecting natural muor-
tality estimates. Report of the International

Whaling Commission 32: 445-447.

CAPEN, C. C. 1993. The endocrine glands. lii Pa-

thology of domestic animals. Volume 3, 4 ed. K.
V F. Jubb, P. C. Kennedy, and N. Palmer (eds.).

Academic Press Inc. San Diego, California, pp.
267-347.

CARTEE, R. E., R. TARPLEY, K. MAHONEY, S. II.

RIDGWAY, AND P. L. JOHNSON. 1995. A case of

cystic adrenal disease in a comnmon dolphin (Del-
pluinus deiphis). Journal of Zoo and Wildlife
Medicine 26: 293-297.

DE GUISE, S., A. LAGACE, P. BELAND, C. GIRARD,

AND R. HIGGINS. 1995. Non-neoplastic lesiomis

in Beluga whales (Deipluinapterus leucas) and

other marine mammals from the St. Lawrence

Estuary. Journal of Comparative Pathology 257-

271.

DELLMANN, D. H., AND E. M. BROwN. 1976. Text-

book of veterinamy histology. Lea & Febiger, Phil-

adelphia, Pennsylvania, 513 pp.
DOBBIE, J. W. 1969. Adrenocortical nodular hyper-

plasia: The aging adrenal. Journal of Pathology

99: 1-18.

GERACI, J. R., S. A. TESTAVERDE, D. J. ST. AUBIN,

AND T. H. Loop. 1978. A mass stranding of the
Atlantic white-sided dolphin, Lagenorhynchus

acutus: A study into pathobiology and life history.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



LAIR ET AL-ADRENAL CHANGES IN BELUGA WHALES 437

Receiued fr /)uhlicatu;n 24 Januan, 19.9.5.

Reprt for the Marimie Mamnmiual Commission,

PB-289 361. \Vashingtomi, I).C. 155 pp.
(;osxE�’, J. R. 1985. Adrenal corticomedullary hy-

perpla.sia in hvpobaric hypoxia. Journal of Pa-

thology 146: 59-64.

(;REENE, B. M.. E. S. (;oI.I.�DAv, AND D. L. MOL-

LIT!’. 1983. Multiple endocrine adenopathy.
Surgery, Gvnecolog and Obstetrics 156: 665-

678.

IIAI.I.BERG, E. 1990. Metabolismii and toxicity of xc-

nobiotics in the a(lrenal cortex, with particular

reference to 7, 1 2-dimethylbenz(a)anthracene.
Journal of Biochemical Toxicology 5: 71-90.

IIAMLIN, M. H., AND I). A. BANAS. 1990. Adrenal
gland. In Pathology of the Fischer rat, G. A.

Boorman, S. L. Eustis, M. H. Elwell, C. A. J.

Montgomery, and \V F. MacKenzie (eds.). Aca-
demic Press, Inc. San l)iego, California, pp. 501-

518.

I-IO\VARI), E. B. 1983. Pathobiologv of marine mani-

mal (liSeases, Volume II. CRC Press, Inc. Boca

Raton, Florida, 233 pp.

JUBB, K. V. AND K. MCENTEE. 1959. The relation-

ship of imltimobranchial remiinants and derivatives

to tumnors of the thyroid gland in cattle. Cornell

Veterinarian 49: 41-69.

KUIKEN, T, U. LIOFLE, P. M. BENNETT, C. R. ALL-

CHIN, J. K. KIRKWOOD, J. H. BAKER, E. C. AP-

PI.EBY, C. II. IAX:KYER, M. J. WAI.TON, AND M.

C. SIIEI.DRICK. 1993. Adrenocortical hyperpla-
sia, (liseaSe and chlorimiated hydrocarbons in the

harbour porpoise (Pliocoena pluocoena). Marine

Pollmmtion Bulletin 26: 440-446.

LUNA, L. C. 1968. Manual of histologic staining

methods of the Armed Forces Institute of Pa-

thologs. Mcgraw-Hill Book Company, New York,

New York, 258 pp.

MARTINEAU, D., P. BELAND, C. I)EsJARDINs, AND A.

L�u;AC#{201}. 1987. Levels of organochlorine diem-

icals in tissues of beluga whales (Delplzinapterns
leueas) from the St. Lawrence Estuary, Qim#{233}bec,

(2anada. Archives of’ Environiuueiutal Comutamuuimia-

tion and Toxicology 16: 137-147.

‘ S. l)E (;UIsE, NI. FouRNII;It, I.. SIIt�c�RT,

C. (;IRARD, A. LAcAci�., AND P BI::I.ANI). 1994.

Pathology an(l toxic’ologs of belumga ss’hales from

the St. Lawrence Estumar�’, Qumelx’c, ( �amlmL(la. Past,

present and future. Science of tlit’ Total Envi-

ronmnent 154: 201-215.

MAssE, H., I). MARTINEAU, 1). Tni�int.si, .�NI) l�

B EI.sN D. 1986. Concentratiomus ami(l cli romumato-

graphic profile of DDT mnetabolites amu(l polv-

chlorobiphemiyl (PCB) resi(lumes iii stramu(1e(l be-

lumga whales (Delpluinaptenis leu(’ax) f’roun the St.

Lawrence Estuary, Canada. Archives of I’.miviron-

mental Contamination and Toxicology 15: 567-

579.

MUIR, I). C. C;., C. A. FoRD, H. K. A. STEWART, T.

(;. SMITh, H. F. ADDIsoN, M. K. ZINCK, ANI) P

13 EI.AND. 1990. Organoc’hlorimie c’ontamnimmamuts imi

belumgas, Delplainapteru.s leucas, f’romuu ( ammadmamu

waters. Canadian Journal of Fisheries amid Ajumat-

ic Sciences 224: 165-190.

PAGE, 1). L., H. A. l)EI.EI.[.Js, AND A. J. J. I lou;ti.
1986. Tummiiors of the a(lremial. Armed Force In-

stitute of Pathology Washington. l).C. 267 pp.

PIPPARD, L. 1985. Status of the St. Lawremuce River

popumlatiomu of belumga (Delpiuluapterus leucas).

Camia(liaml Field Naturalist 99: 438-450.

SERGEANT, I). E. 1973. Biology of white whales

(Delplui;uapteru.s’ lc’ucas) in Westermu I hudson l3as.

J oumrnal of Fisheries Research Board of Camuada

30: 1065-1090.

SIMPSON, J. C., ANt) M. B. (;AImNEII. 1972. Conu-

parative mmc’roscopic anatomy of selected mmuaruuue
mammals. In Mammiials of the sea, S. II. Ridgwav

(ed). Charles C. Thomas, Springfield. Missoumru,

pp. 298-418.
TISCULER, A. S., ANt) H. A. l)EI.EI.I.Is. 1988. The rat

adrenal me(lumlla. II. Proliferative lesmomus. Joumrnal

of the Amuueric’ami College of Toxicology 7: 2:3-44.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use




