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ANTIBODIES TO MARINE CALICIVIRUSES IN THE

STELLER SEA LION (EUMETOPIAS JUBATUS SCHREBER)

Jeffrey E. Barlough,’2 Eugene S. Berry,’ Enid A. Goodwin,3 Robin F. Brown,4
Robert L. DeLong,5 and Alvin W. Smith’

ABSTRACT: Sera from 145 Steller sea lions (76 adults, three subadults, 37 pups, and 29 fetuses)
were tested for neutralizing antibodies to nine marine calicivirus serotypes. Antibodies were found
to San Miguel sea lion virus (SMSV) types 1, 5, 6, 7, 8, 10 and 13, and to Tillamook (bovine)
calicivirus, but no antibodies were found to the walrus calicivirus. Titers (microtiter neutralization
assay) ranged from 1:20 to 1:320, with many positive reactions at the higher dilutions (� 1:80).
Antibodies to SMSV’s 5 and 10 were most common among animals sampled in Alaskan waters,
while antibodies to SMSV-6 were most common among pups from the southern Oregon coast.

These data provide evidence that Steller sea lions, like their California sea lion (Zalophus c.
californianus Lesson) counterparts, have experienced widespread exposure to multiple serotypes
of marine caliciviruses.

INTRODUCTION

Reports published over the past 14 yr

indicate that caliciviruses are circulating

among a number of animal species of the

Pacific Ocean basin, including pinnipeds,

cetaceans and fish (Smith and Akers, 1976;

Smith, 1981; Barlough et al., 1986a). These

marine viruses are of considerable interest

because they are physicochemically and

morphologically indistinguishable from

the exotic disease agent, vesicular exan-

thema of swine virus (VESV), and are ca-

pable of producing vesicular lesions in ex-

perimentally exposed domestic pigs

(Bachrach and Hess, 1973; Schaffer and

Soergel, 1973; Smith et a!., 1973, 1980b;

Breese and Dardiri, 1977; Smith et al.,

1977; Wilder et a!., 1977; Wilder and
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Dardiri, 1978; Berry et al., unpubl. data).

Such findings have served to support the

hypothesis that the costly outbreaks of ve-

sicular exanthema of swine (VES) that

spread throughout California and even-

tually to the remainder of the United

States between 1932 and 1956 originated

from calicivirus reservoirs in the sea (Ma-

din, 1973; Smith et al., 1973; Sawyer, 1976;

Smith and Akers, 1976; Smith, 1981). The

feeding of virus-contaminated fish scraps

and marine mammal remains to domestic

pigs has been proposed as the major means

by which these “marine caliciviruses”

gained access to terrestrial populations

(Madin, 1973; Smith and Akers, 1976;

Sawyer et al., 1978; Smith et al., 1980b;

Smith, 1981).

Pinniped species from which marine

caliciviruses have been isolated include the

California sea lion, northern fur seal (Cal-

lorhinus ursinus Linn#{233}), northern ele-

phant seal (Mirounga angustirostris Gill),

and Pacific walrus (Odobenus rosmarus

divergens Illiger) (see Barlough et a!.,

1986a, for review). Among these, calici-

viruses have been recovered from two

major pathologic conditions: from vesic-

ular lesions on flippers of California sea

lions and northern fur seals, and from cases

of abortion and premature pupping among

California sea lions. Seroepizootiologic
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FIGURE 1. Collection sites of 74 adult/subadult Steller sea lions in the vicinity of Kodiak Island, Alaska,

in the spring of 1985 (n = number of sea lions collected at each site). 1. Latax Rocks (n = 21), 2. Sea Otter

Island (n = 22), 3. Black Cape (n = 2), 4. Raspberry Cape (n = 1), 5. Driver Bay (n = 1), 6. Gull Point (n =

1), and 7. Puale Bay (n = 26). Asterisks (Sugarloaf Island, Marmot Island) indicate locations of major sea

lion rookeries.

studies indicate that caliciviruses are

ubiquitous among populations of Califor-

nia sea lions, with antibodies recorded not

only to recent calicivirus isolates-the San

Miguel sea lion virus (SMSV) serotypes-

but also to many VESV serotypes (Smith

et al., 1973, 1976, 1979; Akers et a!., 1974;

Prato et al., 1974; Smith and Latham,

1978; Berry et al., unpubl. data). Virologic

and serologic studies both have produced

evidence for calicivirus epizootics among

northern fur seals on the Bering Sea

breeding rookeries (Prato et a!., 1974;

Smith et al., 1974, 1976; Smith et a!., 1977);

however, involvement of this species in

enzootic calicivirus transmission cycles

appears to be less significant than that of

California sea lions (Prato et al., 1974;

Smith et al., 1976, 1979; Smith and La-

tham, 1978). Calicivirus antibodies in Pa-

cific walruses are of sporadic occurrence

and generally of low titer (Smith et a!.,

1983b; Barlough et al., 1986b), while an-

tibodies in northern elephant seals appear

to be quite rare (Akers et al., 1974; Smith

and Latham, 1978; Smith et al., 1979; Bar-

lough et a!., unpubl. data).

The Steller (or northern) sea lion (Eu-
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metopias jubatus Schreber) is the largest

and most abundant sea lion species in the

world, with a wide distribution along the

northern Pacific rim from Japan to south-

ern California (Kenyon and Rice, 1961;

Braham et al., 1980; Schusterman, 1981).

The center of abundance ranges from the

Gulf of Alaska to the western limits of the

Aleutian Island chain (Braham et a!.,

1980), overlapping considerably with

northern fur seals around the Aleutians

and on the Pribilof Islands, and with Cal-

ifornia sea lions along the western coast of

the lower continental United States (Fis-

cus and Baines, 1966; Jameson and Ken-

yon, 1977; Braham et al., 1980; King,

1983). To date, however, caliciviruses have

not been isolated from Steller sea lions,

although preliminary serologic evidence

of exposure to at least two SMSV serotypes

and to at least four VESV serotypes does

exist (Akers et a!., 1974; Smith et al., 1976;

see Discussion). Recently, evidence of a

general decline in the eastern Aleutian

population of Steller sea lions (Braham et

a!., 1980) and of diminished pup produc-

tion (Calkins, 1985) has been presented.

As part of an expansive investigation into

this problem, directed by the National

Marine Fisheries Service/NOAA, we

tested Steller sea lion sera from several

sources for neutralizing antibodies to a

range of marine calicivirus serotypes. This

work was performed not only for the pur-

poses of this specific investigation, but also

to document the prevalence and distri-

bution of antibodies to marine calicivirus-

es in this serologically neglected pinniped

species.

MATERIALS AND METHODS

Serum samples

Adult (71 animals) and subadult (three ani-
mals) Steller sea lions were collected in April
and May 1985, from seven haul-out sites in the

vicinity of Kodiak Island, Alaska (Fig. 1). Ani-
mals were killed by rifle-shot, and blood was
removed either from bullet wounds, dorsal ve-
nous sinuses, or body cavities. Thirteen males
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TAI3I.E 2. Neutralizing antibodies to marine caliciviruses in Steller sea lions.

vir�

Titer sMSv-1 sMsv-5 SMsv-6 SMSV-7 SMSV-8 SMSV-10 SMsv-13 WCV TCV

Bering Sea adults (1976)

Neg

1:20

1:40

1:80

1:160

Fraction positive’ 1/5

4 2 4 5 5 4 4 5 4

1 1 0 0 0 0 0 0 0

0 0 0 0 0 1 1 0 1

0 1 1 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0

3/5 1/5 0/5 0/5 1/5 1/5 0/5 1/5

Kodiak Island adults/subadults (1985)

Neg

1:20

1:40

1:80

1:160

1:320

Fraction positive

69 64 69 72 72 51 65 74 72

0 2 4 0 1 3 3 0 1

1 2 0 1 1 5 2 0 0

3 1 0 0 0 10 3 0 1

0 1 1 0 0 3 1 0 0

1 4 0 1 0 2 0 0 0

5/74 10/74 5/74 2/74 2/74 23/74 9/74 0/74 2/74

Kodiak Island fetuses (1985)

29 26 29 28 29 26 28 29 29

0 1 0 1 0 2 1 0 0

0 2 0 0 0 1 0 0 0

Fraction positive 0/29 3/29 0/29 1/29 0/29 3/29 1/29 0/29 0/29

Rogue Reef pups (1985)

36 34 28 36 37 32 33 37 36

0 1 2 0 0 0 2 0 1

0 1 1 0 0 1 0 0 0

0 0 4 1 0 2 2 0 0

1 0 2 0 0 1 0 0 0

0 1 0 0 0 1 0 0 0

Fraction positive 1/37 3/37 9/37 1/37 0/37 5/37 4/37 0/37 1/37

‘SMSV = San Miguel sea lion virus; WC\T = walrus calicivirus;TCV = Tillamook (bovine) calicivirus.

No. positive/no, sampled. Positive = neutralizing antibody titers � 1:20.

and 61 females were sampled. Twenty-eight of

the females (45.9%) contained fetuses within
their uteri from which blood was also obtained.
Twins were discovered in one uterus, so that a
total of 29 fetuses (18 males, 11 females) were

sampled.

Thirty-seven pups (�6 wk of age) were sam-

pled in June 1985, during tagging operations

on Rogue Reef, near the mouth of the Rogue
River, Gold Beach, Oregon. Blood was collect-

ed from the hind flippers by drainage from
checkmark sites (cartilaginous extensions of the
flipper digits). Eighteen male pups and 19 fe-
male pups were sampled.

Also available were samples from five adult

Steller sea lions (two males, three females) ob-
tained in March and April 1976, in the eastern

Bering Sea. These samples were collected aboard
the NOAA research vessel Surveyor, and were
kindly provided to us by Mr. L. M. Shults, for-
merly of the Institute of Marine Science, Uni-

versity of Alaska, Fairbanks.

Blood cells were removed from clotted sam-
ples by low-speed centrifugation, and the sera
were then heat-inactivated at 57 C for 30 mm

in a water bath in preparation for serum neu-
tralization (SN) testing. All serum samples were
stored at -20 C.

Viruses

Plaque-purified stocks of nine marine calici-
virus serotypes (Table 1) were propagated in

Vero cell cultures (CCL 81, American Type

Culture Collection, Rockville, Maryland) grown
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Virus’

Animal no. SMSV-1 SMSv-5 SMSV-6 sMsv-7 SMSV-8 SMSV-10 SM5V-13 WCV TCV

1:80 - - 1:40 1:40 - -

- - - - - - 1:40

- - - 1:80 - - -

- - 1:20 - - - -

- - - 1:80 - - -

1:20 - - - - - 1:40

- - - 1:80 - - -

- - - - 1:20 - -

- 1:40 - 1:320 1:40 - -

- - - 1:20 - - -

- - - 1:80 - - -

- - - 1:160 1:80 - -

- - - 1:80 - - -

- - - - 1:40 - -

- - - 1:160 - - -

- - - 1:80 - - -

- - - 1:40 - - -

1:20 - - - - -

- - - - 1:80 - -

- - - 1:80 - - -

1:20 - - 1:320 1:160 - -

- - - 1:80 - - -

- - - - 1:20 - -

- - - 1:20 - - -

- - - - - - 1:80

- - - 1:80 - - -

- - - 1:160 - - -

- - - 1:80 - - -

- - - 1:40 - - -

- - - 1:40 - - -

1:160 1:320 - 1:40 1:80 - -

1:20 - - - - - -

- - 1:40 - - - -

- - - 1:20 - - -

- - - 1:40 1:20 - -

1:80 - - 1:320 - - -

1:20 - - - - - -

1:20 - - - - - -

1:160 - - - 1:20 - -

1:80 - - 1:80 1:80 - -

38 JOURNAL OF WILDLIFE DISEASES, VOL. 23, NO. 1, JANUARY 1987

TAI3I.E 3. Calicivirus antibody profiles of seropositive Steller sea lions (excluding fetuses).

Bering Sea adults (1976)

SUV-01-76 _h -

SUV-04-76 1:20 1:20

SUV-05-76 - 1:160

SUV-06-76 - 1:80

SUV-25-76 - -

Kodiak Island adults/subadults (1985)

401 - 1:40

406 1:80 -

408 - -

411 - -

412 1:320 1:40

413 - 1:320

416 - -

417 - -

418 - -

422 - -

423 - -

424 - 1:20

425 - -

426 1:80 -

427 1:80 -

431 - -

435” - 1:20

436 - -

437 - -

439 - -

440 - 1:320

442 - -

444 - -

445 - -

449 - 1:80

451 - -

452 - -

457 - 1:320

458 - 1:320

461 - -

462 - -

463 - -

464 - -

467 1:40 1:160

468 - -

470 - -

474 - -

475 - -

Rogue Reef pups (1985)

3M - -

6M - -

8M - -

12M - -

19M - -

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 18 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



BARLOUGH ET AL.-CALCIVIRUS ANTIBODIES IN STELLER SEA LIONS 39

TABLE 3. Continued.

Virus’

Animal no. SMSV-1 SMSV-5 SMSV-6 SMSV-7 SMSV-8 SMSV-10 SMSV-13 WCV TCV

21M - - - - - 1:160 1:80 - -

28M - 1:320 1:40 - - - - - -

33M - 1:20 - - - - 1:20 - 1:20

40M - 1:40 - - - - - - -

41M - - 1:80 - - - - - -

46M - - - - 1:40 - - -

9F - - - 1:80 - - - - -

17F 1:160 - - - - - - - -

29F - - 1:80 - - 1:80 - - -

45F - - 1:160 - - - - - -

‘SMSV = San Miguel sea lion virus; WCV = Walrus calicivirus;TCV = Tillamook (bovine) calicivirus.

“Negative result (neutralizing antibody titer �1:2O).

Subadult sea lion.

in 75-cm2 flasks. Viruses were harvested by
freeze-thawing culture flasks, followed by 1ow-
speed centrifugation of culture fluids to remove

cell debris. Supernatants were dispensed in 0.2-
ml aliquots into screw-cap glass vials and stored

at -70 C. Calicivirus serotypes chosen for test-
ing included: viruses isolated exclusively from

arctic or subarctic regions (SMSV-5, SMSV-8,

SMSV-10, walrus calicivirus); viruses isolated

exclusively from the western coast of the lower
continental United States (SMSV-6, SMSV-7,

SMSV-13, Tillamook calicivirus); one virus iso-
lated from both regions (SMSV-1); viruses iso-
lated exclusively from pinniped species
(SMSV-1, SMSV-5, SMSV-8, SMSV-10, SMSV-
13, walrus calicivirus); viruses isolated from

pinnipeds and fish (SMSV-6, SMSV-7); and a
virus isolated from domestic cattle and for which
serologic evidence of a marine origin now exists
(Tillamook calicivirus) (see Barlough et al.,
1986a, for general review).

Serology

A microtiter (96-well) SN procedure using
Vero cells was performed, first to screen sera at

a dilution of 1:20, and then to titrate positive

samples (Monto and Bryan, 1974; Smith et al.,
1976). Serum-virus mixtures were incubated for
60 mm at room temperature prior to addition
of cells. The antibody titer was defined as the
highest dilution of serum completely neutral-
izing 100 TCID,,, of virus in all four replicate

test wells (100% end-point). Tests for eight of
the nine viruses were read after incubation for
72 hr; the walrus calicivirus required 5 days’
incubation, owing to its slower, more cell-asso-

ciated cytopathology (Barlough et al., 1986b).

Type specificities were checked by neutraliza-

tion and reciprocal cross-neutralization with the
appropriate rabbit antisera. The specificities of
the individual viruses and antisera have been
reported elsewhere (Smith et al., 1977; Smith

and Latham, 1978; Smith et al., 1979, 1980b,

1981a, 1983a, b; Berry et a!., unpubi. data).

RESULTS

The prevalence and distribution of SN

antibodies to the nine caliciviruses under

study are presented in Table 2. Antibodies

were found to all seven SMSV serotypes

tested and to Tillamook (bovine) calicivi-

rus, but no antibodies were found to the

walrus calicivirus. Among the individual

populations of sea lions, differences were

noted in the prevalence of antibody to the

various serotypes. Although admittedly a

small sample (n = 5), the Bering Sea adults

of 1976 had apparently been infected most

commonly with SMSV-5 (60% positive), a

virus which was first isolated in 1973 in

the same geographical area (Pribilof Is-

lands, Alaska) from vesicular lesions on

northern fur seal flippers (Smith et a!.,

1977). Among the adults and subadults

from Kodiak Island in 1985, however, an-

tibodies to SMSV-10 were the most prev-

alent (31.1% positive, n = 74). This virus,

too, was isolated originally from Pribilof
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fur seals, in 1977 (Smith et al., 1981a). Off

the coast of southern Oregon, the Rogue

Reef pups of 1985 were seropositive most

commonly to SMSV-6 (24% positive, n =

37), a southern California isolate re-

covered in 1975 from California sea lions

(flipper vesicles) and a northern fur seal

(oropharynx), and again in 1977 from the

spleen of an opaleye fish (Girella ni-

gricans Ayres) (Smith et al., 1979, 1980b).

Overall, antibodies to SMSV-10 were

most common (25% positive). Found at a

lower frequency were antibodies to SMSV-5

(13.8%), SMSV-6 (12.9%) and SMSV-13

(12%). Least common were antibodies to

SMSV-1 (6%), Tillamook calicivirus (3.5%),

SMSV-7 (2.6%), SMSV-8 (1.7%) and, of

course, the walrus calicivirus (0%).

End-point titration results for seroposi-

tive animals (adults, subadults, pups) are

shown in Table 3. Antibody titers ranged

from 1:20 to 1:320, with many positive

reactions at the higher dilutions (�l:80).

Again with the exception of the walrus

calicivirus, only SMSV-8 failed to react at

these higher dilutions with any of the test

sera. Of the 58 seropositive animals, the

majority (37/58 = 63.8%) had antibodies

to only a single serotype. Fourteen ani-

mals (24.1%) had antibodies to two sero-

types, while five (8.6%) had antibodies to

three. Two animals (3.5%) from the Ko-

diak Island vicinity (nos. 412 and 467)

were seropositive to four and six sero-

types, respectively. No readily recogniz-

able patterns of reactivity to the various

serotypes were noted.

End-point titration results for the sero-

positive mother/fetus pairs from the Ko-

diak Island vicinity are shown in Table 4.

Antibody titers in the seropositive fetuses

were virtually always one log10 dilution

lower than maternal titers, and most

mothers with titers � 1:80 had seronega-

tive fetuses. These data suggested that the

calicivirus antibodies found in the fetuses

were probably maternal in origin (Cavag-

nob, 1979).

DISCUSSION

Data collected over the past 14 yr in-

dicate that the California sea lion is more

intimately involved in marine calicivirus

transmission cycles than any other mam-

malian species thus far examined. Eight

of the 12 recognized serotypes of SMSV

have been isolated at least once from Cal-

ifornia sea lion sources, and seroepizo-

otiobogic surveys conducted over the past

decade have consistently demonstrated

widespread exposure of California sea lions

to many calicivirus serotypes, including

the VESV’s (see Barlough et al., 1986a, for

general review). However, preliminary

serologic evidence of exposure of Steller

sea lions to SMSV-2, SMSV-5 and VESV

types A48, C52, J56 and K� (Akers et al.,

1974; Smith et a!., 1976; Smith, unpubl.

data) had suggested that the Steller sea

lion species might also be involved in calic-

ivirus infection cycles, but wider seroepi-

zootiobogic data had not been reported.

The data presented here now extend these

findings, indicating that, indeed, Steller sea

lions, like their California sea lion coun-

terparts, have experienced widespread ex-

posure to multiple serotypes of marine

caliciviruses.

These marine viruses are believed to be

maintained in nature by complex enzoot-

ic/epizootic cycles that in some cases may

involve phylogenetically diverse marine

species (e.g., pinnipeds, cetaceans, fish,

nematodes) (Smith and Akers, 1976; Smith

et al., 1976, 1980a, b; Smith and Latham,

1978; Smith, 1981; Barlough et a!., 1986a).

In southern California waters, for exam-

ple, a near-shore species of fish, the opal-

eye, appears to serve as a calicivirus res-

ervoir for its natural predator, the

California sea lion (Smith et a!., 1980a, b,

1981b). Opaleye are omnivorous scaven-

gers that acquire initial calicivirus infec-

tions probably by ingestion of contami-

nated fecal material. Because these fish are

recognized intermediate hosts for the sea
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T..�IsI.E 4. Calicivirus antibody profiles of seropositive Steller sea lion mother/fetus pairs (Kodiak Island
vicinity, 1985).

,

Animal

no. SMSV-1 SMSV-5

Virus’

SMSV-6 SMSV-7 SMSV-8 SMSV-10 SMSV-13 WCV TCV

408 ....h - - - 1:20 - - - -

408-A’ - - - - - - - - -

412 1:320 1:40 1:20 - - - - - 1:20

412-A - - - - - - - - -

418 - - - - - 1:20 - - -

418-A - - - - - - - - -

422 - - - - - 1:80 - - -

422-A - - - - - - - - -

425 - - - - - 1:80 - - -

425-A - - - - - 1:20 - - -

427 1:80 - - - - 1:160 - - -

427-A - - - - - 1:20 - - -

431 - - - - - 1:80 - - -

431-A - - - - - - - - -

442 - - 1:20 - - 1:320 1:160 - -

442-A - - - - - 1:40 1:20 - -

449 - 1:80 - - - - - - -

449-A - - - - - - - - -

452 - - - - - - - - 1:80

452-A - - - - - - - - -

455-A” - 1:40 - - - - - - -

457 - 1:320 - - - 1:80 - - -

457-A - 1:40 - - - - - - -

458 - 1:320 - - - - - - -

458-A - - - - - - - - -

461 - - - - - 1:160 - - -

461-A - - - - - - - - -

462 - - - - - 1:80 - - -

462-A - - - - - - - - -

463 - - - - - 1:40 - - -

463-A - - - - - - - - -

464 - - - - - 1:40 - - -

464-A - - - - - - - - -

467 1:40 1:160 1:160 1:320 - 1:40 1:80 - -

467-A - 1:20 - 1:20 - - - - -

SMSV = San Miguel sea lion virus; WCV = Walrus calicivirus;TCV = Tillamook (bovine) calicivirus.

Negative result (neutralizing antibody titer � 1:20).

A = fetus.

Serum from mother (animal no. 455) not available.

lion lungworm (Parafilaroides decorus) by or mechanically, between sea lions and

(Dailey, 1970), the suggestion has been opaleye (Smith et a!., 1980a). Whether

made (Hardy, quoted in Smith et al., analogous relationships involving the

1980a) that lungworm larvae excreted in Steller sea lion and its prey and/or para-

feces may promote calicivirus transmis- site species may have arisen, or whether

sion by ferrying viruses, either biological- calicivirus infections in Steller sea lions are
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maintained exclusively by intraspecies or

interspecies transmission among pin-

nipeds, is not yet known.

At this time it is not possible to assess

the impact, if any, that caliciviruses may

have on the health of the Stel!er sea lion

population. It is perhaps notable that ve-

sicular lesions characteristic of calicivirus-

es were not observed among the pups

sampled on Rogue Reef, Oregon, in 1985,

nor have pathologic changes in tissues col-

lected from the Kodiak Island animals

been found that would suggest calicivirus

involvement (Goodwin et al., unpubl.

data). In contradistinction to this are the

relatively frequent observations of calici-

virus-induced vesicular lesions among

California sea lions, and the recent out-

breaks due to the highly virulent SMSV-

13 serotype reported at the California Ma-

rine Mammal Center in 1984 (Berry et al.,

unpubl. data) and on San Miguel Island,

California, in 1985 (Barbough et al., un-

pub!. data). Antibodies to this virus were

found among all the Steller sea lion pop-

ulations examined in the present study

(Table 2), in the apparent absence of clin-

ical disease.

No information is available, however,

on the possible effects of caliciviruses on

Steller sea lion reproductive efficiency. Al-

though not conclusively proven to cause

reproductive disease in pinnipeds, calici-

viruses have been isolated from aborting

California sea lions and from their fetuses

(Smith et al., 1973, 1974, 1977), and have

a recognized role in reproductive disorders

in other species, such as the domestic pig

(Bankowski, 1965). Calicivirus antibodies,

presumably of maternal origin (Cavag-

nob, 1979), were found in several of the

Kodiak Island fetuses (Table 4), but the

question of transplacental movement of vi-

rus in the Steller sea lion remains unan-

swered. The Kodiak Island samples were

collected at haul-out sites peripheral to the

breeding rookeries, in preparation for f u-

ture studies designed to sample animals

from the rookery islands themselves. It is

anticipated that material collected from

these areas will provide additional infor-

mation on the etiobogic role (if any) of

caliciviruses in disease conditions among

these pinnipeds. Certainly the evidence of

frequent infection presented in this report,

together with the recognized pathogenic

potential of caliciviruses for pinnipeds (and

other species) (see Barlough et a!., 1986a,

for review), would suggest that adverse

effects on individual animals are a possi-

bility. Whether such effects would be of

sufficient magnitude collectively to pro-

duce discernible changes in population size

and pup production (Braham et al., 1980;

Calkins, 1985), however, is uncertain. Per-

haps a synergistic interaction with con-

current stressors on the population as a

whole would be required to effect such

changes.
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ADDENDUM

Since this work was completed, a calic-

ivirus has been isolated in our laboratory

from a Steller sea lion pup sampled on

Rogue Reef, Oregon, during the tagging

operations described in this report. The

isolate has been identified as SMSV-6, the

serotype to which antibodies were most

commonly found among Rogue Reef pups

(Table 2). Although serum from this par-

ticular animal was unavailable for SN test-

ing, the finding lends additional support

to the serologic data presented here, and

represents also, to our knowledge, the first

isolation of any virus from the Steller sea

lion.
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