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Premature Births in California Sea Lions: Association with
Higb Organochlorine Pollutant Residue Levels

Abstract. Premature pupping in California sea lions has been noied on the
breeding islands since 1968. Organochlorine pesticides and polychiorinated
bipltenyl residues were two 10 eight times higher in tissues of premature parturient
Jemiales and pups than in similar tissues of full-term parturient females and pups

collected on San Miguel Island in 1970.

The California sea lion (Zaloplus
californlanus californianus) breeds on
California’s Chuonel Islands and on
islauds off the Pacific and Guif coasts
of Baja California, Mexico. In the
Chaooe! Islands normal pupping occurs
between 15 May and 30 June and
breeding between 20 June and 20 July.

the end of premature births and the
onset of the pormal pupping season.
About 15 May the death rate decreases
and some pups survive. In mid-May
both live premature and full-term pups
are present; full-term pups are easily
distinguished as they have fuil motor
coordination, The quantitative ipcidence

We have observed early ination of
pregnugcies among animals on several
breeding rookeries, including those on
Sen Miguel Island, since 1968. Prema-
ture births were reported by Simpson
and Gilmartin () on San Miguel Island
and by Odell (2) on San Nicolas Island,
and were discussed by Brownell and
LeBoeuf (3). An earlier investigation
ioto the causes of these premature
births was inconclusive (7). The work

ported here was ducied 10 deter-

of p births has not been well
established. On San Miguel Island we
counted 242 dead premature pups on
25 April 1970 and 348 on 18 May
1971 from an estimated total popula-
tion of 10,000 to 15,000. On San
Nicolas Island, Odell (2) reparted 442
premature pups from a female popula-
tion of 5,500 between 17 January and
3 May 1970.

In 1970 we collected two groups of

mine whether environmental pollutant
residues may be related to premature
partus in the Califomnia sea lion.

In the Channel Islands

postp female Calif; sea lions
within 24 hours after pasturition on
San Miguel Island. The premature
parturient group of six females and

births occur as early as January and ap-
pear with increasing frequency untit
mid-May. We observed live premature
pups from February through mid-May,
and saw no pups which were dead at
birth. The early pups sre not furred
and appear to die soon after birth. The
premature pups born in March, April,
and early May are furred, but they Jack
motor coordination, their breatbing is
short, and only portions of the lungs
have been aerated. Late premature pups
appear 1o live from a few hours to
possibly as long as several days. There
is no app ! break b

their pups were collected be.
tween 20 and 24 April. The full-term
parturient group of four females and
their live pups were collected between
24 and 26 June, late in the normal
pupping season.

Ages of adult females were deter-
mined by counting growth layers in
the dentine of longitudinai} ioned

" an e

peaks on the gas chromalogram
tained with a DC-200 columy, g
fication was achieved through a
pariscan of the height of tbe peak ¢
ing between the peaks for p.p'-
and p,p"-DDT with the height ¢
corresponding peak in chromato
of the standard (Aroctor 1254,
santo Co.) (6). Blubber aod liver
from females were anulyzed as
represent a storage and metabolis:
for organochiorine residues. Brai
sue {rom pups was analyzed to
some insight into the behavior o

cide and

not d

pups. Or

PCB residues were fou:
alt tissucs collected and tesied (
1). The must prevalent metabolit,
found 10 bs DDE (80 to 93 perce
the total DDT).
All analyzed tissues from fer
which gave birth prematurely in
contained higher concentrations
the tissues from females which
birth to full-term pups. The mean
DDT residues in the dlubber and
of premature parturient females
8.0 and 3.8 times grester, respect
than the concentrations in the
tissues of normal parturient cows.
brains of premature pups cont
twice the residue concentsations a
brains of fuil-term pups. The
levels in blubber, liver, and brain ©
premature parturient group were
4.4, and 2.4 times higher thaa
in the full-term group. In ne
blubber nor liver did the ranges of
due values of total DDT or PC
premature and full-term groups ¢
lap (Tabdle 1). Dieldrin residues

4

canines (4). The liver, brain, and
blubber from cows and pups were ana-
lyzed for DDT compounds {p,p’-DDT,
2.¢-DDD, snd p,p-DDE), dieldrin,
and polychlorinated biphenyls (PCB's)
(5). Identification of PCB's was
based on the characteristic profiles of

in all samples and

present. were low. Figure | is a b
gram of the DDT and PCB residus
the two groups of animals, showiny
relative diiferences in tissue polh
concentrations.

Histological sections of liver u
revealed normal tissues frora all pre

Table 1. Concentration of pollufpnt residues in tissues of parturient Callfornia ses lion females and pups, in parts per milioe (ppmd

weight; N, number of wnimals; X, mean of wwo (brain, liver) snd threc (blubber)

residue determinations on cach tiwe of exch an

‘The age range i3 6 to 12 years for premature parturient females and 10 1o 15 years for full-texm parturient females. The numbers in p.

theses are standard daviations.

Mean Fat (%) DDT (total) PCBY
Tissve N age N Mean R X Range X Ra
(yoars ange (ppm) (ppm) (ppm) (7
Prematuce
Blubber (female) 6 8 84 77-87 ‘8244 (167.5) 626-1039 124 G449 55
Liver (femaly) 3 ] 17 1522 25.24 (4.1} 22-30 §74 (149 sa
Braln (pup) 3 33 32-34 238 (127) 0.82-4.15 045 (0.32) 023>
Full-ferm
Dlubber (female) 4 12 8s 84-88 1032 (69.7) 51-203 171 (6.0) 17
Liver (ferale) 4 12 “ 29-5.5 661(5.1) 14136 132 (0.76) 0,53
Brain (pup) “ 48 46-5) 120 (1.10) 0.36-2.82 0.1% 10.03) 012
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wre partus females except one. The
ver of this animal showed a few mid-
\ypal foci of mosonuciear and poly-
frorphonuclear ceil infiltrates. These
yboormal findiogs appurently are not
Kmilar to histological changes in rats
.d organochlorine pesticide (7) or
sdents fed PCB compounds (8). Sero-
agical analysis revealed no antibody

ters to0 L species or Brucell
Lbortus in lhu six cows of lhc prem--
re i group. B 1
rnlym of the uteri of this group

halded isolation of Escherichia coll
tom two of the six.
Liver mercury residues (wet weight)
b the three premature parturient fe-
nains ranged from 38 to 64 parts per
" hillion (ppm) and in their pups ranged
rom 0.4 ‘0 1.8 ppm. None of the tis-
wes from full-term animals were ana-
yzed for mercury.
The difference between the concen-
istions of organochlorine pesticide and

ind!

PCB residues In the prlmn(un a.nd-

Potychiormated Bphenyis, (ppm, wet scrght)

"'M ver ll
Fig. 1 of mean

of tota} DDT and PCH's in tissues of Cal-
ifornis sea lions delivering prematurely
(cross-hatching) and at full term (stip-
pling).

Bsier Lnes  Biain

bave not been possible because of the
cost of maintaining lasge breeding col-
onies of sea lions in captivity. However,

full-term  groupa
ause and effect relnlomhly bewmn
'igh levels of these poliutanis and early
Mrminstion of pregnaacy in California
ua lions. High concenurations of or-

hlork idues are iroplicated in

idering the itude of the differ-
ences in residue levels found in the two
groups sampled from the wild popula-
tion, we feel that the possible ceuse and
effect ulauombnp cannot be ignored.
Ap for the differ-

{nproductive failure in ranch mink fed
jsh from Lake Michigan (9). Experi-
nental feeding of PCB compounds bas
en shown to cause reproductive fail-
e and death in aduit ranch mink
110). There is also experimental evi-
4snce tbat p,p'-DDT induces premature
parturition in rabbits (I/1). Soms or-
{nnocblorine insecticides and PCB
P induce bepatic microsomal
mzyme activity resulting in increased
|metabolism of progesterone end estra-
‘ftiol ln pigeon livers (/2). Similar ea-
‘me i has been d
2 the rat (7). Definitive knowledge of
[the combined toxic or synergistic effects
of organochloring pesticides, PCB's,
wd mercury is lacking. LeBoeuf and
-{lonnell (13) reported hl;h residue
kvals from threo “app y healthy”

ence in polluum residue levels in the
tissues from the two groups of sea
lions is utilization of different feeding
areas. It has long been known that after
the breeding season male California sea
lions move northward. It is believed by
some that many females of the Channel
Islands population move south and win.
ter in waters off southern Baja Cali-
fornia (14), whils a portion remain in
the general area of the Channel Islands.

Organochlorine reridues in a marine
crab (I5), marine fish (16), and the

;brown pelican (/7) are higher around

Los Angeles, California, than in Baja
California or in northern California.
Thus, female sea lions wintering in the
southern areas would be foeding on fish
hlVlll' smaller amounts of organo-
ides and would therefore

{emale California sea lions collected in
[September 1970 at San Miguel Island.
|Apparent good health of the female
does not exciude & history of premature
, Inrturition. Sincs they did not report
Ve reproductive histories of those ani-
Dals, it is impossible 10 relate their find-
ags 1o the premature parturition
[pbenomens.

The exact relstionship of poliutants
© premature births and the mecha-
Tisms involved can only be eclucidated
‘ Grough laboratory experiments. Such
xperiments with California ses lions
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lsmmlnle smaller quantities of the
pesticides than females wintering ia the
Chaanel Islands area.

The mean age of premature parturi-
ent females in lesa than that of full.
term females (Table 1), but the age
ranges of the groups overlap. Because
of the smalt sample sizes and the over-
lap in age ranges it is not possible at
this time to relate the observed differ-
ence in organochlorine residues or the
premature parturition phenomena to
age.

We think it is unlikely that the ob-

served diff in organochlorine resi-
due ions could be d
for by the premature parturient females
being collected 2 months before the
fuil-term females. Five sea lion females
coliccted randomly from the San Miguel
Island population in July 1969 had total
DDT metabolite residues in the blubber
ranging from 17 to 988 ppm (18),
which indicates that some females can

. be expected to have high residues at

any time of year and that a profile of
the popuiation probably ranges from
animals with low to those wnh very
high of or

residues. Unfortunately, nothing is
known about the fat dynamics in ges-
tating female sca lions or sbout changes
in organochlorine residue storage de-
pendent on hormone cycles. Net mo.
bilization of fat to meet increasing
energy demands would be expacted to
increase residue levels in the blubber,
yet we found that the full-term females
had lower organochlorine residue con-
centrations.

Rosert L. DeLong*
Marine Mainmal Division,
National Marine Fisheries Service,
Searile, Washingron 98115
WiLLiaM G. GILMARTIN
Joun G. Simrsont
Naval Undersea Center,
Blo-Systems Program,
San Diego, California 92132
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Cell-Mediated Imitnune Responses in vitro: Interaction of Thymus-
Derived Cells during Cytotoxic Allograft Responses in vitro

Abstract. A mouse in vitro allograft system was used 1o check for 5
among lhymu.v-dluved cells during cell-medi

lymph node (LN) cells, or a ¢
of both, were cultured togethe
2 X 10* mitomycia C-treated B.
spleen cells (H-2') for 6 days in
fied Eagle's medium containing

cent fetal calf serum in the Mar
Diener culiure system (2, 5).
{rom three cultures per group
pooled, washed twice, and assay.
in vitro generated cytotoxic actis
3 modification (2) ol the Cr r
assay described by Bruaner et ¢
Cytotoxic activity generated in vitr
compared on & culture basis (7).
the number of lymphocytes at the
ation of the culture was kept ide
in the various groups of cullum

4 b

Synergistic

occ thymus and thymus-derived lymphocytes. The
wajority of precursors of cytotoxic efiecior cells were peripheral thymus-derived
cells; thymocyies acted mainly as amplifier celis.

Both murine th and thy

derived (T) lymphocytes have been
shown to be capable ol mounting cyto-
toxic sliograft responses in vivo (J)
and in vitro (2), apparently without
requiring collaboration with bone mar-
row (B)-derived lymphocytes. When
compared on a cell to cell basis, thymo-
cytes were found to be poor precursor
cells of cytotoxic lymphocytes (CL) in
vitro in contrast to rwrculmn; T
colls, splenic T cells being i

the of T cell sub-
popnlmonx has appeared (3, 4). For
example, Cantor and Asofsky (4) pro-
posed a model for the of

the cy ic activity g

compared relative to nm obtuined
LN ceils as precursor cells of cyt
lymphocytes. In actual fact, ¢y«
lymphocytes harvested from dift
groups were assayed for cytotoxi
tivity at’the cell concentration v
resulted (in the case of LN de
cyloloxlc lymphocyles) in o8 rani

thymus-derived effector cells mediating
graft-versus-host reactions, in which
two distinct types of T cells appear to
be involved: one acting as aa amplifier
cell and the other type functioning as
the precursor of the effector cell, I
hnva now tested the concept of T T cell

(2). These findings suggested that there
exists a heterogeneity within thymus-
processed lymphocytes in their capac-
ity to differentiste in vitro into cyto-
toxic effector celis. Indeed evidence for

during cell im-
mune sesponses in an in vitro -I\ognn
system.

About 15x 10% viable dissociated

yles to target
ol l2tol Ztol and 0.3 10 1.
DBA/2 derived mastocytoma cell
P81S (8), cultured in vilro am
identical H-2 specificity as BA)
spleen cells used for immunization,
used as target cells in the 3Cr re
assay. AKR antiserum to CBA 0
gen was prepared according to
(9) and used as described (7).
antiserum killed 80 percent of (

CBA/H/Wehi (H-2*) or AKR/J (H-
2%) mouse thymocytes or inguinal

‘Table 1. Synerpiviic eflect of s mixiure of thymocyies plus syngencic lymph nodo cells n

cytotaxic allogrsft yespomas in virro,

Lysis (%)* of “Crlabeled
PRIS targer cells (H-2*) at »

Test sysem CL 10 target cells ratio
12:1 2:1 03:1

13 % 10* CBA LN 100 80 40
15 X 10° CBA LN, waated with antiserum 10 ¢ 13 12 12
15 X 10* CBA thymocytes 30 14 12
1.5 X 10° CBA LN plus

14 X 10" CBA ireadinted thymotyn s 25 13 12
15 % 10° CBA LN pius 14 X 10* CBA thymocytes 100 9 52
1S X 10* (CBA LN), treamted with antistrum to #

plus 14 X 10* CBA thymocytes 18 1) 2
1.5 X 10" (CBA X BALB/c) F, LN glus

14 % 10* CBA thymoeytes 2 1 12
1.5 X 10* CBA LN plus

14 X 10° (CBA X BALB/c) F, thymocytes 38 27 13
1.5 X )0* (CBA L.N) mitomycin C—treaied

plus 34 x 10° CBA thymocytes 24 12 12

h duct lymphocytes io the |
ence of sgarose-absorbed guines
serum, and the activity against @ ¢
be absorbed by braie from CBA n
Mitomycin C treatment was adm
tered at a final conceatration of
#ng/ml for 30 minutes (2). lreadia
(900 rads) of dispersed lymphoc
was pecformed as described by M
and Sprent (10).

As given in Table |, CBA LN «
{an example of a lymphocyte pop
tion containing 80 percent of periph:
T cells) represented a good precw
cell population for cytotoxic Tymp
cyies, Thus, after a 6-day culture pe;
in the presence of cell-bound :
antigen (2 x 10* mitomycin C-treu
BALB/c spleen cells), cytotoxic acti:
was generated which lysed 80 perc
of the “Cr-Jabeled PB1S target ¢
at a ratio of cytotoxic lymphocytes
target cells of 2 to 1 within 200 m
utes Thnx the reacting cells were

* Rusponder cells (H-2¢)) were cukiured cogether with 2100 mitomycin  C-lremted allopentic
BALD/c (H-29) splren cells. Cytotoxic sciivity genersied in vitro was sssayed in 8 #Cr test for

WO minues. Cytoioaitity otaimed wos compared

on a cultwe basis relative to the cytotoxicity

generated by CIBA LN cell derived cytotaxic lymphocytes. Backuround fysis ol PR)S target cells {in
the presence of normal lymphocyies) was 12 1.3 perceut. Simidar results were obained fa 12 inde-

Feadent eaprmenty,

1w
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ph was d by the t
lhnl lrenlmenl of LN celis before ¢
ture with AKR antiserum to ¢ antig:
plus complement, ahnlished the cap
ity of the cells to mount a cylote:
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