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ABSTRACT.--Petroleum fouling has many deleterious consequences for marine vertebrates, 
ranging from increased energy expenditure to the death of the organism. We measured 
circulating levels of reproductive and adrenocortical hormones in Magellanic Penguins 
(Spheniscus magellanicus) that were partially covered with petroleum following a marine oil 
spill off the Patagonian coast, and in a non-oiled control group. Levels of luteinizing hormone, 
androgens and estradiol, but not progesterone, were lower in oiled penguins than non-oiled 
control birds. Corticosterone was higher in oiled than control females, but did not differ and 
was basal in males. Few of the pairs with an oiled partner later established nests with eggs. 
Even low levels of oil fouling in Magellanic Penguins appear sufficient to interfere with 
reproduction. Oiled penguins that were held captive for washing had elevated levels of 
corticosterone, and appeared to be stressed both by captivity and by the washing process. 
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ENCOUNTERS WITH FLOATING PETROLEUM are 

harmful to marine birds and mammals in sev- 

eral ways. Direct physical effects include: (1) 
loss of thermal insulation (Erasmus et al. 1981, 
Bourne 1985) causing drastic increases in over- 
all energy expenditure (Lambert et al. 1982, Cu- 
lik et al. 1991); (2) loss of ability to float or fly 
(and thus ability to forage; Trivelpiece et al. 
1984) resulting in increased energetic costs of 
locomotion (Culik et al. 1991); and (3) death 
from exposure. Penguins, because they live at 
the water surface, are particularly at risk of oil 
fouling (Culik et al. 1991, Gandini et al. 1994). 

Petroleum ingested by the animal during at- 
tempts to clean itself can cause numerous phys- 
iological problems, including gastrointestinal 
lesions, renal and hepatic pathologies, hemo- 
lytic anemia, and increases in parasites (Fry and 
Lowenstine 1985, Fry and Addiego 1987, Gan- 
dini et al. 1994). In addition, suppression of the 
endocrine system by ingested petroleum has 
been experimentally demonstrated, including 
decreases in pituitary hormones (Harvey et al. 
1982, Cavanaugh et al. 1983), gonadal steroids 
(Cavanaugh and Holmes 1982, Harvey et al. 
1982), and adrenocortical steroids (Gorsline and 

3 Present address: Department of Biology, Pomona 
College, 609 N. College Ave., Claremont, California 
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Holmes 1982, Gorsline 1982). Experimentally 
induced ingestion of petroleum also has been 
shown to reduce reproductive success in some 
breeding seabirds in the wild (Trivelpiece et al. 
1984, Fry et al. 1986). Both physical and phys- 
iological effects can occur at low levels of oil 
fouling (Fry et al. 1986, Culik et al. 1991). 

There have been no previous studies of the 
hormonal effects of oil fouling in accidentally 
oiled breeding birds at low levels of body cov- 
erage. We demonstrate suppression of lutein- 
izing hormone and sex steroid hormones, and 
elevation of corticosterone in lightly oiled Mag- 
ellanic Penguins (Spheniscus magellanicus) at the 
beginning of the breeding season following an 
accidental crude-oil spill. 

METHODS 

During the first week of September 1991, a crude- 
oil spill occurred in the waters north and east of the 
Magellanic Penguin colony at Punta Tombo, Chubut, 
Argentina (44ø02'S, 65ø11'W). Oiled penguins began 
to arrive at Punta Tombo in the second week of Sep- 
tember 1991. Censuses indicated that approximately 
17,000 penguins were affected by the spill (unpubl. 
administrative report, Direcci6n de Fauna y Flora Sil- 
vestres, Argentina 1991) in the coastal region includ- 
ing Punta Tombo. Heavily oiled, moribund penguins 
remained on the beaches at Punta Tombo and did not 

enter the breeding areas of the colony. 
We studied lightly oiled animals that were not mor- 

ibund and were encountered in the breeding areas, 
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apparently attempting to reproduce. On 23 and 24 
September, 1991 (ca. three weeks after the oil spill), 
blood samples were collected from 11 oiled and 11 
non-oiled birds of each sex in matched circumstances 

(e.g. oiled female in nest with male matched with 
non-oiled female in nest with male; oiled male alone 

in nest matched with non-oiled male alone in nest). 
Sexes were determined by measurement of bill depth 
and bill length (Scolaro et al. 1983). The overall sam- 
ple size (n = 44) was chosen to allow determination 
of circulating steroid-hormone concentrations in a 
single radioimmunoassay. 

Locations of oiled penguins were marked in order 
to determine whether pairs with an oiled partner es- 
tablished nests and laid eggs. After we found that 
only 2 of the original 22 oiled birds had nests with 
eggs, the colony was searched for additional nesting 
oiled birds in early October 1991. Eight such addi- 
tional nests were found: therefore, we were able to 

follow 10 nests (8 with an oiled male, 2 with an oiled 
female) until mid-December of 1991 to record the 
presence or absence of live chicks. 

A temporary penguin-washing station was estab- 
lished at Punta Tombo following the spill. On 13 
October 1991 (five weeks postspill and three to four 
weeks after individuals were captured), blood sam- 
ples were collected from 10 captive birds. Six (3 males, 
3 females) had been washed with oil dispersant, and 
4 (2 males, 2 females) had not yet been washed; all 
10 had been heavily oiled. Circulating levels of ste- 
roid hormones in healthy Magellanic Penguins de- 
crease markedly over the first five to six weeks of the 
breeding season (Fowler 1993); therefore, blood sam- 
ples from captive oiled penguins were compared with 
a second group of samples from free-living non-oiled 
penguins (8 males, 14 females) collected in the same 
week (8-16 October 1991). Nests of these non-oiled 
penguins also were used to compare reproductive suc- 
cess with nesting oiled penguins. 

Blood samples were collected by jugular venipunc- 
ture using a pre-heparinized syringe. Penguins were 
then weighed and measured; in free-living oiled birds 
the percent of the body surface covered by oil was 
estimated to the nearest 5%. Blood samples were cen- 
trifuged, hematocrit was measured, and the plasma 
fraction was frozen at -15øC at the site and later 

transported on dry ice to the laboratory for hormone 
assays. Duplication of label numbers on one sample 
required that two male samples (one oiled, one non- 
oiled) be discarded, resulting in a total sample size 
of 20 for free-living males. 

Steroid-hormone levels were determined by the 
single-antibody radioimmunoassay of Wingfield and 
Farner (1975), as modified by Ball and Wingfield (1987). 
In a single assay, we separated and determined levels 
of the following five steroid hormones: progesterone 
(P), 5-c•-dihydrotestosterone (DHT), testosterone (T), 
estradiol-17-• (E2), and corticosterone (B). Luteiniz- 
ing-hormone (LH) levels were determined by the 

TABLE 1. Product-moment correlations of percent 
coverage of body by crude oil with circulating hor- 
mone levels and body mass in Magellanic Penguins 
at Punta Tombo, Chubut, Argentina. Significant 
correlations in italics. 

Males Females 

r P r P 

Progesterone 0.606 0.117 0.030 0.930 
DHT -0.579 0.102 -0.559 0.074 
Testosterone -0.611 0.080 -0.446 0.169 
Estradiol 0.350 0.430 -0.193 0.569 
LH -0.409 0.335 -0.231 0.494 
Corticosterone 0.785 0.008 0.803 0.003 

Body Mass -0.697 0.025 -0.478 0.137 

postprecipitation double-antibody radioimmunoas- 
say of Follett et al. (1972), as updated by Sharp et al. 
(1987). After assays were completed, levels of testos- 
terone and dihydrotestosterone in one oiled male and 
two non-oiled males were found to be an order of 

magnitude higher than found for any other of ap- 
proximately 650 males. As these values were far out- 
side the normal range, they were assumed to be a 
result of either contamination or laboratory error, and 
were discarded from further analysis. 

Statistical analyses were conducted using SPSSPC + 
(Norusis 1990). Pairwise comparisons of oiled versus 
non-oiled penguins were made using Mann-Whitney 
U-tests because variances were frequently unequal 
between groups. Reported probability levels are one- 
tailed for all tests involving hormone levels and body 
mass (suppression of these parameters was predicted), 
but two-tailed levels are reported for hematocrit val- 
ues. Analyses of mass, sex steroids, and luteinizing 
hormone were conducted separately for each sex, as 
levels were expected to differ between males and fe- 
males (Boswall and MacIver 1975, Wingfield and Far- 
ner 1993). We first tested for sex differences in he- 
matocrit and corticosterone by ANOVA, and pooled 
sexes for further analysis where appropriate. 

RESULTS 

Free-living penguins.--The median percent 
body surface of free-living penguins covered 
with oil in our study was 20% (œ = 30.5 ___ SE 
of 5.22%). Males and females did not differ sig- 
nificantly in oil coverage (35.8 vs. 23.2%, re- 
spectively; Mann-Whitney U = 41.5, P = 0.35). 
Sex steroids and luteinizing hormone were not 
significantly correlated with percent oil cov- 
erage in either sex (Table 1). However, plasma 
corticosterone concentration was strongly cor- 
related with percent oil coverage in both sexes 
(males, r = 0.785, P = 0.008; females, r = 0.803, 
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Fig. 1. Mean body mass in oiled and non-oiled 
male and female Magellanic Penguins. Whiskers in- 
dicate SE; sample sizes are shown above (*, P < 0.05). 

P = 0.003). Body mass was inversely correlated 
with percent oil coverage in males (r = -0.697, 
P = 0.025), but was not correlated in females (r 
= -0.478, P = 0.137; Table 1). 

Body mass of oiled penguins of both sexes 
was significantly lower than non-oiled pen- 
guins (males, 4.12 vs. 5.02 kg, U = 65.5, P = 
0.003; females, 3.07 vs. 4.74 kg, U = 66.0, P < 
0.001; Fig. 1). The mass of oiled males was 18.1% 
less on average than non-oiled males, whereas 
the mass of oiled females was 35.2% less on 

average than non-oiled females. 
A two-way ANOVA showed no significant 

difference between the sexes in hematocrit lev- 

els (P = 0.103) and no interaction with oil effects 
(P = 0.957), so sexes were pooled for further 
analysis. Oiled birds had significantly higher 
hematocrit than non-oiled birds (44.0 + 1.6% 
vs. 38.7 _ 1.5%; U = 122.0, P = 0.013). 

Circulating levels of testosterone and dihy- 
drotestosterone were significantly lower in oiled 
birds of both sexes (Mann-Whitney U-tests; P 
< 0.025 for T, DHT in males; P < 0.004 for T, 

DHT in females; Fig. 2). Estradiol levels in oiled 
females were significantly lower than non-oiled 
females (U = 67.0, P < 0.001; Fig. 3), but oiled 
and non-oiled males had similar and very low 
estradiol concentrations (U = 48.0, P = 0.46; Fig. 
3). Luteinizing-hormone levels were lower in 
oiled compared to non-oiled females (U = 6.0, 
P < 0.001); a nonsignificant but suggestive dif- 
ference was found for males, with oiled males 
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Fig. 2. Mean circulating levels of progesterone, 
testosterone, and 5-a-dihydrotestosterone (DHT) in 
oiled and non-oiled male and female Magellanic Pen- 
guins. Whiskers indicate SE; sample sizes are shown 
above. Mean value for DHT in oiled females is dis- 

torted upward by one female with an exceptionally 
high value (*, P < 0.05). 

being lower (U = 29.0, P = 0.056; Fig. 4). Pro- 
gesterone levels were similar in oiled and non- 
oiled penguins of both sexes (U-tests, P > 0.20 
in both sexes; Fig. 2). 

A two-way ANOVA of circulating levels of 
corticosterone showed a significant interaction 
between sex and oiling status (P = 0.008). There- 
fore, sexes were separated for further analysis. 
Corticosterone levels were significantly higher 
in oiled than non-oiled females (U = 14.0, P = 
0.002; Fig. 5), but oiled and non-oiled males had 
similar levels (U = 45.0, P = 0.70; Fig. 5). 

Only two of the original 22 oiled penguins 
had eggs in a nest in mid-October (both were 
males), compared to 16 of 20 nests of non-oiled 
pairs that were subjected to blood sampling pri- 
or to the egg-laying period (X 2 = 21.5, df = 1, 
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Fig. 3. Mean circulating levels of estradiol in oiled 
and non-oiled male and female Magellanic Penguins. 
Whiskers indicate SE; sample sizes are shown above 
(*, P < 0.05). 

P < 0.001). However, in the additional set of 
10 nests of oiled birds that were followed for 

reproductive success, 5 had live chicks in mid- 
December, compared to 7 of 13 comparable non- 
oiled nests in the same year (X 2 = 0.03, P > 
0.10). 
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Fig. 4. Mean circulating levels of luteinizing hor- 
mone (LH) in oiled and non-oiled male and female 
Magellanic Penguins. LH levels are lower in oiled 
females; a suggestive but nonsignificant difference in 
same direction found for males. Whiskers indicate SE; 

sample sizes are shown above (*, P < 0.05). 
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Fig. 5. Mean circulating levels of corticosterone 
in free-living oiled and non-oiled male and female 
Magellanic Penguins. Whiskers indicate SE; sample 
sizes are shown above (*, P < 0.05). 

Captive penguins.--Sex steroid and luteiniz- 
ing-hormone levels in both washed and un- 
washed captive oiled penguins were low, but 
similar to levels in non-oiled free-living birds 
in the colony in general sampled during the 
same period (separate ANOVA's by sex, P > 
0.20 in all cases). Male and female captive pen- 
guins had similar corticosterone levels, so val- 
ues were pooled. Captive penguins had higher 
corticosterone levels than non-oiled penguins 
(ANOVA, F = 77.1, df = 2 and 29, P < 0.001) 
and washed penguins had higher corticoste- 
rone levels than unwashed (Scheffe's multiple 
range test, P < 0.05; Fig. 6). 

Captive penguins of both sexes weighed less 
than non-oiled free-living birds sampled at the 
same time (separate U-tests, P = 0.032 for males, 
P = 0.001 for females; Fig. 7). However, the 
percent reduction in mass between captive and 
non-oiled females was greater than that be- 
tween captive and non-oiled males (22.5 vs. 9.9%; 
X 2 = 4.9, df = 1, P = 0.024). Finally, captive 
birds of both sexes had hematocrit values sim- 

ilar to non-oiled birds of the same sex, although 
females had lower levels than males (two-way 
ANOVA; sex term, P = 0.002; oil term, P = 0.335). 

DISCUSSION 

Low levels of oil pollution are a chronic prob- 
lem in coastal Patagonia, and oiled penguins 
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Fig. 6. Mean circulating levels of corticosterone 
in oiled penguins held captive for washing compared 
with free-living non-oiled birds sampled at same time. 
All three groups differ significantly. Captive birds 
were bled either before washing (NOT WASHED) or 
after washing (WASHED). Whiskers indicate SE; sam- 
ple sizes are shown above. 

appear on the beaches in virtually every year 
(Boersma 1987, Gandini et al. 1994). This spill 
occurred at precisely the time of year when all 
sex hormones were at their seasonal peaks prior 
to commencement of breeding (Fowler et al. 
1994). Our study demonstrates that low levels 
of oil fouling suppress circulating levels of re- 
productive hormones and interfere with breed- 
ing, even though lightly oiled birds appear ac- 
tive and attempt to breed. Progesterone was the 
only sex hormone that was not suppressed in 
one or both sexes, and this may have been of 
nongonadal origin (Ball and Wingfield 1987). 

Very few pairs that contained an oiled bird 
eventually laid eggs, although the few that did 
were as successful as non-oiled penguins in pro- 
ducing surviving chicks through mid-Decem- 
ber. The low body mass of oiled penguins can 
be a problem because incubating birds fast for 
long periods during incubation (Boersma et al. 
1990) and subsist on fat reserves. Body mass at 
the onset of incubation is an important deter- 
minant of eventual reproductive success (Fow- 
ler et al. 1994), as penguins with low fat reserves 
cannot fast as long and are more likely to aban- 
don nests than heavier birds (Yorio and Boers- 
ma 1993). 
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Fig. 7. Mean body mass in oiled male and female 
penguins held captive for washing, compared with 
free-living non-oiled birds sampled at same time. 
Whiskers indicate SE; sample sizes are shown above 
(*, P < 0.05). 

Although both sexes of oiled penguins had 
significantly reduced body mass and levels of 
sex hormones, females appear to be more seri- 
ously affected than males. In particular, the pro- 
portional decreases in mass, LH level, and es- 
tradiol level were greater in oiled females than 
males, and the higher level of corticosterone in 
oiled females suggests that the energetic cost of 
oil fouling is higher in females. Ingestion of oil 
is known to inhibit egg formation (Grau bt al. 
1977), and the very low level of estradiol in 
oiled females is probably involved, as estradiol 
promotes vitellogenesis in the liver and yolk 
deposition in the ovary (Sturkie 1986). 

The elevated levels of corticosterone in oiled 

females are curious in that most experimental 
studies have shown that ingested oil suppresses 
adrenocortical function (e.g. Gorsline 1982, 
Gorsline and Holmes 1982) by inhibition of 
synthesis and secretion of corticosterone, and 
also by increased metabolic clearance (Holmes 
1984). However, Peakall et al. (1981) found el- 
evated levels of corticosterone in oil-fed nest- 

ling seabirds. Oiled penguins face heavy en- 
ergetic demands (Culik et al. 1991), and elevat- 
ed levels are consistent with the role of corti- 

costerone in mobilizing energy substrates 
(Hadley 1988). However, it is unclear if non- 
oiled penguins would respond to an equivalent 
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energetic challenge with similar or higher lev- 
els of corticosterone. The results of our study 
do not rule out some supression of adrenocor- 
tical function in oiled Magellanic Penguins. 

Any suppression of adrenocortical function 
in oiled Magellanic Penguins cannot be com- 
plete, because heavily oiled captive penguins 
had much higher levels of corticosterone than 
non-oiled birds sampled during the same week. 
However, the response of non-oiled penguins 
to similar captive conditions is not known. Cap- 
tive birds were housed out of doors at high 
densities (ca. 1 penguin/m 2 for washed birds 
and somewhat lower density for unwashed 
birds) and were fed by hand (initially by force 
feeding). However, human activity was not 
likely the primary cause of stress. Although rou- 
tine handling (such as that for hand-feeding 
birds) can cause increases in corticosterone (Le 
Maho et al. 1992), these penguins had not been 
handled or fed on the day we collected blood 
samples, and handling times for captive pen- 
guins were similar to those for flee-living birds. 
In addition, handling times in both groups typ- 
ically were less than the 2-min lag period be- 
tween initial capture and a detectable increase 
in plasma corticosterone in Magellanic Pen- 
guins (Fowler unpubl. data). On the day that 
blood samples were collected, the penguins had 
been captive for three to four weeks and were 
strongly habituated to people: most individuals 
readily approached people to beg for food. Cap- 
tivity and the washing process appear to have 
been the primary stressors. 

Chronically elevated levels of corticosteroids 
are associated with suppression of the activity 
of reproductive, immune and digestive systems 
(Munck et al. 1984, Sapolsky 1987, 1992). Thus, 
holding oiled penguins in captivity, especially 
at high density and for extended periods, may 
be harmful to their long-term health and sur- 
vival; this effect is in addition to that of oil 

fouling per se. 
Although the difference in hematocrit is not 

large (11.0%), the elevated level in free-living 
oiled birds of both sexes was surprising, as he- 
molytic anemia can be a consequence of oil- 
fouling in birds brought to washing centers, 
where it inhibits the recovery of washed birds 
(Fry and Addiego 1987). However, these pen- 
guins were sampled approximately two weeks 
after encountering the oil spill, and Fry and 
Addiego (1987) found anemia to be most pro- 
nounced prior to two weeks after oiling, with 

recovery thereafter. The elevated levels in oiled 
birds may reflect a longer time spent on land 
(fasting), or less frequent visits to the ocean to 
drink, as oiled birds appear reluctant to enter 
the water (pers. obs.). 

The long-term prognosis for future repro- 
duction in lightly oiled seabirds is not well un- 
derstood. There is some evidence of long-term 
suppression of breeding in oiled seabirds, 
whether washed or not (Morant et al. 1981, Fry 
et al. 1986). However, it is clear that low levels 
of oil pollution can seriously harm reproduc- 
tion in seabirds and, in particular, can cause 
problems in species with low and/or variable 
reproductive rates (e.g. Fry et al. 1986, Boersma 
et al. 1990). Even at low levels the deleterious 
effects of petroleum on sex hormones and re- 
productive success are profound. Conservation 
efforts should stress prevention of oil pollution 
at all levels, from seepage to major spills. 
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