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ABSTRACT.—Small quantities of petroleum may adhere to the plumage, feet, or nest ma-
terials of breeding birds and be transferred to their eggs during incubation. In this study,
oil was applied to naturally incubated Great Black-backed Gull (Larus marinus) and Herring
Gull (L. argentatus) eggs, and its effects on reproductive success were assessed. Embryo sur-
vival was inversely proportional to the quantity of petroleum applied to eggshell surfaces.
Dose responses, however, were dependent on embryonic age at the time of treatment. Eggs
of either species, treated with 10-20 ul of No. 2 fuel oil 4-8 days after laying, experienced
significant reductions in hatching success. Embryos oiled past the midpoint of the 28-day
incubation period were insensitive to as much as 100 ul of petroleum. Fuel oil weathered
outdoors for several weeks was as toxic as fresh oil to larid embryos. Productivity estimates
obtained following various oil treatments indicated that only under severe conditions (e.g.
large doses of petroleum contaminating young embryos) could egg oiling have a significant
impact upon populations of the Herring Gull and species with similar life-history charac-
teristics. Species that are more sensitive to oil, however, those having lower reproductive
potentials and higher postfledging mortality rates or those subject to other stresses, may be
more adversely affected by oil pollution. Received 12 August 1983, accepted 2 February 1984.

O1L pollution can affect aquatic birds in a va-
riety of ways (see reviews by Bourne 1976,
Holmes and Cronshaw 1977, Ohlendorf et al.
1978, and Clapp et al. 1982). Most petroleum
entering the marine environment arises from
chronic and low-level discharges rather than
from catastrophic accidents [National Academy
of Sciences (NAS) 1975, Whittle et al. 1982].
Thus, the possibility exists that during daily
activities around harbors, waters near refiner-
ies or drilling platforms, and other polluted
areas, breeding birds may pick up small quan-
tities of oil on their plumage, feet, or nest ma-
terials (O’Connor 1967, Birkhead et al. 1973,
Gochfeld 1979). Upon returning to their nests,
adults can transfer the oil to the surface of their
eggs during incubation. Contamination of eggs
in this manner has been observed following
actual pollution incidents (Gladstone 1929, Rit-
tinghaus 1956, Jouanin 1967, Birkhead et al.
1973, Anonymous 1982) and confirmed by ex-
perimentation (Hartung 1965, King and Lefev-
er 1979, Albers 1980, Lewis 1982). The proba-
bility of egg oiling is enhanced because birds
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may remain contaminated for several weeks
following initial contact with a single slick at
sea (Dixon and Dixon 1976) or may be exposed
repeatedly at a chronic pollution source. In ad-
dition, the colonial nature of most seabirds
makes large-scale, simultaneous exposure to a
given pollution incident likely (Bourne 1976).

Egg oiling can stunt embryonic growth, in-
duce teratogenic malformations, and decrease
hatchability (reviewed in Eastin and Hoffman
1978, Stickel and Dieter 1979, Ellenton 1982).
The degree to which these effects are mani-
fested depends on the amount of oil trans-
ferred to eggs (Albers 1977, Hoffman 1978, Sza-
ro et al. 1980), the stage of incubation at which
the contamination occurs (Szaro and Albers
1977, Albers 1978), and the composition of the
oil (Szaro et al. 1978, Ellenton 1982). As spilled
oil weathers, evaporation, dissolution, photo-
oxidation, microbial degradation, and other
processes alter its physical and chemical char-
acteristics (Jordon and Payne 1980, Whittle et
al. 1982). Because birds are more likely to en-
counter oil that is in some stage of weathering
than that which has been freshly spilled, it is
important to examine the embryotoxicity of
weathered petroleum. Studies to date suggest
that such o0il may remain lethal for several
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weeks (Szaro et al. 1980) or may even increase
in toxicity over time (Macko and King 1980).

Generally, artificially incubated Mallard (Anas
platyrhynchos) eggs have been used in investi-
gations of the effects of egg oiling (e.g. Albers
1977, Szaro et al. 1978, Hoffman 1979). Few field
studies have been conducted, and these have
monitored embryo survival for only 1-2 weeks
post-treatment (e.g. Albers and Szaro 1978, King
and Lefever 1979, White et al. 1979; but see
McGill and Richmond 1979). These approaches
yield conservative results, because they do not
incorporate natural stresses, which also can af-
fect reproductive success. To obtain realistic re-
sults that are useful in population models, one
must follow the fates of oiled eggs at the nest
site throughout the entire breeding cycle. Fur-
thermore, physiological and behavioral differ-
ences between waterfowl and seabirds neces-
sitate further testing with marine species, which
are most susceptable to oil pollution (Holmes
and Cronshaw 1977, Clapp et al. 1982).

The objectives of this study were to: (1) de-
termine the productivity of two marine bird
species following an application of fresh and
weathered fuel oil to naturally incubated eggs
of various, known ages; and (2) examine pop-
ulation-level impacts of oil-induced reproduc-
tive failures. Great Black-backed Gulls (Larus
marinus) and Herring Gulls (L. argentatus) served
as test subjects in our studies. Gulls are good
indicator species for other seabirds, because
they are abundant, relatively easy to monitor,
biologically well known, and vulnerable to oil
contamination (O’Connor 1967, Birkhead et al.
1973, Dixon and Dixon 1976, Powers and Ru-
mage 1978).

METHODS

Experiments were conducted between mid-April
and mid-July 1978-1980 on Appledore Island, Isles
of Shoals, Maine, located about 16 km southeast of
Portsmouth, New Hampshire. The 39-ha island has
nearly 600 breeding pairs of Great Black-backed Gulls
and over 2,200 pairs of Herring Gulls. McGill (1977)
and Borror (1980) give background data on the re-
productive ecology and population dynamics of these
colonies.

External contamination of naturally incubated eggs
was simulated by using a microliter syringe with re-
peating dispenser to deliver 10, 20, 50, or 100 ul of
oil per egg to shell surfaces (Albers 1977). All eggs
in a given nest were treated identically. Eggs at con-
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trol nests were handled similarly to those at treated
nests but were not oiled. A given clutch of eggs was
treated at 4, 8, 16, or 24 days (=1 day) of age. (Hatch-
ing occurs at 28 days in these species.) Clutch age
was computed as the average age of all eggs in a nest.
Because the first- and second-laid eggs of gulls are
only partially incubated by the time the third is laid
(Parsons 1972), the three eggs in a nest were consid-
ered 2, 1, and 0 days old, respectively, at the time of
clutch completion. Oil treatments were randomized
among nests but temporally and spatially distributed
so as to minimize any possible effects of clutch ini-
tiation date or nest location on reproductive success
(see McCrimmon 1980 and references therein).

A standard reference oil, No. 2 fuel oil, was ob-
tained from the American Petroleum Institute for use
in these experiments. This refined product, common-
ly used as home heating fuel, is frequently spilled at
sea or released as an urban or industrial effluent. Eggs
were contaminated with either fresh or weathered
oil. Weathering was accomplished outdoors by plac-
ing 460 ml of oil over seawater in a container mea-
suring 0.45 m diameter by 0.45 m deep with a surface
area of 0.159 m* At 1-, 2-, 4-, 8-, 16-, and 32-day in-
tervals, samples were skimmed from the surface of
the container and stored in pentane-rinsed glass jars.
During the weathering period, daily mean (+1 SE)
minimum and maximum temperatures were 6.8
(£0.5)°C and 20.3 (+1.1)°C, respectively. The oil was
sheltered from the rain during weathering.

Following oiling, the reproductive success of gull
nests was determined by periodically monitoring egg
hatchability, chick growth and survival, and fates of
eggs and young. Nests in which no eggs hatched
were checked to obtain data on the incidence and
success of renesting. Hatching success (number of
eggs hatched /number of eggs treated) was computed
on a per-nest basis, because treatments were applied
randomly and independently to clutches (nests), not
eggs, and all eggs in a given clutch were under the
same genetic, parental, environmental, and treat-
ment influences (Albers and Szaro 1978). Many
hatching-success values were outside the 30-70%
range, so proportions were transformed before sta-
tistical analyses by means of an arcsin \/% correction,
which normalizes binomial data, homogenizes vari-
ances, and makes means and variances independent
of each other (Mosteller and Youtz 1961, Coon et al.
1979). One-way analyses of variance were performed
on the among-nest, within-treatment means of the
transformed percentages (Albers 1980) to detect dif-
ferences in hatching success among nests in which
eggs of different ages were treated with a given dos-
age of oil, or a given dosage of oil weathered for
different lengths of time was applied to eggs. When
F-tests indicated significant treatment differences,
specific separation of means was accomplished by
Duncan’s New Multiple Range Test (Helwig and
Council 1979).
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TABLE 1.
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Hatching success (percentage of eggs hatching per nest) of Great Black-backed and Herring gull

eggs following external contamination with unweathered No. 2 fuel oil during various stages of incubation.
Clutches were treated within +1 day of the age noted. Mean clutch sizes for the two species were 2.9 and

2.8 eggs, respectively.

Hatching success (%)

QOil treatment

Great Black-backed Gull

Herring Gull

Dose Mean clutch X+ SE Treatment X =+ SE Treatment
(ul/egg) age (days) (number of nests) differences? (number of nests) differences*
0 8 83 £ 2 (180) A 75 + 2 (228) A
(control)
10 8 61 = 8 (18) AB 59 + 7 (25) A
4 38 + 18 (8) B 23 + 6 (25) B
20 24 83 £ 8 (10) A 83 £7(9) A
16 65 + 12 (11) AB 70 £ 9 (16) AB
8 38 +4 (51) B 41 + 4 (74) B
4 00 (15 C 0+0(14) C
50 16 62 + 10 (15) A 75 £ 6 (25) A
8 16 £5 (15) B 27 £ 5(37) B
100 24 83 + 10 (4) A 80 + 5 (25) A
16 57 + 10 (10) A 57 + 7 (25) A
8 77 (5 B 7 £7(5) B

*Duncan’s New Multiple Range Test: letters represent differences among ages within a dose. Ages not
having a letter in common were significantly different (P < 0.01); treatments denoted by A did not differ
from controls. Analyses were performed on arcsin transformations of the hatching data.

RESULTS AND DISCUSSION

Hatching success in response to oil dose and tim-
ing of treatment.—About 83% of the unoiled eggs
in Great Black-backed Gull nests and 75% of
those in Herring Gull nests hatched (Table 1).
These values are similar to those found in pre-
vious years on Appledore Island and in other
geographic locations (McGill 1977, McGill and
Richmond 1979). Oiled eggs hatched at a rate
inversely proportional to the quantity of petro-
leum applied to their shell surfaces. (Actual
dosages were somewhat less than indicated, be-
cause a portion of the oil applied to eggs was
lost through adherence to the plumage of in-
cubating adults.) Dose responses, however,
were dependent upon embryonic age at the
time of treatment. Four-day-old embryos of both
species were sensitive to as little as 10 ul of
unweathered No. 2 fuel oil, whereas 10-20 ul
were needed to significantly reduce hatching
in eggs treated at 8 days of age (Table 1). Em-
bryos oiled past the midpoint in the 28-day in-
cubation period were resistant to levels of up
to 100 ul of fuel oil. The latter dosage is prob-
ably an upper limit; Lewis (1982) determined
that adult Herring Gulls with 10 ml of No. 2

fuel oil on their breast plumage transferred an
average of only 62 pl to their incubated eggs.

Great Black-backed Gull and Herring Gull
embryos exhibited similar response patterns to
egg oiling (Table 1). Black-backed eggs are about
25% larger in volume than those of Herring
Gulls, but the embryonic growth rates of both
species are nearly identical (Harris 1964) dur-
ing the period of greatest sensitivity to oil, i.e.
the first half of incubation. Therefore, when
contaminated at that stage of development, em-
bryos received similar dosages on a per-weight
basis. In addition to embryo size, eggshell po-
rosity, egg composition, and embryonic phys-
iological capabilities probably influence the
sensitivity of different bird species to petrole-
um. Unfortunately, a lack of standardized test
conditions across studies precludes quantita-
tive interspecific comparisons, although sev-
eral other species have been examined (see Al-
bers and Szaro 1978, Hoffman 1978, Patten and
Patten 1978, Stickel and Dieter 1979, and ref-
erences therein).

Our finding that younger embryos are more
sensitive to oiling confirms a pattern noted by
Albers (1978) in Mallards; hatching success of
this species is most affected by petroleum dur-
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TaBLE 2. Hatching success (percentage of eggs hatching per nest) of Great Black-backed and Herring gull
eggs following external contamination with fresh and weathered No. 2 fuel oil. Eggs were 7-9 days old at
treatment. Mean clutch sizes for the two species were 2.9 and 2.8 eggs, respectively.

QOil treatment

Hatching success (%)

Great Black-backed Gull

Herring Gull

Number of
Dose days of X + SE Treatment ¥+ SE Treatment
(ul/egg) weathering (number of nests) differences® (number of nests) differences*
0 — 83 +£2 (121) A 76 £ 2 (179) A
(control)
20 0 32+ 6 (25 B 47 £ 5 (41) B
1 35 +7 (25) B 57 £7 (26) AB
2 35+7 (24) B 38 = 8 (25) B
4 41 + 7 (20) B 38 = 8 (20)
8 53 + 13 (5) AB 43 + 12 (10) B
16 42 + 7 (24) B 59 =7 (25) AB
32 73 = 8 (15) A 79 + 4 (25) A
50 0 9+5 (11) B 27 £ 6 (32) B
1 00 (5 B 30 =7 (10) B
2 11+7 (6) B 269 (9) B
4 10 £ 5 (10) B 23 +8 (10) B
8 75 (9) B 327 (18) B
16 43 = 12 (10) B 34 +6 (29 B
32 0) 53+ 6 (29) AB

*Duncan’s New Multiple Range Test: letters represent differences among stages of weathering within a
dose. Stages not having a letter in common were significantly different (P < 0.01); treatments denoted by A
did not differ from controls. Analyses were performed on arcsin transformations of the hatching data.

ing the first 10-18 days of its 26-day incubation
period. Patten and Patten (1978) found that
Glaucous-winged Gull (Larus glaucescens) eggs
treated with 100 ul of North Slope crude oil on
the 11th day of incubation hatched at a signif-
icantly greater rate than eggs oiled with only
20 ul on day 8. These studies, and others in
which eggs were aged by back-dating those that
hatched (Szaro and Albers 1977, Coon et al.
1979, McGill and Richmond 1979), suggest a
consistent pattern, although the period of
greatest sensitivity varies with test conditions
and the species involved. The existence of an
age-dependent dose response pattern implies
that the timing and duration of an oil-pollution
incident can be major determinants of its po-
tential reproductive effects. Adults oiled late in
incubation (i.e. past the midpoint) may not pose
a significant hazard to their eggs. Furthermore,
a synchronous seabird colony will only be sen-
sitive to egg oiling for a short period of time,
determined by its specific chronology. Because
it will suffer many losses if a spill does occur
then, however, measures that will decrease bird-
oil encounters (e.g. curtailing drilling and
transportation operations, hazing, or cleanup

activities) should be enacted at that time. An
asynchronous colony, having individuals in
various stages of incubation at any one time,
may be more adversely affected by chronic pol-
lution, which might contaminate adults re-
peatedly.

Hatching success in response to weathered oil.—
To examine the effects of weathered oil on egg
hatchability, we standardized embryonic age at
treatment at 7-9 days. In this stage of devel-
opment, Great Black-backed and Herring gull
embryos were as sensitive to weathered as they
were to fresh No. 2 fuel oil at 20 and 50 ul-per-
egg dosages (Table 2). Only after a month of
weathering was the composition of the petro-
leum altered sufficiently to pose no significant
threat at the 20 ul level, although it was still
marginally toxic at 50 ul (Table 2). Kuwait crude
oil weathered for 2 days was also not signifi-
cantly different from its unweathered form in
its toxicity to these species (Lewis 1982). Szaro
et al. (1980) found No. 2 fuel oil to be signifi-
cantly less toxic to Mallard embryos after 2
weeks of artificial weathering; Prudhoe Bay
crude oil remained lethal for 3 weeks, possibly
because it was less susceptible to photo-oxida-
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tion. Even though these weathered oils even-
tually became less toxic than fresh oils, both
types still induced a significant degree of
hatching failure. Macko and King (1980) re-
ported that a month-old, naturally weathered
crude oil was actually more harmful to Tricol-
ored (Louisiana) Heron (Egretta tricolor) eggs
than when it was fresh, speculating that the
increased toxicity was due to the formation of
oxygenated derivatives.

The observation that weathered oils may be
as embryotoxic as fresh oils probably reflects
the resistance of polycyclic aromatics, which
are relatively large molecules, to evaporation,
dissolution, and other weathering processes
(Hallett et al. 1983). Aromatic hydrocarbons
(Albers 1977, Hoffman 1978, Szaro et al. 1978),
particularly polycyclics and their methylated
derivatives (Hoffman and Gay 1981, Ellenton
1982), are the components of oil most lethal to
embryos. Thus, their slow degradation results
in the continued toxicity of weathered oils. The
eventual reduction in toxicity over time may
reflect the complete loss of low-boiling, vola-
tile materials such as monocyclic benzene de-
rivatives; these compounds are probably nec-
essary to keep the larger, heavier polycyclics in
solution, which facilitates their absorption
through the egg shell and membranes (Hoff-
man and Gay 1981).

The weathering of petroleum is a complex
phenomenon involving many processes and is
dependent upon both the original composition
of an oil and environmental conditions (Jordon
and Payne 1980, Whittle et al. 1982). The sys-
tem used to weather the test oil in this exper-
iment only partially duplicated field condi-
tions. In an actual pollution incident where a
bird becomes contaminated with oil, additional
weathering will occur on the adult’s plumage
before its return to the nest. These factors make
it difficult to predict the embryotoxicity of a
given oil. Nevertheless, the fact that weathered
oil can be as toxic to embryos as fresh oil in-
creases the likelihood that bird-oil encounters
will result in harmful reproductive effects. Oil
can become trapped in sheltered, shallow, soft-
bottomed areas such as estuaries, tidal flats, salt
marshes, and lagoons. In such environments,
it degrades slowly and can be resuspended
(Stevenson 1978, Macko and King 1980, and
references therein). These sites provide impor-
tant habitats for birds and other organisms and
should receive maximum protection from pe-
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troleum contamination. Cleanup activities en-
acted soon after a major spill occurs can remove
or disperse surface oil, greatly reducing poten-
tially adverse effects on birds. Unfortunately,
chronic, low-level inputs, which are responsi-
ble for most marine oil pollution, are not as
evident and are seldom cleaned up.

Population impacts of oil-induced reductions in
avian productivity. —These experiments and oth-
ers indicate that substantial embryo mortality
can result if contaminated adult birds transfer
sufficient quantities of fresh or weathered oils
to their eggs during the first one-third to one-
half of incubation. Such losses may not be
readily apparent, because seabirds exhibit de-
layed breeding and it would take several years
for the loss of a cohort to be manifested.
Whether dramatic or subtle, however, the ul-
timate significance of oil-induced reproductive
failures lies in their potential to depress pop-
ulation densities to levels that make recovery
prolonged, if not impossible. It is thus impor-
tant to expand upon the egg oiling findings as
they relate to seabird populations.

One approach to examining the population
consequences of egg oiling is to determine
whether or not it can reduce productivity be-
low the level needed to maintain population
stability. Data for this type of analysis (Henny
1972, Ricklefs 1973, DiCostanzo 1980) are avail-
able for the Herring Gull. This species has a
mean annual adult mortality rate of 4-9%, and
about 63% of the fledged young survive to 5 yr,
the age of first breeding (Kadlec and Drury
1968, Chabrzyk and Coulson 1976, Coulson et
al. 1982). Assuming an equal sex ratio in adults
and fledglings and that all pairs breed, an av-
erage of 0.13-0.29 young must fledge per nest
to balance adult mortality. To determine
whether or not observed productivity after var-
ious 0il treatments was depressed below this
range, we converted hatching-success figures
to measures of productivity, i.e. mean number
of young fledged per pair. This was done for
each treatment by multiplying the mean pro-
portion of eggs hatching per nest (Table 1) by
the average clutch size (2.80 eggs) and the sur-
vival rate of Herring Gull young between
hatching and fledging. Chicks hatching from
oiled eggs survived and grew at rates compa-
rable to those from control nests (Lewis 1982;
see also Szaro et al. 1978, Albers 1980), so the
normal survival rate of 0.52 (Lewis 1982) was
used. Fledging success values obtained in this
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TaBLE3. Hatching success (mean percentage of eggs
hatching per nest) and productivity (mean number
of chicks fledging per nest) of Herring Gull nests
following external contamination of eggs with un-
weathered No. 2 fuel oil during various stages of
incubation. Productivity was calculated by multi-
plying each hatching-success value by the mean
clutch size (2.80 eggs) and chick survival rate from
hatching to fledging (0.52). Sample sizes are given
in Table 1.

QOil treatment

Produc-
Mean Hatching tivity
Dose clutch age  success (chicks
(ul/egg) (days) (%) per nest)
0 8 75 1.09
(control)
10 4 23 0.33
8 59 0.86
20 4 0 0
8 41 0.60
16 70 1.02
24 83 1.21
50 8 27 0.39
16 75 1.09
100 8 7 0.10
16 57 0.83
24 80 1.16

manner (Table 3) were thus direct functions of
hatching success.

Normal productivity in this study (and oth-
ers) was slightly more than one chick per nest
annually (Table 3). This is obviously more than
sufficient to maintain population stability and
partially explains worldwide increases in this
species (Kadlec and Drury 1968, Duncan 1978).
Only when eggs received large doses of oil (=50
pl/egg) a third of the way through incubation
(day 8) or smaller amounts (10-20 ul/egg) ear-
lier in incubation (day 4) was productivity de-
pressed to levels less than or equal to the 0.3
chick per pair limit (Table 3). Responses of this
magnitude are similar to those reported by
Keith (1966) in a DDT-contaminated Herring
Gull population, in which only 12% of the eggs
laid produced fledged young (0.3-0.4 young per
pair).

This analysis suggests that only under rather
severe conditions could egg oiling hypotheti-
cally do more than slow the rate of population
increase in the ubiquitous and abundant Her-
ring Gull. Additional factors, not considered in
the life-equation approach, may partially com-
pensate for oil-induced reproductive failures
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and further enhance population recovery. Most
seabird populations are not closed, and indi-
viduals experiencing reproductive losses could
emigrate from a polluted area. This behavior
was noted in Herring Gulls whose eggs were
sprayed with an oil-formaldehyde mixture as a
control measure (Gross 1950, Kadlec and Drury
1968). Colony fidelity and habitat saturation
make such emigration likely only when large
numbers of a regional population are simulta-
neously affected, as would occur in the event
of large-scale and chronic oil pollution.

Small or temporary reductions in recruits, re-
sulting from single oil spills or low-level,
chronic incidents, are likely to be filled through
immigration of surplus, nonbreeding birds into
affected populations. Evidence for this com-
pensatory mechanism comes from Herring Gull
culling experiments (Charbryzk and Coulson
1976, Duncan 1978). The proportions of non-
breeding adults in Herring Gull (Kadlec and
Drury 1968) and Atlantic Puffin (Fratercula arc-
tica; Harris 1983) populations have been esti-
mated at 20% and 30%, respectively. Thus, a
regional seabird population may be maintained
by a few very productive colonies capable of
producing excess individuals that can, through
immigration, fill losses arising in other colo-
nies from oil or other factors (DiCostanzo 1980).

Density-dependent changes in natality or
mortality rates may also offset oil-induced re-
productive failures to some degree. If losses ex-
ceed some critical threshold value, postfledg-
ing survival rates may increase because of
lowered competition on the wintering grounds
from a smaller cohort of hatching-year birds
(DiCostanzo 1980). This would decrease the
number of new breeders needed to maintain a
population. Fecundity and fledging success also
may increase in years following poor repro-
duction. Coulson et al. (1982) found egg size,
an index to productivity, to increase following
culling of Herring Gull populations. Another
possible response, also noted in the Herring
Gull control program (Duncan 1978), is the ear-
lier entry of recruits into the breeding popu-
lation. More research is needed to demonstrate
the generality of these compensatory processes
in avian populations.

These points suggest that the Herring Gull
and species with similar life-history traits may
be able to compensate, to some degree, for oil-
induced reproductive losses, thereby making
population fluctuations minor and short-lived;
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population impacts may not be as severe as ob-
servations of individuals indicate. Species such
as the alcids, however, which have lower re-
productive potentials, higher postfledging
mortality rates, greater sensitivities to oil, or
are subject to other stresses, may be more ad-
versely affected. Furthermore, any breeding
population exposed to petroleum is likely to
suffer from other forms of contamination be-
sides egg oiling. The survival of chicks, juve-
niles, and adults may be directly or indirectly
lowered following petroleum ingestion, plum-
age contamination, or oil-induced food short-
ages (see NAS 1975, Bourne 1976, Holmes and
Cronshaw 1977, Clapp et al. 1982). From a pop-
ulation standpoint, postfledging losses are the-
oretically more deleterious than reproductive
failures to long-lived, slow-maturing species
like seabirds (Young 1968, Ford et al. 1982). Be-
cause postfledging survival rates determine the
productivity requirements of a population,
greater reproductive rates will be needed to
offset higher juvenile and adult mortality. For
instance, if the annual survival rate of adult
Herring Gulls drops from the normal 93.5% to
between 87.4% and 32.5%, as noted following
culling of between 7% and 65%, respectively,
of the breeding birds in a colony (Duncan 1978),
a productivity of 0.40 to 2.15 chicks per nest
(versus the normal 0.21) would be necessary to
maintain population stability.

The complexity of quantitatively assessing
population impacts resulting from petroleum
contamination and other perturbations is ap-
parent when one considers the multitude of
variables involved. Information on the number
of individuals of each sex and age class suffer-
ing lethal and sublethal effects must be com-
bined with data on population abundance and
distribution, sex and age composition, propor-
tion of nonbreeding adults, reproductive po-
tential, rates of emigration, immigration, and
postfledging survival, relationships of natality
and mortality to density, and the influence of
non-oil-related stresses (e.g. adverse weather,
food shortages, human disturbances, preda-
tion, and other contaminants) on population
members. Simulation modeling recently has
been used to predict changes in the densities,
structure, and recovery rates of marine bird
populations in response to various oil-spill
scenarios (Ford et al. 1982, Samuels and Lan-
fear 1982). Although this approach can yield
useful information, its proponents emphasize
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that it is presently limited by a general lack of
information on the values, variability, and in-
teractions of most input parameters. Until more
quantitative data are available, the only logical
course of action concerning petroleum-related
activities is a conservative one.
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