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. SUMVARY OF OBJECTIVES, CONCLUSI ONS AND | MPLI CATI ONS W TH
RESPECT TO OCS OL AND GAS DEVELOPMENT 1N THE NORTHERN
GULF OF ALASKA:

Thi s annual report of Research Unit 96 - 77 is addressed to the
foll owi ng task:

An analysis of the effects of petrol eum exposure on hatching success
and chick survival of Alaskan G aucous-w nged Gulls (Larus glaucescens)
on Egg Island, Copper River Delta.

This investigation provides information on the effects of both North Sl ope
Crude ¢il and mineral oil on the hatching success and incubation behavior
of a key seabird species nesting on the Copper River Delta barrier islands.
0il spill danger in the Copper River Delta barrier islands is high due to
proximty to Valdez tanker | anes, offshore oil | eases, counter-clockw se
onshore currents, strong tidal interchange, shallow slope of the islands,
and huge concentrations of birds including the largest gull colonies in
the northeast Gulf of Alaska

Col oni al nesting and synchronization of the breeding cycle leave such
marine bird popul ations as gulls open to catastrophic events such as najor
oil spills which could elimnate the productivity of the breeding season.
In addition, bird species may be susceptible to chronic |owlevel oil

pol lution since recent evidence indicates high toxicity to eggs with very
| ow levels of oil exposure.

Initial efforts in this study have been concentrated at one colony and with
one marine bird species, since all species are likely to react simlarly

in the shell to oil. Research has been focused on Egg Island, where a contro
group and reproductive data are available from previous years.

W report egg oiling experinents had decided effects: North Slope Crude
| ed to nearly conplete nortality of all sanples, approaching LD100°

Ve also report high nortality with mneral oil applied to gull

eggs: hatching. success was 14,6% conpared to the normal range of 69-77%
in the adjacent control colony.

O application to egg surfaces causes not only high egg mortality, but
behavior of the adult birds is altered and they do not renest during the
season due to extended periods of incubation.

The conbination of high egg nortality and alteration of adult behavior
virtually elimnates gull reproduction in experinmentally oiled areas.



[1. 1 NTRODUCTI ON
The Larinae (gulls) have a world-w de distribution with 42 species.
Si xteen species of gulls are found in the North Pacific. Birds of this famly
are both inshore feeders and essentially marine species. Gulls are highly
social birds; the forage and nest together. Qulls are suitable for popul ation
analysis, especially productivity because of their colonial breeding tendency.
An inportant reason for studying gulls is their use as indicators
of the health of the environnent. Chemcal pollution of “the environnent
poses an increasing and imediate threat to all organisms, including nman.
A recent survey of chemcal residues in marine avifauna showed gulls to
be anong the nmost contaninated birds examned. Since gulls nest in colonies,
changes in breeding populations can be monitored and related to environnenta
conditions, among which are industrial devel opment and the concurrent
changes in food supply.

The 4 aucous-w nged Gull (Larus glaucescens), Whi ch breeds alongthe

coast from Washington State to the Aleutians, is an intrusive commensal
species currently increasing in nunbers due to availability of artificia
food such as refuse and fish scraps. These gulls, nesting on island meadows,
are excellent subjects for a study of reproductive success because eggs

and young are readily accessible.

This report presents initial results of a study of the effects of
petrol eum exposure on neadownesting gulls in the northeast Gulf of Al aska.
The study site has been selected for research because of the incipient
devel opment of offshore oil resources in the vicinity and the proximty

t o Valdez tanker 1lanes.



1. CURRENT STATE OF KNOALEDGE

The devastating effects of massive oil spills on seabird surviva
are widely reported, but 1little is known of the effects of oil on avian
reproduction (Grau et al, 1977). Although the effects of externa
applications of oil to eggs of marine birds are not well known, previous
studi es suggest that matchability can be markedly reduced (G oss, 1950;
Birkhead et al, 1973). Rittinghaus (1956) reported Cabot's Terns

Thalasseus sandvicensis) and other shorebirds became contam nated by oil

washed up on shore. Eggs subsequently oiled by the plumage of incubating
females did not hatch even after 50 days of incubation. Erickson (1962)
reviewed the extent of the serious hazard of oil pollution to waterfow .
Hartung (1963) denonstrated experinentally that oiled ducks wll injest
significant quantities of oil in preening. Hartung (1964) found the
average amount of polluting oil on the plunmage of ducks was 7 grans,

and noted that incubating birds turn eggs regularly, with oiling of eggs
by breast feathers a thorough and continuous process until the termnation

of incubation. Hartung (1965) also found that mallards (Arias platyrhynchos)

stopped laying for two weeks after injesting 2 gin/kg of "relatively non-
toxic" lubricating oil, and that very small quantities of mneral oil
applied to mallard eggs reduced matchability to 21% conpared to 80% in
normal controls of unoiled eggs. Experinentally oiled mallards continued
to incubate clutches, but eggs did not hatch even though females continued
incubation for longer than normal periods. The incubating hens were oiled
with 4-5 m of mneral oil on breasts and abdomens, and when rel eased
resuned incubation imediately. The mallard eggs did not hatch after 30
days of incubation, after which the eggs were opened for exam nation. Most

were badly deconposed and no living enbryos were found.



Abbott, Craig and Keith (1964) reported that coating of eggs wth
oil by spraying reduced hatching, presumably by interfering wth nornal
respiratory exchange through the shell, Szaro and Al bers (1976} found

mat chabi ity of conmon eider (Somateria mollissima) eggs was significantly

reduced by external applications of 20 microliters of an APl oil; hatch-
ability of mallard eggs treated with 5 microliters of oil after eight

days of incubation was also significantly reduced. Eggs were particularly
sensitive to small anounts of oil applied during early stages of devel opnent.
Level s of o0il used in these |aboratory experinments may be well below |evels
encountered in the environment (Szaro and Albers, 1976); Hartung (1963)
estimated that 3.5 gns was an average lethal level of oiling for |esser

scaup (Aythya affinis) under natural conditions.

Gau et al (1977) reported that yolk structure, egg production and
mat chability are affected by single doses of bunker C oil to |aboratory

Japanese quail (Coturnix coturnix); bunker C oil had additional effects on

yol k of chickens (Gallus g. donestics) and Canada geese (Branta canadensis)

but effects on matchability were not tested in these species. Gau et al
(1977) reported quail egg production was halted for 6 to 8 days by injestion
of a 500 ng. dose of No. 2 fuel oil; 500 ng. of bunker C oil halted egg
production for the duration of the two week trial. A dose of 200 nm.

bunker C oil caused a reduction in quail egg production, but 100 ng had no
apparent effect on egg production. Gau et al (1977) used mneral oil

as a control for the above experinents; mneral oil injestion (500 reg.)

did not reduce egg punduction. Kuwait and Louisiana crude oils, bunker C
and No. 2 fuel oil all affected bird yolk structure. In addition, oil

injestion was often followed by formation of thin eggshells which cracked.



The physiol ogi cal mechanisns by which oil after injestion has its
effects upon the avian reproductive system are unknown. Gau et al (1977)
specul ated that toxic conponents of oils are absorbed from the intestinal
tract and transported in the plasma to the |iver and ovary, where they
are deposited in the yolk. Their literature review also indicated that
petrol eum products inhibit sodium and water absorption by the intestinal
nucosa Of ducklings and that disturbances in sodium and potassium netabolism
m ght influence yolk formation and embrye survival. The birds nost at
risk fromoil pollution, nanely seabirds and waterfowl, have features in
common wWith the quail studied by Grau et al (loc. cit.), but direct studies
of oil upon wild seabird reproduction are few.

V¢ have found several instances where oiling has been used to contro
gull popul ations. Attenpts have been made to control the New Engl and
Herring Gull population with a mxture of fornaldehyde and oil (Goss, 1950).
An egg destruction program was planned to inhibit the growth of the guil
popul ation. During the first years of the gull control program G&Goss “
(F&WS) punctured eggs. However, the eggs so treated then rotted, burst, and
the gulls again laid conplete clutches in the usual pattern. Goss then
shifted to spraying eggs with formal dehyde and oil. The adult birds continued
to incubate the unhatched eggs for long periods and did not re-nest during
the season. Goss (1950) found 95% nortality of gull eggs so treated, and
reported the nunbers of gulls nesting on treated (oiled) islands decreased
nmore rapidly than could be attributed to adult nortality, indicating a net
em gration of adults fromthese col onies.

Egg oiling has been used as a wldlife managenment technique to
control gulls on several western waterfow refuges. Eggs of Ring-billed

Qul | s (Larus delwarensis) and California Gulls (Larus californicus) were

oiled to limt the gull population in order to reduce predation on duck



eggs. Refuges involved were the Oyden Bay WIldlife Minagement Area,
Utah, and Bear River Mgratory Bird Refuge, Uah (R, King,pers.comm,).

In summary, literature on the effects of oil exposure on the reproduction
of marine birds is virtually nil. What few studies that do exist suggest
high toxicity of petroleumto matchability of eggs, and marked effects upon
the reproductive productivity of females. Conplete know edge of the effects
of petrol eum exposure in various forms is needed to evaluate the full inpact

of oil pollution in marine bird popul ations.



V. THE STUDY AREA

The largest and probably nost inportant gull colonies in the
northeast Gulf of Al aska are |ocated on sandbar islands off the Copper
River Delta. The Copper River flows into the Qulf of Alaska south of
Cordova, Al aska. The Copper River Delta has been one of the nobst productive
and inportant breeding and mgration routes for waterfow in North Anerica.
MIllions of birds pass through on nmigration and tens of thousands renain
to breed (Fig. 1).

A few kilometers offshore fromthe mouth of the Copper River a series
of | ow sandbar-dune islands has been formed by deposition from the Copper
River. Recent earthquake activity (2 m wplift in '64) and subsequent plant
succession is providing increasing nesting space for gulls. Discarded
salnon and crab gurry in Cordova provides a major food source to increasing
nunbers of gulls around the canneries and fish-packing houses (Fig. 2).

The trans-Alaska pipeline is nearing conpletion from Prudhoe Bay
on the North Slope to Valdez on Prince WIliam Sound, |ess than 150 km
north of the study area. Tanker traffic will pass just offshore from
the barrier islands through the entrance to Prince WIliam Sound. A consort-
ium of oil conpanies is presently involved in exploratory research
offshore. The first leasing of offshore gas and oil sites took place
on 13 April 1976 and included an area near Middleton |sSland and a iae gow
of tracts between Kayak Island and Icy Bay. Banding returns and sightings
of color-marked gulls indicate this lease area is repeatedly traversed by
gulls under current investigation

Qur study site is located on Egg Island, the |argest gullcolonyin
t he NEGOA, 10 km SE of Point Witshed and 20 km south of Cordova (Fig. 1,2,3)
(60° 23" N, 145° 46" W. Egg Island is vulnerable to contam nation from

oi | tankers passing through Hinchenbrook Entrance, oil |ease sites around
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Figure 1, Map of the Copper River Delta region and .
Prince WIIliam Sound, showing location of Cordova, the Copper River,
Egg Island (arrow), Copper Sands, and Strawberry Reef. ‘
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Figure 3. National Ccean Survey aerial photograph of E end of
Egg |sland, OFf Copper River Delta, 9 July 1971, at low tide, Study Area
(arrow) is located near the Light Tower. New ridges of sand dunes have
formed after the 1964 earthquake, joining the series of islets together.
Scale 1:30,000.
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- Middleton |sland, and those between Cape Suckling and Icy Bay.

® V. MATERIALS AND METHODS
Col ony Sel ection and Investigation Dates
. W selected Egg Island as a principal location for the initial aspects

of this study because of the |arge meadow nesting gull popul ation and
availability of control areas with previous (RU #96) data. W began our

1976 field work on 18 May and continued through 24 August, choosing our
experinental and control areas southwest of Egg Island Light to coincide

with our established study site (Figs. 4, 5), There were 75 nests in the
experinental area, conpared to 186 in the adjacent control colony.

The experinmental and control areas are located on the ocean slope of stabilized
meadowcovered dunes at the east end of Egg Island near the Coast Cuard Light
(Figs. 3, 4). Kenton Wohl of the BLM has suggested a series of additional

. col oni es which are under consideration for further studies (Wohl, pers. comm.}

Reproductive Cycle

W used a nmethod devised in previous gull studies to nmark the nests
we inspected. W marked nests with flagged wire stakes at the beginning
of the field season. Since growh of vegetation tends to obscure the stakes,
each was nmarked with an additional nunbered fluorescent streamer.

North Slope Crude 0il provided to us in My 1976 by NVFS Auke Bay
Laboratory under sponsorship of Dr. J. Quast was used to test toxic effects
on eggs. Commercially available mneral oil (non-toxic) was used to test
neutral blocking effects on respiration (gas exchange) of eggs. The first

. season of tests was to determne if there is, indeed, a problem
Ol was delivered to conpleted clutches of three eggs about the tenth

day of incubation. Fifty clutches (150 eggs) received |ee/egg surface

application of North Slope Crude G I, and 25 clutches (75 eggs) received the



11

Study area sout hwest of Egg I|sland
Li ght, showi ng gulls on territories and nest survey narkers,

June 1975.
This area served as the control colony of 186 nests.

Figure 5. Survey Area, Egg Island, Vst View,
June 197S.

This area became the experinental oiling
site for 75 nests.



"% TOTAL EGGS OBSERVED X 10

12

EGG " LAYING STNUHRUNY, EGG ISLAND, 1976

o 0

Ol delivered at this stage of the

7L reproductive cycle.

6L 4 SAMPLE SIZE= 225

o 5 & 18 20 25 30
DAYS

Figure 6. GOl was delivered to conpleted clutches
of three eggs in each of 75 nests imediately after
clutch conpletion and before any egg |oss occurred.

Synchrony of the breeding cycle makes narine bird
popul ations such as gulls vulnerable to catastrophic
events such as mgjor oil spills.
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identical amount of mineral oil. Both treatnents were delivered by

drops fromcalibrated syringes. Delivery date was 11 June

The initial oil dosage was sel ected to be well below the average lethal

level of oiling for’ adult waterfow (7,0 - 3.5 gins) reportedly Hartung (1963).

North Sl ope Crude was nore viscous. than mneral oil and covered
approxi mately 25% of the egg surface. Mneral oil at this dose covered
about 50% of the egg surface. Air tenperature at the time of the application
was 60°F,\M nds were variable from NWto SW with bright sunshine.

Clutches in the experinental area were inspected the next day. Mst evidence
of oil exposure had disappeared except for slight petroleum odor.

Clutches were then inspected at weekly intervals to keep disturbance to a
mninum  Each time we visited a nest site we recorded the nunber of

eggs or chicks. Egg loss was calculated at the end of the incubation

period from the nunmber of eggs remaining fromthe initially observed clutch.
Incubation in the experimental area was prolonged 100% at which time we
termnated the experinent.

W continued our RU#96-76 investigation of the adjacent control colony
using nethods identical to 1975 but with an attenpt to |ower disturbance in
the study area.” On other parts of Egg Island we banded 2500 chicks and
col or-dyed 15 adult birds to determine |ocal and nmigratory novenents

Data Anal ysi s

As part of each sequential visit through the gull colonies we recorded
nunbers of eggs and chicks from each nest site inspected. The nunbers

are included in WODC Formal 035 in File Type '¥' - Flat Colony Survey,

and used to conmpute clutch size, hatching success, egg |oss and fledging success.

Resul ts have been conpared to the control colony and to North Marble Island

south of the current study area in Gacier Bay (see RU#96 - 76).
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VI, RESULTS

Surface application of test oils to shell surfaces led to
3.3% of eggs treated with North Slope Crude and 5.3% of eggs treated
with mineral oil noticeably cracking within nine days of application.

The cracked eggs subsequently dessicated. We observed an additional
2% of eggs exposed to NS Crude outside nest perimeters within 15 days.
The untended and presumably discarded eggs were opened for inspection,
reveal ing dead enbryos approximately a week ol d. The stage of enbryonic
devel oprment indicated nortality soon after NS Crude was applied to

the egg surfaces.

Cbserved clutch size in the oiling experimental area initially (Fig. 7)
declined at a rate conpatible with nornmal predation from other gulls,
but in July egg loss accelerated due to adult birds abandoni ng unhat ched
clutches. A month after hatching began in the adjacent control colony, on

15 July, 33%of eggs oiled with North Sl ope Crude and 24.4% of eggs to
whi ch mineral oil had been applied remained in the nests. This can be
conpared to 2% of eggs in the adjacent control area remaining in
nests at the end of incubation (Figs. 8 9).

Hat chi ng Success in eggs exposed to North Slope Crude was .67% (Fig. 10).
Mneral oil applied in equiva‘l‘ ent amounts to gull eggs led to a hatching
rate of 14.6% Hatching success in the adjacent control colony was
77% nornmal range for these gulls in Alaska is 67% - 77% -Adults continued
to brood almost all unhatched clutches at 1least 20 days longer than nornal.
Eggs opened at the close of the experinent were highly deconposed, and
no living enbryos were found. Adult gulls nesting in the oiling area
produced no nore replacenent clutches than the neighboring control col ony
(4% vs. 4.8%). The conbination of high egg nortality and alteration of
adult behavior virtually elimnated gull reproduction in the experinentally

oiled area (Figs. 11, 12, 13).
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OBSERVED CLUTCH SI ZE

11 June 20 June 26 June

Figure 7. Gbserved clutch size

area initially declined at
predation from other gulls.

7 July 15 July

in the oiling experinmental
a rate conpatible with normal
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Figure 12.

MEDIAN INCUBATION PERIODS,
EXPERIMENTAL AND CONTROL COLONI ES
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VI1. DI SCUSSI ON AND CONCLUSI ONS
Ol applied to gull eggs has apparently both physical (snothering)

and chemcal (toxic) consequences to devel oping enbryos under field

condi ti ons. North Slope Crude 0il used in this experiment caused 22 tines

nmore egg nortality than an equival ent amount of mineral oil. The high

nmortality of eggs treated with North Slope Crude suggests active toxic

conpounds. Eggshel | and outer nenbranes do not prevent penetration of

North Slope Crude, since both beconme stained on inner surfaces. The

effect of mneral oil is nost likely a function of egg surface covered,
pores sealed, and respiration inhibited

Dosage in further experinments should be reduced. The 14.6% hat ching
rate of eggs treated with mneral oil (1.0cc) suggests an o5 of .25 cc
for further investigation. The .67% hatching success of eggs contam nated
with 1.0 cc North Slope Crude indicates dosage should be reduced approxinately
100-f ol d. LD, under field conditions could be .01 cc North Slope Crude O1I.
Since dose-reponse curves nmay not be linear with oil exposure, research
shoul d continue with various small anpunts applied. to egg surfaces.

These results suggest high egg nortality under field conditions with
very | ow levels of oil exposure, well below those necessary to cause adult
mortality.

The literature on effects of petrol eum exposure to marine bird
reproduction is scanty, and the field is open for continued experinmentation.
For instance, resistance to toxicity may vary with the age of the enbryo
and certain petroleum conmpounds may be volatile than others; thus

continued exposure to the atnosphere (weathering) may reduce toxic activity.
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VI, NEEDS FOR FURTHER STUDY

The first season of experinents has indicated that surface
application of North Slope Crude G| causes high nortality to gul
eggs. Equival ent anmounts of mneral oil al so reduce hatching success,
suggesting both physical and chem cal activity. Continued experinents
are necessary, using very small anmounts of petroleum to ascertain LDSO"

Ef fects of petrol eum exposure hinge on transfer to egg surfaces

by adults at egg-laying or during incubation. A key feature in additiona
research will be capture of incubating adult birds and subsequent oiling
of breast feathers, feet or food in artificial oil slicks to test transfer
to eggs and chicks. We are planning experiments to test all likely
pat hways of oil exposure, including possible transport by w nd or debris
from oiled beaches

We enphasize that behavi or pathologies resulting fromoil exposure
are equally as inportant as toxic effects in depressing marine bird
reproducti on. Nanely, incubating oiled clutches 1007 | onger than normal
causes subsequent failure to re-nest during the season, Such behavior
plays equally as inportant a function in effects of petrol eum exposure
as direct studies of toxicity, and such behavior studies can be only
conpleted in the field. Such studies may require additional field seasons,
since behavior may vary from species to species.

011 will be adnministered to adult and young gulls during the 1977
field season. Effects on chicks may include external thermoregulatory
di sturbance, internal. nmetabolic disturbance due to injestion or inhalation,
or disruption of the visual patterns by which adults recognize young.
Gulls have an increased chance of transferring oil to eggs, since
both male and femmle incubate the clutch, whereas in ducks only the

femal e covers the eggs.
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The recent NEGOA synthesis meeting revealed oil spill trajectories,
i mpi ngenent areas, and “key” seabird species for further exploration
(Wohl - ELM pers. comm. ). Key seabird species designation has been given
to { aucous-wi nged Gulls , Bl ack-legged Kittiwakes, Tufted Puffins,

Common Murres and Sooty Shearwaters. Where key seabird col oni es coincide

with inpingenent areas, such as around Hinchenbrook Entrance, Cape St. Elias,

Pt. Rouin lcy Bay, Mddleton Island, and Yakutat Bay |slands, a pro-
spective tanker terminal site, the significance for further research
becormes apparent.

W point out the inherent difficulty of working on cliff-nesting
speci es such as kittiwakes, murres and puffins; shearwaters nest in the
South Pacific. Meadow nesting G aucous-winged Qulls clearly provide
the best subjects for initial oiling experinents. Logistically, Yakutat
Bay Islands, Pt. Riou and Mddleton Island are nost accessible and
contain key seabird species except shearwaters. Middleton |sland seens
most promising as a further research site because nests of key cliff-
nesting species and gulls are nore accessible there than anywhere el se.
Szaro and Albers (1976) have suggested that eggs of certain bird species
may be more resistant than others to oil exposure. Studies should be
expanded in further field seasons to include additional species

where access is possible and |ogistics feasible.
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