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Abstiract

This paper reviews the sources and impacts of oil
poltution atfecting scabirds in the castern North Pacific, The
numbers and volume of oil spills in this region increased
markedly between 1974 and 1989, Spills that killed significant
numbers of seabirds are reviewed. Beached bird surveys have
demonstrated that smatl-volume, chronic oil pollution is an
ongoing source of mortality in coastal regions. Experiments and
models used in the North Pacific show that ocean currents,
wind. scabird distribution. and the persistence of oiled carcasses
at sea and ashore can all aftect the assessments of mortality
trom major spills, Experimental releases of carcasses and
drift-blocks at sea indicate that few birds killed by spills ase
Likely to come ashore, Eftects of oil on the plumage and
physiology of birds are reviewed. Oil is known to affect

thermoregulation, the alimentary system, blood. salt glands,
osmoregulatnion, adrenad glands, kidneys, liver, the immune

system, and reproductive performance. and can also produce

“ntations, The long-tenm efticacy of rehabilitation programs is

reviewed and suggestions for future research are made,

Résumé

Les auteurs examinent les sources de la pollution par les
hydrocarbures et ses effets sur les otscaux nwrins, dans la
région est du Pacifique Nord. Entre 1974 ¢t 1989, le nombre de
déversements d hydrocarbures et le volume des hydrocarbures
amnst déversés ont beaucoup augmenté dans cette région. Les
aufeurs s arrétent sur les ditversements qut ont décimé de fortes
populations d oiseaux marns. Les relevés des oiseaux échouds
ont démontré que la pollution chronique par de faibles volumes
d hydrocarbures est une cause constante de mortalité dans les
répions cotieres, Les essais et les modeles réalisés dans le
Pacifique Nord montrent gue les courants océaniques, le vent, la
distnbution géographique ces oiseaux marins et la présence
continue des carcasses mazautées, en mer et sur le rivage, sont
autant de tacteurs susceptibles d’influer sur la mesure de 1a
mortahit¢ attnbuable aux dé¢versements majeurs. Les rejets
expérimentaux de carcasses et de blocs erratiques en mer
indiquent un taible taux d’échouage des oiseaux tués par les
déversements. Les auteurs examinent les eftets des hydro-
carbures sur le plumage et la physiologic des oiseaux marins.
On sait que les hydrocarbures affectent la thermorégulation,
|"appareil digestif, le sang, les glandes nasales, I’osmo-
régulation, les glandes surrénales, les reins, le foie, le systéme
immunitaire ¢t la capacité de reproduction. Les hydrocarbures
peuvent égatement produire des variations idiotypiques. Les

autcurs examinent Pefficacité & long terme des mesures
correctives ¢t suggerent les domaines de recherche &

approfondir,

1. Introduction

| Oil 1s one of the most ubiquitous forms of pollution in
the ocean, and seabirds are usually the most conspicuous and
severely affected victims. Until recently, most of the North
Pacific was spared the chronic and catastrophic oil pollution
typical in the North Atiantic and Mediterraneian and along the
major oil shipping routes around Africy, The increasing
industrialization of the Pactfic Rim, coupled with major oil
developments, such as the Alaska North Slope, have resulted in
an increase n shipments of petroleum and a concomitant
increase in accidental spills. Recent spills affecting California,
Washington, British Columbia, and Alaska have received
widespread public attention, and diverted funding to the study
of the effects of oil on seabirds,

Oil at sea is a threat to scabirds because of its propertics
of forming a thin liquid layer on the water surface. The
hydrophobic nature of petroleum hydrocarbons makes them
interactive with the hydrophobic propertics of bird feathers, Oil
causes marked loss of insulation, waterproofing, and buoyancy
in the plumage. In addition. petroleum oils contain many toxic
compounds which can have fatal or debilitating effects on birds.

This review considers the following: sources of oil
pollution: the effects of oil on seabirds (individuals and
populations); the difficulties in assessing the impacts of
catastrophic large spills and chronic small spills; the
effectiveness of rehabilitation programs; and the research
nceded to address important issues, Most of our examples come
from Alaska through California,

2. Types and sources of oil affecting seabirds

Crude oil is the most frequent cargo carried by large
tankers. In the eastern North Pacific the bulk is Alaskan North
Slope crude, but “heavy™ crudes from the San Joaquin Valley
and from offshore platforms off southern California are also
transported along the coast. Accidents involving tankers (¢.g..
Exxon Valdez) are the greatest risk of spills of crude oil.

Pipeline and platform spills have not been common in the North

Pacific, with only one major spill from a platform (ncar Santa
Barbara in 1969; Kolpack 1971) and oae from an onshore
production facility (San Francisco Bay in 1988; Fischel and
Robilliard 1991), causing the deaths of a few hundred to a
thousand birds. In the North Sea and Gulf of Mexico, where
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platforms are more common, spills are rare, but have been
extremely devastating (e.g., Lxtoc I blowout in the Gulf of
Mexico in 1979 National Rescarch Council 198S).

Natural seeps are another source of crude oil, and occur
at several shallow, coastal sites off southern California and
Alaska. Their discharges are variable, usually only a few to
dozens of barrels a day, and are most often detected as locahzed
sheens or slicks. Yaroujean (1983) found that resident birds
appeared 1o avoid this oil, whereas migratory scubirds showed
little avoidance behaviour,

Bunker fuel (number 6 fue! oil) is a mixture of tarry oil
produced as a residual of refining processes. mixed with lighter.
more volatite oils. Bunker ail is the predominant boiler fuel
carried by commercial ships and used in pulp mills and other
industries.

Smaller fishing and pleasure vessels are powered by
lighter, more volatile diesel fuel (number 2 fuet oil) or gasoline.
These fuels are chronically spilled in small volumes at matinas
and fuelling stations. They are highly volatile and theretore
pose less long-term risk o seabirds.

Vegetable and fish oils are sometimes spilled dunng
transport or loading. These oils are not toxic, but external
fouling can kill scabirds (McKelvey et al. 1930 Speich and
Wahl 1986; Ambrose 1990).

3, OH pollution in the North Pacific

3.1, Significant spills in the North Pacific

Cohen and Aylesworth (1990) reviewed data on spills of

1000 barrels (140 t) or greater collected by the U.S. Minerals
Management Service for U.S. waters. Between 1974 and 1989
there were 67 of thesc large spills in the Atlanue. excluding the
Gulf of Mexico, and 28 in the Pacific. including Hawail and
Alaska. These totalled 676 000 (average 45 000 per year) and
5§12 000 barrels (35 000 per year), respectively, When plotted in
five-year intervals, these data show trend of increasing
numbers of spills, and total volume spilled. in the Pacitic (kg
1), The Exxon Valdez spill represents 63% ol the total spitied
between 1984 and 1989 in Pacific waters. These data reflect the
increasing volumes of shipping in the North Pacific and flow of
Alaskan North Siope crude to southern markeis.

Al of these spills probably Killed some birds. but this
was documented in remarkably few cases. Estimates ot seabird
mortality resutting from oil spills in the castern North Pacttic
are given in Table 1. In some cases (Puerto Rican, Aper
Houston, Nestucea, and Exvon Valde:) the estinnaies wcrrlhuwd
on detailed field observations and the application of expert-
ments and models to estimate the disappearance of oiled
carcasses (Ford et al. 1987, 1991 Page et al. 19N, Piatt et al.
1990; Burger 1990, 1991,

Burger (unpubl. data) found u weak correlation beiween
the volume of oil spilled and the numbers of oiled birds, but
concluded that this relationship could not be used inany
predictive way and the statistical significance disappeared i the
Exvon Valde: data were omitted. For most spill volumes onc
finds mortality estimates that range over more than two orders
of magnitude (Fig. 2). Several well-documented spills from the
Notth Pacific (Apex Houston, Nestuccd, and Exvon Valde:)
killed exceptionally large numbers of birds, reflecting the high

densities of seabirds in the areas they affected.

19.  Chronic low-volume spills -
Seabird mortality caused by large spills from tankers or

barges usually attracts public attention and official investigi-

Figure |

The numbers of spills und volume of oil spriled reported from terntonal waters.
of the United States in the Athantic Gincluding Puerto Rice, and excluding the
Giulf of Mexico) and Pacific Gincluding Alaska, Hawan, and Pacific islumds),
The data from Cohen and Aylesworth (19901 are plotted in hive year intervals.
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tons. but the vumulanve riortabity of seabirds from amaa.
unrr.‘|mr1mt,~.pilh may olten 'S higl_wr (Camphaysen j9sY
Sndb volumes of ol may be reldased trom leaking tanks and
vilves, aevidents duning Joading or offfoading. and unhing ol
tanks and bilges. n some arcas, notably the North Sea (Vauk
et al. 19RG: Camphiysen and Francher iV and ofl |
Ne - foutsdland (Piatt et al. [9RS) s low volume, chromi
enbiteg is & major cause of seabird mortality. ~

tn British Columbia 874 mannoe spitls were reported in
1088, of which 22 (40 eweended 1 (Kay 1989a, [UROh). The
origin of almost half of these spuiis was not determained. and |
there were handreds of small spills that were wver reported.

4, Methods for determining mortality from oil pollution

4.1, Beached bird surveys . |
Systernitic monthly surveys of beaches have been used

in many parts of the world to monitor the mortality and
frequency of oiling of weabirds. Chronic ciling appears 1o e a
significast cause of mortality in California; on the outer shores
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Table 1
Mortality of seabirds resulting from oil spills in the North Pncﬂ' i¢
Oifedbids
| Vessel name or Estimated
- Year (month) source of the oil Site Spill volume (t) No. found mortality  References*
199t (Jul.) Tenyo Maru fish packer  OfT Vancouver L., British 330 bunker and 4 300 T e
Columbi dicscel

t9RY (Apr.) Exvon Valdez tanker Pr. William Sound, Alaska 36 400 crude 000 350000-390000 4,%,7

988 (Dec.) Nesttcca barge Grays Harbor, Washington 770 bunker 12 538 56000 10

988 (Jan.) Barge MONS - Aniscortes, Washington 240 gasotl None reported 3

YRT (Okt.) Stuvvesant tanker 150300 km off northern B.C, 2 000 crude Not known 3.6
1986 (I'ch.) Apex Houston barge San Francisco, California 87 crude 4 198 10577 1
1985 (Dec.d Arco Anchorage tanker Port Angeles, Washington 200 crude 1917 4000 6,12
10984 (Oct.) Puerto Rican tanker San Francisco Bay, California 4 900 mixed oils 1 300 4815 8.9
FORL ([Dec.) Unknown Puget Sound, Washington 17 bunker »>406 >l S0 6,12

[ORL (Mar.) Mobiloil tanker Columbia River, Oregon 660 mixed oils 450 7 613
1971 (Jan.) collision San Francisco, Calitornia 2 700 bunker 7 380 20000 1.2

1086 Seagate freighter Olympic Peninsula. Washington Not known 3000 2

1937 Frank Buck tanker San Francisco, California 11 800 crude 10000 2

* References .
l National R:.. search Council (1985) Conversion: 530 barrels=7 tonnes (National Research Council 1985)
[ barrel=0, 14 1onnes

o, Yemweer and Vermeer (1975)
tonne=approx. | ton

Cohen and Avlesworth (1990)
tonne=approx. J00 gallons (U.S.)

Pt and Lensink (1989
S Pratt et al (1990 tonne=approx. | 1O} litres

6. Washington Dep. of Ecology (unpubi. data)
7. Stewan etal. (1991)

X. Point Reyes Bird Observatory (1985)

9. Ford ¢t al. {1987

10, Ford et al. (1991}

Hl. Page ctal. (199

12, Speich (5980,

1.3, Speich and Thompson (1987)

L I it 14
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Figure 2

Log-log plots compuring the numbers of seabirds viled with the volume of oil
spitled. The upper graph (A) shows the minimum hird counts, und the lower (B)
the overall mortality estimated by cach author (from Burger, in press), Some
well-known spills in the North Pacific are fabelled: AA, Arco Auchorage; AH,
Apex Houstom, EV, Exvon Valdez: NA. Nestiicea, PR, Puerto Rican, TM, Tanve

of Washington, and in British Columbia, although the ari. Sec 1“"& | for details on these events

frequency of oiling appears 1o be lower than in some other parts
ot the world, suct as Newfoundiand, the Netherlands, and
Belgium (Table 2). Direct comparisons between areas are
difficult, because different criteria are used to assess the |
percentage of birds oiled. The cause of death cannot be f i "®v

A} 8piit volume va. no. olled birds tound

100 000 -

determined for most beached carcasses. QOiled birds were found 10 000 ‘ BNA

tn all months, and in most cases had been affected by small ! | Y - ) . . "

amounts of heavy fuel or crude o1l (Stenzel et al. 1988; Burger i : . o -

1992). Birds may be killed by oil without external signs of t R e et s o .

oiling; Vauk et al. (1989) found that 20% of the beached | - : - . ’

carcasses that showed no external oiling contained oil, S ! 100 ¢ . .

4.2, Assessing impacts of major spills | | wi . | | . .

The impact of a spill is usually gauged by the number | 10 100 1000 16,000 100 000 1000 000

of oiled birds found on beaches. These birds represent only a Volume of spil 1

proportion of the atfected population, and extrapolations need [ B o
‘o be made to assess the overall impact on seabirds. Experi- ' B} Bpilf volume va. estimated fotaf montatity

ments and models have been developed in recent yeors to

improve these assessments in the North Pacific. Models o000

developed by Ford and associates have been applied to several :~ eV

spills in the North Pacific, including the Apex Houston and ! 100 000 - -
Puerto Rican spiils in California (Ford et al, 1987; Page et al. - e oW |
1990}, the Nestucca spill off Washington and British Columbia | .i r .« a2 "0 e

(Burger 1990; Ford et al. 1991), and the Exxon Valde: spill B W e o .
(G. Ford, pers, commun.). In the latter two events the models | | J e ER e |
provided key information used during litigation, 8 o0 e a '

Beginning with the numbers of oiled birds recovered on : F

beaches, Ford’s model retroactively estimates the numbers of | - l

birds lost on the beaches al}ﬂ at sea. Critical input parameters i o 100 © 000 0000 100000 1000000 |
include the day-to-day persistence of carcasses on the beaches, | Bpit volume (1 5

the rate at which carcasses sink at sea, the path of the drifting

oil, and the distribution and densities of the birds in the path
of the slicks. Factors that affect these models and other

- assessments are reviewed below,
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Summary of beached bird surveys around the world

____..________-_—.——.—__—“--_—-—

Nl sl rilialen -

o
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awer (B)
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oy Al
A, Tamve

X0 000

0 000

Yeurs of Mean thistance ) Mean corms | | ‘ - st mmnne
| an Corpses Proportton atled Approx. otled
EE“‘“E")' :Jr reginn coverage [No.} ~ per yeat (km) ~ per km corpses 1%) L:ur::[:uu perkm  References
British Columbia [9N7-1992 {3] %) YT TR T T o Burger
California * 19711085 {14 (91 beaches) 172 R of known causes | - g"ift!'-.fl ‘-. a1
Washington (inland marine) 1978-1979 (2] 38 (+26 | Py o ,.m_,“i 'qh m:, .” ‘IIL}, :P:’“m
Washington (open shores)  1981-1984 {4) Not known 6.64 B S 7 "*il;ilh ol W IUH:' |
, . . e P 1 . i . ¥
QE:I}EEI};E““ :g::;:g:; ,BI 202 117 5.6 overall | DOR Stmons TURS
. 4 HR 7.1 2.6 1 33,62 Puattetal 198RS Eiholy

. | _ | ianit Ryan 19KN ‘

Britain 1966--1983 [17] ! " 027 0 Ntowe Y52 Stwowe wild
_ Underwomd 108

Shetlund, UK. 19791990 1D b1k 4.24 | Y { W nt-:n-..;{;; FORT bt
Netheslands I‘Jﬁf;‘-‘i?‘l‘ﬂlll 1282 4.4 OGR4 YO8 Camphuysen 19RO, in Tt
Belgium 1962-1977 |15 63 3.7 N 70 - 156 Kusken 107K -
Portugal [DERESL Y (L | 354 2 74 (4,14 Teravins 1990, @ it

Ponwgal oo ol e T8 el Jewp oo

4.3,  Effects of ocean currents and wind

Measurements of wind and current vectors, aerial
surveys of bird distribution, and detailed tracking of the paths
of sticks at the time of the spill are essential tor uccurate
modelling of encounters between oil and tlocks of hirds (Ford
et al. 1987; Page et al. 1990). Otled carcasses dritt under the
influence of wind. currrents, and tides. Wind direction and
velocity appear to have the strongest influence in open watcr,
and drifting carcasses tend to move at speeds of 2-3% of the
wind velocity (Hope Jones et al. 1970 Bibby and Lloyd 1977:
Ford et al. 1991). Wave action ncar the shore might act as a
barrier to prevent Carcasyses from beaching, and most varcasses
appear on the beaches following strong onshore winds

(Camphuysen 1989),
In the waters off British Columbia and Washington, the

prevailing winds blow from the NW in summer and SEn
winter (Thomson ct al. 1989). Combined with clockwise
Cortiolis forces the resultant surface vectors go offshore 1n
summer and onshore in winter, suggesting that fewer CAarcisues
are likely to come ashore in summef than in winter, The coastat
currents that run paralle! to the shore from € alifornia through
British Columbia can carry oil and seabird carcasses hutdreds
of kilometres, but might also act as barriers 1o cross-shelt
movements (Thomson et al. 1989) and hence lower the
probability that oiled carcasses will comie ashore.

4.4, Persistence of oiled carcasses al sci

Oiled carcasses may sink, be scavenged by fish or birds
before they come ashore, or be washed back to sea from
beaches, The rate at which carcasses lose their buoyancy and
sink depends on the type of bird. and the exposure to wind and
waves. Diving birds (loons, grebes, cormorants, and alcids)
have higher density than mofc aeria] species (shearwaters,
petrels, gulls, phalaropes) and are more likely to sink at s,
thus skewing the estimated species compusition of spill victums,

Reports from Britain estimate that 11-58% of birds
killed at sea sink before coming ashore (Coulson et al. 1968.
Hope Jones ct al. 1970 Bibby and Lloyd 1977). Ford ¢t al.
(1991) found that MUrme CATCASSES tethered in sheltered and
exposed seas in Oregon remained afloat for an average of 8.4
and 7.6 days respectively. They tracked radio-tagged murre
carcasses freely drifting off Washington, The rate of sinking
fitted a predictable survivorship curve with more than 90%

disuppearing within 14 days at sed. |
Burger (1991a) tested heavily oiled CUrcasses 1n i tank

simutating benign ocean conditions. Carcasses of Ancient

Murrelets Synthliboramphis antiquus und Common Murres
Uria aalge behaved similarly (2% of the original sample sank

per day ), whereas Horned Grebes Podiceps aueritun sank more
quickly (9% per day). When Hoating CUTCHsSES were ripped
open to simulate scavenging, nearly al of them mmmediately
Sunk. | |

4.5, Persistence ol carcisses-on the shore
Many viled carcasses which come ashore may ba:
covered by sand or jetsam, washed bach 1o sew, of rermoved by
scavengers before theycan be tallied. Scavenginy: birds and
mammntals are commion on Pacific shores and cat or femove
oiled carcasses (Burger 1990, 19910 Wood and Heaphy Juuy
Measures of the day-to-day per«istence of carcasses on heaches
in the castern North Pacthic range from 0. 1K through ().%4
(Tuble 2). This measure is a highly seasiive vartable in mediin
that estimate the total numbxer af CATCIssUY coming ashoge after.
a spill (Ford etal. 1987, 1991 Pagee el 199 Burger 1990y
and. ideally. should be determned at the tine of the spill.
Scavenging of carcasses i alvo it Higgor sousee-of
secondary eiling. Oifed gulls, caples, badcons, and other birds,
have been reporteid tollowing magper pills (Lowelt TORO, Burper
1991 h: Wood and Heaphy 1991, The impacts of this weoondan
oiling may be underestimated. because the scasengens ofen
roost away from the beaches and may dic undetected. About
90 of the tadio-tagged Bald Eagles Hualraeetis lenc ocephali
that dicd in studies which followed the Fvvon Valde spitl were
found in brush. away rom the heachisont «Stewart ot al, 1991

3.6, Experiments with drifing carcasses andd biocks

~ Experinental reteases of bird carcasses, or bird zed
wooden blocks, hive been undertahen to extimate the
proportions ol oiled populations hkely (o be found ashore

Hope Jones et al. (1876 tound 20 of the orled aleids released

of f well-searched beaches in Engiand. while Bibby and Llovd
({977 recovered 1190, 448, and $9% of the gulls refeased
upwind of beaches in three separate trials Tnaseries of
CXPCRIIONTS, CATCINSES of gulls, murres, antd auklets were
dropped 5Gi-1000m off Robnas Beach, California tPomt
Reyes Bird Obacrvatory 19XS). Two-thirds of the 43 gult.

CAITHSSECS WETT found on the heach. but none of the 54 mufres of |

nine auklets, indicating that mortality estimates of the aleids are

likely to e underestimated. Only three oul of 100 atled musres -

kifled by the Exvon Valde: spill that were tagged and re-
released @t sed were subsequently recovered (Psatt et al. 1990),
' Bird-sized wooden blocks were used by Hlady and
Burger (1990) off Vancouver {stand. After one month, 53% of
600 blocks released 1 km offshore were recovered in winter,
and 43% in a similar release in summer. Only 10% of 300
blocks released 35-116 km offshore in winter were secovered,
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Table } |

Persistence of bird carcasses on beaches on the Pacific coast, shown as the

mean proportion of samples of carcasses remaining on the beach from one day

to the next

PR R L

Site Birds used Persistence  Reference _
California . Qiled alcids (0.59 Pagectal, 19%)
Washington Common Murres 0.74  Ford et al. 1991
‘Vancouver Estand  [ntact chickens (0.8  Humphries 1989
Vancouver Island  Chicken portions 0.38  Dale 1989
Vancouver Islund  Shearwatess and 045  Burger 1991

. kingtishery
Alaska Oiled alcids 0.80-0.84  Piatt et al. 1990

 Blocks were found to travel hundreds of kilometres, but most

were found within 10 km and 16 days of release, This result
protrably overestimated the proportions of carcasses likely to be
recovered, because the blocks were more conspicuous (painted
red) and more buoyant than carcasses, and were not subjected to
scavenging. f |

These results indicate that a large proportion of oiled

seabirds would never be recovered, despite intensive searches

on the beaches. A few oiled carcasses found on a beach might

- be the only indications of a major kil resulting from an

uhreported spill far offshore.
S. Effects of oil on birds

There have been numerous studies of the effects of oil
on birds (sce reviews by National Research Council 1985; Fry

- and Lowenstine 1985; Leighton et al. 1985; Leighton 1991).

Some important findings are reviewed here,

5.1, Effects of oil on plumage, buoyancy, and thermo-

regulation

Fouled plumage 1s acknowledged to be the primary
cause of mortality and stress in oiled birds (National Research
Councit 1983: Leighton 1991). Oiled feathers lose their ability
to keep body heat in and cold water out. Reduced insulation,
increased metabolic rate, and hypothermia are well documented
tn oiled birds, and these effects may be produced by as little as
12.5 mL. of heavy oil on the plumage (Hartung 1967, McEwan
and Koelink 1973). Waterlogging and loss of buoyancy in oiled

birds (McEwan and Koelink 1973; National Research Council

1983} turther compound the injury and can rapidly lead to

druwning.

5.2. Toxic effects of ingested oil |
Secondary effects of ingestion of oil have been studied
in 2 number of bird species, but general conclusions are difficult

- to reach, because of the variability in the chemical composition

~ of the oils and the species and age of birds tested (Leighton

1991). There 1s no doubt, however, that most petroleum oils,
including bunker and crudes, contain compounds that are highly
toxic to birds and cause damage and sometimes death when
ingested (Nationat Research Council 1985; Fry and Lowenstine
1985; Leighton et al. 1985; Leighton 1991), .

| Most studies have investigated the effects of bunker fuel
and crude oils. Although the composition of these oils differs,
many of the toxic effects are similar (National Research
Council 1985; Fry and Lowenstine 1985). Most contain high
proportions of polynuclear aromatic hydrocarbons (National
Research Council 1985), which are known to damage avian

tissues (Miller et al. 1982; Peakall et al. 1983; Fry and

Lowenstine 1985; Leighton et al. 1985). Weathering of oil at

sea leads to the loss of volatile and water-soluble components,
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with subsequent enrichment of long-chain aliphatics,
polynuclear aromatics, and asphaltenes, which increases

toxicity (National Research Council 1985; Fry and Lowenstine

1985). Scavengers that ingest weathered heavy oil would be
exposed to toxins,

5.3,  Effects of oil on the alimentary tract

Both crude and bunker oils produced intestinal irritation
in birds, which in some cases led to bleeding (Hartung and Hunt
1966; Langenberg and Dein 1983; Fry and Lowenstine 19885),
although lesions were not reported from all experimental
studies (Leighton 1991). Water and electrolyte transport across
the intestinal membranes may be affected by oil (Crocker et al,
1974, 1973). The uptake of glucose and amino acids was
depressed in Herring Gull Larus argentatus nestlings given
South Louisiana crude containing high levels of polyaromatic
hydrocarbons, but uptake was unaffected by aliphatic oils
(Peakall and Hallett 1982; Peakall et al. 1983). A very small
volume (0.2-0.5 mL) of crude oil fed to Herring Gull and Black
Guillemot Cepphius grylle chicks caused accumutation of oil
particles within intestinal tissues, which appeared to affect
nutrient uptake, because the growth of the chicks was
significantly retarded (Miller et al. 1978; Peakall et al, 1980),
Reduced chick growth after oil ingestion has also been reported
in storm-petrels (Trivelpiece et al. 1984, Boersma et al, 1988),

5.4,  Effects of oil on blood

Oils with high polyaromatic hydrocarbon contents (such
as Bunker C) are known to cause precipitation of hemoglobin
leading to anemia (Leighton et al. 1983), Anemia in oil-dosed
birds has been reported from many studies, and can result from
small doses given over short periods (reviewed by Leighton et
al. 1985, Fry and Lowenstine 1985; Leighton 1991). Up to 80%
of circulating blood cells may be destroyed (Fry and Addiego
1987).

5.5.  Effects on salt glands and osmoregulation

The osmotic regulation of blood and tissue fluids is
influenced by several organs, including intestines, kidneys, and
salt glands, which might be susceptible to oil toxicity. Elevated
Na’ levels in the blood and reduced Na’ K*-ATPase enzyme
levels in the nasal salt glands have been reported in gulls and
guillemots fed 0.2 mL of crude oil (Miller et al. 1978, Peakall et
al. 1980, 1983). Thesc studics reported enlargement of the nasal

glands in the affected birds. Bunker oil applied externally to
Glaucous-winged Gulls Larus glaucescens produced significant
changes in plasma ionic concentrations and water flux (Hughes
et al. 1990). In addition to direct toxic effects of oil on salt
glands, osmoregulation may be affected by adrenal toxicity and
stress effects leading to impaired synthesis, release, or
regulation of corticosterone secretion. Osmotic stress can be
fatal, or can exacerbate the effects of shock and cold stress in
oiled birds (Holmes et al. 1978, 1979).

5.6,  Effects of oil on adrenal glands and corticosteroid
hormones

Significant changes in the size of adrenal glands and
levels of corticosteroid hormones have been found in several

studies where small amounts of oil were fed to birds, including
gulls (Rattner et al. 1984; Fry and Lowenstine 1985; Leighton
1991). It is not clear whether all responses were directly
caused by toxicity of oil or were siress responses {0 noxious
stimulation, Gil is known to have direct effects on the adrenal

glands, plus feedback regulatoty effects on ovarian and salt
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gland function (Gorsline and Holmes 1981, 1982: Gorsline
1982). Large decreases in circulating corticosterone are
probably due to both decreased adrenal seeretion as well us
increased liver metabolism of circulating sweroids. Ingested oil
given to ducks under temperature of OSMOoNC Siress causes
increascd mortality (Holmes et al. 1978, 1979). The combinied
effects of osmotic and adrenal stress caused by internal
assimilation of oil and thermal stress due to oiled plumage are
thus likely to be additive und lead to mortality.

57, Effects on kidneys and liver

Liver and kidney damage were reported as direct effects
of crude and fuel oit ingestion in several studies on birds (Fry
and Lowenstine [985). Necrosis of kidney tubules was found in
several oiled seabirds, including three out of seven Common
Murres oiled by Bunker C fuel (Fry and Lowenstine 1983),
Renal tubular necrosis could lead to water batance and
clectrolyte stress, as well as impaired exeretion of metabohic
wilstes.

The liver plays a major role in metabolism snd
detoxification and is affected by oil. The ingestion of o1l
induces the activity of mixed-function oxidases (MEOs)
responsible for metabolizing hydrocarbons, Increased MECO
activity may also increase the turnover of corticosteronds and
other steroid hormones. leading to decreased evels in the hlood
of oiled birds (Gorsline and Holmes 19811 Ruttner ¢t ad, O8R4,
Degeneration of liver cells and fatty intiltration of the hver
were found in ducks exposed to fuel oils, including Bunker €
(Hartung and Hunt 1966; Langenberg and Dein 1983, but was
not evident in acutely exposed murres oiled by Buoker C thry
and Lowenstine 1985). Disassociation of hiver cells observed
with acute exposure indicates functional impaarment, and pay
be a precursor of degeneration and fatty infiltration. Increased
iron and heme metabolites in liver cells were found in most ot
the oited auks examined by Fry and Lowenstine { JURSY,
correlated with Heinz body hemolytic AN,

The effects of oil in the Tiver are compley, representing
both normal responses to foreign chemicals. as well us toxic
responses resulting in impaired liver function, Heavih onted
birds in rehabilitation centres frequently die with clinical
symptoms indicative of liver failure,

§8.  Effects on reproductive performance

Ingested oil causes short- and long -term reproductive
failure in birds, indicative of severe physiological problens.
These include delayed maturation of ovaries. altered hormorne
levels. thinning of eggshells, reduced egp productivity. reduced
survival of embryos and chicks, reduced chick growth, and
abandonment of nests by adults (Grau ¢t al. 1977 Miller et al.
1978: Wootton et al. 1979: Peakall ¢t al. JUR(Y: Ainley el u'l.
1981 Trivelpicce et al. 1984: Fry and Lowenstine 19RS: Fry
1987 Boersma et al. 1988). Significant cffects were usually
dose dependent, but were often produced by very st |
amounts of ingested oil. For example. i duse of 200 mg of
Bunker C oil caused shell thinning. reduced egg production,
and higher embryo mortality in quail (Grau ¢t al. 1977,
Wootton et al. 1979), whereas single doses of 0.3 mbL led to
reduced hatching and fledging SUCCess and reduced growth and
survival of chicks in storm-petreis (Trivelpicee et al. 1984,
Boersma ct al. 1988; Butler et al. 1988),

§9, Suppressed immunity o o |
Ingestion of oils can reduce the functions of the pnmum

system and reduce resistance to infectious discases (Leighton

1991). Decreased levels of blood lymphocytes m Herring Giulls,

decrcased numbers of immune cells in Iymphoid organs in |

Mallards Anas platyrivachos and Herering Gulls, and deercased

resistance o bacterial disease in Mallards have been

Lllt;n];mslrutcd following experimental oil ingestion (Leghton
" | | |

510, Mutagenic effects

Mutagenic cifects of palynucicar aromatic hvdrocarbons:
have been demonstrated (Pavne and Martins 197K Guenn et al,
1YR0. 198 1: Sheppard et al. 198 3 Nahona! Research (ouncii
LORS; Frv and Lowenstine T9RS). Long-term mutagenic chiects
are difticull to monitor in birds. but sueh changes could hine
dgnificant effects i long-lived species such as seahrds (bry
and Lowenstine 1985y,

511 Conclusions on the oftects of myested o |

Most mortidhiny of oted bieds resalbts feomn the Patding ol
their plumage. retarded thermoregulation wnd hieassoy ated
atross. 1t is clear, howeser, that ingestion of even smialt mounts
of oit usuatiy teads o multiple physioloriwid chanpes, whi b
cowld impair a bied s ability to survive at v (MIer eral
197% ). The synergisti effects of oted plumage, osmet TG
thermal stress, and anemia could greativ metvase the moriahis
of tirds under adyerse environmental comditions (h.erghton
19 1), |

6. L, ong-term effects of viling in seabirds

6 Long term eftects on iredivicudal rds |
The oftects of aehdethal cxpermentad doses of ot by
woldom been ILachest on S1omere thapn one: scussn Sl doses al
o] fed to breeding Faeach s Storm Petrels Olceanedr o
Lere orhoa comsed stznticanthy tedueed reproddudion, but the
cffects were not detected o he toliowing season [Butter ot il
10X By contrast, by ctal (1898 tound that 2 ml oot crde
ol applicd to the teathers of Westpe tinled Sheapvaters Praffinm
peqcificiey caused cotlnplete reproductne tadure i the season of
-H‘cnlnwnt. |.;lr}:t:|} Jue 1o nesd abandonmest ad reduced
hatching stecess, and the reproductng stieeess A AbD
rw.lufar,ni in the fellowine seiason, he rosidual eiiccts i the
wevond season were ot directs atrthuited 1o angestion of the
exdernadh ;lm‘lht‘.d o], bl were correlated “11lh the Jisre Ao ot

praair-bomuds alicr hrecding fathur.

63 Eftects of ool spifis on ponLAons | |
NCEAPCCITS of North Paviin weabitd s hL‘!._*H threatened
with cxtmetion as a direct result ol ol e but Joca
populations have been substantialiy reduced as re it o spalls
These chinges are difficaltto detect. for nany fesotise
including: the difficuities ot censusing burrowing and Celt
nesting seabirds: Hhe absenee of i priog series of f.'*umph:tr
cOlONY CONSUNS HY MOSLPArts of the North Pacitic: and the
pruhlt:'m\ of separating the spbl cltects fromn vear-to-year
variations tn pl‘r[‘lllliilil‘ln amd attendance Jue 1o natural’
phenomena (C.E.. B No elfectsy. S
The cumulative effects of the Paerto Ricau and Apei
Houston npilla. pilinet mortality. and a4 severe BENapo event are
linked to a decline of 30 aathin 4 b ovears, at oslones of
Common Murres in contral Cabforni (Takchawa e} al. IQ‘HI:,
The Tanve Maru spill ot W ashington kitled thousands of
murres and their fledglings. from a population already weverely

reduced s 4 rosult of Bl Mo evenats t Wilson l‘."?‘]LL



The Exxon Valdez spill was estimated to kill about 10%
of the population of Common Murres in the Gulf of Alaskaand
>50% of the population breeding at the Barren Istands (Piatt et
al. 1990). Colony surveys indicated that 120 000-140 000
breeding adult murres were killed, and some colonics lost

' 60~70% of the breeding adults (Stewart et al. 199 1). Changes

in the spatial structure of the impacted colonies and in bird

behaviour caused almost complete breeding failure in 1989 and
" 1990 and the lost production of at least 215 000 murre chicks
(Stewart et al. 1991). Local populations of Marbled Murrelets

Brachyramphus marmoratus and Pigeon Guillemots Cepphus
coltenba were also decimated, but the overali gulf populations
might not have been severely affected (Piatt et al. 1990), Bald
Eagles in Prince William Sound had reduced breeding success
0 the oiled arcas in 1989 (Stewart et al. 1991), but this did not

persist in subsequent years, and there was no indication of
significant population decline (Gibson 1991).

Surveys at the major colonies of Common Murres and
Cassin’s Auklets Prychoramphus aleuticus in British Columbia
produced no evidence of a decline in the summer following the
Nestucca spill (Rodway 1990; Rodway et al. 1990), but the
census technigues and comparative data might not have been

sensitive enough to detect significant changes, and many of the

dead birds might have come from other colonies.

7. Rehabititation of oiled seabirds

7.1, Short-term success of rehabilitation programs

| Early attempts to rchabilitate oiled seabirds had littie
success. For example, over 95% of the birds treated after the
1971 San Francisco spill died in captivity (Smith 1975).
Rehabilitation technigues have improved considerably since
then. One-third (1027) of the 3092 oiled birds found alive on
beaches in Washington, following the Nestucca spill, were
returned to sea after cleaning (Ford et al. 1991), Following the
Exxon Valdez spill, 50.7% of the 1630 oiled birds received at
cleaning stations were released back to the wild (Wood and
Heaphy 1991).

7.2, Long-term survival and success of rehabilitated birds

Large amounts of moncy are spent in rehabilitation
programs. but there appear to be few attempts to assess their
long-term effectiveness. The post-relcase survival of
rehabilitated seabirds is relevant to analysis of the impacts of

- spills. Such data not only provide estimates of the portion of

cleaned birds that recovers fully, but also give some indication
of the survival chances of those oiled birds that avoid capture
and clean the oil off their plumage by themselves.

There are several problems associated with determining
the post-release survival of rehabilitated birds. Free-living
seabirds are extremely difficult to monitor after their release. It
is often impossible to determine the colony from which oiled
birds originated. and such colonies are often in a different
jurisdiction to the site of the spill. Detailed, long-term censuses
at colonics, which might detect population changes or monitor
the return of banded rehabilitated birds, are expensive and
logistically difficult to maintain. Many oiled victims are

‘immatures and their survival cannot be checked at breeding

colonies,

Despite the difficulties, it is surprising that wildlife
agencies and rehabilitation organizauons have made few
attempts to monitor rehabilitated birds, even though this was

identified as a research priority long ago (Bourne 1968a).
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Radio-telemetry, analysis of band-retums, or comprehensive
beached bird surveys could all be applied.

Radio-telemetry was used in a study comparing reha-
bilitated Brown Pelicans Pelecanus vccidentalis (victims of the
American Trader spill) with unoiled wild-caught conspecifics
in California (Anderson et al. 1991). The rehabilitated pelicans
remained near the site of release, made shorter foraging trips,
and were less mobile than the controls for six months after their
release. Only one out of 21 rehabilitated birds visited a breeding
colony, compared to the 37% of controls that made multiple

trips to colonies, The rehabilitated birds also delayed their

northward migration in summer, relative to controls.

Fotlowing the Arco Anchorage spill off Port Angeles,
Washington, in 1985, 281 cleaned birds were released and
nearly all were banded. Of these, seven were recovered during
intensive beach surveys in the subsequent six weeks, yielding
a minimum recovery rate of 2,5% (Speich 1986). Speich con-
cluded that many other birds died in the release area and sank or
went undetected on beaches, and some birds undoubtedly left
the release area. This rate of mortality is much higher than that
expected of scabirds, which tend to have an annual mortality of
about 10%.

Rehabilitated birds kept in captivity following the
normal time of release have been found to suffer a range of
physiological disorders (Kahn and Ryan 1991), and have lower
survival than unoiled controls (Swennen 1977). Relatively high

survival rates have been found among rchabilitated penguins
(Randall et al, 1980; Morant et al, 1981), but some biologists

question the efficacy of cleaning programs even for these robust
birds (Frost et al. 1976). Seabird biotogists in Enrope, where
oiling has long been a major concern, appeat to be in agreement
that rehabilitation programs serve no valuable purpose in
maintaining seabird populations, although they might serve
humanitarian purposes (Bourne 1968a, 1970: Swennen 1977,
Clark 1984: Vauk 1984; Peeters 1991). Cicarly this is an issue
that should be addressed through intensive field research.

8. Conclusions and future research priorities

Seabirds will continue to be oiled in the North Pacific
from oil spitled in catastrophic tanker and barge accidents
or from the thousands of small spills in marinas and ports.
Techniques for assessing the impacts of these spills have
improved greatly over the past decade. but many estimates of
mortality depend largely or entirely on educated guesses rather
than hard facts. Recent spills have been followed by litigation
involving millions of dollars in compensation for damage to
wildlife. Judges and lawyers are demanding information that
seabird biologists cannot readily provide. More importantly, the

~ biological impacts of major and minor spills on local seabird

populations are still poorly understood.
We suggest the following priorities for research, not
necessarily in order of importance,

(1) More information is needed on the fate of oiled birds at
sea and on the shore to improve the accuracy of
assessment models, Changes in buoyancy of carcasses,
persistence of carcasses at sea and ashore, and responses
of carcasses to wind and currents can often be measured
using simple, inexpensive procedures.

(2)  Omithologists need to go to sea after spills to observe
how birds respond to oil in the water. There Is
remarkably little information on this topic (Boumne
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1968b). Perhaps we can develop dglerrenls to protect

birds?

(3)  We need to know the long-term cifects of exposure to
oil. Very few studies on the effects of oil on physiology
and breeding biology extend beyond two or three years.
Scabirds may live for many decades and so we need to
know whether exposure (0 oil has significant effects
Over many years,

(4)  The long-term efficacy of cleaning and rehabilitation
| programs should be assessed. Are the time and money
spent on rehabilitation justificd, relative to its effect on
individuals and populations? Behavioural studies using
radio-telemetry might telt us when and how to release
birds to maximize their long-term survival,

(5)  Resecarch into the effects of spills needs to be ongoing.
and not initiated purely as a reaction to 4 major spil.
Reducing the impact of a major spill, or estimating the
resultant mortality, can be achieved more readily i there
is a good understanding of the seasonal and spatial
distribution of birds, their responses to local oceame
conditions. and the likely hot-spots where seabirds
might be especially vuinerable.

(6)  We need the ability to determine the origins of birds
affected by spills. Morphometric, bicchemical. and
genetic parameters should be investigated as indicaton
of local genotypes. This has happened to a far greiter
degree in the North Atlantic than in the Pacific. This
knowledge would allow us to fook in the most likely
pluces to detect impacts of oil spills, and 1o wdentfy the
characteristics of particularly sensitive populations,

Acknowledgements

Alan Burger acknowledges, with gratitude, the support
given to rescarch on oiled birds by Environment Canada
(Envitonmental Protection Service, Vancouver), British
Columbia Environment (Emergency Services Branch. the
Canadian Wildiife Service, the Canadian Justice Departnient,
and the Bamfield Marine Station. Michacl Fry acknowedges
bibliographic help from Melinda Hansmire and Joan

Humphrey, and support givert hy the Departiment ol AVIAN

Sciences, University of California, Davis.
Literature cited

Alnley, D.G.; Graw, C.R Roudybush, T.E.: Morrell, NHL: Ut ‘!M. 19st.
Petraleum ingestion feduces reproduction in Cassin's Auklets, Mar. Polint Ruil

12:314-317.
Ambrose, P. 1990, Rapesced il kifls waterbirds. Mur. Pollut. Bult, 21:371

Anderson, D.W.; Fry, D.M.: Gress, ., 1991, Long-term iurwiqu ol _H.nmn |
Pelicans Tollowing vil exposure and rehabilitation lrom the American Trader oil
spill. Pac. Seabird Group Hull. 13(1).

Bibby, C.J.; Lioyd, C.8, 1977, Experiments o determing the tate of dead birds
at ses. Biol, Consery, 12:295-MM,

Boersma, P.D.; Davies, E.M,: Reid, W.V, [UNN, Wuu{hvmd crude o _;:!'I'pctw
on chicks of Fork-tailed Storm-Petrels (Oceanodroma furcata). Arch, Environ.
Contum. Toxicol. 17:527-531,

Bourne, W.R.P. 19684, Oil poliution and bird populations. Pages 90 120 m
Corthy, §.D.: Arthue, DR, (eds.), The bivlogicat effects vf vil poilution on

littoral communities. Field Stud. 2 (Suppl.).

“ﬂﬂf!ll' ‘I"'.R.P. 1968h. Otnervations of an chcounter between birds snd
floating o1, Nature (Lond. s 210:612. . - .

Bourne, W.R.P. 1970, Oi pollution and bire conservation. Biol. Consery.
2: 30030 ' - -

Hurger. ALK 1990, Eifects of the Aestuccd o1b sprll on seaards along the coanst
ol Vunruuﬂ'f Iland in 198G Unpubliche ” repart, Environmental Proteciion
Service, Environment Canada, Vancouve, BC, |

Burger, ALK, 19900, Experiments o anprove the assessment of iortaiiy an
orfed seatirds Unptibhished report, Emvitommental Protechion Servee,
Envigonment Canada, Vancouver, B.C. o

Burger, ALK 1991h, Fitects of the Vevie cag sprlt on winemngs and jprediston
berds on Vancouver Island i 1988 Unpabdished report, Fovieonmeatad
Protection Senviee, Frvirosrnent Canada, Vancouser, BLC

Burger, ALK, 1992, Beached bud survey s i Bntish Columbia. annugl copurt
March 19U Unpublished report, Bergery Seevices Sramh, Botesh
Columbia I ovirpnent Viglorg

Burger. LE. Inpress, b onmating the menabty of seabreds ol vy ol spils
cllects of spill vedume Mar Pollut Bl ' |

Butler. R.G . Harferist, Vo Leighton, oA Peakall, DB, TURK. bane o
aphiethal ot and emulson cxpoae o the pssiio e sicess o  oagh -
Storm Petreds short aad g ome cHects J *'\]'-‘1*[ Pood DR800

Camphuysen. | O TORY, B hed Randagneey cinthe Naherd ot THES O UNN
oabsrd mortalin i the weuthern Sl Sea e e caris das s st e
Werkygroop Navrdree, Amsinlany |

Cumphussen, CLs Francher L\, feda, YL ) podiynion, meached b
NUTAV UM S antd ["’l'hf}. (0% o 4 sty ibrs sy Ji‘lriu.iu."?t TR PRLIeY e ey it
S S2pp SR |

Clark, RH. 1984, Jipaat of o pod it on et baviron Fodbutl e A
LRI I ' -

(ohen, o Mrlesworth, KD, L ~qull ok S soiithiern: By et
Wosinmt oy Cisst mmanng 2o Poinald popen o ther Sl BArlishe d LTI ETIE .'
wpod sk tarce, Appemdig I Pubtd Proviowe of Breosh O nirhiamt the

Srates of Woshipton, Otegot Alashaang | sfttonna 0 ppo

Coulson, LU Potis, R Preans, ERFriser, WAL BSRK P o ophemad
pertalzty af shags and othee aeabirds Lt i SRTRTASEIARS B! St proine iy

By Bipds bR

' L =in 4 Jr1 I 1 A at .
Crocker, A% Uronnhaw, L Holptes, YO58 19T he ol ot Ctude ol
! r I AT - _— L
o e s L absotplon i Asp v D Ams i e i R _i TR EARSH I KR HERY
v !hl'"\ iT“

Crocker, MDD Cronchaw. o Holmes, ¥ 81978 The etfect o v

' . T ' N T T TR AL L 1 LI DS lr*a.".‘ﬂ'r.,n pebapary gy
11 Ilh];;‘ et It anny ™ AT LARAEAY ERAEIEES IR VO Y [ SRR 1L RS R TR M ;

. . : . ) " PR
dach g Veras st e fron v [oyien Phyanck fhiscbem B D5 i

Pale, A, TYR9. A propnummies sopeni o G oftel s od o tien beach sshenae

) r - . . T4 SO | - § L b I 1 }1 '
and caredas weight on the persas ot f e b B catoaneses U npublished

: + N l." 4 o . 4
repon Manine Binds dd Boandwid Manoe Nt Hamtieid, |Tl

FHiAL R Ryan, PO, FIRR. Soaneany o Ve alon e e Bk
restiite’ TURE 18T 1 npubished repoort, L priiadnan Wikdite Servee, S Sehns,

NI, |

Fischel, M. Robilliard, e.A §ORE. Natengi vt e assessment ot e
' + w“y | * . , . A" x . . \
Shell cd sl Marthiees, Cahfomis Prov T8 g O Spisi vnt. ,juh Pet

[nat Publ No. 4819371 370

Ford R.(e Puge (;. Y. Larter, H.R. Iﬁ?; Ewtimmrating .munuhh i aesabnnds
. 1 | ‘ - 3 B . N N - gl

from od spalis. Pages s g% 141 Proccedngs of the FORT U0 Spadt € onferenct

Amctwan Petroleam Insttate, W ashington, EX

Ford, R.G.: Cavey, J.L. Hewitt, 1LB.; Varoujean, D.H. i}f‘urrh-k. Ilr.f.:‘
Williams, WA 1901, Scatied mortadety resulting from the Nestueda o o
e dent, winies [OKs ¥U Roepoert for Washimpton Depantment of Wildhte.

Feotogeat Conssling Ine.. Portland. UK

Frost, P.4GLH *ﬁh-ufrml. W.R.: Conper. 1. 1976, Comervahon at the fackiss
Prllgi:ill (Sphermscus demier s ib. 1. Baol Lonsery. ‘J"II‘L W .

261



Fry, D.M. 1987, Scabird oil toxicology study. U.5. Depantment of the Interior,
Minerals Management Service, OCS Study MMS-87-0005. 216 pp.

Fry, D.M.; Addiego, L.A. 1987, Hemolytic ancmia complicates the cleaning of
otled seabirds. WildL. 3, 1{(3):1-8.

Fry, D.M.; Lowenstine, L. 1988, Pathology of Common Murres and Cassin’s

~ Auklets exposed 1o oil. Arch. Environ, Contam. Toxico}, 14:725-737.

Fry. D.M.: Swenson, J.; Addiegu, L..A.; Grau, C.R.; Kang, A. 1986.

- Reduced reproduction of wedge-tailed shearwaters exposed 10 weathered Santa

Barbara crude oil. Arch. Environ. Contam. Toxicol. 15:453-461.

Gibson, M.J. 1991, Bald Eagles in Alaska following the Exvon Valde: oil spill.
Pages 229.-233 in Proceedings of the 1091 lnt. Qil Spill Conference. American
Petroleum Institute, Washington, DC. -

Gorsline, J. 1982. The oftects of South Louisiana crude oil on adrenocortical

funclion, Aspects of avian endocrinology: practical and theoretical implications,
Grad. Stud. Tex. Tech, Univ. 20:359-364.

Garstine. J.: Holmes, W.N. 1981. Effects of petroleum on adrenocortical
activity and on hepatic naphthatene-metabolizing activity in Mallard Ducks.
Arch. Environ, Comam. toxicol. 10:765-777.

Gorsline. J.: Holtmes, W.N, 1982, Suppression of adrenocortical uctivity in

~ Mattard Ducks exposed to petroleum-contaminided food. Arch. Environ.

Contam. Toxicol. 11:497-502,

Grau. C.R.: Roudybush, T.; Dubbs, J.; Wathen, J. 1977. Aliered yolk
Jructute and reduced hatchability of eggs from hisds fed single doses of
petrofeuin mis, Science 195779781,

Guerin, M.R.: Ho. C.-H.; Epler, J.L.: Rao, T.K. 1980, Polycyclic aromatic
primarny anines as determinant chemical mutagens in petrolcum substitutes,
Environ, Bes, 23:42-83.

Guerin, M.R.: Rubin. LB.: Rao, T.K.; Clark, B.R.; Epler, J.1.. 1981,
Distribution of mutagenic activity in petroleum and petroleum substitutes, Fue!
6282 | |

Hartung. R. 1967, Energy metabolism in oil-covered ducks. J. Wildl, Manage.
3179880, |

Hartung, R.; Hunt, G.S. 1966. Toxicity of some oils to waterfowt. J. Wildl.
Manage. J564-570),

Heubeck, M. 1987, The Shetlund Beached Bird Survey, 1979-1986. Bird Study
34:97.-106.

Hiady. D.A.;: Barger, A.E. 1990, Drift-block experiments Lo analyze the
mostality of oiled seabirds. Unpublished report, Emergency Services Branch,
British Columbia Eavironment, Victoria, |

Holmes, W.N.; Cronshaw, J.; Gorsline, J. 1978, Some effects of ingested
pclrnluum on seawater-adapted ducks (Anas platvrhvnchos). Environ, Res,
17:177-190, | |

Holmes. W.N.: Gorsline, J.; Cronshaw, J. 1979, Effects of mild cold-stress on

the survival of seawater-adapted maltard ducks (Anas platyrhynchos)
maintained on food contaminated with petroleum. Environ. Res. 20:425-444.

Houpe Jones, P.; Howells, G.; Reese, E.LS. Wilson, J. 1970, Effect of

Hamilton Trader oil on birds in the Irish Sea in May 1969, Br. Birds 63:97-110,

‘Hughes, MLR.; Kassera, C.; Thomas, B. 1990. Effect of externally applied

bunker fucl on body mass and wmperature, plasma concentration, and water
flux of Glaucous-winged Gulls, Larus glaucescens. Can. J. Znal. 68:716~721.

Humphries, C.A. 1989. Scavenging rates of light and dark beached birds on
rock and sand substrates. Unpublished report Marine Birds 440, Bamficld
Marine Station, Bamfield, B.C.

Kahn, R.A.; Ryan, P. 1991. Long term effects of crude oil on Common Murres
(Uria aalge) following reljahililatinn. Bull. Environ, Contam. Toxicol,

- 46:216-222,

- 262

Kay, B.H. 1989a. Pollutants in 'British Columbia’s marine environment: a status

" repont. State of the Environment Rep. No. 89-1, Environment Canada, Ottawa.

Kay, B.H. 1989b. Pollutants in British Columbia’s marine environment. State

. of the Environment Fact Sheet No. 89-2, Environment Canada, Ottuwa.

Kolpack, R.lL. (ed.). 1971, Biological and oceanographic survey of the Sunta
Barbara oil spill, 1969-1970. Allan Hancock Foundation, Univ. of Scuthem

Culifornia, Los Angeles.
Kuyken, E. 1978, Beached bird surveys in Belgium, Ibis 120:122-123.

Langenberg, J.A.; Deln, F.J. 1983, Pathology of Ruddy Ducks (Oxyura

jamaicensis) contaminated with spilled #6 fuel oil. Pages 139-143 in The

effects of oit on birds: physiological research, clinical applications and
rehabilitation: 1982 Proceedings. Tri-state Bird Rescue and Research Inc.,
Wilmington, DE.

Leighton, F.A, 1991, The toxicity of petroleum oils 10 scabirds: an overvicw,
Pages 43-57 in White, . (ed.), The effects of oil on wildlife. Sheridan Press,

Hanover, PA.

Leighton, F.A.; Peakall, D.B.; Butler, R.GG, 1983, Heinz-body hemolytic
anemia from the ingestion of crude oil: a primary toxic effect in marine birds,
Science 20:871-873,

Leighton, ¥.A.; Peakall, D.B.; Butler, R.G. 1988, Oit and arclic marine birds:
an assessment of risk. Pages 183-215 in Engelhardt, E.R. (ed.), Petroleum
effects in the arctic environment, Elsevier, London and New York.

Lowell, R.E, 1986, Impucts of the Arco Anchorage 1985 oil spill on large
falcons and Bald Eagles wintering in the Sequim-Dungeness ares and vicinity.
Unpublished report, Washington Department of Gume, Olympia. 10 pp.

McEwan, E.H.: Koelink. A.F.C. 1973, The heut production of otled mallurds
and scaup. Can. J, Zool. §1:27-31.

McKelvey, R.W.; Robertson, I.; Whitehead, P.E. 1980, Effcct of
non-petroleurm oil spills on wintering birds near Yancouver, Mar. Poliut. Bull,

11:169-171.

Miiter, D.S.; Peakall, D.B.; Kinter, W.B. 1978, Ingestion of crude oil:
sublethal effects in Herring Gull chicks, Science 199:315--317.

Miller, D.S.: Hallett, D.J.; Peakail, D.B, 1982, Which components of crude oil

‘are toxic 1o young seabirds? Environ, Toxicol. Chem, 1:39-44,

Morant, P.1).; Cooper, J.; Randall, R,M. 1981, The rchabilitation of oiled
Jackass Penguins (Spheniscus demersus). Proceedings of a Symposium on Birds

~ of Sea and Shore, African Seabird Group, Cape Town,

National Research Council, 1988, Oil in the sca: inputs, fates and effects.
National Academy Press, Washington, DC, |

Page, G.W.; Carter, H.R.: Ford, (5. 1990. Numbers of scabirds kilted or
debilitatcd in the 1986 Apex Houston oil spill in Central Californin. Stud. Avian
Biol. 14:164--174,

Payne, J.F.; Martins, 1. 1978, Crankcase oils: are they a mujur mutagenic
busden in the aquatic enviconment? Science 200:329,

Peakall, D.B.; Hallett, D.J, 1982, Toxicity of Prudhoe Buy crude oil and ity
aromutic fractions to nestting Herring Guils, Environ, Res. 27:1-10.

Peakall, D.B.; Hallett, D.; Miller, D.S.; Butler, R.G.; Kinter, W.B, 1980,
Effects of ingested crude oil on dlack Guillemots: a combined {teld und
laboratory study. Ambio 9:28-30.

Peakall, D.B.; Miller, D.S.; Kinter, W.B, 1983, Toxicity of crude oils and
their functions to nestling Herring Gulls: physiologicat and hiochemical effects.

Mar. Environ. Res, 8:63-71,
Peeters, H. 1991, Oilcd seabirds: more than just counting. Sulus §:36-37.
Platt, J.F.; Lensink, C.J. 1989, Exxon Valdez bird toll. Nature 342:865--R66.

Piatt, J.F.; Elliott, R.D.; MacCharles, A, 1988, Marinc birds and oil pollution
in Newfoundland, 1951-1984, Nftd. Inst. Cold Ocean Sci. Rep. 105, Memorial

University, St. John’s. 54 pp.

Platt, J.F.: Lensink, C.J.; Butler, W.; Kendzlorek, M.{ Nysewander, D.R,
1990, immcdiate impact of the Exxon Valdez oil spill on marine birds. Auk 107
387-397, -



State

anti

em
(il

L] |

YiCw,
'0HY,

i
sirds,

1¢ birds:
(il

0w
cinity.

urds

. Buil,

cnude oil

led
on Birds

wis.

or
. Avian

1

o its

and
effects.

5-866.

oltution
cmorinl

, DR,
Wuk 107:

Point Reyes Bird Observatory. 1988, The impacty of the T/V Puerio Rican oil
sptll on marine bird and mammal populations in the Gulf of the Farallones, 6-19
November 1984, Spec, Sci. Rep. Point Reyes Bisd Observatury, Stinson Beach,
CA.

Randall, R.M.; Randall, B.M.; Bievan, J. 1980, Qil potution and penguina--.
is cleaning justified? Muar, Potluy, Bull. 11:234-237.

Rattner, B.A.; Eroschenko, V.P.; Fox, G.AL Fry, DM, Gorsline, J. 1984,
Aviun endocrine responses to environmental pollutants. J, Exp. Zool
232:683-689.

Rodway, M.S, 1990. Attendunce patterns, histeining chronology and breeding
population of Common Murres on Triangle Island. British Columina following
the Nestuccn oil spill, Can, Wildl, Serv. Tech. Rep. Ser. 7, Dedta, B.C.

Rodway, M.S.; Lemon, JoF.: Summers, KR, 1990, British Columina seabied
colony inventory: report #4—-Scott Istands. Census results from A2 (o {ORD
with referenco to the Nestucca oil spill, Can. Wildh Serv. Tech. Rep. Ser. 86,
Dela, B.C.

Sheppard, E.P.; Wells. R.A; Georghlon, P.E. 1983 The mutagenicdy of 4
Prudhoe Bay crude oil and its residues from an experimental in siti buri.
Environ. Res, 30:427.

Simons, M.M. Jr. 1988, Beached bird survey project on the Atlantic and Gulf
cousts: December 1. 1975 to November 30, 1983, Am, Birds WEASK-62

Smith, D.C. 1978, Rehabilitating oiled aguatic birds. Pages 24F 2470
Proceedings of the 1975 Conference on preventron and control of ol poliutiod
i San Francisco. American Petroleum Institule, Washington, DC.

Speich, $.M. 1986, The Arco Anchorage- Port Angeles 1ORS odspefl |
Documented impact to waterbirds, Report to the Washington Departiment of
Game. Olympin.

Speich, $.M.: Thompsen, 8.P, 1987. Impacts on waterbirds From the UN.
Columbia River and Whidbey Island. Washington, ofl spibis, West. Birds
18: 100-116.

Spelch, $.M.;: Wahl, T.R. 1986, Raic of oveurrence of duid birdy in
Wishington's infand manne walers, 1078 and 1979 Murreict 67:53-61,

Stenzel, L.E.; Page, G.W.; Carter, H.R.; Ainley, 1.6, 98, Scabind
mortality in California as wilnessed rough {4 vears of beached hrrd censuses,
Unpublished report, Point Reyes Binl Observatory, Stinson Beach, CAL

Stewart, R.B.: Gerson, S.M.; Bottinl, J WY, 1991, Summary ol cffects of
Exxon Valdez oil spill on natural resources and archacologwil resourees
Document fited with U.S. District Court, District ot Alaska.

Stowe. T.J. 1982, Beached bird surveys and survetllanee ¢ elitt breeding
seahirds. Report to Nature Conservaney Council. R, Soc. ! Ot thrdy, Samly,

I

Beds., UK. i 58 PP ?n

Stowe. T.J.: Underwood, 1A, 1984, Oil spillages aftecting seabipds 1o the
United Kingdom, 19661983, Mar. Pollut. Bull. 15:147-- 1582,

Swennen, C. 1977, Laboratory research on sea-birds. Netheriamly nsfibie v
Sea Rescarch, Texel, Netherlands,

Takekawa, J.K.; Carter, H.R.; Harvey, T.E, 1998, Decline of the (omurion
Murre in centrat California, 1980- 1980, Siud. Avian Biol, 13149 164,

Telxelra, A.M. 1986, Winter mortality ol seabirds on the Portugese s
Pages 409-419 in MEDVARIS: Manbailtiu, X, trtlﬂ._l. brilv:l.h.h‘rrm.n:a‘n nl.urnw
avifauna: population studiey and canservition. NATO ASESer. G Feol. Sci

Yol 12.

Thomson, R.E.; Hickey, B.M.: LeBiond, P.H. 1989. The Vancouses sk |
constal current: fisheries barrier and condutt. Pages 268 296 i Beamnsh R
McFarlune, G.A. (eds.), Effects of ocean varinbility on recruismen and ar |
evaluation of parameters used in stock axsessment models, Can, Spec, Pub

Fish. Aquat. Sci. 104,

; ¢ gNd Redwed
Teivelpiece, W.; Butler, R.G.} Miller, 1).8.: Peakall, 1).H. I |
uur\rlwrl of r:hlck‘s of uil-:kw:d adult Leach's S1orm-Petrels. Condor 8608 |- K21

Varoujean, 1).H. 1983, Culifornia scabind oil spill {whqvinr study LS.
Depariment of the interior, Minerals Management Service. N IS No.

PBR4179522-8ET.

?’:uk. (i{ 1984, Oil pollution danger on the German coust. Mag. Pothut Ball,
) :H_‘lj_l}h _ _ -

\’auk. Go: Hartwig, E.: Reineking. B.: Vuuk-Henteelt, E. 1988 1 0w of
seithirds by al polfution at the Geyman North Sea Coast. So. Mar 33739 754,

Yermecr, K.: Yermeer, R, 1978, (Ol theeat 10 tynds on the {anpdians West
Coast. £an. Fielkd-Nat 89278 29N |

Wilson, UW. 1991, Responaes of three seabird speees to B Nifo ¢sents and
other warm episodes on the Washinpiog coust, 1979 [0 Condor 92 K51 RSR

Wood, MLAL; Hl‘il[lhj. N9 Rebabibtanon of viked waburds and Hald
Eaples following the £vven Valde s s ot Pages 286 28900 Priseedimpes ol
the 1991 Onl Spult Cemberence Ameriean Petrodeany Bnvhiinte. Washington, P

Woolton. T.A. Grap. C.R.: Roudsbush, T.E: Mabs, YLF: Hirdt, K.Y,
§979, Keproduchive tospomses ot goal 9 Bagker C ol aonons An b §ivaron
Contam. Toxeol, X 457 361 -

63



