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STORM PETRELS AS | NDI CATORS OF ENVI RONVENTAL CONDI TI ONS

Sumary of Objectives, Conclusions and I nplications with Respect to
0Cs O| and Gas Devel opnent.

A. Summary of Qbjectives:
To determne if Procellariiformes are ingesting fossil fuel hydro-
carbons and develop an inexpensive and reliable nethod to analyze for

petrol eum products in their food sanples.

B. Sumary of Conclusions: )

Procellariiformes frequently ingest fossil fuel hydrocarbons while
foraging. Digestions slow and birds readily regurgitate food and oil
sanpl es when captured either in their burrows or in mst nets. The
effects of ingesting small anounts of petroleum products on adults is
unknown, but weathered crude oil fed to chicks did not alter culmin,
tarsus or wing growh. Dosed chicks gained weight nore slowy until
they were 21 days old. After 21 days of age there were no differences
in weight gains of dosed and control chicks. Dosed chicks fledged an
average of three days later than non-dosed chicks. Although this
difference is statistically significant,probably it is not biologically
significant.

In 1982 food sanples were collected fromthree |ocations: East
Amatuli | sl and Al aska; St. Lazaria |sland, Al aska; and Tatoosh | sl and,

Wshington. W collected 875 sanples. O these 53 sanples were from



Leach's StormPetrels and 822 sanples were from Fork-tailed StormPetrels.

In the laboratory, we have done a series of experiments to determne
our ability to recover known amounts of Prudhee Bay crude oi| added to a
conposite oil sanple. Developing a laboratory procedure to quantify
petrol eum hydrocarbons has bheen tine consumng. Nevertheless, we have
found a suitable interval standard to add to oil sanples so we can
quantify the amount of petrol eum present in each sanple.

In the process of developing an inexpensive but reliable method for
anal yzing oil sanples, we have been plagued with contam nation problens.
Ve found that small amounts of petrol eum were sonetines added to the oil
sanmple fromthe foil liners in thevials. The amounts are small, |ess
than 5% of the hydrocarbons found, but these contam nated sanples were
scored as positive for fossil fuel hydrocarbons in1980. We.have .
elimnated this potential source of contamnation in our 1982
sanples by rinsing all caps with dichloromethane before using them
in the field and al so by adding teflon |iners. while devel oping the
anal ytical procedure, we tried various grades of reagents and found
that only with distilled-in-glass chemcals can we be confident that
no source of petroleumis entering the preparation procedure. We
have also elimnated several transfer steps to further reduce chances
of contamination. W are running two nore tests bhefore beginning mass

preparation of the sanples for analysis.

I nplications with Respect to 0CS Gil and Gas Devel opnent
Qur field studies have shown that Procellariiformes are ingesting fossil
fuel hydrocarbons in what is normally considered a fairly pristine environ-

ment--the Qulf of Alaska. Food sanples canbe collected and anal yzed and



changes in the anount and frequency of hydrocarbon ingestion can be quan-
tified. This technique could be used to quantify increases in petroleum
products in a regional area and thereby correlate these increases with
different types of human activity. It could be in some areas that

even with nore fossil fuel hydrocarbons entering the system weathering
and currents woul d remove and disperse the petroleum so rapidly that
water quality on the regional |evel would notdeteriorate.

A nonitoring strategy to alert federal agencies to subtle environ-
mental deterioration caused by increases in fossil fuel hydrocarbons
will be valuable so that strategies to inprove or protect water quality
can be determned. Correlations of increased petroleum products with
increases in tanker traffic, fishing, runoff, or 0CS devel opnent will

help determine which activity would be nost likely to cause a problem



I ntroduction

To determine subtle changes in the environment and the inportance
of these changes over a large area is extremely difficult. Seabirds,
however, maybe a useful tool to use which could monitor inexpensively
environmental quality and oceanic conditions. Reproductive patterns of
seabirds are known to reflect changes in the environment (Hutchinson
1950, Ashmole 1971, Boersma 1978, Boersma et al. 1980), while foraging
seabi rds sanple the oceans constantly and consequent|y can be useful
indicators of pollutants such as DDT, trace netals, and PCB's (Rise-
borough et al. 1967, Anderson et al. 1975, Vermeer and Peakall 1979)

Certain species, such as Brown Pelicans (Pelecanus occidentals) , are

good reflectors of fish stocks (Anderson et al. 1980, Swunada et al. 1981).
The purpose of our investigation was to determ ne whether Procellarii-
formes i ngest fossil fuel hydrocarbons and then to devel op techniques to
col [ ect and anal yze their stomach contents for petrol eum products.
Procellariiformes were chosen because they forage over a broad area,
feeding intermttently, thereby acting as integrators of the food and
pollutants in an area. They feed on smal| planktenic |ife, oils, debris
and crustaceans in only the top few centimeters of water where many
pol lutants such as fossil fuels, pesticides and heavy nmetal s also
concentrate. Different species of Procellariiformes feed in different

water masses. For exanple, fulmars (Fulmarus glacialis) and Leach’s

StormPetrel s (Oceanodroma leucorhoa) feed in the open ocean, but Fork-

tailed StormPetrels (Oceanodroma furcata) forage al ong the ocean

shel f break or over the continental shelf.
In theory, by sanpling an appropriate species, continental shelf water

quality could be conpared with open ocean water quality. Qur research



concentrated on Fork-tailed StormPetrels because they forage on the
continental shelf where increased OCS devel opment and tanker traffic is
likely to occur. Because subtle deterioration in water quality will be
difficult to detect and analysis of even several water sanples wll give
little information about general water quality, a practical and relatively
I nexpensive technique to sanple a large area of ocean waters woul d be

val uable.  Procellariiformes, because they forage broadly, may be a

bi ol ogi cal monitor of surface water quality.

Task (nj ectives

1. Continue devel opment and testing of inexpensively reliable nmethods
to analyze food sanples from Procellariiformes for fossil fuel
hydr ocar bons.

2. Collection of stomach contents from stormpetrels.

3. Test the effects of ingestion of weathered crude oil on Fork-tailed

StormPetrel chick growth and survival.



Current State of Know edge.

Three species of Procellariiformes, Northern Fulmar, Fork-tail ed

StormPetrel and Leach’'s StormPetrel, ingest fossil fuel hydrocarbons.

The number of individuals ingesting petroleumincreases after a spill.

Using gas chromatography, sanples canbe scored as either having fossil fuel
hydrocarbons present or absent. It is nore difficult to quantify the amount
of petroleum present in each food sanples, but these techniques are being
devel oped.

W know that chicks are also ingesting fossil fuel hydrocarbons and
that weathered crude oil has few short-term gross morphological or growth
effects on Fork-tailed StormPetrels.

Sanpl es from several |ocations in Alaska have been collected to see if
the amount and frequency of fossil fuel hydrocarbons ingested by stomm-
petrels differ --as we expect. This is one means to determne how well
Procellariiformes reflect water quality. W predict stormpetrels in the
Aleutians to ingest fewer petroleum products than those in the Barren
Islands . W expect storm-petrels found on St. Lazaria Island to ingest
fewer fossil fuel hydrocarbons than those around the Barren Islands.

Sampl es from Leach’s Stomm-Petrels and Fork-tailed Storm-petrels found at the
sane |ocation will be conpared to test whether the prediction that

Leach’s StormPetrels ingest fewer hydrocarbons than Fork-tailed Storm-
Petrels is correct. We would like to gather sanples from stormpetrels

along the Californian coast because we bhelieve these hirds are

encountering and ingesting more hydrocarbons than fromany other area

al ong the coasts of western United States. Funding has not been

avai lable to conduct this test.



The three years’ of sanples fromthe Barren Islands will be used to
assess whether the rate or amount of hydrocarbons ingested by Fork-tailed
StormPetrels has changed. In 1980 the Coast Guard reported five
pol lution events within 200 km of the Barren Islands. In 1981 there
was one spill reported within 200 km of the Barren Islands, and none
in 1982. Therefore we prediét that the incidence of sanples positive

for fossil fuel hydrocarbons will decrease between 1980 and 1982.



Study Area.
A. Field trip schedul e

Ve were in the field between June 1982 and Septenmber 1982. USFWS
provi ded equi prent (outhoard notors, zodiacs, and sone field equipment
for portions of this study. Logistical support was chartered out of
Homer, Alaska. Flynn's Barge Service transported personnel and equip-
ment to and fromthe island (E Amatuli) on June 15 and August 30, 1982.
Maritime Helicopters reprovisioned the canp and transported personnel in
June, July and August 1982. Table 1 shows the itinerary and personnel

present during the field season in Alaska.

B. Scientific Party

1. Dr. P. Dee Boersma, Associate Professor
University of \Mshington _
Institute for Environmental Studies and Departnent of Zool ogy

2. Emly Davies, Research Technol ogi st
Uni versity of Washington _
Institute for Environmental Studies

3. V. Louden, 5th year student
Uni versity of \ashington
Laboratory Assistant

4, T. Friedman, 3rdyear student
Uni versity of Washington
Laboratory and field assistant

5. C Sanders, 1st year student
University of Americas
Berkel ey, California

6. S. Blyth, High School Senior
Roosevelt Hgh School
Seattle, Washington



Table 1. ITINERARY for 1982. Barren Islands, Al aska -
Dat e Per sonnel Location
6/ 14/ 82 Dr. P. Dee Boersm Seattle toHomer
E. Davies, T. Friedman,
V. Louden, C. Sanders
6/ 15/ 82 same as above Home to E. Amatuli by LCM
HNan.ukl 1
6/ 24/ 82 Dr. P. Dee Boersma E. Amatuli to Honer by
Maritinme Helicopters
71 1/82 E. Davies, T. Friedman; E. Amatuli to Sugarloaf and
V. Louden, C. Sanders return by zodiac
71 8/82 same as above E. Amatuli to W Amatuli and
return by zodiac
7120/ 82 P. Dee Boersma and
S. Blyth Home to E.  Amatuli
7120/ 82 T. Friedman E. Amatuli to Honer by
Maritine Helicopters
71241 82 Boersma, Davies, Sanders
and Louden E. Amatuli to W Amatuli
8/ 3/82 . Boersma, Davies, Louden, E. Amstuli to Ushaget and
C. Sanders, S. Blyth return by zodiac
8/ 4182 Louden and Sanders E. Amatuli tO Sugarloaf
and return by zodiac
8/ 8/82 Boersma, Davi es E. Amatuli to Kenai
by fishing boat
8/ 30/ 82 V. Louden, C Sanders, E. Amatuli to Homer by

S. Blyth

LCM 'Nanuk"
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Met hods.
A Number and Types of Sanples

Food sanmples were collected by removing storm-petrels from their
burrows or froma mst net and holding their beaks over a Nalgene funnel
(Table 2). Wen the bird regurgitated, the food sanple was rinsed down
into a scintillation vial with nanograde dichloromethane. At the same
time we banded birds with stainless steel bands, weighed (+1 gm) and
measured them Vials were labeled with the band nunber, date, nunber
of regurgitates and color coded. Sanples were stored at approxinmately
10"C.

Sanpl es were col lected between April and Septenmber at three sites:
2 in Alaska and one in Washington (Table 3). We collected 875 samples in
1982: 53 sanples were from Leach’s StormPetrel and 822 sanples were from
Fork-tailed StormPetrels (Table. 3). This conpares with'698 sanples
collected at 5 sites in 1981 (Table 4).

B. Chick Dosing Experinent

A total of 68 Fork-tailed StormPetrel chicks were orally dosed with
weat hered Prudhoe Bay crude oil. This oil was “weathered” in the |abora-
tory by bubbling air through it for approximately 38 hours until its
vol une was reduced by one-fourth. Twenty-six chicks were given a single
0.1 ml dose of oil; 30 chicks were dosed twice, at seven day intervals
and 12 chicks were dosed weekly (Table 5).

Chicks were first dosed between the ages of 6 to 28 days. The nmeans
and ranges for age at first dosing are shown in Table 6.

Sixty-one control chicks were selected from nearby burrows wth

simlarly aged chicks. No shamdosing was conducted. Gowh rates for

wei ght, culmin, Wi Ng and tarsus Were” measured every four days.
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1982 OIL SAMPLES: ACQUI SI TI ON METHODS- - EAST AMATULI | SLAND, ALASKA
June July  August Sept enber Total s

Mst Net Captures 0 36 166 0 202
Retrieval from

Burrows 343 203 0, 0 546
Total s 343 239 166 0 748

Tabl e 2. Methods of acquisition for regurgitates, 1982 East Amatuli |sland, Al aska.
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1982 O'L SAMPLES:

‘12,

SPECI ES/ LOCATI ON AND DATES

I April May August  September  Totals
East marati P70 0 9w 0 ™ s
Is., Alaska | (cp 0 0 0 0
St. Lazaria FISP 0 ! _______0_.____0_.—_4.1._ 79
Is., Alaska |pn . ___g-_——_o 0 0 38
Tatoosh Is., irip____lj___i(s_______._____E _____ S ’ i_ 48
Washi ngt on LSP S 10 0 0 15
Tot al 22 26 166 0 875
Table 3. 1982 Regurgitates classified by species, |ocation and date of acquisition.

* Fork*tailed StormPetrel
Leach's Storm petrel
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1981 O'L SAVPLES:  SPECI ES/ LOCATI ON AND DATES

Location Jan . Feb. May June  July Aug. Sept . Total s

East Amatuli - .—0_._—. - -0- - - -0- --2-053----2-54- -120- - - -2--?7_9___ 579
Is., Naska g Qo 0 0 0 0 0 0 0

St. Lazaria FISP o ... 0 o, __o0_ _16_ 15 _ _ _0_ _ 5 45
s, Alaska |p 0 0 0 10 4 0 14

AleutianIs.,Fr§P_0____0____O____0 ______ 6 0 _ o _ % 34
Al aska LSP g 3

Laysan |s., soot 14

a)ll-lavvaii op Y 13 1 0 0 0 0 0 14

Tatoosh Is., FP_0 0o om0 o 0 0 LB

Viashi ngton LSP o | 13 0 0 0 0 13

Total s 13 1 24 203 316 139 2 698 698

Tabl e 4. 1981 Regurgitates classified by species, location and date of acquisition.
FTSP = Fork-tailed StormPetrel and LSP = Leach’s StormPetrel.



Dosing Experinent -

Tabl e 5.

Nunber of Fork-tailed StormPetrel .
Island with weathered Prudhoe Bay crude oil

Barren Islands, Al aska 1981

14,

chicks dosed on East Amatuli

Nunber of chicks dosed 1 dose 2 doses weekl y Tota
Areas ABE Z 15 15 7 37
Areas D and D, 11 15 5 31
Tot al 26 30 12 68
Table 6. Mean age when Fork-tailed StormPetrel chick was first dosed

with 1.0 m weathered Prudhoe Bay crude oil

Burrow | ocation on
East Amatuli Island

Areas ABE Z
Areas D and Dl

Al dosed chicks
(total)

Mean age of
chi cks
1 dose

11
(range 7-20)

11
(range 6-17)

11

Mean age of
chi cks
2 doses

16
(range 8-28)

9
(range 7-13)

12.5

Mean age of
dosed chi cks
weekly

15
(range 10-20)

10
(range 7-14)

12.5

Aver age age
when dose
(total)

13

10

12
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c. Analysis of sanples

Wi le collecting food sanples, a blank or control sanple is periodi-
tally collected. Dichloromethane i S rinsed down the funnel intoa sanple
vial and |abeled. The blank is treated and prepared as if it were a food
sanple, although it lacks the stormpetrel’s regurgitate. The genera
field and |aboratory procedure is shown in Figure 1. In the laboratory we
attenpted todevel op a quick screening procedure to crudely separate
samples with fossil fuel hydrocarbons from sanples without them Because
fossil fuel hydrocarbons phosphoresce we used thin [|ayer chromatography
to separate fractions and then held the chronatography strip under the
backlight. Unfortunately, the biological hydrocarbons also proved to be
phosphor escent substances so that crude screening using this method proved
unreliable and was eventual |y abandoned. 7

Not all sanples will be anal yzed because of expense. Normally we
collected nore than 30 sanples every 5 days while on East Amatuli |sland
Fifteen sanples at 5-day intervals have been chosen fromthe available
sanples for analysis. Sanples chosen represent amixture of all the color
types, fromclear to dark orange (See Section VI-A). The sare procedure
of choosing a broad range of col ored sanples and choosing sanples from
one day is being used to determne which sanples will be analyzed from
the other locations.

A technical description of the quantitation methodology i S provided
inAppendi x A

D. Natural History

W continued studies begun in 1976 on growth rates, nesting success
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Figure 1. PROCEDURE FOR FOOD SAMPLE ANALYSIS
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and mate and burrow fidelity of Fork-tailed StemPetrels together with a
| ess intensive nonitoring of a Tufted Puffin_(Lunda cirrhata) col ony.
These data represent the |ongest continuosu yecord of a seabird colony in
Alaska. Its value is in determning what is the natural variability

in growh and breeding success

Results .
A. Food Sanpl es

Sanpl es varied in color fromclear to dark orange. Yellow was the most
common color in 1981 and medium orange in 1982 (Tables 7 and 8). The

color of the food sanple reflects the bird s diet, particularly whether

*crustaceans have been consuned.

Resi due weights indicate that nost sanples are small, |ess than
0.4 g/sanple. However, sone sanples have more than 3 grans of oil.
Clear, light orange and green sanples were associated with small residue
wei ght while yellow, mediumorange and dark orange indicated |arge
sanpl es (Table 9). This is consistent with our field observations: that
light sanples generally had little regurgitate. The green color seens
to be fromthe bird regurgitating a small anmount of bile with the food

sanmpl e.

B. Sanple Analysis

Wen Hawaiian food sanples were gathered, the extreme heat of the
envi ronment evaporated the dichloromethane, Sanple vials were re-
peatedly opened and nore dichloromethane was added. Upon anal ysis we
found the blank (Figure 2) and the sanples were extremely dirty.

Investigating potential sources, we found a small fraction of the
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contam nation could have come fromthe vial caps that are lined in foil.

In any case, this contamnation was mnor and could account for |ess
than swof the hydrocarbons found. Nevertheless, we elimnated this
source of petroleumin subsequent sanples by washing all vial caps in a
rinse of hexane. The caps were then lined with teflon to seal the
sample fromthe cap. How the Hawaiian sanples becane contamnated is
unknown, but we suspect that storing of dichloromethane i N polypropaline
bottles and the subsequent opening and refilling of vials caused the
probl em

Uponrunning a small batch of sanples from Tatdosh |sland, we found
cent amnat ion. We began testing all chenicals and breaking down the
sample preparation into component parts. Hexane, toluene and methanol
were contam nated with hydrocarbons (Figure 3}. These chamicals were
not distilled in glass so we now use chemcals of higher purity and grade.

e al so found that if chemcals sit in polypropaline squeeze bottles
they tecome contaninated. Consequently, we now use only glassware
rinsed in hexane to hold chenicals.

Di sposabl e glass pipettes are used to transfer chemcals to reduce the
opportwnity for contam nate introductions. The nunber of transfers of the
sanpl e during preparation has been reduced and the mmher and anmount of
chemcals introduced has been decreased. The Baker extraction system
was purchased so that 10 sanples can be directly ejected into vials and
net hanol , dichloremethane and i so-octane are added. To reduce the
anounts and types of chemicals used and to elimnate transfers has

been tine consumi ng.



19.

1981 O L SAMPLES: COLOR CLASSI Fl CATION

Location Dk. Orange Med. Orange Lt. Orange Clear VYellow Geen Totals
East Amatuli -

ls. , Alaska 51 166 76 54 229 3 579
St. Lazari a

ls. , Alaska 14 17 0 0 14 0 45
Aleutian Is. |

Al aska 2 14 13 0 5 0 34
Laysan Is. |

wai i 0 2 1 0 11 0 14

Tatoosh |S.
Wshi ngt on 2 8 8 4 4 0 26.
Total s 69 207 98 58 263 3 698

Table 7. 1981 Regurgitates classified by color and |ocation of acquisition,



1982 OIL SAMPLES:

COLOR (CLASSIFICAT | ON

20.

)cation Dk. Orange Med. Orange Lt. Oange Oear Yellow Geen Totals
15t Amatuli 99 359 166 42 80 2 748
[s.. Alaska

t. Lazaria 2 48 21 0 8 0 79

ls, . A aska

atoosh |S. | 0 22 21 2 3 0 18
ashington

‘otals 101 429 208 44 91 2 875
Table 8. 1982 Regurgitates classified

by color and |ocation of acquisition.

w
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At the sane time that the sample anal ysis procedure has been modi-
fied, we ran a series of experiments to determne our accuracy in re-
covering known anounts of Prudhoe Bay crude oil. Wth an interval
standard added to each sanple, the amount of petrol eum product present
in each sanple can be quantified. We ran one sanple batch using the
anal ytical procedure and found that dichloromethane nust be used in
rinsing the silica gel colum because the methanol and iso-octane d0
not mx. W wll nm one more small sanple batch before starting mass sanple
anal ysis. Batch processing shoul d reduce the cost and variability in

anal ysis.

C. chick Dosing Exper i ment

The direct |ethal i'leact of 0il spills on adult seabirds is well
documented. A nunber of studies have investigated the inpacts of chronic,
| ow-1evel oil pollution onparinebirds, especially on adult reproductive
success, egg rratchébility and chick growth rates (See Part 111 of
Vheel er 1982).

Twenty-one chicks dosed withweat hered crude oil fledged during the
1981 breeding season. Only one dosed chick died, and this chick was
growi ng poorly before itwasdosed. It probably died from starvation
instead Of from the oil. The remaining 46 dosed chicks were still in
their burrows whenwe [eft the island andwe believe, based on their
appearance, they probably all fledged.

Bill, tarsus and wing growth of chicks dosed once, twice, or weekly

were simlar. The growth of chicks on north facing and south facing
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Figure 3. Contam nated chemcals used in |aborat orK procedure.
Note the regular pattern of fossil fuel hydrocarbon peaks.



slopes were simlar. Therefore, dosed chicks, regardless of the mumber
of times they were dosed or where they |ived, were conbined for further
anal ysis.

The nean age at fledging was significantly longer for conbined dosed
chicks than for control chicks ( t = 2.82, d&f = 45;p = .05). Dosed
chicks fledgedon average at 62.8 days whereas control chicks fledged
early at 60.4 days of age All other neasurenents of size at fledging
(i.e., mean weight, culmin |ength, w ng length, tarsus) were simlar.

Growth rates of dosed versus control chicks were conpared. Dosed
chicks from1 to 21 days of age gained significantly |ess weight than
control chicks (analysis of co-variance: F = 4,21, df 1, 39; P ".05).
Both dosed and control chicks gained weight similarly between 22 and 51
days of age. The bill, wings and tarsus of dosed and céntrol chi cks
grew simlarly.

D. Natural Hstory

Fork-tailed StormPetrel chicks gain weight followi ng one of two
curves of simlar shape. Whether they gain weight relatively rapidly
or slowy depends on the year. In 1976, 1978, 1980, and 1982 chicks
gained weight significantly faster than in 1977, 1979, and 1981. We
believe that the number of sunny days may explain this pattern because
in 1980 we found chicks 21 days of age or older on south facing slopes
grew more rapidly than simlarly aged chicks on north facing slopes.
Knowi ng the range of variability is essential to determine the inpact of

perturbations such as 0CS development.
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We have previously reviewed the literature showng that Fork-tailed
Stomm-Petrels and Leach’s StormPetrels forage in different water masses
.(Wheel wri ght and Boersma 1979). Recent observations further substantiate

that Fork-tailed StormPetrels forage closer to land than de Leach’s
StormPetrels (Forsell and Gould 1981). During storny weather in 1981 and
1982 we observed Fork-tailed StormPetrels foraging within one-quarter mile
of East Amatuli. On three occasions when the weather was somewhat rough
and overcast we saw Fork-tailed StormPetrels foraging close to the

Barren Islands. In contrast, on clear and calm days from 1976 through

1982 we never saw any Fork-tailed StormPetrels on our zodiac trips around”
the islands. Fork-tailed Stom-Petrels arrive on the island earlier at
night than do Leach’s StormPetrels which i S consistent with the observa-
tions that Fork-tailed Storm-Petrels forage closer to land (Figure 4).

This same pattern (of earlier arrival tines of Fork-tailed StormPetrels
conpared to Leach’s StormPetrels, quantified on Tatoosh |sland, WA.),
wsobserved at St. Lazaria Island, Alaska. oOn East Amatuli Island

only Fork-tailed StormPetrels are present, but they still follow the

same pattern of arriving around 2000 hours or after dark and departing

by 0200 or before dawn. Thus the presence of another stormpetrel does

not appear to have any inpact on arrival tine.

Both species of stormpetrels throw up oil and partly digested fish and
crustaceans when captured. Only 29% of the Leach’s StormPetrels
captured on Tatoosh |sland, Wa., ejected oil (N-997), but S6% of the
Fork-tailed StormPetrels did (8 = 338). There is not only a significant
di fference between species in the frequency that they threw up

(X = 76.4; p .001) but Fork-tailed StormPetrels throwup more oil.



27.

BecauseOf these differences in regurgitant volumes sone species

may be, therefore, difficult to use as sanplers of the environnent.
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The studies nentioned above suggest that Fork-tailed StormPetrels may
be doubly affected by oil pollution in the marine environment: first by the
direct physiological stress effects of ingesting oil, end secondly, by their
parents’ reduced abilities to provide food for their young because of oil-
ingesting rel ated inpacts on the adults thenselves. These inpacts nay
ultimtely affect the chicks' @bilities to reach reproductive age, even
though they do notimediately cause mortality. The |ong-term inpacts
coul d be reduced recruitment and a subsequent decline in stempetrel
popul ati ons.

Because our field results were conparable to other studies, we did not
repeat thisexperi ment. \% have three dosed chick speci mens which could
be examined for physiological abnormalities. An elaborate physiol ogical
experiment was beyond the scope of this project.

Petrol eum products are, and probably will become, the most common
toxic substance r el eased intc the oceans. Petroleumcurrently makes up
nearly 95% of the bulk hazardous cargo moved in the northeastern Pacific
(Clark 1976). In fact, marine transportation accounted for approximtely
35% of the petroleum hydrocarbon entering the ocean in 1973 (M'Gonigle and
Zacher 1979). with oCS devel opment, tanker traffic, the amount of oil
entering the ocean should increase. W expect to see the seasonal inpact
of oil in Alaskan water by l|ooking at foed sanples at the beginning and
end of the summer. Procellariiformes nmy prove to be a grouwp of
organi sms that can be used to assess regional water quality and , as well,
| ong-t erm changes in the environnent.

It is clear, however, that some species will be easier to gather food

sanples from than others. Fork-tailed StormPetrels readily regurgitate,
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but Leach’s StormPetrels are less reliable. Sooty ShearWters (Puffinus

griseus) do not throw up (personal observations and Grau, pers. comm.).
Fulmers, however, regurgitate as readily as Fork-tailed StormPetrels.

I nformation on general natural history will be important when choosing

a Procellariiform as a potential reflector of regional water quality.
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Needs for Further Study.

There are two areas that could add significantly to our data base.
One is whether water quality in relation to fossil fuel hydrocarbons
in the northern GQulf of Alaska and | ower Cook Inlet i S remaining con-
stant. As the Cook Intet field is depleted, we mght expect |ess oil
oenter the marine environment thereby reducing petroleum products in
thisar ea. Foodsamples from stormpetrels taken fromthe Barren
I'slands in June of each year coul d alert us to any apparent trends.

Secondly, stormpetrels off the California Coast are exposed to
heavy tanker traffic,0CS devel opnent and natural seeps. \Wat are

their levels of fossil fuel hydrocarbons and do Ashy StormPetrels

- (Oceanodroma homochroa) have nore than Leach’s StormPetrel s? Do

Ashy Stormpetrels in the Santa Barbara Islands i ngest nore fossil.
fuel hydrocarbons than those around San Francisco Bay? Collecting
sanpl es from these areas woul d hel p determine the rel ative ability of

stormpetrels to reflect changes in abundance of petrol eum products

in the ocean.
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APPENDI X A

QUANTITATION OF FOSSIL FUEL HYDROCARBONS | N
PETREL STOMACH SAMPLES

The nost easily discernible conponent of the gastric sanples that might be
of fossil fuel origin i s the n-alkane series of peaks from n-decane t hrough
n-henitricontane.  Although other conponents of fossil fuels are nore exclu-
sively limted to fossil fuel sources (such as sone isoprenoid OF aromatic
conpounds), these are not as suitable due tolower abundance and to differen-
tial losses in petroleumdistillation processing. Therefore, the n-alkane
series was selected as the initial indicator of fossil fuel content. A series
of experinents was conducted to establish the recovery of these conmpounds
through the sanple preparation scheme and to allow quantitation. A conposite
"background” Sanpl e matrix was created by combi ning several sanples fromthe
first years’ sanples that showed no detectabl e n-alkane petrol eum contanination.
This matrix was spiked with Prudhoe Bay crude oil at 0.5 1.0, 2, 5 and 10 mg/ml.
Duplicate aliquots were fractionated using the sanple preparation schene and
quantitated against a dilution response curve for each conponent (dodecane
t hrough triacontane). Fractions collected after the n-alkane fraction were also
examned to ensure no |osses through chrematographic tailing during sanple
preparation. These experinments established that individual alkanes could be
quantitated with high linearity, and with high recovery. However, episodes of
variability in the colum chromatography resulted in some sanples having very high
backgrounds. This was attributed to variation in colum activity. To overcone
this problem it was determned that comercial silica gel separation cartridges
(Baker preparation colums) could be used in place of honemade silica col ums.
This change was incorporated and greatly reduced the time required for

chromat ographi ¢ preparation--in addition to providing better reproduceability.
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Using this new preparation method, & 5 mg/ml sanple of Brudhoe Bay crude
oil was prepared and the recoveries for C-11 through C 32 n-alkanes plus
pristane and phytane were recovered with an average recovery of 94.1% (See
Table 1 ). Some |osses below C-14 and above C-30 were observed, presumably
resulting from vol atilization and adsorption respectively. Table 2 and
Figure 1 present the calibration mxture used for quantitation. Only the
n-alkane conmponents will be conputed, but the branched al kane peaks and
hexamet hyl benzene will be used for recovery deterninations. Acenaphthene is

used as an internal standard.



Tabl e 1: Recovery of Al kane Hydrocarbons (prudhoe Bay Crude) by
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Commerci al Silica Gel Cartridges.
Percent Recovery
MBSS Concentration Retention Time from single/ml Of
Conpound (ppm) (m nut es) crude Oi |
C11 n-Alkane 20 6.72 65
ClZ n-Alkane 20 9.03 69
C{z n-Alkane 20 11.58 60
3- Met hyl Tridecane 2
c.4 n-Alkane 20 14.16 86
Acénaphthene (i nternal
standar d) 50 16.40
'Cyg n-Alkane 20 16. 70 95
3-Met hyl Pentadecane 22.5
16 n-Alkane 20 19.15 106
C{7 n-Alkane 20 21.s1 110
Pristane 20 21.6 109
3-Methyl Heptodecane 2338
C18 n-Alkane 20 23.72 121
Phytane 20 23.92 117
Cig n-Alkane 20 25.55 111
Coo n-Alkane 20 27.08 114
¢ D-Alkane 20 28.41 106
3-Methyl Heni cosane 19.3
sz n-Alkane 20 29.59 107
C23 n-Alkane 20 30.66 93
3-Methyl Tricosane 20
Coy n-Alkane 20 31.66 92
C25 n-Alkane 20 32.58 91
C26 n-Alkane 20 33*45 85
C27 n-Alkane 20 34.33 88
g n-Alkane 20 35.26 90
5-Cholestane (St eroi d) 20
CSD n-Alkane 20 37.45 82
Cz; n-Alkane 20 38.80 73
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