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Attached is a proposed interagency agreement (IAG) between 
the Environmental Protection Agency (EPA) and the u.s. Fish and 
Wildlife Service (USFWS) for $36,500. Under this IAG, the USFWS 
will complete two tasks. The first task will be to evaluate a 
sampling technique for determining the distribution and abundance 
of forage fish in relation to marine birds and marine mammals. 
The second task will create a database of beach segment survey 
data for future use in restoration projects. 

The IAG is in compliance with statutory authority and EPA 
policy requirements~ 

We request your signature on the attached IAG and your 
concurrence below: 

Concurrence: Non-Concurrence: 

Ronald A. Kre1zenbeck 
Acting Director, Water Division Acting Director, Water Division 
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United States Environmental Protection ~ency 1. EPA lAG Identification Number 4. funding Location by 

' 
Washington, DC 20460 _O.W14957002-01~0 Region 

&EPA Interagency Agreementj 2. Other Agency lAG 10 Number (if known) 10 

Amendment 
5. Program Office 

3. Type of Action 
Abbreviation 

Part 1 - General Information New 
6. Name and Address of EPA Organization 7. Name and Address of Other ~ency 

Environmental Protection Agency u.s. Fish and Wildlife Service 
Water Division Contracting and General Services 
1200 Sixth Avenue 1011 East Tudor Road 
Seattle, Washington 98101 Anchorage, Alaska 99503 

8. Project Title 

Distribution and Abundance of Forage Fish in Relation to Marine Birds and 
Marine Mammals: Pilot Project and Development of a Beach Survey Database 

9. EPA Project Officer (Name, Address, Telephone Number) 10. Other Agency Project Officer (Name, Address, Telephone Number) 

Brian Ross, Project Officer David Irons (907) 786-3376 
EPA Alaska Operations Office I 
Room 537, Federal Building 

(same as block # 7) I Anchorage, Alaska 99513 

11. Project Period 112. B'-!dget Period 

6/1/90 - 9/30/91 6/1/90 - 9/30/91 
13. Scope of Worl< (Attach additional sheets, as needed) 

Attached. I - -

I 

I 
14. Statutory Authority for Both Transfer of Funds and Projf:t Act•v::ies 15. Other Agency Type 

Economy Act of 1932 as amended; Clean Water Act Federal 

Funds Previous A'":" :~nt Amount This Action Amended Total 

16. EPA Amount 36,500 
17. EPA In-Kind Amount I 
18. Other Agen:y Amount 

19. Other Agency In-Kind Amount 

20. Total Project Cost 36,500 
21. Fiscal Information 
Program Element FV Appropriation Doc. Contra' No. Account Number Object ObligationjDeobligation Arr.t. 

JJWU10MOOW 
Class 

JWUB~D b81/oJoa MHOtJ4l 25.71 36,500 

I 
EPA Form 1610..1 (Re~. 10-88} Previous editions are obsolete. Page 1 of 5 



Part II -Approved Budget 
EPA lAG Identification Number 

DW14957002-01-0 
Itemization of Itemization of Total Project 

22. BudQet Categories This Action Estimated Cost to Date 

(a) Personnel S 22 'lOO s 22 500 
. (b) Fringe Benefits ---- --------------------------,-

(c) Travel I 1·,ooo 1,000 
(d) E_quipment 

(e) Supplies I 13.000 13.000 
(f) Procurement/ Assistance 

(g) Construction 

(h) Other 

Q) Total Direct Charges s 36 .sao s 36.500 
O)lndtrect Costs: Rate 'l(, Base $ 
(k) Total 

(EPA Share 1 00%) (Other Agency Share %) s 36,500 s 36,500 
23. Is equipment authorized to be furnished by EPA or leased, purchased, or rented v.ith E?A funds? 

Oves 0 No (Identify all equipment costing $1,000 or more) 

.. 

24. Jve any of these funds being used on extramural agreements? (see item 22f) 
Uves WNo 

Type of Extramural Agreement 

D Grant 

. D Cooperative Agreement D Procurement (Includes Small Purchase Ordet) - -
Contractor/Recipient Name (if known) Total Extramurallvnount Under This Project Percent Funded by EPA (If known) 

' 

. 
Part Ill- Fundina Methods and Billina Instructions 

25. 
~ Funds-Out Agreement (Note: EPA Agency Location Code (ALC)- 68010727) 

~ Disbursement Agreement 

0 Repayment 
Request for repayment of actual costs must be itemized on SF 1081 or SF 1080 and submitted to the 
Financial Management Center, EPA. Cincinnati, OH 45268: 

D Monthly 0 Quarterly · D Upon Completion of Work 

D Advance 
Only available for use by Federal agencies on working capital fund or with appropriate justification of 
need for this type of payment method. Unexpended funds at completion of work will be returned to 
EPA. Quarterly cost reports will be forwarded to the Financial Management Center, EPA. Cincinnati, 
OH45268. 

D Allocation 
Used to transfer obligational authori~r transfer of function between Federal agencies. Must receive 

Transfer-Out 
prior approval by the Q:tice of the mptrcller, Budget Division, Budget Formulation and Control 
Branch, EPA Headquaners. Forward appropriate reports to the Financial Reports and Analysis 
Branch, Financial Management Division. PM-226F, EPA. Washington, DC 20460. 

26. D Fuodo-h> .. ~emont B Repayment D Reimbursement Agreement 
Advance 

D Allocation Transfer-In 

Other Agency's lAG identification Number . I EPA P<og<~ Qlfioo Allowonoo HoldO< fReopon.,bUOy Conle< NumbO< 

Other Agency's Billing Address {Include Agency Location Code 
or Station Symbol Numt»r) 

Other Agency's Billing Instructions and Frequency 

EPA fonn 1110.1 (Rev. 1o-el) 



Part IV- Acceptance Conditions 
I EPA lAG Identification Number 

DW14957002-01-0 
27. General Condnions 

The other agenq' covenants and agrees that it will expeditiously initiate and complete the project for which funds 
have been awarded under this agreement. 

28. Special Conditions (Attach additional sheets if needed) 
--------- ------ - - - - ----- - - - - - -

The U.S. Fish and Wildlife Service certifies: 1) that any indirect costs incurred 
and included in billings to EPA represent, in accordance with GAO principles, costs 
that would not have been otherwise incurred by the U.S. Fish and Wildlife Service, 
or 2) that statutory authority exists for charging other than the incremental 
costs of performance. If an audit oetermines that any direct or indirect costs 
charged to EPA are unallowable, EPA will be notified ~ediately following the 
resolution of the audit and EPA will be credited for those costs. 

Part V- Offer and Acceptance 
Note: 1) For Funds-out actions, the agreement/amendment must be si9nee by the other agency official in duplicate 

and one ori~nal returned to the Grants Administration Oivis1on for Headquarters agreements or to the 
appropriate PA Regional lAG administration office within 3 calendar weeks after receipt or within any 
extension of time as max be granted by EPA The agreement;amendment must be forwarded to the 
address cited in Item 29 a er acceptance signature. - -

Receipt of a written refusal or failure to return the t,roperly exect.r.ed document within the prescribed time 
may result in the withdrawal of the offer by EPA nb change to the agreement/amendment by the other 
agency subsequent to the document being signed y the EPA Action OffiCial, which the Action Official 
determines to materially alter the agreementjamendment, shall void the agreement/amendment. 

2) For Funds-in actions, the other agency will initiate the action and forward two original 
agreements/amendments to the appropriate EPA program office for signature. The 
agreements/amendments will then be forwarded to the appropnate EPA lAG administration office for 
acceptance signature on behalf of the EPA. One original copy v.~l be returned to the other agency after 
acceptance. 

EPA lAG Administration Office (for administrative assistance) EP.!. ?rogram Office (for technical assistance) 
29. Organization; A;:ldress 30. O;ganizationjAcc;ess 

Environmental Protection Agency Environmental Protection Agency 
Grants Administration Section Alaska Ope~ations Office 
1200 Sixth Avenue, MD-100 Room 537, ?ederal Building 
Seattle, Washington 98101 Anchorage, Alaska 99515 

Certification 
All signers certify that the statements made on this form and all attact-::nents thereto are true. accurate, and 
complete. Signers acknowledge that any knowingly false or misleading s:atement may be punishable by fine or 
imprisonment or both under applicable law. 

Decision Official on Behalf of t.,e Environmental Protectio<"l Agency Program Office 

31.sLe~~ Typed r·.ame and Ti:ie Date 

Ronald A. Kreizenbeck :z I ::rv N epo 
r~ -~ Acting Director, Wate~ Division 

Action Official on Behalf of the Environmental Protection Agency 

32.~JJ ~~~!:- jTyped Name and Tr.;e 

D~PI/fi> !Jack Gakstatter, Chief n ~ ... -~__, Office of Puget Sound ... 
Authorizing Official on Behalf of the Other Aaency 

33. Signature Typed Name and T~ie Date 

Paul Gertler 
INRnA Mamt TP<~m RPnrPc;Pntt'lt i vP 

EPA Form 1610-1 (Rev. 10.,88) Page 3of5 



TASK 1 
RESTORATION STUDIES - PILOT PROJECT 

Iitle 

Pilot Project -- Distribution and abundance· of foraqe fish in 
relation to marine birds and marine 11;1ammals in no-rth-eas"tern-----------------
Prince William Sound. 

Introduction 

Many species of marine birds and marine mammals feed mainly on 
schooling !ora9e fish (e.g., sandlance, capelin, and herring). 
Populations of some marine bird and marine mammal species in 
Prince William Sound have decreased during the past ·18 years 
(Dwyer et al. 1975, Klosiewski, pers. comm.). The reasons tor 
these declines are unknown, but may be related to food 
availability. If the ~xxon Valdez oil spill negatively affected 
foraqe fish populations we might expect an accelerated decline of 
some marine bird and mammal populations. Marine bird and mammal 
species require appropriate habitat ana food to maintain stable 
populations. If restoration studies repair or repl~ce habitat 
damaqed by oil, but sufficient food aoes not exist, then there 
will be no restoration of the target species. 

Qb1ective 

I. Determine distribution and relative abundance of forage fish 
in relation to foraging and non-foraging marine birds and 
mammals. 

Methods 

This pilot study would be conducted in conjunction with an 
existing non-oil spill study being done in. the northeastern 
portion of the Sound. Major equipment items such as boats could 
be shared with the ongoing study,· thereby decreasing costa. The 
work would be concentrated in the area between Bligh Island and 
Glacier Island and would stress testing techniques that would be 
used in a fully funded study. 

The objective of the study would be met using the followinq 
procedures. First, the precise area to be studied would be 
defined, within this area 20 to 30 random transects 1 KM in 
length woul~ be chosen. These transects would be surveyed !rom 
28 June to 15 August twice a day, every other day to determine 
ehe temporal and spatial variation of forage tish, marine birds, 
and marine mammals. Presence, behavior (i.e., foraging, flying, 
or resting), and exact location of marine birds and mari~e 
mammals would be recorded for a width ot 200 meters along the 



transects. Presence of fish would be recorded with a chart 
recording fathometer. Species of forage fish in the area. would 
be determined by collecting birds foraging on the fish and 
throuqh the use of gill nets. Birds will be collected with a 
sbot gun using t 4 steel shot. Stomachs wi"ll. be- -removed---------------------
immediately and will be preserved in-· alcohol. Dates, start and 
end times, local weather and sea conditions will be recorded !or 
each transect. Exact locations of transects will be determined 
with the use of a LORAN and nautical charts. The degree of the 
temporal and spatial variability found in the pilot study would 
help determine the appropriate sample size and timing of surveys 
for a large scale study. 

The EPA person associated with this project is Brian Ross, OIL 
Spill Restoration Team, (907-271-2461). The USFWS personnel are 
Paul Gertler, Deputy Assistant Regional Director tor Oil Spill 
(907-786-3579), Kent Wohl, Project Leader, Marine and Coastal 
Birds (907-786-3503), Oavid Irons, Wildlife Biologist, Project 
Le.der (907-786-3376), Mary Beth Decker, Bioloqical Technician, 
Camp Leader (907-786-3443) • 

All data will be stored at the USFWS Anchorage office in the 
Migratory Birds division. David Irons (907-786-3376) may be 
contacted in order to retrieve the data. 

Schedule: Complete report on the success of the pilot project by Sept. 30,1990 



Task 2 

ASSESSMENT 0~ BEACH SEGMENT SURVEY DATA ~OR RESTORATION 

INTRODUCTION/JUSTIFICATION: 

There is a large collection of beach survey information 
obtained via the fall and spring surveys (walk-a-thon and 
S.A.T.). More is expected to be added when the 1990 fall survey 
is completed. These data are expected to complement the 
information obtained from ongoing studies by adding to the land 
and habitat database. This study will assist in further 
identifying restoration project sites, particularly in 
identification of potential acquisition of equivalent resources. 
Additionally, it should prove valuable in providing further 
information for analytical purposes in the development of the 
restoration planning matrix. 

Subtasks: 

A. Under guidance from the restoration planning workgroup and 
technical advisors obtain and translate to maps, pertinent · 
beach survey information that is not currently available in 
hard copy. 

B. Analyze possible trends in information for applicability to 
feasibility studies. 

c. Create a data bank, via G.I.S. and d-base, for future 
reference use in restoration projects. 

METHODS AND ANALYSES: 

Research and map, using standard cartographic and G.I.S. 
techniques, all available information from the fall 1989, spring 
1990 and fall 1990 walk-a-thon and S.A.T. surveys. Combined with 
other ongoing studies, this will provide further support in the 
selection process for specific restoration sites and habitats. 
It may also prove advantageous for documenting natural recovery 
processes that may be occurring. 

SCHEDULE: Complete report on the success of the creation of the databank 
by Sept. 30, 1990 



·.: \'1~0 ~l4. 
RESTORliTION PILOT PROJECT REPORT: DRAFT l ~ L 

Distribution and abundance ot toraqe fiah in 

relation to foraqinq birda in Prince William sound. 

Mary Beth oackar and David a. Iron• 

Ahltra,gt 

We examined the spatial and temporal variation~ the 

distribution and abundance of fish relative to fora9inq 111arine 

birds in Prince William sound, Alaska by conducting •imultaneous 

•urveys ot echoolinq fiah and toraqinq seabirds, We used 

inexpensive hydroacoustic.s to record abundance ot tiah. we c11<1 not 

find a correlation between the number ot toraiing birds and the 

total water column (8-200 tt.) risb abundance. However, we did 

tind a correlation ~•tween birds and ti•h abundance restricted to 

the upper water column (8-.50 :ft.). The number of birds present was 

inversely correlated with tish depth. Both number ot birds and 

fish abundance in the upper water column were greater on nearshore 

transects than on offshore transects. Maan fish abundance wo.a 

different in each location1 however, the number ot toraqing bird• 

in each location did not differ •iqnificantly. Ditterencea ware 

not detected in number of foraging birds or ti•h abundance during 

flow1nq versus slack tides. The nUlllber of birds and t ish abundance 

did not vary with respect to season. Sample aizea may not have 

been larqe enouqh to measure differences in toraqing activity and 

fish abundance with respect to many of these variablaa. Fish depth 

is an important tactor in availability of prey to fora9ing bird• in 

1 



Prin~• William Sound. These ~eault• will aaaiat in deter.mininq 

appropriate methoda and aa•ple aizea that would be used in a full--

acale etudy. r 

.Intrcd.uation 

Many specie• of marina birda and mammal• in Prince William . 
Sound feed primarily on-schooling forage fish (e.g. Pacific aana 

lance, Pacific herrinq, capelin and walleye pollcok). Populations 

or acme marina bird and marine mammal specie• in Prince William 

sound have 4acraaaed durinq the past 18 yaara (Dwyer et al. l97S, 

Xl.o•i•wski, pera. c::omm.) In 1990, Blaok-leqqed Kittiwakes produced 

fewer chicks than in past years (Irons, unpub. data) and Pigeon 

Guillamota had lew ~eproductive success and the loweat growth rates 

ever recorded (KUletz, unpub. <lata). '!'he reaaona for thea• 

decline• ara unknown, but may De related to prey availability. 

Marine l:)irda anc1 mammals require appropriate habitat and prey 

availability in order to maintain stable populations. If th• Exxon 

Valdez oil spill adversely affaotad toraqa tish populations, we 

might expect an accelerate~ decline ot same marina bird and mammal 

population•. 

The main objeetivea of this pilot project were to examine 

•patial and temporal variation in the distribution and relative 

a~undanee ~dfroraqe fiah, foraqing birds and marine mammals. In 

addition to this, we alao te1ted methods that oould be uaad in a 

full soale study of prey availability in Prince William Sound. 

We hypothesized that the availability of fish prey should be 



hiqher in near•hora hahitata than in offahore habitat• aince much 

of the foraging activity of marina bird• in ~~~~-~ _ W_i_~~A~- ~'?~~ _______ _ 

ha• been observed within 1 km troa shore (Irons, KUletz, unpUb. 

data). We al•o hypothesized that pray availability in certain 

loeationa may be greater thon in others baled on ob•ervations ot 

radio-tagged Black-leqqad Kit~iwakea flyin; through Valdez Arm to 

get to fo:raginq qrounds ·in Tatitlek Narrows and Glacier Island 

(Iron•, unpub. data) In addition, we hypothesized t.hat tidal 

prooesses Day atfect distribution and abunaance of aarine birds a.nd 
eAs-t-

their prey. Horthwtilrtern Prince William Sound con•i•t• of a aeriea 

of fjords and pa•••• with very irregular bottom topoqraphie•. 

Tides, with ranges ot up to 6 m in Prince William Sound, provide a 

significant source of enerqy in such a ayatem .(Muench and Schmidt 

197,). Aggregations of zooplankton have been found where strong 

tidal currents interact with steep un~erwater topography (Brown et 

al. 1979)6 Areaa with tidally generated flow qradienta have been 

shown to be important foraging aitaa for marina birds (Vermeer et 

al. 1987, Brown and Gaakin 1988). We predicted that similar events 

could occur in our study •ite. Finally, we hypothesized that prey 

availability would vary throughOut the season. Pacific herrinq 

migrate into deeper water durinq the ~all (Houraton 19~8) becoming 

leas available to marine ~irds. 

Methos!• 

our study was conducted in the northeastern portion of Prince 

William sound ~rom :ill June to 115 August 1g,o. Transact• were 

3 



••t.abliehed in three loc:ationa 1 Valdez Arm, Glacier Ialanc2 and. 

Tatitlek Narrow• (Fiq. 1). For the entire coastline within each of 

the three locations, transects were aet up perpendicular to the 

coast and were each separated l;)y 200 meters. Two types or 

tran•ecta were eurveyed: nearshore (0-!500 m tram ahora) anc1 

offshore (lOOO-leoo m from ah~re). !iqht randomly chosen tranaacta 

ware surveyed. in one of the three locations per day. Four of these 

tran•ect• were surveyed during flowing tides (2 nearshore, 2 

ottahore) and the other four (2 nearshore, 2 offshore) were 

surveyed during a alack water period (+/- 30 min around. hiqh or low 

tide). We defined three seasons' early (28 June tc 22 July), mid 

(26 July to 4 Aug) and late (e Aug to 16 Aug), lach location was 

aa111pled twice during each seaaon. Our •ampling regime was baaed on 

a three-way analysis of variance deaiqn uainq diatance from shore, 

tide and ••••on aa factors, blocked by looation. 

The tranaeet• w•r• aurveyed in a 7.6 meter Bostcn Whaler at a 

speed or 3 naut. mi./hr. 'rhe boat waa equipped with a Sitax-Honda 

chart recording fathometer for mea•uring fish diatritlutiona and 

abundance (modal HE 32, 200 kHz) and LORAN-e for looating 

transects. Before starting eaoh survey, the data, time~ sea 1tata, 

sea surface temperature, weather conditions, visibility, wind speed. 

and direction ware recorded. 

Presence, behavior, exact location and ~!me of observation of 

marine birds and mammals were recorded tor a width ct 200 meter• 

alonq each transect. All bird behaviors aasociatad with toraqing 

(plunge diving, surface feeding, sitting on the water, flying in a 

4 



circular pattern over an area) were combined for these analy•••· 

All marine mammals were raoord.ad. but their c11atr1btitioni.- -lri 

relation to ~ray abundance have not been analyzed yet and. will be 

inclu~ed in a aubaa~ent draft. 

Tha hydroaeoustic surveys recorded fish adhools in the upper 

:200 teet ot the water column. DUe to accuatical noise in the 

aurtace layer, the upper 8 teet was excluded f~om the analysis. 

!'ish atlun4anc:e per transect waa determined by overlayinq tha 

tathometer output with a transparent 6.S mm aquara qrid (Fig. 2). 

The reqiatraticns in each square were visually graded on a acale of 

o-g (e.;., Safina and Burqer 198,, Piatt in press). zach square 

t'epre•enta to 40 metara in length along the transect and 4.25 

meters in depth. Mean fish abundance per tranaact was calculated 

:by dividing the aum of the abundance grades by the total number of 

qracted squares in the trm~sect (Piatt in pre1a). The vertical 

position of the achool on the chart correapon4• to a location in 

the water column, thua allowing tor calculation of median •chool 

depth for each tranaeet. Dua to fathometer iain-aettin9 error, we 

have no early aeaaon fish abundance datal however we do have 

foravini bird data for this period. 

In addition to the data collected on our randomly ohosan 

tranaeote, observations ot active toraqinq floc~• in our •amplinq 

area ware made opportunistically. Every time a foraqinq flock waa 

encountered, we recorded the exact location ot the tlock, numtler 

and apeciea composition and behaviors of marine birds and mammals. 

we also documented 4i•tribution and abundance at achoolinq fish 



below the tlock with the chart recording fathomater. When 

poeeibla, BlAck-legged Kittiwakes and schoolinc;r fish ware coll_.et•_4 

from active feeding flocks to determine the species ot prey fi•h in 

our study area. 

fteliminary reaul~• 

We have not yet complete~ the analysis of the dataJ however, 

for the purpoae of this preliminary report, we will present aimpla 

linear reqreaaions and graphical comparisons ot fora;ing bird and 

fish data. We have used xruakal-Wallis to teat for differenoaa in 

presence of l:lirds or fish in nearshore and offshore tran•acta, 

durin<; •lack and flowing tides, between locations, and between 

seasons.. This analysis doas not account for interaction& ~etwaan 

variabl•• and it should be used only for preliminary investigation 

of patterns in the data. 

'l'he number of foraqinq birc.ts was not correlat.a4 with !ish 

abundance in the wbol• water column (Fiq. ~, SYSTAT Linear 

regression r =0, P<. as) • The nulllber of foraqing birds waa 

correlated with fish abundance when abundance waa calculated tor 

cnly upper water column (B-50 teet) (Fig. 5, SYSTAT ~inear 

reqre••ion, r •,066, P<.02). A compariaon of 'the number of 

foraqin9' birda observed per tranaeot and. med.ian depth ot fiSh 

schools ahowed a inverse relationship betwean fo:raqin; aotivit.y and 

fiah depth (Fig. 4, SYS~AT Linear ra;reasion r •.l?S, P<.02). 

Whan fiah are present on a transect, the abundance cf fish in the 

upp•r water column ia correlated with tha number at foraginq birda 



observed (Fig. ~, SYSTAT Linear reqre••ion r ~.202, P<.Ol). 

The mean numJ:)er of f'oraging birds wa• c;reat.er ·· on- nearahore --- . -- -- --

transects than on offshore tran•ect• (Fiq. 7, SYSTAT Kru•kal-Walli• 

•1266.0, P•O). Mean fiah abundance in the total water column waa 

not different on naar•hore and ott•hora tranaecte (Fig. e, SYSTAT 

Xruakal•Wallia•l006.5, P<.l2);.howaver, mean tish abundance in the 

upper water column wa• greater on nearahora transects than on 

offshore tranaects (Fiq. i, SYSTAT xruakal-Wallia•l006.0, P<.05). 

Differences were not detected in the preeence of foraginq birds or 

fi•h abundance durinq flowing versus alack ti4•• (Fiqa. 10, 11 and 

12). The mean number of foraging birds waa not different in each 

of the three locations survey-a (Fiq. 13, I<ruakal-Wallia•. 43, 

P<.S). Mean tiah abundance was ditterent in each location with 

transects around Glacier Island having the ireateat abundance (Fig. 

14, Kruskal-Wallia=8.39, P<.015); however mean fiah abundance for 

only the upper water column was not different in the three 

location• we •urveyed (Fiq. 15). The apparent diffarencaa in fish 

abundance between Glacier Island and Tatitlek Narrows d.ecreaaa when 

analysis is restricted. to the upper water cclumn alene. Fiah 

abundance throughout the atudy area did not vary ai;nificantly 

:between the :micS and late season (!'19'•· 16 and 17, Kruakal-Wallia, 

P<.36 and P<.37) for either the whole or upper water column. 'l'here 

was no difference in the mean number of foraging birds between 

aeaaona (Fiq. 18, Kruskal-Walli••2.03, P<.36). 

our opportunistic observations of active foraging flock• in 

our •tudy area but not recorded on our randomly choaen transect• 

7 



demonstrated that more toraqinq flocks tor.med par day in Tatitlek 

Narrow• than in Valdez Arm or Glacier Ialand (Fig. 19). The number 

o~ bird• in·a foraqinq tlook was not aiqnificantly correlated with 

the median depth of the school (Piq. 20, r •.113, P<.l•); however, 

71' ot the toraqinq flocks were found associated with tish sdhoola 

havinCJ a median dapth leas than 20 teet. All toragin; flocks were 

found within 600 met•r• from shore. 

l:n the foraging flocks sampled, Black-leqge.d Kittiwak•• fad on 

primarily Pacific herrinq and Pacitic sand lance approximately eo-
120 mm in length. Analysia of •tomach contanta is currently in 

pr09::r:.••· 

Preliminary cqnclusion1. 

In thia study, we found a significant correlation between 

foraging marine birda and tiah abundance in the upper water column 

(<50 tt.); however, there was no correlation when tiah abundanc• 

to 200 ft. waa considered. our data suggests that the depth of the 

fish school !a an important factor related to the availability ot 

prey to aurfaca teedinq and divinq birds in Prince William Sound. 

It i• likely that tish neare~ the aurrace are easier tor the birds 

tc detect. 'I'hia i• al•o •upported. by the ditterenc•• in bird 

abundance on nearshore and offshore transect•. Al thou<Jh we did not 

find. a difference in total water column fish abundance between near 

and offshore araaa, naar•hore transacts had relatively more tiah in 

the upper !0 teet than offshore transacts. Thia implies that the 

prey are more available to marine birds in nearshore waters • 

• 



Tidal proce•••• 4o not appear to influence larqa acale 

toraginq activity and fish abundance. 'l'iclally generated- prer--------

aqgregationa and foraging behavior are very aite 1pecific (Vermeer 

et al. 1987, Decker unpub. data trom Prince William sound) and aay 

~· difficult tc detect in a randomized sampling design. 

Glacier Island had the hiqhest mean abundance of fiah, ~ut 

muCh of the fish in this location were found. balow !O feet. 

Glacier Island and Tatitlek Narrows have similar measures ot tiah 

abundance in the upper water column. 

We did not observe large toraginq aggregation• on our randomly 

chosen transects 1 however 1 while we were surveying in Tatitlek 

Narrows, va encountered numerous toraqinq flocks. Flocks in our 

study site ware qanerally ephemeral, usually numbering fewer than 

100 individuals ancS lasting sometime• for only a few minutes. The 

tact that we did not observe these small scale aggregation• on our 

surveys suqqests that our transect deaiqn waa inadequate or that 

our sampla aizaa ware too amall. 

This small scale pilot atudy revealed many interesting 

patterns in the relative dietribution ana abundance ot marine birds 

and their prey. Theae data are needed to deaiqn a full acale 

project to invastiqate prey availability for marine ~irCI• and 

•ammals. In order to address the lonq term impacts of events such 

aa a major oil apill, we need to undaratan4 the prcc••••• that 

affect prey availability ot ~arine bird and. mammal population&. 

Continuing more extenaive eurveya of prey c!istributiona around 

breeding colonies would provide more base line data necessary for 

! 



monitoring the dietri~ution, availa~ility and r•atoration at pray 

in Prince William Sound. !mployin9 mora sophisticated equipment 

for measuring prey abundance (ie. BIOSONICS) capable of 

diatinguishinq more precisely between tarqet sizes will help to 

estimate what percentage of the biomass in the water column can be 

utilized by aeabirda. The information qathered trom this type of 

•tuc1y could be used in conjunction with what ia known about 

energetic requirement• of populations o't predators tee4inq on 

achoolinq fish to determine what reaourcea are needed to sustain or 

recover populations of marine birds and mammals in Prince William 

Sound. 
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r1wra Leqenda 

- Fiq • -1 

Fiq. 2 

Fi9. 3 

Piq. 4 

stuc!y area in northwestern Prinee -wi-l-liam -Sound-,- -Ala-aka-.------------

Pathometer output with transparent qri4. 

Relationship between log or foraqinq birds and log of fish 

abundance par transect. 

Relationship betwean.loq of foraqinq bird• and median 

depth ot school. 

Fiq. ~ Relationship between log of foraging birds and log of fish 

abundance in upper water column. 

Piq. 6 Relationship between loq of foraqinq birds and log of fish 

abundance in upper water column tor transects that had 

fish present. 

'liq. 7 Mean number of foraqinq birds on nearshore and offshore 

transacts. 

liq. e Mean fish abundance on nearshore and offshore transacts. 

Pig. g Mean fish abundance in upper water column on near•hcr• and 

offahora tranaacta. 

Fiq. 10 Mean number of foraging birds during alack and tlowinq 

tides. 

Fiq. ll Mean fish abundance during •leek and flowing tides. 

Jig. 12 Mean fish abundance in upper water column durin~ slack and 

flowing tic1ee. 

Fiq. l3 Mean number of foraging birds on transects in Valdez Arm, 

Glacier Island and Tatitlek Narrows. 

Fig. 14 Mean tiah abundance on transects in Valdez Arm, Glacier 

Island and Tatitlek Narrow•. 

ll 



Fiq. 15 Mean fi•h abundance in upper water column on tran•ecta in 

Valdez Arm, Glacier I•land. and Tatit-J:-•k- -Narrow•-.---------------------

Fi~. 16 Mean fish abundance during mid and late aeaaona. 

Fiq. 17 Mean tiah abundance in upper water column durinq mid and 

late ••••on. 

Fi;. 18 Mean number of fora;inq birds during early, mid and late 

aeasons. 

Fig. 19 Number of birds per tora9inq flock in eaCh 

location (include• o for those days when no foraqinq 

tlocka were observed). 

Fig. 20 Relationship between number of bird.& in a foraging flock 

an4 the median ~epth of •ehool. 
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Fig. 7 Mean number of foraging birds on nearshore and offshore transects. 
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Mean fish abundance in upper water column (<50 ft.) on nearshore 

and offshore transects. 
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Fig. 10 Mean number of foraging birds during slack and flowing tides. 
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Fig. 11 Mean fish abundance during slack and flowing tides. 



17 
16 
15 
14 
13 

CD 12 
(.) 
c 
GS 11 "'C 
c = 10 .c 
< 9 .s::. 
U) ·- 8 LL 

c 7 GS 
CD 

::iE 6 

5 

4 

3 
2 
1 
0 

Fig. 12 

11 Mean 

Slack Flowing 

Tide 

Mean fish abundance in upper water column (< 50 ft.) during slack 
and flowing tides. 

.. 
I 



6 

5 

0 
"C .... ·-m 
,.... 4 
0 
.... 
CD 
.c 
E = 3 z 
c 
as 
CD 

::E 

2 

1 

0 

Fig. 13 

• Mean 

Valdez Arm Glacier Is. Tatitlek 

Location 

Mean number of foraging birds on transects in Valdez Ar.m, Glacier 
I~land, and Tatitlek Narrows. 
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Mean fish abundance on transects in Valdez Arm, Glacier Island, 
and Tatitlek Narrows. 
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Mean fish abundance in upper water column (< 50 ft.) on transects 
in Valdez Ar.m, Glacier Island, and Tatitlek Narrows. 
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