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In the autumn of 1991 the Un1ted states and the state of Alaska
settled the1r cla1ms aga1nst the Exxon corporat10n and Exxon
Sh1pp1ng Company for natural resource damages from the Exxon Valdez
011 sp1ll. Money prov1ded by the settlement w1ll be used to
restore the env1ronment of Pr1nce W1ll1am Sound, lower Cook Inlet,
and the Gulf of Alaska. The unders1gned S1X State and Federal
Trustees, 1n consultat10n w1th the pub11c, are respons1ble for
determ1n1ng how restorat10n funds are to be spent
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Exxon Valdez 011 Sp1ll Restorat10n 1S a key step 1n shap1ng the
dec1s10n-mak1ng process. It 1S d1v1ded 1nto two volumes, wh1ch are
presented for your reV1ew and comment Volume 1..:.. Restorat10n
Framework prov1des background 1nformat1on and proposes gU1del1nes
for the future. The draft Volume .IL 1992 Draft Work Plan proposes
act1v1t1es that are 1mportant to undertake 1n 1992 pr10r to the
f1nal development of the Restorat10n Plan. We expect that a work
plan w1ll be developed annually, descr1b1ng the act1v1t1es the
Trustees 1ntend to conduct 1n each year

These documents are 1ntended to e11c1t comments and suggest10ns
from you and cont1nue the pub11C "scop1ng" process for enV1ronmen
tal analys1s under the Nat10nal Env1ronmental Po11cy Act We want
to know how you V1ew th1s process and rece1ve suggest10ns concern
1ng restorat10n of the resources and serV1ces 1nJured by the 011
sp1ll. Th1S plann1ng effort w1ll culm1nate 1n the development of
the overall Restorat10n Plan, wh1ch w111 gU1de the restorat10n
program 1n the com1ng years.

We 1nv1te your comments on both Volumes I and II of Exxon Valdez
011 Sp1ll Restorat10n. The 1ssues 1dent1f1ed on the tear sheets 1n
each document are 1ntended to fac1l1tate but not l1m1t your
comments and suggest10ns. In order to be cons1dered dur1ng the
development of the f1nal 1992 Work Plan and draft Restorat10n Plan,
wr1tten comments must be rece1ved by June 4, 1992, at the follow1ng
address:

Exxon Valdez 011 Sp111 Trustee Counc1l
645 G street
Anchorage, Alaska 99501

Quest10ns concern1ng th1s document or 1ts d1str1but10n should be
d1rected to the 011 Sp1ll Pub11c Informat10n Center, 645 G Street,
Anchorage, Alaska 99501, or you may call (907) 278-8008.

ARLIS
Alaska Resources

Library & Informa[fon Sernces
An~hQrMt,Nask~
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We apprecIate your Interest and look forward to your partlclpanon In thIs
.r,;

Important process

SIncerely,

)

MIchael A Barton
RegIOnal Forester
Alaska RegIOn
Forest ServIce
U S Department of Agnculture

~&i,.
CurtIs V MeVee
SpecIal ASSIStant to the Secretary
Office of the Secretary
U S Department of the Intenor

d!L;#£
Carl L ROSIer
COmmISSIOner
Alaska Department of
FISh and Game

Charles ECole
Attorney General
State of Alaska

Steven Pennoyer
DIrector
Alaska RegIOn
Nanonal Manne Flshenes

:J£~J)...
John A S~d~
CommIssIOner
Alaska Department of
EnVIronmental ConservatIOn



COMMENTS

You are 1nv1ted to share your 1deas and comments w1th the Trustees.
Please use th1s tear sheet to present your V1ews on the 1992 Draft
Work Plan. You may send add1t10nal comments by letter or part1c1
pate 1n a publ1c meet1ng on the 1992 Draft Work Plan and Restora-

\

t10n Framework.

If needed, use the space on the back or attach add1t1onal sheets
Please fold, staple, and add a postage stamp Thank you for your
1nterest and part1c1pat1on.



Add~t~onal Comments:

-----------------------------(fold here)---------------------------
Return Address:

Place
stamp
Here

Exxon Valdez O~l Sp~ll Trustee Counc~l

645 G street
Anchorage, AK 99501

Attn: 1992 Draft Work Plan
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INTRODUCTION

The March 24, 1989, ground1ng of the T/V Exxon Valdez 1n Alaska's
Pr1nce W1111am Sound caused the largest 011 sp111 1n U S. h1story.
Approx1mately 11 m1ll10n gallons of North Slope crude 011 moved
through the southwestern port10n of the Prlnce W1l11am Sound and
along the coast of the western Gulf of Alaska (see map, F1g. 1).
The sp1ll 1n]ured f1Sh, b1rds, mammals, and a var1ety of other
forms of mar1ne l1fe, hab1tats, resources, and the serV1ces these
resources prov1de. A summary of the 1nJury documented for these
resources 1S conta1ned 1n Volume ~ Restoratlon Framework, Chapter
4

On December 9, 1991, the State and Federal governments and Exxon
Corporat10n agreed to settlement terms of $1 1025 bllllon for both
crlm1nal rest1tut10n and c1v1l damage clalms Of these monles the
State and Federal Trustees w111 JOlntly rece1ve up to $900 m11110n
from Exxon over the next 10 years. These monles w111 be used to
restore resources and serV1ces lnJured by the splll. Volume 1
Restoratlon Framework conta1ns deta11s of the settlement and ltS
terms.

The Exxon Valdez Trustee Counc11 1S composed of SlX members, three
Federal and three State of Alaska, representlng the followlng
Trustees - the Department of Agr1culture, the Department of the
Inter10r, the Nat10nal Ocean1C and Atmospherlc Admlnlstratlon,
Alaska Department of F1Sh and Game, Alaska Department of EnVlron
mental Conservat10n, and the Alaska Department of Law

The 1n1t1al $90 m1ll10n paYment from Exxon has been recelved. Of
that amount $53.5 m1ll10n went to relmburse the governments for
prev10us 011 sp1ll expend1tures, leav1ng $36 5 mll110n avallable
for restorat10n and damage assessment work 1n 1992 The Trustee
Counc1l has tentat1vely approved expend1ture of $17.9 mllllon
1ncludlng $13.9 m1ll10n for the 1992 Draft Work Plan The
rema1n1ng $18.6.m1ll10n has not yet been comm1tted

Th1S document conta1ns Volume II: 1992 Draft Work Plan approved by
the Exxon Valdez Trustee Counc1l on February 28, 1992, for publlC
reV1ew and comment. The 1992 Draft Work Plan conta1ns descr1ptlons
and bUdgets of proJects that are proposed to be conducted th1s
year

The proposed 1992 proJects fall lnto two maln categorles - Damage
Assessment and Restorat10n. Damage assessment proJects are those
necessary to complete or support the orderly completlon of Natural
Resources Damage Assessment (NRDA) studles that were begun after
the Exxon Valdez 011 sp1ll. Although not all these proJects were
begun In 1989, some have as many as three years of effort behlnd
them. Most of the proposed damage assessment proJects wlll result
1n complet10n of f1nal reports 1n 1992.

1
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The Restorat10n proJects w111 prov1de t1mely 1nformat10n necessary
to support sUbsequent dec1s10ns about restorat10n opt10ns for
1nJured resources. These proJects fall 1nto a number of potent1al
restorat10n opt10ns and restorat10n 1mplementat10n categor1es. The
compan10n document to th1s work plan, Volume I: Restorat10n
Framework, outl1nes the process by wh1ch restorat10n opt10ns w111
be developed 1n the future. Categor1es of restorat10n proJects
descr1bed 1n 1992 Draft Work Plan are Techn1cal support, Recovery
Mon1tor1ng, Implementat10n Plann1ng, Man1pulatlon/Enhancement,
Hab1tat Protect10n Plann1ng, and Management Act10ns. The goals or
purposes of each of these categorles are descrlbed more fully In
the 1ntroduct10n to each of the1r respectlve subsectlons

The 1992 Draft Work Plan lS the fourth of a serles of plans
prepared by the state and Federal Trustees for the Exxon Valdez 011
sp1ll. PreV10US plans that were 1ssued were.

• State/Federal Natural Resources Damage Assessment Plan
for the Exxon Valdez 011 Splll, August 1989

• The 1990 State/Federal Natural Resource Damage Assessment
and Restorat10n Plan for the Exxon Valdez 011 Splll

• The 1991 state/Federal Natural Resource Damage Assessment
and Restorat10n Plan for the Exxon Valdez 011 Sp1ll

Each of these prevlous plans conta1ns descr1pt10ns of the damage
assessment proJects that were proposed and conducted ln each of
those years.

Th1S 1992 Draft Work Plan has rece1ved the approval of the Trustee
Counc1l to go forward for pub11c revlew and comment Many of the
proposed proJects have elements of work that must be undertaken
prlor to complet10n of the pub11C reVlew However, only 1nter1m
three-month budgets for the proposed proJects have been approved by
the Trustee Counc1l, and f1nal declslons on fundlng wlll not be
made unt11 after the reV1ew of publlC comment on thls document

3
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1A. DAMAGE ASSESSMENT INTRODUCTION

Natural Resource Damage Assessment (NRDA) studles began Just days
after the Exxon Valdez 011 splll on March 24, 1989 In the three
years of study efforts prl0r to the settlement agreement, the
Trustees conducted the largest damage assessment program In U. S
hlstory. In 1989, the Trustees developed a damage assessment plan
lncorporatlng 72 studles In 10 categorles. In 1990, 50 studles
were undertaken. In 1991, 42 damage assessment studles were
conducted. These studles were deslgned to determlne the nature and
extent of the -In]urles, losses or destructlon of resources and
servlces, and lost uses of the resources and serVlces The overall
cost of thlS multl-year effort among the Trustees exceeded $100
ml1ll0n.

Now that a settlement has been achleved, lt lS posslble to
undertake restoratlon of the lnJured resources and serVlces.
Damage assessment lnformatlon provldes the base for developlng a
restoratl0n plan. In]ury lnformatl0n wl11 be essentlal In the
ldentlflcatlon of restoratl0n opportunltles, and, thorough
quantlflcatlon of In]ury to a partlcular resource or serVlce wll1
gUlde decls10ns on the cholces of restoratl0n optl0ns to pursue
In addltl0n, the body of knowledge galned from the damage assess
ment wl11 greatly advance our understandlng of the lmpacts from 011
spl11s, and lt wl11 be lnvaluable In the plannlng and lmplementa
tl0n of future damage assessment programs

Most of the damage assessment studles are belng brought to a
conclusl0n In 1992 wlth productlon of the flnal reports. These
studles are llsted as "closeout" studles A few proJects In the
damage assessment category requlre contlnuatl0n because they elther
support the closeout efforts or need an addltlonal fleld effort to
complete the documentatlon of resource or serVlce lnJury Both
damage assessment closeout studles and contlnuatl0n studles are
descrlbed more fully In the followlng subsectl0ns of the 1992 Draft
Work Plan.

4



lB. DAMAGE ASSESSMENT CLOSEOUT

Most of damage assessment stud1es are recommended for complet1on 1n
1992. Complet10n dates of f1nal reports w111 be governed ch1efly
by the number of samples and amount of data rema1n1ng to be
analyzed for each proJect. Although 1n all 1nstances prel1m1nary
reports have been prepared, f1nal reports 1nclud1ng comprehens1ve
data syntheses and analyses have not yet been completed for most
stud1es. The preparat10n of f1nal reports w111 be essent1al to
understand1ng the sp1ll-related 1n)Ur1eS to resources and serV1ces

The preparat10n and release of f1nal reports on sp111 1nJur1es w111
also prov1de the bas1s for the f1rst deta1led look by the publ1c at
the governments I 1n]Ury assessment. The publ1c' s ab111ty to
evaluate and suggest restorat10n measures w111 be enhanced by the
development and release of th1s 1nformat1on The t1m1ng of the
publ1c release of the prel1m1nary and f1nal reports w111 be
determ1ned by ongo1ng th1rd party 11t1gat1on.

The follow1ng pages prov1de short proJect Just1f1cat1ons for the
damage assessment closeout stud1es. The more deta1led descr1pt10ns
of Ob)ect1ves and methods of these proJects were g1ven 1n the 1991
NRDA Plan, and are not repeated here.

5



AIR/WATER STUDY NmlBER 1

study Tl.tle:

Lead Agency:

Geographl.c Extent and Temporal Persl.stence of
Floatl.ng Ol.l from the E~xon Valdez Ol.l Spl.ll

ADEC

JUSTIFICATION

The l.nformatl.on from thl.S proJect wl.ll help other studl.es determl.ne
ol.ll.ng condl.tl.ons at thel.r study sl.tes Overfll.ght l.nformatl.on on
the locatl.on of floatl.ng ol.l from several agencl.es was used each
day to produce a map of ol.l-on-water condl.tl.ons Mappl.ng was
contl.nued untl.l most of the Ol.l was no longer floatl.ng. Some work
l.S needed to fl.nl.sh the maps and prepare a fl.nal report.

Salarl.es
Travel
Contractual
Commodl.tl.es
Equl.pment

Subtotal
General Adml.nl.stratl.on

Total

BUDGET ($K)

$13.5
0.0
0.5
1.0
~

15.0
2.0

$17 0

6
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ARCHAEOLOGY STUDY NUHBER 1

study T1tle:

Lead Agency:

Archaeolog1cal Survey

DNR

PROJECT JUSTIFICATION

Th1S 1S the closeout proJect for the 1991 archaeology 1n)Ury
assessment study. The proJect w111 complete the analys1s of
laboratory test results and art1fact collect10ns for the state
f1eld 1n)ury assessment of d1rect o111ng effects on h1stor1c and
preh1stor1c s1te dat1ng. A synthes1s of the data from all of the
1n)ury assessment stud1es w111 be put together and used to set up
the bas1s for restorat10n dec1s10ns. Future restorat1on proJects
may 1nclude archaeolog1cal s1te protect1on through enhanced
mon1tor1ng and law enforcement, data recovery from excavat10ns,
museum exh1b1ts uS1ng new art1fact collect1ons and 1nformat1on,
school curr1culum un1tS and educat10nal publ1cat1ons for the
general publ1c. Archaeolog1cal damage assessment stud1es were not
funded unt11 1991 and thus conclus10n of the assessment lags beh1nd
other resource stud1es.

OBJECTIVES

The proJect 1ncludes the follow1ng Ob)ect1ves to arr1ve at an
assessment of 1n)Ur1eS to archaeolog1cal s1tes and place them 1n a
context to plan for restorat1on

A Complete analys1s of data collected dur1ng the State's 1991
f1eld season 1nto a report of sC1ent1f1c f1nd1ngs

B. Compare results of rad10carbon analys1s and sed1ment o111ng
analys1s w1th cultural chronology generated from 1991 data.

C. Comb1ne results from the federally contracted damage study by
the State Un1vers1ty of New York (SUNY), B1nghampton, w1th the
State study, and the comp1lat1on of 1n)Ury documentat1on from
eX1st1ng f1les.

D Based on documented 1n)Ury, formulate a restorat1on plan for
1n)ured s1tes.

METHODS

The f1rst four months of the proJect w111 conclude the analys1s of
the data collected dur1ng the 1991 f1eld season. Rad1ocarbon dates
and results of sed1ment analys1s to detect petroleum 1n s1tes w111
become ava1lable for the damage assessment study dur1ng March and

7



Apr11, 1992. The state report of f1nd1ngs w111 comply w1th the
Secretary of the Inter10r I s Standards for archaeolog1cal report1ng.
F1nd1ngs of s1te 1nJury stud1es need to be synthes1zed and
determ1nat10n of 1nJur1es completed. Establ1sh1ng more deta1led
cultural chronolog1es for the sp111 area w111 allow accurate
determ1nat1on of s1te 1mportance, a process Wh1Ch was not poss1ble
pr10r to the current stud1es. The process w111 1nclude def1n1ng
why each s1te 1S 1mportant, how the 1nJury affects the 1mportance
of each s1te, and what k1nd of act10n 1S necessary to ma1nta1n that
value. The process w111 result 1n a restorat10n plan for 1nJured
archaeolog1cal s1tes 1n the sp111 area.

F1nd1ngs from the SUNY-B1nghampton survey and mode11ng study w111
be 1ncorporated 1nto the sp111 geograph1c 1nformat1on system
database housed w1th1n DNR to be used 1n future assessments and
sp111 responses. The eX1st1ng Statew1de 1nventory of h1stor1c and
preh1stor1c s1tes w111 also be updated.

BUDGET ($K)

Salar1es $ 206.1
Travel 5.1
Contractual 4.5
Suppl1es 2 2
Equ1pment 0.0

Subtotal 217 9
General Adm1n1strat10n 30 9

Total $ 248.8

8
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BIRD STUDY NUMBER 2

study Tltle: Boat Surveys to Determlne Dlstrlbutl0n and Abundance
of Mlgratory Blrds and Sea otters In Prlnce Wllllam
Sound

Lead Agency: USFWS

PROJECT JUSTIFICATION

Boat-based surveys for mlgratory blrds and marlne mammals In the
pelaglc and nearshore reglons of Prlnce Wllllam Sound were
conducted followlng the Exxon Valdez 011 splll. Over 120 specles
of blrds and 20 specles of mammals have been counted on these
surveys. ObJectlves of the study lnclude determlnlng dlstrlbu
tl0ns, estlmatlng abundances, determlnlng dlfferences In blrd and
mammal abundances between olled and un-olled areas, and determlnlng
changes In abundances followlng the splll

Prellmlnary results lndlcate that blrd populatlons In Prlnce
Wl111am Sound decllned Slnce pre-spll1 surveys for 16 specles or
specles groups lncludlng grebes, cormorants, northern plntall,
harlequln duck, oldsquaw, scoters, goldeneyes, bufflehead, black
oystercatcher, Bonaparte's gull, black-legged klttlwake, Arctlc
tern, plgeon gulllemot, murrelets, and northwest crow More than
30,000 carcasses representlng over 90 specles of blrds were
collected from the spll1 zone In 1989 In addltl0n, both dlrect
and contlnulng effects of the splll have been demonstrated In NRDA
studles on harlequln duck, black oystercatcher, black-legged
klttlwake, marbled murrelet, murres, and plgeon gUlllemot
Intenslve studles have also revealed eVldence of lnJury to popula
tl0ns of sea otters.

A prellmlnary report of results has been prepared for thls study
but comprehenslve data synthesls and analysls have not been
completed. The preparatl0n of a flnal report wlll be essentlal for
understandlng the lnJurles the splll caused to marlne blrds and sea
otters. If thlS lnformatl0n lS not clearly and completely
avallable to those responslble for restoratl0n, lt wlll not be
posslble to adequately address the restoratl0n needs of the
resource.

9



BUDGET ($K)

Salar1es $ 42 2
Travel 0 0
Contractual 0 0
Commod1t1es o 0
Equ1pment 0.0
Other Non-Contractual 0.0

Subtotal $ 42 2
General Adm1n1strat1on .2.....2

Total $ 48 5

10
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BIRD STUDY NUKBER 3

study T~tle: Populat~on Surveys of Seab~rd Colon~es ~n the Sp~ll

Area (Murres)

Lead Agency: USFWS

PROJECT JUSTIFICATION

Follow~ng the Exxon Valdez o~l sp~ll, seab~rd colon~es In Prlnce
Wl11lam Sound and other areas westward along the spl11 traJectory
were surveyed to determlne the lmmed~ate effects of the spl11
Cllff-nestlng spec~es such as the black-legged kltt~wake and common
and th~ck-b~lled murres were the pr~mary emphasls of the 1989-90
censuses. T~m~ng of egg lay~ng and productlv~ty were also noted
for each of these spec~es. In 1990 and 1991, the maJor effort was
placed on repl~cate counts of murres In those areas that showed the
most drast~c changes relatlve to hlstor~cal data Study obJectlves
~ncluded compar~son of pre- and post-spl11 numbers of breed~ng

colony seab~rds w~th~n the o~led area and comparlson of reproduc
t~ve chronology and product~v~ty for murres In olled areas.

As the o~l ex~ted Pr~nce W~ll~am Sound, ~t passed through areas
where large rafts of breedlng age murres were congregatlng around
maJor colon~es ~n preparat~on for the nestlng season The
result~ng mortal~ty ~ncluded an estlmated 198,000 adult breed~ng

b~rds, represent~ng 60 to 70 percent of the total breedlng
populat~on of certa~n maJor colon~es Extrapolatlng to lnclude
mortal~ty of non-breeders, mortallty lS estlmated to be as h~gh as
300,000 murres. Th~s loss resulted ~n a maJor dlsruptl0n of
breed~ng behav~or and phenology resultlng In reproductlve fal1ure
for 1989-91. S~gn~f~cant decreases In the number of murres at
nest~ng colonles ~n the Exxon Valdez 011 spl11 area were noted In
1989-91 surveys. Murres at all sltes assoclated wlth 011 had
e~ther low or no success In produclng ch~cks wlth elther very late
egg lay~ng or no egg lay~ng at all ~n 1989-91

A prel~m~nary report of results has been prepared for thls study
but comprehens~ve data synthesls and analysls have not been
completed. The preparat~on of a f~nal report wl11 be essent~al for
understand~ng the ~nJur~es the sp~ll caused to murres, partlcularly
murres breed~ng ~n the Exxon Valdez o~l spl11 zone. If th~s

~nformat~on ~s not clearly and completely aval1able to those
respons~ble for restoratl0n, ~t wl11 not be posslble to adequately
address the restorat~on needs of the resource

11



BUDGET ($K)

Salar~es $ 56.3
Travel 1 6
Contractual 1 0
Commod~t~es 8.3
Equ~pment 0.0
Other Non-Contractual Q......Q

Subtotal $ 67.2
General Adm~n~strat~on 8.5

Total $ 75 7
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BIRD STUDY HUHBER 4

study T1tle: Assess1ng the Effects of Exxon Valdez 011 Sp111 on
Bald Eagles

Lead Agency: USFWS

PROJECT JUSTIFICATION

Surveys were conducted follow1ng the 011 sp111 to est1mate bald
eagle numbers and reproduct1ve success of eagles res1d1ng 1n the
Exxon Valdez 011 sp111 area. Eagles were rad10-tagged and
mon1tored to determ1ne surv1val, and document movements and
exposure to 011ed areas. TOx1colog1cal tests were conducted on
t1ssue samples, and addled eggs, prey rema1ns, blood, and feathers
were collected and analyzed for eV1dence of hydrocarbon exposure

Pre11m1nary results have shown that 011 contam1nat10n of the
1ntert1dal hab1tats used extens1vely by breed1ng, w1nter1ng and
m1grat1ng bald eagles have resulted 1n 1mpacts to these b1rds
Conservat1ve est1mates of total morta11ty of bald eagles due to
Exxon Valdez 011 sp111 1S 553 eagles. Bald eagle nest1ng surveys
revealed a s1gn1f1cantly low nest success and product1v1ty 1n
Pr1nce W1111am Sound w1th approx1mately 69% of occup1ed nests
fa111ng 1n 1989 and 43% fa111ng 1n 1990 A conservat1ve est1mate
of lost product10n 1n 1989 was 133 Ch1Cks Hydrocarbon analys1s of
addled eggs, prey rema1ns, blood, and feathers 1n 1989 and 1990
1nd1cated exposure. Two of 3 eggshell samples collected 1n 1989 on
the Alaska Pen1nsula and Kod1ak area were exposed to hydrocarbons
Concentrat10ns of ur1C aC1d 1n blood serum from adult eagles 1n
011ed areas were h1gher than those from un-011ed areas 1n 1989'.
Eggs collected 1n 1990 1n eastern Pr1nce W1111am Sound also
1nd1cated exposure to petrogen1c hydrocarbons.

A pre11m1nary report of results has been prepared for th1s study
but comprehens1ve data synthes1s and analys1s have not been

/
completed. The preparat10n of a f1nal report w111 be essent1al for
understand1ng the 1nJur1es the sp111 caused to bald eagles If
th1S 1nformat10n 1S not clearly and completely ava11able to those
respons1ble for restorat10n, 1t w111 not be poss1ble to adequately
address the restorat10n needs of the resource

13
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SalarJ.es
Travel
Contractual
CommodJ.tJ.es
EquJ.pment
other Non-Contractual

Subtotal
General AdmJ.nJ.stratJ.on

BUDGET ($K)

$ 37.2
5 0

12 0
o 0
o 0
o 0

$ 54 2
6 4

Total
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BIRD STUDY NUMBER 6

study T1tle: Assessment of the Abundance of Marbled Murrelet S1tes
Along the Kena1 Pen1nsula and Pr1nce W1ll1am Sound

Lead Agency: USFWS

PROJECT JUSTIFICATION

Th1S study was 1mplemented to assess 1nJury to marbled murrelets
from the 011 sp1ll. The marbled murrelet populat10n 1n Pr1nce
W1ll1am Sound has dec11ned from about 300,000 1n 1972 to 100,000 1n
1989-91. Counts 1n the Naked Island area 1n 1989 and 1991 were
also lower than counts made from 1978-1980. The length of t1me
between pre-01l surveys and post-01l surveys makes 1t d1ff1cult to
determ1ne the contr1but10n of the Exxon Valdez 011 sp11l to th1s
dec11ne.

In Pr1nce W1ll1am Sound, marbled murrelets compr1sed 12% of all
seab1rd carcasses retr1eved 1n 1989 follow1ng the sp1ll Based on
an 8% chance of carcass recovery, an est1mated 9,570 murrelets were
k1lled d1rectly by 011 1n the Exxon Valdez 011 sp1ll zone. In
add1t10n, apparently healthy murrelets from 01led areas showed
s1gns of petroleum hydrocarbon exposure, whereas murrelets from
un01led areas 1n Pr1nce W1ll1am Sound d1d not show such s1gns.

A pre11m1nary report of results has been prepared for th1s study
but comprehens1ve data synthes1s and analys1s have not been
completed. The preparat10n of a f1nal report w1ll be essent1al for
understand1ng the 1nJur1es the sp111 caused to marbled murrelets
If th1s 1nformat10n 1S not clearly and completely ava1lable to
those respons1ble for restorat10n, 1t w1ll not be poss1ble to
adequately address the restorat10n needs of the resource

BUDGET ($K)

Salar1es $ 21.6
Travel 0.0
Contractual o 0
Commod1t1es o 0
Equ1pment o 0
Other Non-Contractual o 0

Subtotal $ 21 6
General Adm1n1strat10n 3 2

Total $ 24.8
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BIRD STUDY NUMBER 7

T1t1e: Assessment of the Effects of Petroleum Hydrocarbons on
Reproduct1ve Success of the Fork-ta11ed Storm-Petrel

Lead Agency: USFWS

PROJECT JUSTIFICATION

Fo110w1ng the 011 sp111, fork-ta11ed storm-petrel co10n1es 1n the
Exxon Valdez 011 sp111 zone were v1s1ted to determ1ne reproduct1ve
success. The study Ob]ect1ves were to determ1ne 1f reproduct1ve
success was lower than 1n pre-sp111 years, assess the 1mpact of
crude-011 exposure on reproduct10n; count the number of adults
contam1nated by 011; and determ1ne pers1stence of crude 011 1n the
mar1ne env1ronment by compar1ng hydrocarbon contam1nat10n of petrel
stomach 011s w1th pre-sp111 data on hydrocarbon contam1nat10n of
petrel stomach 011s collected at the same s1te.

Pre11m1nary results suggest that there was no measurable change 1n
the storm-petrel reproduct1ve success follow1ng the sp111
However, 1t 1S d1ff1cu1t to conclude that the storm-petrels have
not been 1mpacted by the 011 sp111 unt11 the stomach 011 samples
have been analyzed. PreV10US stud1es estab11shed that petrels
dosed w1th 011 showed s1gn1f1cant decreases 1n hatch1ng success and
Ch1Ck surv1va1.

A pre11m1nary report of results has been prepared for th1s study
but comprehens1ve data synthes1s and ana1ys1s have not been
completed. The preparat10n of a f1nal report w111 be essent1al for
understand1ng the 1n]Ur1eS the sp111 caused to fork-ta11ed storm
petrels. If th1S 1nformat10n 1S not clearly and completely
ava11ab1e to those respons1b1e for restorat10n, 1t w111 not be
poss1ble to adequately address the restorat10n needs of the
resource.

BUDGET ($K)

Sa1ar1es
Travel
Contractual
Conunod1t1es
Equ1pment
Other Non-Contractual

Subtotal
General Adm1n1strat10n

Total

$

$

$

16

6 5
0.0
o 0
o 0
o 0
o 0

6.5
1 0

7.5
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BIRD STUDY NUMBER 8

study T~tle:

Lead Agency:

Assessment of InJur~es to Reproduct~ve Success of
Black-legged K~tt~wakes ~n Pr~nce W~ll~am Sound

USFWS

PROJECT JUSTIFICATION

Black-legged k~tt~wakes are the most abundant colon~al nest~ng

seab~rd ~n Pr~nce W~ll~am Sound. The obJect~ves of th~s study were
to: test for changes ~n reproduct~ve success of k~tt~wakes nest~ng

~n o~led areas; determ~ne ~f adult k~tt~wakes were contam~nated by
o~l; test unhatched eggs and prey del~vered to ch~cks for hydrocar
bon content; and ~dent~fy potent~al restorat~on of losses

Prel~m~nary results revealed a s~gn~f~cantly lower reproduct~ve

success for k~tt~wakes ~n o~led areas compared to un-o~led areas,
however, analys~s ~s not complete. K~tt~wakes were contam~nated

externally as prel~m~nary results show that 37% of b~rds observed
at o~led colon~es had o~l on the breast feathers Analys~s of
hydrocarbon content of k~tt~wakes, prey samples, and eggs, has not
been conducted to date.

A prel~m~nary report of results has been prepared for th~s study
but comprehens~ve data synthes1s and analys1s have not been
completed and, 1n some cases, has not been 1n1t1ated. Data
analys1s and the preparat10n of a f1nal report w1ll be essent1al
for understand1ng the 1nJur1es the sp1ll caused to black-legged
k~tt1wakes of Pr1nce W1ll1am Sound. If th1s 1nformat1on 1S not
clearly and completely ava1lable to those respons1ble for restora
t1on, 1t w1ll not be poss1ble to adequately address the restorat~on

needs of the resource.

BUDGET ($K)

I Salar1es $ 6 5- Travel 0.0
Contractual o 0
Commod1t1es o 0
Equ1pment o 0
Other Non-Contractual o 0

Subtotal $ 6 5
General Adm1n1strat10n 1 0

Total $ 7 5

17



BIRD STUDY NUKBER 9

study T~tle:

Lead Agency:

Assessment of In)ury to Waterb~rds Based On the
Populat~on and Breed~ng Success of P~geon Gu~lle

mots ~n Pr~nce W~ll~am Sound

USFWS

PROJECT JUSTIFICATION

Follow~ng the Exxon Valdez 011 sp111, the p1geon gU111emot
populat10n of Naked, Peak, and Storey 1s1ands, located 1n the
center of Pr~nce W1ll1am Sound, was stud1ed to determ1ne the
effects of the sp1ll. The gu11lemot populat10n has been prev10usly
stud~ed, thus pre-sp111 data was ava11able for compar1son The
Ob)ect1ves of the study 1nclude· determ1ne 1f the total number of
gu1llemots attend1ng the colon1es follow1ng the 011 sp11l were
s1gn1f1cantly d1fferent; mon1tor nest1ng success and Ch1Ck growth
rates; mon1tor abundance and type of prey fed to ch1cks, determ1ne
1f petroleum hydrocarbons were present 1n adults, unhatched eggs,
dead ch1cks, and prey 1tems, and 1dent1fy potent1al restorat10n
strateg1es.

Pre11m1nary data analys1s suggests that the number of p1geon
gu1l1emots attend1ng colon1es 1n the Naked Island area was
s1gn1f1cantly lower follow1ng the 011 sp11l. To what extent th1s
dec11ne was due to an overall dec11ne of the Pr1nce W1111am Sound
p1geon gu1llemot populat10n or to the 011 sp111 1S unknown, further
analys1s 1S requ1red. However, the most heav11y 011ed areas at
Naked Island were the areas w1th the largest dec11nes 1n numbers
Reproduct10n appeared to be s1m11ar to prev10us years, however,
sample S1ze was too small to est1mate the rate of successful
nest1ng.

A pre11m1nary report of results has been prepared for th1s study
but comprehens1ve data synthes1s and analys1s have not been
completed and, 1n some cases, have not been 1n1t1ated Data
analys1s and the preparat10n of a f1nal report w111 be essent1al
for understand1ng the 1n)Ur1eS the sp1ll caused to p1geon gU111e
mots. If th1s 1nformat10n 1S not clearly and completely ava1lable
to those respons1ble for restorat10n, 1t w111 not be poss1ble to
adequately address the restorat10n needs of the resource

18
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BUDGET ($K)

Salarl.es $ 15.7
Travel 0.0
Contractual 0.0
Commodl.tl.es 0.0
Eqlll.pment 0.0
Other Non-Contractual o 0

Subtotal $ 15.7
General Adml.nl.stratl.on 2 3

Total $ 18.0
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BIRD STUDY NUMBER 11

study Tl.tle:

Lead Agency:

InJury Assessment of Hydrocarbon Uptake by Sea
Ducks

ADF&G

PROJECT JUSTIFICATION

The goal of thl.s proJect was to determl.ne whether the Exxon Valdez
ol.l spl.ll had measurable sublethal effects on Sl.X specl.es of
ml.gratory and resl.dent seaducks l.n Prl.nce Wl.lll.am Sound and the
Kodl.ak Archl.pelago. The Sl.X seaduck specl.es were harlequl.n ducks,
Barrow's and common goldeneyes, and surf, black, and whl.te-wl.nged
scoters. The harlequl.n ducks are both resl.dent l.n and wl.nter
ml.grants to the Ol.l spl.ll area. The other specl.es do not breed l.n
the ol.l spl.ll area but are Wl.nter ml.grants. The postulated mode of
sublethal Ol.l exposure to these seaducks was by l.ngestl.on of
petroleum hydrocarbons through the food chal.n

Results of bl.ocheml.cal sampll.ng l.ndl.cate a spectrum of petroleum
resl.dues contaml.nated ll.ver tl.ssue of harlequl.n ducks and Barrow's
and common goldeneyes l.n western Prl.nce Wl.lll.am Sound and south
western Kodl.ak Island. Concentratl.ons of naphthalene and phenan
threne were found l.n bl.le extracts

Results from necropsl.es l.ndl.cated that there were a sl.gnl.fl.cantly
greater number of harlequl.n ducks l.n physl.ologl.cally poor condl.tl.on
(wl.th ml.nl.mal adl.pose tl.ssue) l.n western Prl.nce Wl.lll.am Sound and
Kodl.ak than l.n control Sl.tes Other physl.ologl.cal effects l.ncluded
poor plumage condl.tl.on and lethargy dl.splayed by many l.ndl.vl.duals

The most l.mportant ol.l spl.ll effect documented by NRDA Bl.rd Study
Number 11 was the cessatl.on of harlequl.n duck reproductl.on l.n the
ol.l spl.ll area of Prl.nce Wl.lll.am Sound Harlequl.n ducks, although
present l.n the Exxon Valdez ol.l spl.ll area of western Prl.nce
Wl.lll.am Sound, were observed not to form breedl.ng pal.rs, dl.splay
courtshl.p behavl.or, nor seek nest sl.tes. No harlequl.n broods were
observed l.n the Ol.l spl.ll area l.n 1990. Only one brood was
reported l.n the ol.l spl.ll area l.n 1991 Harlequl.ns reproduced
normally l.n northern, eastern, and southern Prl.nce Wl.lll.am Sound l.n
1990-91.

The mode of sublethal petrocheml.cal exposure to these ducks l.S
hl.ghly ll.kely consumptl.on of ol.led l.nvertebrate prey l.tems The
degree of exposure l.S related to the foragl.ng areas of the
respectl.ve specl.es. The zone of maXl.mum ol.l l.mpact l.S the
l.ntertl.dal. Harlequl.n ducks, feedl.ng on a wl.de varl.ety of
l.nvertebrates l.n the l.ntertl.dal, appear most exposed Goldeneyes,
whl.ch feed sUbtl.dally, appear moderately exposed, whl.te-wl.nged

20

/

I
I



scoter, feed~ng on benth~c organ~sms such as scallops ~n deeper
water, appear less exposed.

"'The goal of th~s closeout proposal ~s to produce a f~nal report
~nclud~ng food hab~ts analys~s and all results of chem~cal analyses
of seaduck proventr~culussamples, l~ver, b~le, and h~stopathology.

Pend~ng petroleumtox~cologyanalys~s of blue mussels (Myt~lus) and
other ~nvertebrates from seaduck proventr~culus samples w~ll be
related to h~stopatholog~cal analyses and to the' cont~nued
reproduct~ve fa~lure of Pr~nce W~ll~am Sound harlequ~n ducks.

l

l
l

l

Salar~es

Travel
Contractual
Suppl~es

Equ~pment

Subtotal
General Adm~n~strat~on

Total

BUDGET ($K)

$ 19.5
0.0
0.0
0.5
LQ.

$ 20 0
~

$ 22 9
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BIRD STUDY NUMBER 12

study Tl.tle:

Lead Agency:

Assessment of InJury to Shorebl.rds Stagl.ng and
Nestl.ng l.n Prl.nce Wl.lll.am Sound and the Kenal.
Penl.nsula

USFWS

PROJECT JUSTIFICATION

Thl.s study was dl.vl.ded l.nto two parts The f l.rst part was to
estl.mate the number of sprl.ng ml.grant shorebl.rds uSl.ng ol.l-affected
portl.ons of the Prl.nce Wl.lll.am Sound ObJectlves lncluded.
estl.mate the amount of tl.me shorebl.rds are exposed and number of
shoreblrds of each specl.es exposed to contamlnated beaches,
estl.mate proportl.on of ml.grants contamlnated, test for dl.fferences
l.n feedl.ng behavl.or; collect tlssue samples for analysl.s and
l.dentl.fy contaml.natl.on pathways In the food chaln, and determlne
nestl.ng success of black turnstones

Part two of the study dealt wlth black oystercatchers. The
obJectlves of thl.s research were to 1) determlne the effects of
ol.ll.ng on the reproductl.ve success of oystercatchers, 2) determlne
habl.tat requl.rements of breedlng oystercatchers; and 3) explore how
the feedl.ng strategy of oystercatchers may affect populatl.ons of
l.nvertebrate prey specl.es.

Prell.ml.nary results for the shoreblrd portl0n of the study revealed
that vl.rtually all of the shorebl.rds were found uSlng Sl.tes along
Montague Island wl.th heavy herrl.ng spawn deposltl.On, these areas
were ll.ghtly or negll.gl.bly ol.led More heavlly olled portl.ons of
the Prl.nce Wl.lll.am Sound probably dld not recelve a great deal of
use by shorebl.rds. The proportl.on of blrds dlrectly contaml.nated by
ol.l on plumage l.S undeterml.ned but probably small Clutch Slzes of
black turnstones on thel.r western Alaska breedlng grounds were
reduced relatl.ve to pre-spl.ll years, but no dlrect llnk could be
drawn to the ol.l spl.ll Samples of prey ltems and blrds have not
yet been analyzed to evaluate the degree of contamlnatl0n Vla the
food chal.n.

Prell.ml.nary analysl.s revealed that black oystercatchers experlenced
reduced productl.vl.ty l.n Prlnce Wllllam Sound followlng the 011
spl.ll. The relatl.ve egg volume of clutches was lower In 1989
Although clutch Sl.ze, hatchl.ng success or fledgllng success dl.d not
dlffer, growth rate of chl.cks was s1gn1f1cantly lower 1n 1991
Addl.t10nally, l.ntert1dal prey organ1sms of the oystercatcher
exper1enced d1ml.nl.shed productl.vl.ty and dl.rect morta11ty

Prell.ml.nary reports of results have been prepared for these studl.es
but comprehensl.ve data synthesl.s and analysl.s have not been
completed and, l.n some cases, has not been l.n1tl.ated Data analysl.s
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and the preparatl.on of a fl.nal report wl.ll be essentl.al for
understandl.ng the l.nJurl.es the spl.ll caused to shorebl.rds and black
oystercatchers. If thl.S l.nformatl.on l.S not clearly and completely
aval.lable to those responsl.ble for restoratl.on, l. t wl.ll not be
possl.ble to adequately address the restoratl.on needs of the
resource.

BUDGET ($K)

Salarl.es $ 18.0
Travel 0.0
Contractual 0.0
Commodl.tl.es 0.0
Equl.pment o 0
other Non-Contractual o 0

Subtotal $ 18.0
General Adml.nl.stratl.on 2 7

Total $ 20 7
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COASTAL HABITAT STUDY NOHBER lA

study T~tle:

Lead Agency:

Comprehens~ve Assessment of InJury to Coastal
Hab~tats

USFS

PROJECT JUSTIFICATION

Prel~m~nary analys~s of the coastal hab~tat data ~nd~cate that the
~ntert~dal zone was the most severely contam~nated hab~tat w~th~n

the o~l sp~ll area. Recovery ~n the supratldal lS progresslng
However, recovery In the one and two meter drop of the lntertldal
zone lS st~ll retarded. Natural populatlons of lntertldal
organl.sms were sl.gnl.fl.cantly reduced along heavl1y olled shorel~nes

throughout the ol.l l.mpact regl0n Densl.t~es of lntertl.dal algae
(Fucus), barnacles, ll.mpets, amphlpods, lsopods, and marlne worms
were decreased. Although there were l.ncreased densltl.eS of mussels
~n ol.led areas l.n 1990, mussels were s~gn~flcantly smaller than
mussels l.n the unol.led areas and the total bl0mass of mussels was
sl.gnl.fl.cantly lower. In 1991, mussel dens~t~es and bl0mass were
both greater at control sltes than 011ed Sl.tes. Petroleum
hydrocarbon accumulatl.on In fl.lter-feedlng mussels experl.mentally
placed l.n ol.led areas l.ndl.cate that ol.l remalns aval1able for
uptake by other organ~sms. In both 1990 and 1991, 011ed surfaces
retarded settlement by Juven~le barnacles when compared to uno~led

sltes.

Fucus, the doml.nant l.ntertldal plant, was severely affected by the
011 and subsequent cleanup,actlVl.tl.eS In 1991, Fucus densltles
contl.nued to be depressed at olled sltes, probably due to the poor
dl.spersal capabl.ll.ty of thl.s algae The percentage of l.ntertldal
areas covered by Fucus was reduced followl.ng the sp~ll, and
coverage of opportunl.stl.c plant specl.es wh~ch characterlstl.cally
flourl.sh l.n dl.sturbed areas lncreased In 1991, most algal speCles
showed adverse affects of the 011 spl.ll, wlth only one specles
belng more abundant at olled sltes than control sltes The average
Slze of Fucus was reduced, the number of reproductlve-slzed plants
greatly decreased, and the remalnlng plants of reproductlve Slze
decreased l.n reproductlve potentlal due to fewer fertl1e recepta
cles per plant. There was also reduced recrultment of Fucus at
ol.led sltes.

Samples whl.ch were collected and sorted from 1989-1991 wlll be
processed and analyzed In 1992. The flnal analysls of these data
wlll be used to meet the followlng obJectlves·

1) Estl.mate the quant~ty, quallty, and composlt~on of crltlcal
trophl.c levels In moderately and heavlly 011ed sltes relatlve to
non-o~led sltes;
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2) Estl.mate hydrocarbon concentrat10ns 1n sed1ments and b1010g1cal
samples;

3) Establl.sh the response of populat10ns of 1ntert1dal organ1sms
to varYl.ng degrees of 01l1ng and subsequent clean-up procedures

\

4) Extrapolate 1mpact results to the ent1re sp11l-affected area;

5) Est1mate the rate of recovery of the hab1tats stud1ed and the1r
potent1al for restorat10n, and

6) Prov1de ll.nkages to other stud1es by demonstrat1ng the
relat10nsh1ps between 011, troph1c level 1mpacts, and h1gher
organ1sms.

Salar1es
Travel
Contracts
suppl1es
Equ1pment

subtotal
General Adm1nl.stratl.on

Total

BUDGET ($K)

$ o 0
0.0

2,300 0
0.0
o 0

$2,300 0
58 5

$2,358 5
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COASTAL HABITAT STUDY lB

study TJ.tle:

Lead Agency:

Pre-spJ.ll and Post-spJ.ll ConcentratJ.ons of
Hydrocarbons J.n SedJ.ments and Mussels at IntertJ.dal
SJ.tes wJ.thJ.n PrJ.nce WJ.llJ.am Sound and the Gulf of
Alaska v

NOAA

PROJECT JUSTIFICATION

On March 26, 1989, samplJ.ng began at 10 hJ.storJ.cally establJ.shed
J.ntertJ.dal hydrocarbon baselJ.ne sJ.tes J.n PrJ.nce WJ.llJ.am Sound J.n
response to the Exxon Valdez oJ.l spJ.ll. Ten addJ.tJ.onal sJ.tes were
establJ.shed J.n PrJ.nce WJ.llJ.am Sound and on the KenaJ. PenJ.nsula
along the spJ.ll traJectory before oJ.lJ.ng. These sJ.tes were also
sampled after oJ.lJ.ng to measure the change J.n hydrocarbon levels J.n
sedJ.ments and mussels resultJ.ng from the spJ.ll

ThJ.s proJect has documented that levels of hydrocarbons J.n
sedJ.ments and mussels J.n J.ntertJ.dal areas J.n PrJ.nce WJ.llJ.am Sound
J.n 1989 before the Exxon Valdez oJ.l spJ.ll were sJ.mJ.lar to concen
tratJ.ons measured by an earlJ.er NOAA/NMFS proJect (1977-1980) whJ.ch
establJ.shed a hydrocarbon baselJ.ne for sedJ.ments and mussels for
the same general geographJ.cal area

Subsequent samplJ.ng J.n 1989 and 1990 J.ndJ.cates some SJ.tes were
J.mpacted by crude oJ.l. PrelJ.mJ.nary sedJ.ment analyses at 3 sJ.tes
showed J.mpact by Exxon Valdez oJ.l WJ.th dJ.fferent patterns of
changes J.n petroleum hydrocarbon (PHC) concentratJ.ons over tJ.me
Mussels from one sJ.te had extremely hJ.gh concentratJ.ons of PHCs J.n
1990 samples whJ.le mussels from 4 other sJ.tes showed J.ntermedJ.ate
PHC levels J.n 1989. There were no detectable aromatJ.c hydrocarbons
J.n mussel samples from 1977-1980 The lJ.mJ.ted data (from only 25
samples of >300 samples) currently avaJ.lable from 1989-91 samples
precludes relJ.able J.nterpretatJ.on at thJ.s tJ.me.

The goal of the proJect J.S to analyze and J.nterpret hydrocarbon
data from all samples and produce a fJ.nal report. The fJ.nal report
for thJ.s study wJ.ll provJ.de data agaJ.nst whJ.ch recovery and 'return
to baselJ.ne levels' can be documented Hydrocarbon data generated
and analyzed to date J.S J.ncomplete (J. e, there are no data from
sJ.tes J.n the KenaJ. PenJ.nsula avaJ.lable yet) ThJ.s study furnJ.shes
essentJ.al background data and J.S lJ.nked dJ.rectly to other NRDA
proJects on specJ.fJ.c specJ.es and to some restoratJ.on/recovery
StudJ.esi provJ.des topographJ.cal contJ.nuJ.ty to sedJ.ment data
generated by SubtJ.dal StudJ.es 1 and 3; and complements the large
Coastal HabJ.tat Study 1A. ThJ.s proJect wJ.ll produce data that,
along wJ.th other studJ.es, provJ.des a spatJ.al and temporal dJ.strJ.bu
tJ.on pattern of the J.mpact of Exxon Valdez crude oJ.l
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BUDGET ($K)

SalarJ.es $ 42 6
Travel 1 0
Contracts 0 0
SupplJ.es 1 4
EquJ.pment 0 0

Subtotal $ 45.0
General AdmJ.nJ.stratJ.on 6.4

Total $ 51 4

27



FISH/SHELLFISH STUDY NUMBER 1

study T~tle:

Lead Agency:

Salmon Spawn~ng Area InJury

ADF&G

PROJECT JUSTIFICATION

Th~s proJect w~ll complete the analys~s of data from NRDA and
restorat~on stud~es des~gned to ~mprove the accuracy of w11d p1nk
salmon escapement est~mates. Data analyses from ten we1rs and more
than 40 selected streams ~n the v1c1n1ty of each we1red stream w1ll
be completed and summar~zed. Est1mates of aer~al survey b1as and
stream l~fe from 1990 and 1991 stud1es represent a maJor advance 1n
escapement est~mat~on procedures. Results w111 dramat1cally
~mprove past and future escapement est1mates 1n Pr1nce W11l1am
Sound and w~ll lead to more accurate and prec1se stock spec1f1c
f1sher1es management. The commerc1al f1shery 1n Pr1nce W1111am
Sound 1S of maJor econom1C 1mportance and also plays a maJor role
1n regulat~ng populat10ns of salmon 1n Pr1nce W1111am Sound W11d
stocks wh1ch were 1nJured by the Exxon Valdez 011 sp111 play a
maJor role ~n the Pr~nce W1111am Sound ecosystem and are frequently
~ntercepted ~n m~xed stock f1sher1es dom1nated by hatchery f1sh.
Accurate and t~mely est1mates of spawn1ng escapements are cr1t1cal
for b~olog~sts who seek to ensure reproduct1ve success for w11d
populat~ons by man~pulat~ng f~sher1es Data analyses completed by
th1s proJect w1l1 enable f1sher1es managers to 1mprove 1nseason
escapement est1mates and ~dent1fy escapement shortfalls InJured
w~ld populat~ons may be protected and restored 1f escapement
shortfalls can be qu~ckly ~dent1f1ed and corrected by select1vely
reduc~ng harvests ~n areas where expl01tat10n of 1nJured stocks
m1ght occur.

BUDGET ($K)

Salar~es $ 51 3
Travel 1 7
Contractual 1 2
Suppl~es 2 1
Equ1pment ~

Subtotal $ 56 5
General Adm~n~strat~on ~

Total $ 64.3
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FISH/SHELLFISH STUDY NUMBER 2

study TJ.tle:

Lead Agency:

Egg/Pre-emergent F~y SamplJ.ng

ADF&G

PROJECT JUSTIFICATION

The goal of thJ.s proJect J.S to complete analyses and report results
of a study to quantJ.fy effects of the Exxon Valdez oJ.l spJ.ll on
salmon eggs and fry. Results from thJ.s study show some of the more
sJ.gnJ.fJ.cant J.n]ury to salmon yet demonstrated. InJury J.ncludes
sJ.gnJ.fJ.cantly J.ncreased egg mortalJ.ty and hJ.gh J.ncJ.dences of
somatJ.c, cellular, and genetJ.c abnormalJ.tJ.es J.n alevJ.ns and fry
from oJ.led streams. SummarJ.zatJ.on and publJ.catJ.on of these results
J.S J.mportant for the completJ.on of damage assessment and for the
plannJ.ng of future actJ.vJ.tJ.es.

BUDGET ($K)

SalarJ.es $ 21 8
Travel :r 7
Contractual 0 8
SupplJ.es 1 6
EquJ.pment Ll.

Subtotal $ 26 0
General AdmJ.nJ.stratJ.on .L..1

Total $ 29 3
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FISH/SHELLFISH STUDY NUMBER 3

study Tl.tle:

Lead Agency:

Coded-Wl.re Tag Recovery and Analysl.s

ADF&G

PROJECT JUSTIFICATION

Thl.s l.S a closeout budget for a damage assessment proJect based on
coded-wl.re taggl.ng of Pl.nk salmon l.n Prl.nce Wl.lll.am Sound The
tags appll.ed as part of NRDA and restoratl.on actl.vl.tl.es Sl.nce 1989
have been partl.ally recovered and the analyses of these data are
needed to estl.mate reductl.ons l.n salmon productl.on attrl.butable to
l.nJury from the Exxon Valdez ol.l spl.ll. These data are l.mportant
to understandl.ng the nature of the spl.ll-related l.nJury as well as
desl.gnl.ng and assessl.ng the success of l.mportant management-related
restoratl.on l.mplementatl.on proJects. The commercl.al fl.shery l.n
Prl.nce Wl.lll.am Sound l.S of maJor economl.C l.mportance and also plays
a maJor role l.n regulatl.ng populatl.ons of salmon l.n Prl.nce Wl.lll.am
Sound. Wl.ld stocks whl.ch were l.nJured by the Exxon Valdez Ol.l
spl.ll play a maJor role l.n the Prl.nce Wl.lll.am Sound ecosystem and
are frequently l.ntercepted l.n ml.xed stock fl.sherl.es doml.nated by
hatchery fl.sh. Fl.sherl.es cannot be managed to totally exclude the
harvest of wl.ld fl.sh wl.thout comproml.sl.ng the quall.ty of hatchery
fl.sh harvest. However, wl.th prl.or knowledge of hatchery and wl.ld
stock abundance and dl.strl.butl.ons, fl.sherl.es managers may ll.ml.t
l.nterceptl.ons of wl.ld fl.sh. Data from thl.s proJect wl.ll gUl.de the
desl.gn of f~ture taggl.ng proJects Future taggl.ng proJects for
stock l.dentl.fl.catl.on wl.ll be used to restore salmon populatl.ons by
selectl.vely reducl.ng harvest of l.nJured stocks whl.le perml.ttl.ng the
contl.nued harvest of hatchery surpluses

BUDGET ($K)

Salarl.es $ 103 7
Travel 2 4
Contractual 2 2
Suppll.es 2 4
Equl.pment Q..-J.

Subtotal $ 111 0
General Adml.nl.stratl.on 15 7

Total $ 126 7
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FISH/SHELLFISH STUDY NUMBER 4A

study T~tle:

Lead Agency:

Early Mar~ne Salmon InJury Assessment ~n Pr~nce

W~ll~am Sound

ADF&G

I
I
1-

,~

Cooperat~ng Agency: NOAA

PROJECT JUSTIFICATION

Recru~tment to adult salmon populat1.ons appears to be strongly
affected by the h~gh mortal1.ty dur1.ng the early mar1.ne 11.fe stage.
Dur1.ng th~s per~od, slow-grow1.ng 1.nd1.v1.duals susta1.n a h1.gher
mortal~ty, because they are vulnerable to predators for a longer
t~me than fast-grow~ng ~nd1.v1.duals. In the laboratory, sublethal
hydrocarbon exposure has been shown to cause reduced growth of
Juven~le salmon. Thus, ~n the w1.1d, sublethal hydrocarbon exposure
1.S expected to cause reduced growth result1.ng 1.n 1.ncreased
predat~on.

01.1 contam~nat1.on may also have reduced surv1.val by decreas1.ng prey
populat~ons or d~srupt1.ng m1.grat1.on patterns. 01.1 can be tOX1.C to
11.ttoral and pelag1.c macro1.nvertebrates Hydrocarbon exposure can
1.nJure olfactory lamellar surfaces and cause an avo1.dance react1.on

Dur1.ng the past decade, f1.ve salmon hatcher1.es have been estab
11.shed w~th~n Pr~nce W~ll~am Sound These fac1.11.t1.es, operated by
pr~vate non-prof~t corporat1.ons, produced approx1.mately 535 m1.111.on
Juven1.1e salmon ~n 1989. Approx1.mately one m1.111.on of these f1.sh
were marked w~th a coded-w~re tag (CWT) Recover~es of these
marked f~sh ~n Pr~nce W1.111.am Sound has played a maJor role 1.n our
assessment of the ~mpact of the 01.1 sp1.11 on salmon

Th~s damage assessment proJect has prov1.ded eV1.dence of reduced
growth and fry-to-adult surv1.val among ]uven1.1e salmon 1.n 01.1ed
nearshore hab~tats. However, add1.t1.onal sample and data analys1.s 1.S
needed to quant1.fy the effect of o~l contam1.nat1.on on fry growth
and fry-to-adult surv~val and adequately establ1.sh that enV1.ronmen
tal and o~l effects are not confounded Th1.S w1.11 be accompl1.shed
by compar~ng fry food consumpt1.on and food abundance between 01.1ed
and non-o~led areas. The data obta1.ned dur1.ng the three years of
f1.eld stud~es w~ll be completely analyzed and conclus1.ons synthe
s~zed 1.n a f~nal report.

The f1.nal report w1.ll synthes1.ze proJect results and prov1.de data
summar~es. A fully documented database w1.11 be produced for
1.ncorporat~on ~nto the Natural Resource Damage Assessment database
be~ng developed by the Alaska Department of F1.sh and Game.
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SCHEDULES AND PLANNING

March - August

June - December

January 15

January 31

February 28

Salarles
Travel
Contractual
Suppll.es
Equlpment

ActlVlty

Conduct otollth, stomach, and zooplankton
sample analyses ln laboratory

Data entry, database documentatlon, and data
analysls

Complete all data analysls

Complete ADF&G technlcal data report

Complete flnal report

BUDGET ($K)

$ 89 8
4 0

23 0
7 0
4.2

Subtotal
General Adml.nl.stratl.on

Total

$128 0
17 2

$145 2
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FISH/SHELLFISH STUDY NUMBER 4B

study Tltle: Impact of 011 Splll on Juvenlle Plnk and Chum
Salmon and Thelr Prey In Crltlcal Nearshore
Habltats

Lead Agency: NOAA

Cooperatlng Agency: ADF&G

PROJECT JUSTIFICATION

Prellmlnary results from thls study have documented effects of the
Exxon Valdez 011 splll to Juvenlle plnk salmon, lncludlng exposure
and hydrocarbon body-burden, mlxed-functl0n oXldase (MFO) lnduc
tl0n, and reduced growth In olled areas. The hydrocarbon proflles
In contamlnated Plnk salmon lndlcate that lngestl0n of 011, elther
dlrectly or through contamlnated prey, was the route of contamlna
tl0n. Denslty of Juvenlles, abundance of prey, and temperatures In
the areas sampled do not explaln the dlfferences In growth
observed. Fleld studles In 1989 and 1990 showed that temperatures
and abundance of zooplankton prey were not dlfferent between olled
and non-olled areas sampled, llttoral eplbenthlc prey resources
tended to be hlgher In olled areas; and abundance of Juvenlle
salmon was hlgher In non-olled areas The dlfferences In growth
are thus attrlbuted to effects of 011 contamlnatl0n In support of
thlS concluslon, prellmlnary analysls of laboratory experlments In
1991 showed that lngestlon of whole 011 In food can adversely
affect growth and survlval of Juvenlle plnk salmon.

Many of the results and conclusl0ns from thls study regardlng
effects of 011 contamlnatl0n to Juvenl.le salmon are prellmlnary and
tentatlve at thls tlme because of lncomplete sample and data
processlng. From the 1989/1990 fleld collectl0ns, there are stlll
outstandlng hydrocarbon analyses, lncomplete transfer of data on
hydrocarbon analyses actually done, outstandl.ng contracts on
mel0fauna analyses from experl.mentally olled sedlments, epl.benthlc
crustaceans, MFO's, and plnk salmon otollths From the 1991 ol.l
l.ngestl.on experlment, growth measures from RNA/DNA assays and
otoll.th lncrement analysls are lncomplete, and no data are yet
avallable for hydrocarbon tlssue measures or MFO lnductl.on When
these data sets are completed, a flnal report wl.ll be prepared.
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BUDGET ($K)

Salarl.es $ 50.0
Travel 4 0
Contracts 37 0
Suppll.es 12.0
Equl.pment 6.0

Subtotal $ 109.0
General Adml.nl.stratl.on 10.4

Total $ 119 4
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FISH/SHELLFISH STUDY NUMBER 5

study TJ.tle:

Lead Agency:

InJury to Dolly Varden Char and Cutthroat Trout J.n
PrJ.nce wJ.IIJ.am Sound

ADF&G

PROJECT JUSTIFICATION

I ThJ.s closeout budget represents the cost for fJ.nal bJ.ometrJ.c revJ.ew
and preparatJ.on of fJ.nal report for the data collected J.n thJ.s
proJect through 1991.

BUDGET ($K)

SalarJ.es $ 17.4
Travel 1.0
Contractual o 5
CommodJ.tJ.es o 5
EqllJ.pment Q....Q

Subtotal $ 19.4
General AdmJ.nJ.stratJ.on 2.8

Total $ 22 2
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FISH/SHELLFISH STUDY NUMBER 11

study TJ.tle:

Lead Agency:

HerrJ.ng InJury

ADF&G

PROJECT JUSTIFICATION

PacJ.fJ.c herrJ.ng, Clupea harengus pallasl, are a maJor resource In
PrJ.nce WJ.llJ.am Sound from both a commerclal and ecologJ.cal
perspectJ.ve. The tJ.mJ.ng of the Exxon Valdez oJ.l spJ.ll overlapped
wlth the annual sprJ.ng mJ.gratJ.on of herrlng spawners to nearshore
areas. Over 40% of the herrlng spawnlng and egg deposJ.tl0n areas,
as well as 90% of the summer rearlng and feedlng areas, were
lJ.ghtly to heavJ.ly oJ.led prJ.or to the spawnlng events As a result,
herrJ.ng encountered oJ.l durlng each of thelr four llfe stages In
1989 and, to a lesser extent, In 1990 and 1991. Adult herrJ.ng
traversed areas covered by oJ.l sheens and mousse whlle travelJ.ng
northward and eastward J.n Prlnce WJ.lllam Sound Eggs were deposlted
on oJ.led shorelJ.nes and were "dJ.pped" In sheen through tldal actl0n
whJ.le lncubatJ.ng. Larvae hatched that contalned llPOphlllC
petroleum hydrocarbons J.n thelr yolk sacs, and larvae encountered
sheen near the surface whJ.le In thelr most sensltlve stages. Post
larval or JuvenJ.le herrJ.ng swam through and remalned near lJ.ghtly
to heavJ.ly oJ.led shorelJ.nes, regularly encounterlng sheen, mousse
and dJ.ssolved OJ.l partlculates and components through the summer
whJ.le feedJ.ng J.n shallow nearshore bays and passes.

Egg and larval mortalJ.ty, larval tumors, and other larval lnJury
such as elevated anaphase aberratl0n rates, lncreased cytogenetlc
and cytologJ.c anomalles, and morphologlcal abnormalltles were much
greater J.n oJ.led areas than In non-olled areas In 1989 and 1990
InJurJ.es were more common and more severe J.n olled areas than
unoJ.led areas, wlth J.nJurJ.es declJ.nlng from 1989 to 1990. The
broader ecologJ.cal J.mpllcatJ.ons of the loss of these larvae to the
food chaJ.n can only be contemplated at thlS tJ.me.

Observed J.nJury to adult herrlng lncluded stress-related hemorrhag
J.ng around the vent and enlarged brJ.ght gall bladders J.n 1989, as
well as hydrocarbon metabolltes throughout the whole flSh and lts
blle. In addJ.tJ.on, prellmlnary data from hlstopathologlcal
examJ.natlons revealed that herrlng captured near and In olled areas
In 1990 suffered J.ncreased hepatlc leSl0ns In comparlson to herrlng
captured J.n unoJ.led areas.

The goal of thJ.s proJect lS to estlmate the lnJurles accumulatJ.ng
to populatJ.ons of herrJ.ng In PrJ.nce Wlll1am Sound. The level of
lnJury needs to be establJ.shed to evaluate natural restoratl0n
processes and to dJ.rect restoratl0n actlvltles. A summary of the
lethal and sublethal J.nJury wJ.ll be completed. In addltlon,
accurate and preclse estlmates of populatl0n abundance, age
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structure, wel.qht, and length composl.tl.on data wl.11 be completed to
measure changes at the popu1atl.on level. Sublethal l.nJury to adults
wl.11 be evaluated and l.nterpreted l.n terms of potentl.a1 l.mpacts on
the popu1atl.on and reproductl.on. An l.ntens1ve mode1l.ng effort wl.11
be conducted to look at the overall effects of the Exxon Valdez 0l.1
spl.11 on the larval and adult components of herrl.ng l.n Prl.nce
Wl.111am Sound.

OBJECTIVES

1. Estl.mate the total level of 1nJury of the Exxon Valdez 011
spl.11 to the early 11fe stages by.

a. Summarl.zl.ng and syntheSl.Z1ng components of the egg
morta1l.ty, egg l.ncubatl.on, and egg and larval cytogenetlc
and hl.sto10gl.c examlnatl0ns,

b. Summarl.zl.ng the larval herrlng dlstrlbutl0n and abnorma1
lty l.ndex data from the 1989 larval trawl survey,

c. Fl.na1l.zl.ng chemlstry data from the hydrocarbon sample
database;

d. Comblnl.ng components a , b., and c to relate level of
0l.11ng Wl.th level of lnJury.

2. Summar1ze the results from the laboratory and fle1d exposure
dose-response studles and to compare effects of known doslng
on egg survl.va1, hatchlng success, percent vlable hatch,
larval abnorma1l.tles (Graded Severlty Index), cytogenetlcs,
and m1xed functlon oXldase (MFO) levels to the fle1d data
collected l.n 1989-1991. ThlS data wlll be used to reflne
ObJectlve 1.

3 • Complete the 11terature revlew and compare results from other
studl.es to the f1ndl.ngs 1n ObJectlves 1. and 2.

4. Estl.mate the total level of lnJury to herrlng at the adult
stage by:

a. Summarl.zl.ng and syntheslzlng the' hlstopatho10glca1
presence and type of lnJury to tlssues and vlta1 organs
from herr1ng collected In 011ed and non-ol1ed areas
durl.ng 1989, 1990, and 1991,

b. SummarlZl.ng the level of egg atrophy In adult female
gonads (oocyte-loss) In samples collected durlng 1989,
1990, and 1991;

c. Coordl.nate
(NMFS/NOAA)

w1th Natl0na1 Marlne Flsherles SerV1ce
to syntheslze the results from the adult
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dose-response experl.ment (1991 and 1992), the adult
parasl.te study (comparl.ng herrl.ng from ol.led and unol.led
area durl.ng 1989 and 1991), and from other studl.es
reported l.n the sCl.entl.fl.c ll.terature.

DELIVERABLES

Reports to be prepared by Department staff are ll.sted below:

Tl.tle Deadll.ne

Temporal and spatl.al comparl.sons of fecundl.ty of Pacl.fl.c
herrl.ng l.n Prl.nce Wl.lll.am Sound Feb. 1993

Effects of the Exxon Valdez ol.l spl.ll on Pacl.fl.c herrl.ng eggs and
larvae l.n Prl.nce Wl.lll.am Sound Feb. 1993

Long-term effects of the Exxon Valdez Ol.l spl.ll on Pacl.fl.c herrl.ng
l.n Prl.nce Wl.lll.am Sound Feb 1993

Loss of Pacl.fl.c herrl.ng eggs deposl.ted l.n Prl.nce Wl.lll.am Sound
Feb. 1993.

In addl.tl.on, two reports wl.ll be completed thl.s year that wl.ll
provl.de background and basell.ne l.nformatl.on for the damage
assessment summarl.es:

Estl.mates of spawnl.ng bl.omass of Pacl.fl.c herrl.ng l.n Prl.nce Wl.lll.am
Sound from spawnl.ng deposl.tl.on surveys(revl.ew draft)

Feb 1992

Hl.storl.cal summary of Pacl.fl.c herrl.ng l.n Prl.nce Wl.lll.am Sound
(revl.ew draft) Feb. 1992

Reports and work products that Wl.ll be produced by the contractors
are ll.sted below:

Contractor, Product Deadll.ne

Hose, Fl.nal report on 1991 data and re-analysl.s of 1989 data
(data l.nclucles cytogenetl.cs, abnormall.ty l.ndl.ces,
cytologl.c, and oocyte loss) May, 1992

Hose, Synthesl.s work product for prell.ml.nary modell.ng effort
August, 1992

Hose, Synthesl.s work product for fl.nal modell.ng effort
January, 1993

Kocan, Fl.nal report on 1991 dose-response experl.ment
March, 1992
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Kocan, L~terature rev~ew and f~rst synthes~s product
Apr~l, 1992

Kocan, F~nal report on 1992 dose-response work
August, 1992

Kocan, SYnthes~s work product for f~nal model~ng effort
January, 1992

H~nton, F~nal work product results on 1989 and 1990 adult
h~stopathology and Dr Hose's 1990 and 1991 larvae

February, 1992

H~nton, Prel~m~nary results of 1991 adult h~stopathology

and f~rst sYnthes~s work product Apr~l, 1992

H~nton, F~nal results of 1991 adult h~stopathology and
larval data from Hose May, 1992

H~nton, SYnthes~s work product for f~nal report
January, 1993

BUDGET ($K) 1

Salar~es $ 161.3
Travel 14.5
Contractual 92 6
Suppl~es 3 1
Equ~pment 1......!

Subtotal $ 272.9
General Adm~n~strat~on 30 7

Total $ 303.6

1 Budget J.S for all act~v~t~es performed from March 1, 1992 to
February 28, 1993. A deta~led l~ne ~tem budget has been prepared
and subm~tted separately to the Trustee Counc~l.
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FISH/SHELLFISH STUDY NUMBER 13

study Tl.tle:

Lead Agency:

Part I

Clam InJury

ADF&G

PROJECT JUSTIFICATION

Thl.s proJect seeks to determl.ne l.nJurl.es to bl.valves from the Exxon
Valdez ol.l spl.II and has l.nvolved the study of four specl.es. These
are: 1) pacl.fl.c ll.ttleneck clam (Protothaca stam1nea), 2) butter
clam (Sax1domus gl.ganteus); 3) cockle (C11nocard1um nutta11); and
4) razor clam (S111gua patula) These an1mals are relat1vely
sedentary, occur on beaches throughout the Exxon Valdez ol.l spl.ll
area, and are known to bl.oaccumulate hydrocarbons The presence of
elevated levels of hydrocarbons l.n bl.valves l.S known to cause an
l.ncrease l.n mortall.ty, decrease growth, and other sublethal
l.nJurl.es. Thl.s study has focused on document1ng the presence of
hydrocarbons, decreased growth, and l.dent1fYl.ng other sublethal
l.nJurl.es.

Thl.s proJect wl.ll l.nclude the computer1zed entry of all data
collected thus far, the analys1s of thl.s data wl.th bl.ometrl.cs
support, and a prell.ml.nary report out11n1ng the l.nJur1es documented
thus far.
Thl.S report l.S to be subml.tted for peer reVl.ew and a determl.natl.on
made whether addl.tl.onal fund1ng for a full proJect closeout w111 be
recommended to the Trustee Councl.l

Part II

If a decl.sl.on l.S made by the Trustee Counc11 to prov1de fund1ng for
a full proJect closeout, any addl.tl.onal mon1es w111 be allocated to
collectl.on of growth and age data from clams collected 1n 1991,
synthesl.s of hydrocarbon results from stud1es Wh1Ch shared adJacent
stUdy locatl.ons, subml.ssl.on of 1991 h1stopathology samples for
analysl.s, fl.nall.zatl.on of descrl.ptl.ve mappl.ng products l.n conJunc
tl.on wl.th the GIS group, and preparatl.on of a fl.nal report
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Salarloes
Travel
Contractual
Supplloes
Equlopment

Subtotal
General Admlonlostratloon

Total

Salarloes
Travel
Contractual
Supplloes
Equlopment

Subtotal
General Admlonlostratloon

Total

BUDGET ($K)
(Part I)

$ 25.9
1 5
3 8
o 8
.!....2

$ 36 7
~

$ 40.8

BUDGET ($K)
(Part II)

$ 40 9
2 2

14.7
o 0
0.5

$ 58.3
7.2

$ 65.5 *

•

* Pendlong peer reVloew of Part I and approval of Trustee Counclol
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FISH/SHELLFISH STUDY NUMBER 28

study T~tle:

Lead Agency:

Salmon O~l Sp~ll InJury, L~fe and Run Recon
struct~on

ADF&G

PROJECT JUSTIFICATION

Th~s proJect w~ll quant~fy the ~nJury to the w~ld salmon stocks of
the Pr~nce W~ll~am Sound from the Exxon Valdez o~l sp~ll Under
stand~ng th~s ~nJury ~s necessary for cont~nu~ng f~shery management
of ~nJured stocks and rat~onal restorat~on One of the ma~n tools
be~ng developed to reach th~s goal ~s a run reconstruct~on model
Th~s model w~ll be used to est~mate product~on from each of the
Pr~nce W~ll~am Sound w~ld stock groups, both before and after the
o~l sp~ll. The adult tagg~ng study descr~bed below w~ll prov~de

~nformat~on that w~ll ~mprove the already good foundat~on of th~s

run reconstruct10n model

Because of extremely large ~ncreases ~n hatchery product~on, Pr~nce

W~ll~am Sound as a whole ~s produc~ng salmon at all-t~me record
levels. These hatchery salmon are essent~ally ~nputs to the
f~sh~ng ~ndustry. The w~ld stocks, WhlCh are an lmportant
component ~n the natural ecosystem, orlglnate from a multltude of
natal stream 10catl0ns throughout the Prlnce Wllllam Sound The
aggregate hatchery component of the total productlon can be
determlned w~th coded-wlre tags The estlmated percent of the
hatchery p~nk salmon ~n the Prlnce Wllllam Sound harvest has
fluctuated from sl~ghtly over 50% In 1987 to In excess of 90% In
1988 and the gap In proportlons of wlld and hatchery contrlbutlons
to the run seems to be gettlng blgger

The stock-speclflc or~glns of the wlld portl0n of the harvest are
unknown. Th~s ~nformatlon lS necessary to understand 011 splll
lnJury to manage the flshery, to protect affected wlld stocks, and
to begln other restoratl0n measures The run reconstructl0n model
lS a tool for detectlng these stock-speclflc orlglns ThlS model
lS a mathemat~cal descrlptl0n of wlld stock return patterns,
account1ng for removal by harvest In a serles of mlxed stock
f1sher1es. Th~s account1ng of the harvest, by stock, In m1xed
stock f~sher~es ~s the heart of the model

The Un~vers~ty of Alaska, Juneau Center for Flsherles and Ocean
Sc~ences, has developed a run reconstructlon model for thls proJect
for a slngle f~shlng dlstrlct, although work contlnues on a
computer 1mplementatl0n The next level of complexlty, the multl
d~str~ct model, requlres spaclal and temporal lnformatl0n on the
m~gratory movement of plnk salmon In Prlnce Wllllam Sound. Data
from prev~ous adult tagglng studles could not be used to complete
th~s task. Exhaustlve efforts were made to use the hlstorlcal
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data. These data have proved unSU1table because they are too
1ncomplete: no record was made of the fract10n of the f1shery
sampled to collect those tags that were recovered. An adult
tagg1ng study w1l1 take place dur1ng the 1992 season to est1mate
these key m1ss1ng parameters. The study w1ll use rad10 or son1C
tags on a small number of f1Sh Rather than 1nfer movement
patterns from the recovery of a large number of tags, the study
w111 attempt to d1rectly observe the movement of a smaller number
of f1sh.

OBJECTIVES

The obJect1ve of the P1nk Salmon Adult Tagg1ng Study 1S to quant1fy
the m1gratory movement and rates of p1nk salmon through the Pr1nce
W1111am Sound as they proceed to the1r natal streams. Movement of
salmon through the Pr1nce W1l11am Sound w1ll be modeled by a
probab111ty trans1t1on matr1x whose elementsfare the probab1l1t1es
of salmon mov1ng from one d1str1ct to another.

Currently, 1t 1S assumed that P1nk salmon enter Pr1nce W1l11am
Sound through the Southwest D1str1ct (226) and proceed 1n a
clockw1se d1rect1on through the Pr1nce W1ll1am Sound to the1r natal
streams. Th1S study w1ll be used to exam1ne th1S hypothes1s and
est1mate da1ly d1str1ct-to-d1str1ct m1gratory rates

Salmon M1grat10n Example

As a hypothet1cal example, cons1der 100 salmon enter1ng 1nto the
Pr1nce W1ll1am Sound V1a D1str1ct 226 on an arb1trary day US1ng
the clockw1se m1grat1on hypothes1s the model w1ll move the salmon
toward D1str1cts 223 and 222. Once 1n D1str1ct 222 they are
perm1tted to enter D1str1ct 221 then 1nto 228. The model w1ll also
allow salmon to exchange between D1str1cts 226 and 227. A
hypothet1cal trans1t10n matr1x that w1ll 1nduce th1S type of
movement 1S presented below.
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I

J

dIstnC1

1

221

2

222

8 = (OJ

3 4

223- 225-
24 26

5 6

227 228

Northeast 1 221

Northern 2 222

Coghill 3 223-24

Southwest- 4 225-26
em

Montague 5 227

Southeast- 6 228
em

095 0 0 0 0 005

005 095 0 0 0 0

0 001 099 0 0 0

0 002 002 095 001 0

0 0 0 001 099 0

0 0 0 0 001 099

Here each entry 1S the probab1l1ty of salmon mov1ng from the row
d1str1ct to the column d1str1ct Now, the s1mulat1on of movement
1S created by tak1ng powers of the transposed trans1t1on matr1x and
pre-mult1ply1ng w1th the vector nI = (0, 0, 0, 100, 0, O) (note the
100 1n the fourth pos1t10n represents 100 f1sh released 1nto the
fourth d1str1ct, or D1str1cts 225-26) Th1S 1S denoted mathemat1
cally as

n (k) = (OT)kn

= OTn (k-1)

where k 1S the number of days 1n the Pr1nce W1ll1am Sound (see the
Data Analys1s sect10n for more deta1ls)

The table below shows the hypothet1cal number of salmon 1n each
d1str1ct after k = 1, 2, 5, 10, 20 and 30 days 1n the Pr1nce
W1ll1am Sound.
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Number of days In the PrInce Wilham Sound

dIstnct 0 1 2 5 10 20 30

221 0 0 01 087 308 815 1182

222 0 2 382 833 1329 1718 1703

223-24 0 2 388 886 1530 2311 2662

225-26 100 95 9026 7747 6021 3684 2309

227 0 1 194 443 766 11 70 13 92

228 0 0 0 005 046 302 751

The reason for th1s s1mpl1f1ed demonstrat1on 1S not only to show
how the trans1t10n matr1x 1nduces movement 1n the s1mulat1on model,
but also to p01nt out one property of the trans1t10n matr1x w1th
large powers of the trans1t10n matr1x the rows converge to constant
values. That 1S, each row becomes 1dent1cal The example
trans1t1on matr1x converges to (0 0588, 0 0588, 0 1471, 0 0735,
0.3676, 0.2941) as k gets large (about 60 days) The 1mpl1cat10n
1S that the trans1t1on matr1x does 1mpose stock-11ke restr1ct10ns
on the salmon: 1t determ1nes the long run d1strlbutlon of salmon
among the d1str1cts at the end of the season The key pOlnt to be
made here 1S that one cannot arbltrarlly create a transltlon matrlx
and use 1t 1n the run reconstructl0n model to estlmate stock
spec1f1c catch rates w1thout serl0usly blaslng the results.

METHODS

Throughout July of 1992, a small number of adult plnk salmon are to
be tagged on the southern perlmeter of the Prlnce Wllllam Sound
each week. The tagged f1Sh wll1 then be move through the Prlnce
W1111am Sound to spawnlng areas Some wll1 be harvested In
subsequent f1sh1ng perlods. They wll1 be turned In by flshermen
Some w111 escape the flshery and move lnto freshwater areas.

Tags

F1sh w111 be tagged w1th a radlO or sonlC tag. The most approprl
ate tag has not yet been determlned F1Sh wlth one of these radlo
or sonlC tags wll1 also be tagged wlth an external spaghettl tag
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1nd1cat1ng the d1str1ct of tagg1ng, and each w111 bear a un1que
number and Alaska Department of F1sh and Game 1dent1f1cat10n.

Tagg1ng Operat10ns

If poss1ble, f1sh1ng vessels w111 be recru1ted on a volunteer bas1s
w1th the use of g1veaway hats and tee sh1rts w1th a tagg1ng study
logo. If necessary boats w111 be chartered on a da11y bas1s from
the Pr1nce W1111am Sound purse se1ne f1sh1ng fleet One proJect
sC1ent1st or techn1c1an w111 be aboard to actually conduct the
tagg1ng, prov1de 1nstruct10ns, record data, and control qua11ty
Pre-pr1nted, waterproof data sheets w111 prov1de for date,
10cat10n, vessel, set number, personnel, t1me of day, weather
cond1t10ns, tag numbers, and the number of 1nJured or unsu1table
f1sh. At the end of each tagg1ng operat10n, the data w111 be
transferred to a computer spreadsheet wh1ch w111 be backed up onto
a d1skette.

After the se1ne 1S set, the bunt end w111 be left 1n the water to
form a bag alongs1de the boat Each sampled salmon w111 be 11fted
1nto a tagg1ng cradle, and the tags 1nserted Each s1ngle set w111
const1tute a tagg1ng operat10n.

Number to Tag

The number to tag w111 be determ1ned by the actual cost of the
tags.

Tag Recovery

Tags w111 be detected by means of a1rcraft overf11ghts 1f rad10
tags are used, or 11ne transacts 1f son1C tags are used F1shermen
w111 be offered souven1r hats and tee sh1rts to return externally
tagged f1sh that were harvested, 1f 1nformat10n on date and place
of capture 1S prov1ded.

DELIVERABLES

Data and report subm1ss10n schedule

Dur1ng 1992, the data collected by th1s study w111 allow the
est1mat10n of key parameters of the run reconstruct10n parameter
model, as 1t eX1sts now. A f1nal report on the run reconstruct10n
model, 1nclud1ng the adult tagg1ng operat10n, w111 be made by the
fall of 1992. Dur1ng the late fall of 1992, efforts w111 be
red1rected to the Salmon L1fe H1story Model, W1th part1cular
attent10n to J01n1ng the run reconstruct10n w1th the 11fe h1story
1nformat10n. After s11ght f1ne-tun1ng from the 11fe h1story model,
the run reconstruct10n model w111 be altered for use 1n other
years, and est1mates w111 be generated for several years before and
after the 011 sp111.
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Three basl.c reportl.ng tasks are currently enVl.sl.oned. Fl.rst, there
l.S to be a report documentl.ng the run reconstructl.on model methods.
The authors wl.II l.nclude the cooperatl.ng SCl.entl.sts at the
Unl.versl.ty of Alaska Fal.rbanks, and the two Alaska Department of
Fl.sh and Game l.nvestl.gators. Second, there l.S to be a document or
serl.es of documents coverl.ng the adult taggl.ng operatl.on. Thl.rd,
documentatl.on of the run reconstructl.on estl.mates themselves wl.II
be provl.ded as an Alaska Department of F1Sh and Game technl.cal
report.

The ll.fe hl.story model and l.nJury estl.mates should follow sl.ml.lar
reportl.ng ll.nes: a report documentl.ng methods for the prl.mary
SCl.entl.fl.c ll.terature, and a report of actual estl.mates The
documentatl.on of the ll.fe hl.story model Wl.II complete Study 28. A
sl.ngle fl.nal report coverl.ng all of the above Wl.II be prepared

SCHEDULES & PLANNING

l
l
,

l-

APPROXIMATE
DATE

1992

March 15.

March 15.

May 15.

Late June

July 1

Aug. 30.

September

September

November

November

1993

February

Begl.n purchasl.ng equl.pment, tags, etc

Begl.n Ll.fe Hl.story data organl.zatl.on

Hlre Fl.shery Bl.ologl.st I

Begl.n taggl.ng operatl.ons l.n Dl.strl.ct 226

Begl.n overfll.ghts or ll.ne transacts

Begl.n to assemble database

Contl.nue on Ll.fe Hl.story model development

Provl.de basl.c data to run reconstructlon model-

ers

UAF model fully completed

Begl.n Ll.fe Hl.story model reports

Fl.nal Reports due
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BUDGET ($K)

Salarl.es $ 91 8
Travel 56.0
Contractual 43 0
Suppll.es 18 5
Equl.pment 25.7

Subtotal $ 235.0
General Adml.nl.stratl.on 16 8

Total $ 250 6
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KARINE KAHHAL STUDY NUMBER 1

study T~tle:

Lead Agency:

Effects of the Exxon Valdez O~l Sp~ll on the D~str~

but~on and Abundance of Humpback Whales In Prlnce
W~lll.am Sound, Southeast Alaska, and the Kodlak
Archl.pelago

NOAA

PROJECT JUSTIFICATION

l
L

Dur~ng 1989 and 1990, photographs of lndlvldual humpback whales
occurr~ng l.n Prl.nce Wl.lll.am Sound and Southeast Alaska were
collected from May to September to assess the lmpact of the Exxon
Valdez ol.l spl.ll on humpback whale llfe hlstory and ecology In
Prl.nce Wl.lll.am Sound, 547 days were spent traverslng approx~mately

20,000 nautl.cal ml.les l.n search of whales or whlle photographlng
whales. In Southeast Alaska, 230 days were spent conductlng fleld
research durl.ng the 1989 season to determlne lf Prlnce Wlll~am

Sound humpback whales were relocat~ng to other areas

In 1989, photographl.c analysls of Prlnce Wllllam Sound humpbacks
revealed 59 l.dent~f~able whales l.n 119 encounters. In Southeast
Alaska, 516 whales were l.dentlfled ~n 1989, based on 2,448
encounters. Durl.ng the 1990 season, photographlc analysls of
Pr~nce W~lll.am Sound humpbacks revealed 66 ldentlflable whales ~n

201 encounters. The total count represents the largest number of
l.ndl.v~dual humpback whales ever photographed In Prlnce W~lllam

Sound. A decllne l.n the number of Pr~nce Wllllam Sound humpback
whales was not l.dentl.fl.ed.

The dl.strl.butl.on of humpback whales In Prlnce Wllllam Sound durlng
the 1989 season was compared to thelr dlstrlbutlon In 1988. In
1988, more humpback whales used Lower Knlght Island Passage area
The effect of l.ncreased vessel and alrcraft trafflc may be
responsl.ble for the whale dlstrlbutl0n pattern observed In 1989
The dlstrl.butl.on of whales l.n Prlnce Wllllam Sound durlng the 1990
season was compared to prevlous data No apparent Shlft In
dl.str~butl.on was noted ~n 1990 No observatlons were made of
humpback whales SWl.IDlung through 011. Desplte conslderable effort,
Prlnce Wl.lll.am Sound humpback whales were not observed durlng
concurrent photographlc studles In Southeast Alaska

Synthes~s of these data and the reVlew of avallable SClentlflC
ll.terature wl.ll allow the preparatlon of a flnal report WhlCh
provl.des an ~nterpretatl0nof the results ThlS lnformatlon may be
useful to help manage the recovery of the North Paclflc'S endan
gered humpback whale populatl0n Accordlngly, preparatl0n of a
fl.nal report l.S warranted.
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BUDGET ($K)

SalarJ.es $ 15.0
Travel 0.0
Contracts o 0
SupplJ.es o 0
EquJ.pment 0.0

Subtotal $ 15 0
General AdmJ.nJ.stratJ.on 2 3

Total $ 17 3
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KARINE MAHKAL STUDY HUMBER 2

study Tl.t1e:

Lead Agency:

Assessment of InJurl.es to Kl.11er Whales l.n Prl.nce
Wl.11l.am Sound and Southeast Alaska

NOAA

PROJECT JUSTIFICATION

Photographs of l.ndl.vl.dua1 kl.l1er whales occurrl.ng l.n Prl.nce Wl.lll.am
Sound were collected from May to September l.n 1989, 1990, and 1991
to assess the potentl.a1 l.mpacts of the Exxon Valdez ol.l spl.ll on
kl.11er whale ll.fe hl.story and ecology. Over 25,000 nautl.cal ml.les
were traversed l.n search of whales or whl.le photographl.ng whales,
ref1ectl.ng 617 days of fl.eld research for the three-year perl.od.

An unusually hl.gh number of kl.ller whales were reported ml.ssl.ng
from one of the resl.dent pods named AB pod. The stabl.ll.ty of
resl.dent pods of kl.ller whales l.S such that when an anl.mal l.S
ll.sted as ml.ssl.ng for more than one year, that anl.mal l.S consl.dered
dead. Prl.or to the ol.l spl.ll, the number of whales l.n AB pod
changed from 35 to 36 (1984-1988). Durl.ng thl.s tl.me perl.od, 8
whales dl.ed and 9 whales were born.

Durl.ng 1989, 7 whales were ml.ssl.ng from the AB pod. Durl.ng 1990,
Sl.X addl.tl.ona1 whales from AB pod were added to the ml.ssl.ng ll.st.
Thl.s represents an average mortall.ty rate of approxl.mately 20%, an
order of magnl.tude greater than that seen l.n the 20-year study of
kl.ller whales l.n Brl.tl.sh Columbl.a and Washl.ngton state (1 8%) and
more than three tl.mes the average mortall.ty rate (6 1%) seen l.n AB
pod durl.ng the 1984-88 perl.od. Addl.tl.onally, l.n 1989 and 1990, no
calves were born l.n the AB pod In 1991, one whale was reported
ml.ssl.ng and one calf was born to AB pod

In addl.tl.on to ml.ssl.ng whales l.n the AB pod, sl.gnl.fl.cant changes
occurred l.n the pod I s socl.al structure. Although carcasses of
ml.ssl.ng whales have not be found, there l.S a corre1atl.on between
the dl.scovery of unusually hl.gh mortall.ty l.n AB pod and the Exxon
Valdez 0l.1 spl.11.

For thl.s closeout proJect, a complete analysl.s wl.ll be conducted
Thl.s wl.1l allow an evaluatl.on of all aspects of the kl.ller whale
data The fl.nal report wl.ll make aval.lable l.nformatl.on useful l.n
understandl.ng and managl.ng the kl.ller whales of Prl.nce Wl.lll.am
Sound.
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BUDGET ($K)

Salarl.es $ 28.0
Travel 1.0
Contracts o 0
Suppll.es 0.0
Equl.pment 0.0

Subtotal $ 29 0
General Adml.nl.stratl.on 4 3

Total $ 33 3
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MARINE MAKMAL STUDY NUKBER 6

study Tl.tle:

Lead Agency:

Assessment of Magnl.tude, Extent, and Duratl.on of Ol.l
Spl.ll Impacts on Sea otters

USFWS

PROJECT JUSTIFICATION

The maJor NRDA studl.es on sea otters l.ncluded (a) estl.mates of
dl.strl.butl.on and abundance through aerl.al and boat surveys; (b)
estl.mates of reproductl.ve rates, survl.val rates and documentatl.on
of sea otter movements; (c) recovery of carcasses l.n the spl.ll zone
to determl.ne age and evaluate patterns of mortall.ty; (d) toxl.colo
gy and pathology work such as hl.stologl.cal examl.natl.on of tl.ssue
samples, necropsy of several hundred carcasses, and analysl.s of
blood, fat and ml.lk for hydrocarbon content, (e) standard cll.nl.cal
evaluatl.on of blood samples to determl.ne the health/physl.ologl.cal
status; (f) determl.natl.on of prey specl.es and collectl.on of samples
for hydrocarbon analysl.s, and (g) modell.ng work to estl.mate numbers
of otters exposed to ol.l and populatl.on recovery.

InJury to sea otters resultl.ng from the Ol.l spl.ll l.ncluded 1,011
dead sea otters recovered from wl.thl.n the spl.ll zone. A synthesl.s
of loss estl.mates suggests that between 3,500 and 5,500 sea otters
may have dl.ed from acute exposure to ol.l Chronl.c l.nJury to sea
otters may result from el.ther sublethal l.nl.tl.al exposure and
contl.nued exposure to envl.ronmental hydrocarbons Prell.ml.nary
fl.ndl.ngs of the Coastal Habl.tat and Shellfl.sh NRDA studl.es have
l.d~ntl.fl.ed elevated levels of hydrocarbons l.n l.ntertl.dal and
subtl.dal sedl.ments and l.n several specl.es of benthl.c marl.ne
l.nvertebrates eaten by sea otters Contl.nul.ng l.nJury l.S l.ndl.cated
by sl.gnl.fl.cantly hl.gher numbers of prl.me age sea otter carcasses
bel.ng recovered l.n comparl.son to pre-spl.ll l.n western Prl.nce
Wl.lll.am Sound and contl.nued decll.nes l.n sea otter abundance l.n
ol.led areas. Post-weanl.ng pup mortall.ty l.n the Wl.nter of 1990-91
was sl.gnl.fl.cantly hl.gher l.n western Prl.nce Wl.lll.am Sound than
eastern Prl.nce Wl.lll.am Sound. Sl.gnl.fl.cant dl.fferences l.n blood
parameters were detected for adult males between eastern and
western Prl.nce Wl.lll.am Sound; results suggest systeml.c hypersensl.
tl.Vl.ty reactl.ons l.n males sampled l.n western Prl.nce Wl.lll.am Sound

A prell.ml.nary report of results has been prepared for thl.s study
but comprehensl.ve data synthesl.s and analysl.s have not been
completed.

The preparatl.on of a fl.nal report wl.ll be essentl.al for understand
l.ng the l.nJurl.es the spl.ll caused to sea otters If thl.s l.nforma
tl.on l.S not clearly and completely aval.lable to those responsl.ble
for restoratl.on, l.t wl.ll not be possl.ble to adequately address the
restoratl.on needs of the resource.
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BUDGET ($K)

Salarl.es $ 127 2
Travel 0 0
contractual 50 0
Commodl.tl.es 0 0
Equl.pment 0 0
Other Non-Contractual 0 0

Subtotal $ 177 2
General Adml.nl.stratl.on 22 5

Total $ 199 7
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TERRESTRIAL MAMMAL STUDY NUMBER 3

study Tl.tle:

Lead Agency:

Assessment of the Effects of the Exxon Valdez
Ol.l Spl.ll on Rl.ver otter and Ml.nk l.n Prl.nce
Wl.lll.am Sound

ADF&G

PROJECT JUSTIFICATION

The rl.ver otter and ml.nk damage assessment study was l.nl.tl.ated l.n
1989. Some mortall.ty was documented soon after the ol.l spl.ll and
subsequent long-term sublethal effects have spntl.nued to be
documented. Impacts have been demonstrated at the populatl.on level
l.n thl.s specl.es through contl.nued l.ntroductl.on of tOXl.C ol.l
substances l.n the habl.tat resultl.ng l.n dl.rect exposure and
l.ntroductl.ons through prey resultl.ng l.n l.nternal exposure.

Funds provl.ded l.n 1992 wl.ll be used for completl.on of analysl.s of
substantl.al amounts of data collected l.n the three years of thl.s
study and preparatl.on of a fl.nal report

BUDGET ($K)

Salarl.es $ 32 1
Travel 3.0
Contractual 30 0
Suppll.es 2 0
Equl.pment Q....Q

Subtotal $ 67 1
General Adml.nl.stratl.on .L2.

Total $ 74 0
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SUBTIDAL STUDY NUHBER 1A

study T1tle:

Lead Agency:

Petroleum Hydrocarbon-Induced InJury to Subt1dal
Mar1ne Sed1ment Resources

NOAA

Cooperat1ng Agency: ADEC

PROJECT JUSTIFICATION

The pr1mary goal of Subt1dal Study Number 1 1S to determ1ne the
spat1al and temporal d1str1but10n of 011 In subtldal sedlments In
Pr1nce W1ll1am Sound and the Northeastern Gulf of Alaska As of
June 1990, subt1dal sedlments were contamlnated by 011 at no fewer
than 15 s1tes w1th1n the Pr1nce Wl11lam Sound. Hydrocarbons had
contam1nated sedlments to a depth of 20 m at least at 8 sltes. In
or near two heav1ly contamlnated bays, petroleum hydrocarbons were
detected 1n sed1ments at a depth of 100 m. There lS also eVldence
suggest1ng a trend for petroleum hydrocarbons to move from the
1ntert1dal reg10n to greater depths (3, 6, and 20 m) between May
and November 1989 at Sleepy Bay At Northwest Bay and Herr1ng Bay
there appeared to be a tendency toward an lncrease In contamlnatl0n
of the 6 and 20 m depths between July 1989 and June 1990 At least
7 s1tes along the Kena1 and Alaska Penlnsulas showed contamlnatlon
of subt1dal sed1ments by hydrocarbons Petroleum hydrocarbons were
detected below a depth of 6 m at three of those sltes.

These results are based on a small number of samples because of
delays assoc1ated w1th hydrocarbon analysls In early fall of
1991, the results of the hydrocarbon analysls of 894 of the 1820
samples subm1tted to date were recelved. These data are currently
undergolng the f1nal stages of quallty control Analysls of the
data from all these samples should provlde a reasonably complete
plcture of contam1natl0n by the 011 spl11 of subtldal sedlments In
Pr1nce W1111am Sound. A less complete summary wl11 be aval1able
for the Gulf of Alaska. ThlS proposal supports analysls of the
data on these samples and wrlte-up of the results of that analysls.

Th1S study supports other studles requlrlng documentatl0n of
hydrocarbon contam1nat10n of subt1dal sedlments such as those
studles of 1mpacts on benthlc communltles as well as speclflc flSh
and 1nvertebrate specles Results of the Unlverslty of Alaska
Fa1rbanks study on the responses of hydrocarbon degradlng bacterla
In subt1dal sed1ments appear to be conslstent Wlth hydrocarbon
results 1ndlcatlng contamlnatl0n to a depth of 100 m at a mlnlmum
of two sltes 1n Prlnce Wl11lam Sound Both the deep benthos (ST
2B) and the m1crob1010g1cal components of ST 1B are dependent on
the results of the sed1ment hydrocarbon analyses.
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BUDGET ($K)

Salar~es $ 68 6
Travel 3 8
Contracts 13 5
Suppl~es 2 6
Equ~pment 3.8

Subtotal $ 92.3
General Adm~n~strat~on 11 2

..,

Total $ 103.5
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SUBTIDAL STUDY NUMBER lB

study T~tle:

Lead Agency:

Hydrocarbon M~neral~zat~onPotent1als and M~crob~al

Populat~ons ~n Sed~ment

ADEC

Cooperat~ng Agency: NOAA

JUSTIFICATION

All of the f~eld and laboratory work has been completed on th~s

proJect. Results from 6 cru~ses from 1989 through 1991 are be~ng

analyzed and summar~zed ~nto a f~nal report

Prel~m~nary results show that m1crob1al numbers and act1v~ty ~n

sed~ments are good ~nd1cators of prev10us exposure to hydrocarbon
contam~nat~on. In add~t~on, these measurements y~eld 1nformat10n
on the mob~l~zat~on of o~l to deeper sed1ments over t~me.

M~crob~al act~v~ty, even 1n 1991, rema~ns h~gh at some s~tes

presumably where relat~vely fresh o~l ~s st~ll present The
~nformat~on collected ~n th~s proJect w1ll be used 1n llnk1ng other
NRDA stud1es and for pr10r1t1z1ng sed1ment hydrocarbon samples for
analys1s.

BUDGET ($K)

Salar1es $ 12 4
Travel 1 9
Contractual 1 1
Commod1t1es 0 6
Eqll1pment 0 0

Subtotal $ 16 0
General Adm1n1strat10n 1 1

Total $ 17 1
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SUBTIDAL STUDY NUKBER 2A

study Tl.tle:

Lead Agency:

InJury to Shallow Benthl.c Communl.tl.es

ADF&G

PROJECT JUSTIFICATION

Benthl.c organl.sms assocl.ated Wl.th subtl.dal sedl.ments generally
represent good monl.tors for measurl.ng effects of ol.l fluxl.ng to the
bottom. These organl.sms typl.cally remal.n close to or at the sl.te
of larval settlement and, consequently, represent good mon1tor1ng
organl.sms. The compOSl.t10n of the mar1ne benthl.c fauna has been
successfully used at varl.OUS locatl.ons throughout the 1ndustrl.al
world as a basl.s for measurl.ng effects of pollutants on the bottom.

Shallow «20 m) subt1dal stud1es were 1n1t1ated 1n Pr1nce W1lll.am
Sound l.n the fall of 1989, and contl.nued dur1ng the summers of 1990
and 1991. Thus far, the 1989-90 sampll.ng effort has demonstrated
the presence of ol.l (observed as sheens) and/or l.nJury to marl.ne
plants, l.nvertebrates, and fl.shes 1n slll fJ9rd, eelgrass (Zostera)
and Laml.narl.a/Agarum bay hab1tats (Jewett et al , 1992).

Deep (>20 m) benthos stud1es were 1nl.t1ated 1n the Pr1nce W1ll1am
Sound l.n July 1990. Sl.X of the deep benthos sltes sampled l.n 1990
were adJacent to eelgrass Sl.tes sampled by the shallow benthl.c
program. Prell.ml.nary results from the deep benthos study 1ndl.cated
sl.gnl.fl.cant dl.fferences for 1nfauna Wl.th1n olled embayments l.n
comparl.son wl.th uno1led embayments.

OBJECTIVES

Determl.ne the temporal and spat1al effects of the Exxon Valdez ol.l
spl.ll on the l.nfaunal l.nvertebrate commun1t1es W1th1n eelgrass
embayments. These obJectl.ves w1ll also be attempted on commun1t1es
wl.thl.n Laml.narl.a bays, on a "tl.me ava1lable bas1s only" at no
addl.tl.onal cost.

METHODS

The fl.nal phase of thl.s proJect w1ll concentrate on process1ng
samples, analyses, and report1ng on the shallow subtl.dal commun1
tl.es that were sampled 1n the Pr1nce W1ll1am Sound eelgrass
(Zostera) habl.tat l.n 1991. Th1S hab1tat, as well as Lam1narl.a
bays, was chosen because of relat1ve ecolog1cal 1mportance, hl.story
of prl.or l.nJury, and on proport10n of total habl.tat l.n the olled
Prl.nce Wl.lll.am Sound area. SlX of the sltes Wl.th1n the eelgrass
habl.tat are also the deep benthos Sl.tes All stud1es were
conducted at ol.led sl.tes (selected at random when poss1ble) and
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control s1tes that are matched to the o1led s1tes w1th regard to
geomorphology, degree of freshwater lnput, substrate type, and
general clrculatlon and wave exposure reglmes

other areas (Kena1 and Kodlak reglons) were excluded because lt lS
antlclpated that effects were greatest wlthln Prlnce Wllllam Sound
and because of lOglStlCS of sampllng ln those other reglons.

BUDGET ($K)

Salarles $ 7 1
Travel 0 0
Contractual 95 0
Commodltles 0 0
Equlpment Q.....Q

Subtotal $ 102 1
General Admlnlstratlon ~

Total $ 109 8
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SUBTIDAL STUDY HUHBER 2B

study T~tle:

Lead Agency:

Part I

Deep water Benthos

ADF&G

PROJECT JUSTIFICATION

I

"

A peer rev~ew of the Status Report for th~s proJect suggests that
the b~olog~cal data be reanalyzed to sort out sedl.mentologl.cal
effects and to relate bl.otl.c parameters to petroleum contaml.nants
l.n sedl.ments. The obJectl.ve of thl.S work l.S to complete sedl.ment
analyses for all statl.ons examl.ned and to analyze the data to
relate the bl.ologl.cal results to sedl.ment parameters as suggested
by the peer reVl.ew.

OBJECTIVES

1. To reanalyze the deep benthl.c data to assess the relatl.onshl.p 
or lack of relatl.onshl.p - of benthl.c faunal dl.strl.butl.ons to
sedl.mentologl.cal parameters between the ol.led and unol.led
s~tes.

2. To assess the deep benthl.c data l.n relatl.onshl.p to petroleum
contaml.nants l.n the sedl.ments at the study sl.tes, contl.ngent
upon recel.pt of hydrocarbon data from NOAA

It l.S antl.cl.pated that at least Sl.X to seven weeks wl.lI be needed
to obtal.n sedl.ment data for the 1990 samples Thl.s work ental.ls
sedl.ment analysl.s of 14 statl.ons x 3 depths = 42 sedl.ment samples.
A short report assessl.ng the results of the expanded analyses wl.ll
be subml.tted no later than June 30

Part II

Assllml.ng that reanalysl.s of the deep benthl.c bl.ologl.cal data
relatl.ve to sedl.ment parameters at the study sl.tes rel.nforces the
conclus~ons ~n Feder (1991), the deep benthl.c study wl.ll be
contl.nued untl.l all samples have been ex~ml.ned and a Fl.nal Report
can be wrl.tten. The fourteen study sl.tes chosen on the NOAA shl.p
l.n July 1990 were selected at random wl.th 7 ol.led and 7 unol.led
Sl.tes chosen.

It l.S the ~ntent of th~s damage assessment fl.nal report to compare
all of the 1990 and 1991 deep benthl.c bl.ologl.cal and assocl.ated
sedl.ment data from ol.led and unol.led bays l.n Prl.nce Wl.lll.am Sound.
The compos~tl.on of the marl.ne benthl.c fauna has been successfully
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used at varl.ous locatl.ons throughout the l.ndustrl.al world as a
basl.s for measurl.ng effects of pollutants on the bottom, l.nclusl.ve
of ol.l that has settled after ol.l spl.lls Assessment of the
benthl.c fauna wl.thl.n Prl.nce Wl.lll.am Sound should prove useful for
assessl.ng bl.ologl.cal effects of the Exxon Valdez ol.l spl.ll l.n the
Sound. Prell.ml.nary examl.natl.on of benthl.c bl.ologl.cal data from the
14 sl.tes, three depths at a sl.te, suggests that ol.l on the bottom
l.n bays subJected to l.mpact from the Exxon Valdez ol.l spl.ll may
have affected the faunal composl.tl.on Verl.fl.catl.on of thl.s
suggestl.on l.S contl.ngent upon analysl.s of sedl.ment dl.fferences
between sl.tes and petroleum hydrocarbon composl.tl.on on the bottom
at the sl.tes. The former analysl.s l.S to be completed no later than
May 30, 1992.

OBJECTIVES

1. Completl.on of the taxonoml.C determl.natl.ons of benthl.c samples
from statl.ons at 100 m and >100 m collected l.n July 1991.

2. Sedl.ment analysl.s, l.nclusl.ve of organl.c carbon and nl.trogen
determl.natl.ons as well as carbon l.sotopl.C determl.natl.ons, for
the sedl.ment samples collected l.n July 1991

3. ~ompletl.on of statl.stl.cal and other analyses of the 1990-91
bl.ologl.cal data.

4. Completl.on of all multl.varl.ate analyses l.nvolvl.ng sedl.ment and
hydrocarbon parameters (l.f the latter data are aval.lable).

5. Completl.on of a Fl.nal Damage Assessment Report no later than
November 30, 1992. Thl.s report wl.ll represent a compl.latl.on of
1990 and 1991 deep benthl.c data and wl.ll examl.ne the data for
possl.ble effects resultl.ng from the Exxon Valdez ol.l spl.ll
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Salar~es

Travel
Contractual
Suppl~es

Equ~pment

Ind~rect Costs

Subtotal
General Adm~n~strat~on

Total

BUDGET ($K)
(Part I)

$ 0 0
0.0

10.0
o 0
o 0
Q....Q

$ 10 0
0.7

$ 10 7

BUDGET ($K)
(Part II)

/

Salar~es $ 1 8
Travel 0 0
Contractual 70 0
Suppl~es 0 0
Equ~pment 0 0
Ind~rect Cost Q....Q

Subtotal $ 71 8
General Adm~n~strat~on .2.......l

Total $ 76 9
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SUBTIDAL STUDY NUHBER 3A

study Tl.tle:

Lead Agency:

Bl.oaval.labl.ll.ty and Transport of Hydrocarbons

NOAA

Cooperatl.ng Agency: ADEC

PROJECT JUSTIFICATION

The goal of the NOAA component of proJect Subtl.dal study #3 l.S to
document petroleum hydrocarbon loadl.ng l.n near shore waters
l.mpacted by the Exxon Valdez ol.l spl.ll In 1989, hydrocarbon
loadl.ng was monl.tored by dl.rect sampll.ng of seawater l.n Prl.nce
Wl.lll.am Sound and l.n 1989, 1990, and 1991 by deploYment of
hydrocarbon-free mussels along the ol.l spl.ll traJectory for
exposure perl.ods of 1 to several months.

In 1989, cheml.cal analysl.s of the seawater samples showed the
presence of aromatl.c hydrocarbons of petroleum orl.gl.n Total
aromatl.c hydrocarbon concentratl.ons ranged up to about 8 ~g/l (ppb)
at the most heavl.ly contaml.nated sl.tes 8 days after the spl.ll, but
after 6 weeks decll.ned to below detectl.on ll.ml.ts Although hl.gher
than concentratl.ons reported by Exxon, these concentratl.ons were
stl.ll lower than those known to cause detectable adverse effects on
bl.ologl.cal marl.ne resources followl.ng relatl.vely short-term
exposures.

Caged mussels are sensl.tl.ve l.ndl.cators of ol.l l.n seawater, because
they effectl.vely contact large volumes of seawater, and selectl.vely
fl.lter and l.ngest organl.c partl.culates. In 1989, both aromatl.c and
all.phatl.c hydrocarbons of petroleum orl.gl.n were detected l.n tl.ssue
of caged mussels at concentratl.ons rangl.ng up to 100 ~g/g wet
tl.ssue (ppm), and were detected at all statl.ons and depths l.nsl.de
Prl.nce Wl.lll.am Sound along the spl.ll traJectory Outsl.de Prl.nce
Wl.lll.am Sound, hydrocarbon concentratl.ons were generally low and
hl.ghly varl.able among repll.cates However, mussels exposed at
Tonsl.na Bay and Chl.gnl.k showed moderate levels of contaml.natl.on.
Ol.l contaml.natl.on levels l.n the caged mussels decll.ned after May
1989 and approached control levels by Fall 1989 In 1990, ol.l
contaml.natl.on levels that were sl.gnl.fl.cantly above control levels
were low and sporadl.c.

These results from the caged mussels l.ndl.cate that bl.ologl.cally
aval.lable hydrocarbons from the Exxon Valdez Ol.l spl.ll were
generally pervasl.ve l.n the upper water column along the spl.ll
traJectory l.nsl.de Prl.nce Wl.lll.am Sound durl.ng the summer of 1989
Thl.s bl.ologl.cal aval.labl.ll.ty may result from assocl.atl.on of
petroleum hydrocarbons wl.th partl.culate organl.c materl.al l.n the
water column that can be l.ngested by larval herrl.ng and Juvenl.le
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salmon, thus prov1d1ng a mechan1sm for the adverse effects observed
1n these f1sh (see F1sh/Shellf1sh stud1es)

The Alaska Department of Env1ronmental Conservat10n component of
proJect Subt1dal study #3 1nvolved the deployment of sed1ment traps
at selected locat1ons w1th1n Pr1nce W1ll1am Sound. Results
1nd1cate that petroleum hydrocarbons assoc1ated W1th near-shore
sed1ments or organ1c part1culates can m1grate to greater depths.
In 1991, caged mussels were deployed w1th the sed1ment traps to
determ1ne the b1olog1cal ava1lab1l1ty of trapped hydrocarbons
These results w1ll help to evaluate add1t10nal 1nJury to b1olog1cal
resources caused by these m1grat1ng hydrocarbons

The analys1s and 1nterpretat1on of these results w1ll be completed
and a f1nal report produced 1n 1992.

BUDGET ($K)

Salar1es
Travel
Contracts
Suppl1es
Equ1pment

subtotal
General Adm1n1strat1on

Total

$

$

$

32.1
2.2
0.0
o 0
0.0

34.3
4 8

39 1
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SUBTIDAL STUDY NUMBER 3B

study Tl.tle: Bl.oaval.labl.llty and Transport of Hydrocarbons In the
Nearshore Water Column

ADECLead Agency:

Cooperatl.ng Agency: NOAA

JUSTIFICATION

The Alaska Department of Envl.ronmental Conservatlon (ADEC) has
deployed sedl.ment traps l.n Prl.nce Wl.lllam Sound Sl.nce November 1989
to monl.tor nearshore sedl.mentatlon In the wake of the Exxon Valdez
ol.l spl.ll. These sedlment traps capture partl.culates settllng out
of the water column, whl.ch are then analyzed for hydrocarbon
cheml.stry, organl.c carbon/nltrogen and mlneralogy The obJectlves
of the ADEC portl.on of Subtldal Study #3 are, 1) to determlne the
presence or absence of petroleum hydrocarbons In the water column,
and 2) to collect data on the mObl1l.ty of petroleum hydrocarbons In
the near shore. The study wl11 show whether hydrocarbons are
present l.n the partl.culate matter utl1lzed by fl1ter-feedlng
organl.sms l.n the water column (mussels) and whether there lS a
contl.nul.ng lnput of petroleum hydrocarbons to the subtldal from
these settll.ng partl.culates. Sedl.ment graln Slze data wl11 provl.de
lnformatl.on relatl.ng partl.cle Slze to hydrocarbon chemlstry These
Sl.ze data are lmportant because many fl1ter feeders show a
preference for certal.n partlcle Slze ranges, and because hydrocar
bon adsorptl.on and partl.cle settllng rates are also dependent on
Sl.ze. Data from sedl.ment cores In the vlclnlty of the traps wl.ll
add knowledge of petroleum hydrocarbon contamlnatl0n of benthlc
sedl.ments due to ml.xl.ng and bl.oturbatl.on BeSldes provldlng a
connectl.on between ol.led partlculates and uptake lnto the food
chal.n, the sedl.ment traps present an opportunlty to lnvestlgate the
contl.nued mobl.ll.ty and transport of petroleum hydrocarbons lnto
subtl.dal areas from shorellnes where surface or subsurface o111ng
remal.ns.

The analysl.s and l.nterpretatl.on of the data collected from 1989
through 1992 from thl.s study should be completed and publlshed
because: 1) thl.s study represents the longest monltorlng of
settll.ng partl.culates after a maJ or 011 spl11, 2) the study
provldes a potentl.al connectl0n between shorell.ne and subtldal
ol.ll.ng and uptake by marlne organlsms, and, 3) because the results
may shed ll.ght on questl.ons regardlng the efflcacy and enVl.ronmen
tal benefl.t of shorell.ne treatment and the possl.ble contlnulng
l.nputs of ol.l from remalnlng shorellne contamlnatl0n Results to
date found Sl.gnl.flcant quantl.tl.es (>200 ppm) of 011 In settllng
partlculates two years after the 011 spl11 at several of the study
sl.tes where there l.S a contl.nued presence of subsurface shorellne
ol.ll.ng.
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l
I,

L

Salarl.es
Travel
Contractual
Commodl.tl.es
Equl.pment

subtotal
General Adml.nl.stratl.on

Total

.J

BUDGET ($K)

$ 16 5
4 4

25 1
0.7
o 0

$ 46.7
4.2

$50 9
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SUBTIDAL STUDY NUMBER 4

study T~tle:

Lead Agency:

Fate and TOX~c~ty of Sp~lled O~l From the Exxon
Valdez O~l Sp~ll

NOAA

PROJECT JUSTIFICATION

Th~s study , or~g~nally called A~r/Water Pro] ect Number 6, was
des~gned and undertaken by NOAA In 1990 The study was deslgned to:
a) determ~ne the tOX1C~ty of 011ed envlronmental samples, uSlng
standard tOX~Clty tests, b) examlne the extent to WhlCh any
observed tox~c~ty may be attrlbuted to oxygenated, polar products
In weathered o~l (versus the parent hydrocarbons found In fresh
crude); and c) promote the synthesls of data and lnformatlon
(generated largely by other proJects) on the geographlc dlstrlbu
t~on, weather~ng, and potentlal effects of petroleum on 11vlng
marlne resources.

TOXlclty testlng has been conducted on sedlment samples taken both
~ns~de and outs~de of Prlnce Wl11lam Sound In 1989, 1990 and 1991.
Petroleum hydrocarbon concentratlons were estlmated by ultravlolet
fluorescence spectroscopy on the sedlment samples collected In 1989
and 1990 Between 1989 and 1991, 011 concentratl0ns decllned In
lntertldal sedlments sampled at most olled locatlons, whl1e the
concentrat~ons~n shallow subtldal sedlments (3-20 meters) remalned
about the same, or ~n some cases, rose Sllghtly Patterns of
sedlment tOX1Clty to test organlsms (marlne amphlpods and larval
blvalve molluscs) reflected slml1ar patterns In 1990, slgnlflcant
tox~c~ty was assoc~ated only wlth lntertldal sedlment samples from
heavl1y o~led s~tes, but In 1991, toxlclty was assoclated prlmarl1y
wlth sed~ment samples from the shallow subtldal zone The tOXlclty
of sed~ments from o~led s~tes was generally greater than that from
uno~led reference s~tes In both 1990 and 1991 Flnal lnterpreta
tl0n of sed~ment tOX~clty wl1l requlre data on hydrocarbon
chemlstry and graln s~ze of the sedlments (expected from Technlcal
Serv~ces Study Number 1) These analytlcal data are now avallable
for 1989 and 1990, but have not yet been analyzed In detal1; data
for 1991 are not yet aval1able.

The study determlned the extent to WhlCh any tOXlclty present In
011ed sed~ments and lnterstltlal waters may be attrlbuted to polar
oXldatl0n products (as opposed to parent hydrocarbons) In petro
leum. Intertldal sed~ments and lnterstltlal waters from olled and
reference s~tes ~n Prlnce Wl111am Sound were extracted and
separated ~nto polar and nonpolar fractlons, and the fractl0ns were
tested for relat~ve tOXlclty Polar fractlons from most heavlly
011ed s~tes exh~b~ted tOX1Clty slml1ar to that assoclated wlth the
nonpolar fract~ons, but thls toxlclty was detectable only at very
h~gh concentrat~ons. A draft flnal report on these tests lS
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expected 1n March 1992. Extracts of mussel t1ssues from 01led and
uno1led s1tes were chem1cally fract10nated 1nto nonpolar and polar
const1tuents and analyzed by ultrav10let fluorescence s};lectroscopy.
Polar const1tuents occurred 1n mussel t1ssues from 01led s1tes at
levels that were proport10nal to, or less than proport10nal to, the
amounts present 1n the or1g1nal parent 011 s1multaneously accumu
lated 1n the t1ssues. These analyses have ver1f1ed that tOX1c1ty
assoc1ated w1th 01led sed1ments may ar1se 1n part from polar
const1tuents and/or metabo11tes, however the tOX1C1ty levels
assoc1ated w1th polar and nonpolar const1tuents were generally
s1m1lar for all of the endp01nts tested

Relevant l1terature and data have been 1dent1f1ed and assembled for
the petroleum budget (ob]ect1ve c above), and a synthes1s workshop
st1ll 1S recommended as an 1mportant step 1n complet1ng th1s
synthes1s task.

No new f1eld work 1S proposed under th1s proJect, and a f1nal
report w1ll be prepared at the end of the year on all aspects of
the proJects. The synthes1s and 1ntegrat10n of data and 1nforma
t10n of the fate of the sp1lled 011 through t1me w1ll prov1de
essent1al context for the 1nterpretat10n of 1n1t1al 1n]Ury to, and
subsequent recovery from the sp1ll

BUDGET ($K)

Salar1es $ 29.0
Travel 15 0
Contracts 4 0
Supp11es o 0
Equ1pment o 0

Subtotal $ 48.0
General Adm1n1strat10n 4.6

Total $ 52.6

•
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SUBTIDAL STUDY NUMBER 6

study Tl.tle:

Lead Agency:

InJury to Rockfl.sh

ADF&G

PROJECT JUSTIFICATION

Thl.s closeout budget represents the cost for preparatl.on of a fl.nal
report for the data collected l.n thl.s proJect through 1991 Work
wl.II not begl.n on thl.s actl.vl.ty untl.l recel.pt of sample analyses
results l.n June.

BUDGET ($K)

Salarl.es $ 13 5
Travel 0.0
Contractual 1 0
Suppll.es o 0
Equl.pment .Q.....Q

Subtotal $ 14 5
General Adml.nl.stratl.on ~

Total $ 16 6

o
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SUBTIDAL STUDY NUKBER 7

study Tl.tle:

Lead Agency:

Assessment of Ol.l Spl.ll Impacts on Fl.shery
Resources: Measurement of Hydrocarbons and Thel.r
Metaboll.tes, and Thel.r Effects

NOAA

PROJECT JUSTIFICATION

Begl.nnl.ng l.n late sprl.ng of 1989, Subtl.dal 7 (earll.er desl.gnated as
Fl.sh/Shellfl.sh 24), has systematl.cally evaluated the exposure of
several fl.sh specl.es to petroleum hydrocarbons both l.n Prl.nce
Wl.lll.am Sound and at numerous Sl.tes along the path of the Exxon
Valdez ol.l spl.ll, to Kodl.ak Island and beyond. Both shorell.ne and
demersal specl.es have been studl.ed In addl.tl.on to assessl.ng
exposure, reproductl.ve parameters have been measured l.n Dolly
Varden char and yellowfl.n sole, and hl.stopathologl.cal structure has
been examl.ned l.n most specl.es. To date, petroleum exposure has
been assessed l.n over 1,400 fl.sh, and l.ndl.cators of reproductl.ve
functl.on have been evaluated l.n about 400 adult female fl.sh

The analyses of fl.sh sampled l.n 1989 showed that Dolly Varden,
Pacl.fl.c hall.but, salmon and three specl.es of flounder (yellowfl.n
sole, rock sole, and flathead sole) had been exposed to petroleum
derl.ved compounds. The degree of exposure was found to have
decreased l.n 1990 l.n some specl.es (Dolly Varden), but to have
remal.ned constant l.n three benthl.c specl.es Prell.ml.nary eVl.dence
of hl.stopathologl.cal alteratl.on of gl.ll eplthellum In rock sole was
observed. By 1991, exposure to petroleum-derlved compounds had
generally decreased l.n all flSh specles, but the results suggested
that some fl.sh contlnued to be exposed at sltes lnslde Prl.nce
Wl.lll.am Sound The data obtalned In 1991 do not lndlcate a
substantl.al l.mpact on reproductlve processes In the specles
examl.ned. {-

Results of the Subtldal 7 studles lndlcate that spllled 011 from
the Exxon Valdez Ol.l splll moved to the benthlc envlronment and
benthl.c fl.sh specl.es showed slgns of exposure to 011 durlng the
flrst three years after the 011 splll A detalled examlnatlon of
all the data collected wlll provlde valuable lnformatl0n concernlng
the potentl.al l.mpact of the 011 splll on demersal flshes

These studl.es have generated a large quantlty of data showlng that
substantl.al portl.ons of the populatlons of flatflsh In areas l.n or
near the path of the Exxon Valdez 011 splll have been, and
apparently contl.nue to be, exposed to petroleum products.
Moreover, some shorell.ne specles, such as Dolly Varden char, were
substantl.ally exposed durlng the flrst months followlng the splll,
but exposure had decll.ned markedly by 15 months after the splll
The fundl.ng proposed for 1992 lS speclflcally almed at puttlng all
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of these data ~nto a context of how th~s exposure has been chang~ng

w~th t~me, and what the ~mpl~cat~ons of such exposure m~ght be
For example, some ~nd~cat~ons of reproduct~ve changes and h~sto

patholog~cal alterat~ons have been noted ~n the stud~es funded
under Subt~dal 7. An exam~nat~on ~n deta~l of all data collected,
together w~th rev~ew of ava~lable sc~ent~f~c data from 1) other
NRDA stud~es and 2) prev~ously publ~shed stud~es of the effects of
o~l exposure ~n f~sh, w~ll allow for a balanced ~nterpretat~on

concern~ng the potent~al ~mpact of the o~l spl.II on demersal
f~shes.

BUDGET ($K)

Salary $ 48.5
Travel 2.5
Contracts 2.0
Suppl~es o 0
Equ~pment o 0

Subtotal $ 53 0
General Adm~n~strat~on 7.4

Total $ 60 4
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lC. DAMAGE ASSESSMENT CONTINUATION

SlX proJects begun under damage assessment wll1 contlnue In 1992
Several of these proJects provlde serVlce or supportlng data for
other proJects and are needed for accurate analysls and flnal
reportlng of those proJects. SerVlce and support proJects lnclude
hydrocarbon analysls, Technlcal SerVlces study Number 1 (TS1),
geographlc lnformatlon system (GIS) mapplng and analysls (TS3),
mussel tlssue and sedlment hydrocarbon data synthesls, Subtldal
Study Number 8 (ST8), and database management, Flsh/Shellflsh Study
Number 30 (FS30). Other proJects are contlnulng because the
populatl0n level lmpacts of In]UrleS to early 11fe hlstory stages
of some specles wll1 not become apparent for several years. These
lnclude In]ury to shrlmp (ST5) and sockeye salmon (FS27).

The sockeye overescapement proJect (FS27) may not have a clear
estlmatlon of In]ury untl1 flSh from eggs lald In 1989 return as
adults In 1993 and beyond. Commerclal flshlng for sockeye In Cook
Inlet and the Kodlak area was closed In 1989 when flSh could not
be harvested wlthout contamlnatlng them by means of olled gear
Consequently so many flSh escaped to some freshwater systems that
the ]uvenl1es produced by these flSh could not be supported by the
productlon of these systems Few smolts were observed leavlng the
systems In 1991. Unless the food base ln these systems recovers,
In]ury to other year classes may also occur ThlS study wl11
contlnue to observe these systems and document contlnulng lnJury or
recovery.

Flsh/Shellflsh Study 30 provldes a data storage and retrleval
mechanlsm by WhlCh lnvestlgators can galn access to data produced
by other lnvestlgators (though they do not have the abl11ty to
change those data) even though they may be In dlfferent locatlons
In the state. Investlgators wl11, as wlth TS1, TS2, and ST8, be
able to syntheslze thelr results and make meanlngful comparlsons
among studles.

The shrlmp study (ST5) requlres lnvestlgators to sample shrlmp In
late fall, several months after fleld work for other proJects has
ended. Because shrlmp In)Ury analysls lags behlnd that of other
specles, peer reVlew of 1991 results has not yet occurred If
thelr reVlew lndlcates that further lnvestlgatl0n lS necessary,
addltlonal sampllng wll1 take place In the fall of 1992.

In order to document the presence of 011 at speclflc locatlons,
lnvestlgators for many of the damage assessment studles collected
mussel and sedlment samples from each of the sltes at WhlCh they
were conductlng thelr studles. Therefore, lnvestlgators studylng
blrds, mammals, flSh and shellflsh all collected mussel and
sedlment samples to determlne presence or absence of 011 Some
also took tlssue samples from the pro) ect anlmals to determlne
exposure of lndlvlduals to 011
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Analyt1cal chem1cal results are often confus1ng to 1nvest1gators
who may lack the ab1l1ty to 1nterpret the hydrocarbon data from
TS1. The 1nvest1gators from ST8 prov1de th1s serV1ce to them
Because ST8 analyzes data from many proJects, the 1nvest1gators
w1ll be able to sYnthes1ze these results and prov1de a broad
p1cture of where 0111ng occurred and to what degree. These ST8
1nvest1gators w111 also prov1de some qua11ty assurance for the
results of TSl and 1dent1fy contam1nated samples

TSl has been respons1ble for process1ng these samples, but S1nce so
many were collected, a backlog developed Complet1ng the reports
for many of the damage assessment stud1es requ1res th1s 1nformat10n
so that the 1nJur1es observed can be compared to the degree of
0111ng.

Data from TSl and ST8 are entered 1nto the 011 sp111 GIS of TS3 to
produce maps of the movement and fate of 011 These maps support
and are 1ncorporated 1nto the f1nal reports for other damage
assessment proJects.
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PISH/SHELLPISH STUDY NUMBER 27

study Tl.tle:

Lead Agency:

Sockeye Salmon Overescapement

ADF&G

PROJECT JUSTIFICATION

Thl.s study l.S a contl.nuatl.on of the ol.l spl.ll damage assessment
program l.nl.tl.ated l.n 1990. Recent fl.ndl.ngs have suggested maJor
economl.C damage to commercl.al, subsl.stence, and sport fl.sherl.es may
result from overescapement The contl.nul.ng program l.S essentl.ally
l.dentl.cal to the prevl.ous study plans wl.th ml.nor modl.fl.catl.ons
These modl.fl.catl.ons are hl.ghll.ghted l.n the followl.ng revl.sed plan

Commercl.al fl.shl.ng for sockeye salmon l.n 1989 was curtal.led l.n
Upper Cook Inlet, the outer Chl.gnl.k dl.strl.cts, and the Kodl.ak areas
due to presence of ol.l and subsequent contaml.natl.on of catches l.n
the fl.shl.ng areas from the Exxon Valdez ol.l spl.ll. As a result,
the number of sockeye salmon enterl.ng four l.mportant sockeye
producl.ng systems (Kenal./Skl.lak, Chl.gnl.k/Black, Red, and Frazer
Lakes) and two less l.mportant lake systems (Akalura and Afognak or
Ll.tnl.k lakes) greatly exceeded levels thought to be optl.mal.
Sockeye salmon spawn l.n lake-assocl.ated rl.ver systems Adult
salmon serve an extremely l.mportant role l.n the ecosystem,
provl.dl.ng food for marl.ne mammals, terrestrl.al mammals, and bl.rds
Addl.tl.onally, carcass decomposl.tl.on serves to charge freshwater
lake systems wl.th l.mportant nutrl.ents Juvenl.le salmon whl.ch rear
l.n lakes for one or two years serve as a food source for a varl.ety
of fl.sh and mammals. Sockeye salmon are also an l.mportant
subsl.stence, sport, and commercl.al specl.es. The ex-vessel value of
the commercl.al catch of sockeye from these lake systems has
averaged about $42 ml.lll.on per year Sl.nce 1979, wl.th the 1988 catch
worth $115 ml.lll.on. Sockeye salmon returns to the Kenal. Rl.ver
system support some of the largest recreatl.onal fl.sherl.es l.n the
State.

Overly large spawnl.ng escapements may result l.n poor returns by
producl.ng more rearl.ng Juvenl.le sockeye than can be supported by
the nursery lake's productl.vl.ty (Kyle et al 1988). In general,
when rearl.ng fl.sh abundance greatly exceeds the lake's carrYl.ng
capacl.ty, prey resources are altered by changes l.n specl.es and Sl.ze
composl.tl.on (Ml.lls and Schl.avone 1982, Koenl.ngs and Burkett 1987,
Kyle et ale 1988) Wl.th concoml.tant effects on all trophl.c levels
(Carpenter et ale 1985) Because of such changes, growth of
Juvenl.le sockeye l.S reduced, mortall.ty l.ncreases, larger percentag
es holdover for another year of rearl.ng, and the poor quall.ty of
smolts l.ncreases marl.ne mortall.ty. Where escapements are two to
three tl.mes normal levels, the resultl.ng hl.gh Juvenl.le densl.tl.es
crop the prey resources to the extent that more than one year l.S
requl.red to return to normal productl.vl.ty Rearl.ng Juvenl.les from
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subsequent brood-years suffer from both the poor qual1ty of forage
and from the 1ncreased compet1t1on for food by holdover Juven1les
(Townsend 1989). Th1S 1S the brood year 1nteract10n underly1ng
CyCl1C var1at10n 1n the year class strength of anadromous f1sh.

Th1S proJect w111 exam1ne the effects of large 1989 spawn1ng
escapements on the result1ng progeny for a select subset of the
above ment10ned sockeye nursery lakes. Three 1mpacted lake systems
where the 1989 escapements were more than tW1ce the des1red levels
(Kena1/Sk1Iak 1n Upper Cook Inlet, Red and Akalura lakes on Kod1ak
Island) were selected. Tustumena Lake 1n Upper Cook Inlet and
Upper Stat10n Lake on Kod1ak d1d not rece1ve a large escapement and
w111 be exam1ned as controls.

Th1s study 1S necessary to obta1n a more t1mely assessment of
1mpact as adult sockeye, produced from the 1989 escapement, w111
not return unt11 the 1994/1995 season. Further, total return data
are not ava1lable for 1nd1v1dual Kod1ak sockeye systems due to the
complex m1xed-stock nature of the commerc1al f1sher1es and the
1nab111ty to est1mate stock-spec1f1c catches

In add1t1on to cont1nu1ng prev10usly 1dent1f1ed act1v1t1es, several
new act1v1t1es are proposed to ensure study results are val1d The
Red R1ver system 1S be1ng evaluated based on fry and smolt
product10n of Red Lake. Est1mat1on of spawner d1str1but1on outs1de
of Red Lake w111 be completed by establ1sh1ng an adult we1r on Red
R1ver 1mmed1ately below the lake In add1t1on, the very low
numbers of outm1grat1ng smolt est1mated by the current mark
recapture method has ra1sed some doubt about v1olat1ng assumpt10ns
of the techn1que. Approx1mately 60% of the r1ver flow 1S 1nter
cepted by the traps but recapture eff1c1ency rema1ns below 10%.
Th1S 1nd1cates avo1dance by the marked f1sh, v1olat1ng the
assumpt10n that all f1sh have the same probab111ty of be1ng
captured. If avo1dance rate 1S great then s1gn1f1cant b1ases may
occur. A full smolt we1r 1S proposed to enumerate smolt and ver1fy
the current smolt mark-recapture method

On the Kena1 R1ver system add1t1onal smolt samples w111 be
collected from the RUSS1an R1ver to ver1fy the ag1ng techn1ques.
The current method 1S suspect because age classes known to be
produced from the RUSS1an R1ver do not appear 1n the smolt traps
further downstream. Smolt trapp1ng w111 also be cont1nued 1nto July
to 1nsure current proJect10ns of smolt product1on fa1lure from the
Kena1 R1ver lake systems are not an art1fact of some unknown
sampl1ng b1as.

F1nally, a late fall fry sampl1ng per10d w111 be conducted on the
maJor Kena1 Pen1nsula lakes Approx1mately 50% of the we1ght ga1n
from fry to smolt on the Kena1 R1ver system occurs outs1de of the
current sampl1ng reg1me. If poor surV1val occurs because of
11m1tat1ons 1n rear1ng hab1tat qual1ty dur1ng th1s per1od, these
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data are cruc~al for determ~n~ng the val~d~ty of dens~ty of fry
caus~ng decreased over-w~nter~ng surv~val.

OBJECTIVES

A. Est~mate the number, age, and s~ze of sockeye salmon
]uven~les rear~ng ~n selected freshwater systems

B. Est~mate the number, age, and s~ze of sockeye salmon
smolts m~grat~ng from selected freshwater systems.

C. Determ~ne effects of large escapements resultl.ng
from f~shery closures caused by the Exxon Valdez ol.l
sp~ll on the rearl.ng capacl.ty of selected nursery
lakes through:

a. Analys~s of age and growth of Juvenl.les and
smolts;

b. Exam~nat~on of nursery area nutrl.ent budgets
and plankton populatl.ons.

METHODS

Numbers of adult sockeye salmon that entered selected spawnl.ng
systems outs~de Pr~nce Wl.lll.am Sound prl.or to and durl.ng 1989 have
been est~mated at wel.r statl.ons or by sonar Thl.s l.nformatl.on was
collected dur~ng proJects routl.nely conducted by the ADF&G as part
of the~r resource management program Optl.mal escapement levels,
wh~ch on the average should produce maXl.mum sustal.ned yl.eld, have
been based on e~ther past relatl.onshl.ps between spawners and
return~ng progeny or the extent of aval.lable spawn~ng and rearl.ng
habl.tat. The basel~ne program wl.II contl.nue at each sl.te l.nclud
l.ng, but not l~m~ted to, estl.mates of adult sockeye escapement and
collect~on of scales for age analysl.s.

For each of the 4 lake systems l.dentl.fl.ed, the response (abundance,
growth, and freshwater age) of rearl.ng ]uvenl.les from the 1989
escapement wl.ll be studl.ed through l.ts ll.kely perl.od of freshwater
res~dence, early summer 1990 to sprl.ng 1992

The total number of Juvenl.le sockeye l.n each lake wl.II be estl.mated
through hydroacoustl.C surveys conducted durl.ng the summer (late
June) and fall (September-October) of 1990, 1991, and 1992. Age
and s~ze l.nformatl.on as well as dl.et l.tems wl.II be obtal.ned from
samples of ]uvenl.le sockeye collected from concurrent ml.d-water
trawl nett~ng surveys. Survey transect des~gns for hydroacoustl.C
sampll.ng and tow-nett~ng have been establl.shed for Kenal. and Skl.lak
lakes (Tarbox and K~ng 1989), and wl.II be developed for each
add1t10nal lake 1n the study The bas1c survey desl.gn wl.II be a
strat1f1ed random sample where each lake l.S subdl.vl.ded l.nto areas
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and survey transects randomly selected In each area Such
programs, funded through other studles, are already In place for
Tustumena and Afognak lakes Dependlng on densltles of rearlng
Juven1le sockeye, estlmates of flSh densltles wll1 be made for each
transect elther by echo lntegratlon or by echo countlng. Total
f1Sh populatlon estlmates wll1 be computed, by summlng transect
populat1ons, along w1th 95% confldence lntervals (Kyle 1989)

Freshwater growth and age of sockeye salmon rearlng Juvenlles from
all study systems w111 be determlned from scale and Otollth
measurements made e1ther by dlrect vlsual analysls of scales or on
an Opt1cal Pattern Recognltl0n system In cases where data are
ava1lable (e g., Kenal and Skllak Lakes), growth of progeny from
the 1989 spawn1ng escapements wll1 be compared wlth growth (slze)
of progeny produced from spawnlng wlthln these systems durlng prlor
years

Scale analysls used to age Kenal Rlver smolt has been questloned
because the numbers of two year old smolt from the RUSSlan Rlver
system 1S far below expectatlon. Therefore, smolt samples wll1 be
taken dur1ng the summer of 1992 from the RUSSlan Rlver to verlfy
that these smolt appear 1n the Kenal Rlver smolt traps and that the
current ag1ng technlques are accurate.

The total number of smolt mlgratlng from each system wll1 be
est1mated wlth a mark-recapture study durlng 1990, 1991 and 1992
uSlng lncl1ned plane traps after Kyle (1983), and Tarbox and Klng
(1989). Smolt wll1 be captured In traps, sampled for age and Slze
lnformatl0n, marked wlth Blsmark Brown Y (a bl0loglcal dye), and
transported upstream of the traps and released for subsequent
recapture (Rawson 1984). Perlodlc retestlng wll1 determlne the
capture eff1clency of the traps under changlng rlver condltlons
dur1ng the sprlng. Total populatlon estlmates (Wlth 95% confldence
lntervals) w111 be made uSlng catch efflclencles, and weekly number
welghted smolt Slze and age lnformatlon wll1 be calculated uSlng a
computer spreadsheet developed by Rawson (personnel communlcatl0n,
1985). Slze and ages of sockeye smolts from the 1989 spawnlng
escapements w111 be compared wlth smolt lnformatlon from spawnlng
wlth1n these systems durlng prl0r years Flnally, smolt programs
conslstent to those for the study lakes are planned, under separate
fundlng, for Tustumena and Afognak Lakes

In addlt10n, a full welr wll1 be establlshed on the Red Rlver to
get a total enumeratlon of outmlgrant smolts. ThlS wll1 be manned
24 hours a day and wll1 be used In comparlson wlth the traps
establlshed the prev10us year for smolt estlmatl0n

Llmnolog1cal studles w111 monltor the response of the lakes to the
hlgh Juven1le rear1ng densltles and to estlmate the carrYlng
capaclty parameters of euphotlc volume, nutrlent bUdgets (carcass
enr1chment), and zooplankton bl0mass, body-slzes, and populatl0n
Shlfts. Approx1mately SlX 11mnology surveys wll1 be conducted at
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two stat10ns, dur1ng 1992 to determ1ne zooplankton spec1es
abundance and body S1zes, nutr1ent chem1stry, and phytoplankton
abundance for Kena1/Sk1Iak, Red, Akalura , and Upper Stat10n lakes
carry1ng-capac1ty parameters eX1st for Afognak and Tustumena lakes
based on ongo1ng stud1es by FRED and Commerc1al F1Sh D1V1S1ons.

In cases where seasonal data are ava1lable (e.g., Akalura , Kena1,
and Sk1lak lakes), l1mnolog1cal parameters taken dur1ng res1dence
of the Juven1les from the 1989 spawn1ng escapements w1l1 be
compared to parameters w1th1n these systems dur1ng pr10r years

The hol1st1c approach proposed here 1nvolves several evaluat10n
procedures to assess the effects of sockeye salmon overescapement

F1rst, freshwater product10n from the 1989 escapements w1ll be
assessed 1n Kena1/Sk1lak, Red, Akalura, and Upper Stat10n lakes.
Th1S w1ll be accompl1shed through analys1s of growth, freshwater
surv1val (1n part1cular over-w1nter surv1val), and freshwater age
of sockeye smolt populat10ns Any anomal1es w1ll be determ1ned by
analys1s of freshwater growth recorded on arch1ved scales,
h1stor1cal freshwater age compos1t1on, and modeled freshwater
surv1valsi and from results of prev10us stud1es as well as the 1991
smolt character1st1cs from each of the study systems Also,
plankton1c food sources w1ll be assessed through est1mat1on of
abundance of zooplankton prey b10mass and numbers of spec1es.

Second, future sockeye salmon product1on from the 1989 parent year
and sUbsequent parent years w1l1 be est1mated based on spawn
er/recru1t relat10nsh1ps 1ncorporat1ng a brood-year 1nteract10n
term. Losses of adult sockeye product1on from subsequent parent
years may result from negat1ve effects of progeny of the 1989
escapement on the lake's carrY1ng capac1ty. The spawner/recru1t
relat10nsh1ps w1ll be est1mated from h1stor1cal stock spec1f1c
return data (where ava1lable), and general1zed spawner/recru1t data
scaled to the carrY1ng capac1ty parameters (1.e , euphot1c volume
and zooplankton b10mass) of the nursery lakes where stock spec1f1c
return data are not ava1lable (Ge1ger and Koen1ngs 1991) If 1t 1S
determ1ned that 1n any of the affected systems, the dens1ty
dependent effects are occurr1ng outs1de of the trad1t10nal models,
the effects w1ll be 1solated by exam1n1ng a broader t1me w1ndow of
the rear1ng l1fe h1story of these spec1es

Th1rd, exper1mental and emp1r1cal sockeye l1fe h1story/product10n
models (Koen1ngs and Burkett 1987, Koen1ngs et al 1989) w1ll be
used to compare salmon product1on by 11fe-stage at escapement
levels cons1stent w1th management goals to the 1989 escapements

Add1t10nally, 1n the case of the Kena1 system, effects of the 1989
escapement w1ll be v1ewed 1ndependently of the effects on prev10us
brood years w1th h1gh escapement
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DATA ANALYSIS

Analys~s of the data w~ll follow the techn~ques outl~ned ~n the
references c~ted ~n the methods sect~on Where new analys~s and
problems are ~dent~f~ed upon rev~ew of data obta~ned, appropr~ate

standard techn~ques w~ll be ut~l~zed.

DELIVERABLES

A report w~ll be subm~tted by November 27, 1992 Format and
content w~ll follow the two prev~ous reports Damage assessment
f~nal report w~ll be subm~tted at deadl~nes and ~n the format to be
dec~ded by the Trustees. Data collect~on on ~nJury may cont~nue up
unt~l recovery has been observed ~n the populat~ons of sockeye
salmon under ~nvest~gat~on

SCHEDULE AND PLANNING

Th~s study ~s a cont~nuat~on of ongo~ng ~nvest~gat~ons Cont~nued

process~ng of f~eld samples collected dur~ng the prev~ous summer ~s

occurr~ng presently. Upon breakup, f~eld sampl~ng schedules w~ll

resume follow~ng sampl~ng schedules as reported ~n the NRDA Annual
Report for 1990 under FS #27 Enhanced sampl1ng act1v1t1es w111
requ1re collect10n of samples later 1n the fall and early w1nter of
1992-93. Other act~v1t1es w111 parallel those as reported prev10us
ly and as descr1bed 1n prev10us deta1led study plans
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Salarl.es
Travel
Contractual
Suppll.es
Equl.pment

Subtotal
General Adml.nl.stratl.on

Total

BUDGET ($K)

$329.9
12 0

124 8
52.1

.2.-..Q

$524 8
58 2

$583 0
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FXSH/SHELLFXSH STUDY NUMBER 30

study Tl.tle:

Lead Agency:

Database Management

ADF&G

PROJECT JUSTIFICATION

FS-30 addresses the need to catalogue and mal.ntal.n the prl.ncl.pal
electronl.c copl.es of raw data collected by the ADF&G Natural
Resource Damage Assessment & Restoratl.on (NRDA) Fl.sh/Shellfl.sh and
Subtl.dal proJects.

Assessment of l.nJurl.es, successful restoratl.on, and ongol.ng
monl.torl.ng efforts ultl.mately are grounded l.n the data sets
generated by NRDA studl.es.

Because of the fundamental role these data play l.n determl.nl.ng the
effectl.veness of any restoratl.on program, l.t l.S l.mportant that care
be taken to adequately document, archl.ve, and mal.ntal.n these
prl.ncl.pal electronl.c data sets.

In addl.tl.on, the ADF&G personnel assocl.ated Wl.th FS-30 are dl.rectly
responsl.ble for the mal.ntenance of crl.tl.cal hl.storl.cal fl.sherl.es
databases referenced by many NRDA proJ ects. Thl.s connectl.on
provl.des several added benefl.ts to the NRDA effort, l.ncludl.ng
dl.rect access to hl.storl.cal data, technl.cal expertl.se, and the use
of the ADF&G Commercl.al Fl.sherl.es Wl.de Area Network (WAN) for
electronl.c correspondence and transfer of data

Prl.ncl.pal Copy of
Electronl.c Data Sets

• NRDA:
FS-1, 2, 3, 4A, 11, 13, 27, 28,
ST-5, (FS-5, ST-2AB, ST-6).

• Hl.storl.cal Data·
Commercl.al fl.sherl.es harvest
Fl.sherl.es escapement data

• Restoratl.on ProJects:
R-53, 58, 59, 60ABC, 105, and
113, (R-90, 106)
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Documentat~on (DOCS) Database Management System (DBMS)

FS-30 supports 17 NRDA and restorat~on proJects, w~th anc~llary

support to an add~t~onal 6 proJects. Includ~ng h~stor~cal data
sets, the current amount of raw electron~c data ~nvolved ~s

est~mated to be between 1,500,000,000 and 1,800,000,000 bytes.
Track~ng th~s volume of ~nformat1on requ1res s1gn1f1cant t1me and
effort; leav~ng ~t to Pr~nc1pal Invest1gators (PIs) would severely
l1m~t the~r ab~11ty to focus on proJect work Ignor1ng data
management ent~rely would ult1mately lead to the loss of m111~ons

of dollars ~n data collect10n effort as proJ ects complete or
personnel trans~t~on to other proJects. In br1ef, th1S proJect·

• Catalogues, arch~ves, and ma1nta1ns the pr1nc1pal copy of raw
electron~c data sets for FS-1, 2, 3, 4A, 11, 13, 27, 28, ST-5,
(FS-5, ST-2AB, ST-6)

• Fac~l~tates d~rect access by PIs to h1stor1cal f1sher1es data
sets essent1al to NRDA stud1es. H1stor1cal data 1ncludes
commerc~al f~sher~es catch and escapement f1gures

• Prov~des data process1ng and techn1cal support for PIs and NRDA
funct10ns, 1nclud1ng the use of ADF&G Commerc1al F1sher1es WAN

• Proposes to un1fy the data cata
logues and ma~ntenance of pr1nc1pal
data sets for cont1nu1ng ADF&G
f~sher~es assessment, restorat10n,
mon~tor~ng proJects. Th~s should
fac~l~tate shar~ng raw data between
agenc1es and the ab111ty to prov1de
th~s 1nformat~on to the pub11c.

• Proposes to catalogue, arch1ve, and
ma1nta~n the pr1nc1pal electron1c
data sets for R-53, 58, 59, 60ABC,
105, 113, (R-90 and 106).

Principal Copy
of Electronic

Data Sets

Demonstrat~on of the success of resto
rat10n effort depends d1rectly on mea
surable results. Any restorat10n as
sert10n ~s ult~mately 11nked to pr1nc1
pal assessment, restorat10n, and h1S
tor~cal data sets.

For th1S reason, 1t ~s 1mportant that pr1nc1pal data sets of NRDA
stud1es be documented, arch1ved, and ma1nta1ned
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How SUCC9SSfuI lI/1I restDliltlon efforts?

Restoration Success

HISlDncaI
Oata sets

NRDA

Damage Assessment

fS.l L ~ 4A. l' U. @PSoU 21, BT-G,

(FH, 6T4A8, SHI

Reslor. whit dlwnagn?

~ ~Bas8llne Data Seta

ReslDr9 ID what corKll!JDns?

Most of the orl.gl.
nal NRDA proJects
are targeted at the
specl.es level.
Restoratl.on pro
Jects whl.ch are
targeted at the
ecosystem level
requl.re synthesl.s
of broadly dl.spa
rate electronl.C
data sets.

Synthesl.s

OBJECTIVES AND PRINCI
PAL COMPONENTS

In addl.tl.on, future restoratl.on studl.es at the specl.es level
Wl.II depend heavl.ly on access to establl.shed assessment and
hl.storl.cal data.

FS-30 documents the content of eXl.stl.ng NRDA and relevant
hl.storl.cal data sets, makl.ng the sharl.ng of data between
proJects possl.ble (Thl.s documentatl.on covers all types of
data relevant to a gl.ven study, and l.S not ll.ml.ted to cheml.cal
or GIS l.nformatl.on.)

Data Management

It l.S l.mportant that a prl.ncl.pal copy of raw data be 1dentl.f1ed
and archl.ved. When data 1S shared between proJects, mult1ple
copl.es often dl.verge; any result1ng confll.cts must be resolv
able through reference to a recogn1zed true copy of the data

FS-30 l.S responsl.ble for stor1ng true copl.es of raw data, and
documentl.ng changes made through ongol.ng qual1ty control
Inherent l.n thl.s responsl.bl.ll.ty l.S need to ll.ml.t access to
authorl.zed partl.es. FS-30 also l.mplements regular back-ups of
electronl.C data sets.

Requests for Informatl.on

When NRDA data are released by the Trustees, the publl.c demand
for thl.s l.nformatl.on may overwhelm PIs and support staff,
thereby ll.ml.tl.ng thel.r abl.ll.ty to focus on restoratl.on work
By provl.dl.ng a central catalogue of raw data, and a recognl.zed
true copy of data sets, the extra work resultl.ng from l.nforma
tl.on requests should be reduced
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Confl.dentl.all.ty

The dl.sseml.natl.on of certal.n data l.ntegral to NRDA proJects l.S
ll.ml.ted by Alaska statute. Personnel assocl.ated wl.th FS-30 are
charged wl.th trackl.ng thl.S l.nformatl.on, and ensurl.ng that state
law l.S not vl.olated.

Technl.cal Support

FS-30 l.S staffed by data processl.ng and computer professl.onals.
By l.ts nature, thl.s proJect has close contact wl.th PIs and l.S
aware of thel.r technl.cal needs FS-30 assl.sts PIs and thel.r
affl.ll.ates wl.th technl.cal l.ssues, and thereby allows these
l.ndl.vl.duals to focus on restoratl.on work

The ADF&G sectl.on charged Wl.th FS-30 also supports a statewl.de
computer network (separately funded and mal.ntal.ned by ADF&G),
whl.ch greatly facl.ll.tates sharl.ng of l.nformatl.on between PIs,
Managers, and the Trustee Councl.l Current and future propos
als, thel.r support, and on-gol.ng requests for addl.tl.onal
l.nformatl.on rely heavl.ly on thl.s network

General

FS-30 l.S responsl.ble for constructl.ng a cost effectl.ve
management system (DBMS) to readl.ly retrl.eve and order
data from orl.gl.nal data l.n electronl.c form accordl.ng
specl.fl.ed crl.terl.a of tl.me, space, and other varl.ables
should be constructed to meet the followl.ng crl.terl.a, l.n
prl.orl.ty:

1. Completeness of contents

2. Speed of retrl.eval

database
selected
to user

The DBMS
order of

3. Ease of use l.n assembll.ng prl.mary data l.nto datasets for
further analysl.s by other software

Specl.fl.c ObJectl.ves

1. Contl.nue mal.ntenance of the secure reposl.tory for l.dentl.fl.ed
FS and ST studl.es NRDA and Restoratl.on ProJect Data

The data generated from studl.es relatl.ng to the Exxon Valdez
ol.l spl.ll are an l.mportant resource for the State of Alaska,
the Federal Government, and the SCl.entl.fl.c communl.ty
Besl.des provl.dl.ng l.nformatl.on for l.mproved management of
natural resources, these data wl.ll play a Vl.tal role l.n
determl.nl.ng the success of ongol.ng restoratl.on and enhance
ment proJects.
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The data wl.ll also serve an l.mportant role l.n subsequent
legal actl.ons related to the Exxon Valdez Ol.l spl.ll. Due to
the data's potentl.al role l.n the settlement of legal dl.s
putes, l.t l.S l.mportant that the conclusl.ons derl.ved from raw
data be reproducl.ble. When deall.ng Wl.th large raw data sets,
reproducl.bl.ll.ty can only be ensured l.f a sl.ngle reposl.tory
of the data l.S acknowledged. Wl.thout a recognl.zed (sl.ngle)
reposl.tory, proll.feratl.on of updates and changes l.n the data
across multl.ple copl.es may lead to contradJ.ctory conclusl.ons

2. Protect proJect data from accJ.dental loss

The datasets from NRDA and RestoratJ.on ProJects should be
adequately protected from l.nadvertent loss Placl.ng a
study's prl.ncl.pal copy of electronJ.c data on a database
server Wl.th regularly scheduled backup procedures should
reduce the responsl.bl.ll.ty of the prl.ncl.pal l.nvestl.gators l.n
thl.s l.mportant task.

\ 3. Prov1de easy access to deslgnated lndlvlduals and agencles

It l.S essentl.al that prl.ncl.pal J.nvestl.gators have ready
access to raw data Research efforts should not be ll.ml.ted
by access to data.

4. Ll.ml.t unauthorl.zed access

The data storage facJ.IJ.ty must provl.de mechanl.sms for
adequate securl.ty. Only desl.gnated l.ndl.vl.duals should have
access to the data obtal.ned from NRDA and Restoratl.on
proJects.

5. Establl.sh procedures for sharl.ng data between studJ.es and
agencl.es.

It l.S recognl.zed that the collectJ.ve data of the NRDA studJ.es
may lead to conclusJ.ons whl.ch were not antJ.cJ.pated on a study
by study basJ.s. The data should be stored l.n such a fashJ.on
that l.t l.S possl.ble to test hypotheses whl.ch span multl.ple
studl.es. To thJ.s end, the data from the J.ndJ.vJ.dual studl.es
must be catalogued and stored l.n a way that facJ.ll.tates
sharl.ng between studl.es and agencl.es.

6. Catalogue NRDA data and future Restoratl.on ProJect data

A complete catalogue of Assessment and Restoratl.on ProJect
data should l.nclude both general and detal.led descrJ.ptJ.ons
of the data. General descrl.ptl.ons should allow an l.ndepen
dent party to determJ.ne the content and potentJ.al relevance
of a dataset; detaJ.led descrJ.ptJ.ons are essentJ.al for
l.ncorporatl.ng data J.nto further studJ.es
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7. Expedlte lnformatl0n requests.

It lS antlclpated that future legal actlon on the Exxon
Valdez 011 spl11 may place heavy demands on PIs and staff,
both In the form of standard requests for lnformatlon, as
well as through the deposltlon process. Whl1e only the PIs
and lndlvlduals assoclated wlth a speclflc study are
qual1fled to evaluate and conduct analyses of data, a
properly constructed reposltory of data and clearly deflned
procedures for accesslng raw data should ease the burden of
lnformatlon requests and the demands on lndlvlduals lnvolved
In deposltl0n.

8. Establlsh procedures for malntalnlng the reposltory data.

Clearly ldentlfled procedures wl11 be lmplemented for
malntalnlng lnformatlon In the data reposltory Such
procedures should address the means for addlng, deletlng, and
modlfylng data In the datasets, and should provlde sUltable
documentatlon of relevant malntenance actlvltles.

9. Descrlbe the WAN database, and ltS lmpllcatlons

A central reposltory of the data lS envlsl0ned. ThlS
reposltory should contaln the current prlnclpal copy of
electronlc data for any glven study. For performance
reasons, It may be necessary to dlstrlbute portlons of thls
database to local offlces; procedures must be elaborated for
synchronlzlng dlstrlbuted coples of the datasets

10. Provlde both text and Graphlcal User Interface (GUI) access
to hlstorlcal data bases catch, escapement etc.

Develop dlrect access to lmportant hlstorlcal databases,
lncludlng the capabl1lty for customlzed record selectlon,
summary, and formattlng. PIs can, from personal computers
attached to the ADF&G Commerclal Flsherles WAN, select data
subsets uSlng thelr own crlterla, custom summarlze data to
10 levels, then electronlcally transfer thelr new dataset to
thelr locatlon for use In thelr study envlronment (R BASE,
SAS, etc) Records on a detal1ed level wl11 be aval1able,
selected and sorted to the user's speclflcatl0ns

STUDY METHODOLOGY

Access to hlstorlC databases In support of NRDA studles wl11 be
provlded through an lnterface capable of provldlng summary and
detal1 records sorted In a varlety of output formats accordlng to
user speclflcatlons. The system wl11 be accesslble by authorlzed
IBM-compatlble personal computers on the ADF&G Commerclal Flsherles
WAN. It wl11 be made aval1able through a I1nked system of Local
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Area Networks (LANs) cover1ng off1ces 1n Kod1ak, Anchorage, Cordova
and Juneau. The 1nterface allow1ng non-programmer access to the
database w1ll be developed for text and GUI platforms

The NRDA study databases w1ll be cataloged and stored 1n a central
secure repos1tory. Access to these data w1ll be ava1lable to
author1zed staff. Documentat10n w1ll 1nclude descr1pt10ns of each
data set, cover1ng aspects of phys1cal layout, f1elds conta1ned,
purpose of data set, and author. Th1S documentat10n should
fac1l1tate shar1ng data between PIs and agenc1es. Also, subsequent
requests by the pub11C w1ll be fac1l1tated by th1s documentat10n

The or1g1nal scope of data for FS-30 was commerc1al spec1es from
Pr1nce W1ll1am Sound, Kod1ak, Cook Inlet, and Ch1gn1k areas After
d1scuss10ns w1th assessment and restorat10n researchers we have
changed the pr10r1ty and type of observat10ns to be 1ncorporated.
They are, 1n order of pr1or1ty:

1. NRDA proJect data of global 1nterest

2. Commerc1al f1sher1es catch and effort data by area,
spec1es, and gear type.

3. Salmon escapement data, 1nclud1ng aer1al survey counts,
stream counts, we1r counts, and sonar counts.

4. Pre-emergent and egg dens1ty counts.

5. B10log1cal data 1nclud1ng age compos1t1on, S1ze, sex,
growth, and stock compos1t10n

6. Groundf1sh and shellf1sh survey data

Th1S proJect w1ll make use of an ADF&G statew1de database network
1nfrastructure be1ng separately developed w1th State of Alaska
general funds. Exxon Valdez 011 sp1ll settlement mon1es are not
used to develop th1s network

1. A secure database/f1le server system has been 1nstalled.
(ObJect1ves 1, 2, 3, 4)

A database server has been 1nstalled 1n the Reg10n II ADFG
off1ce. Separate areas for each of the NRDA studles have
been establlshed. Procedures are belng developed for
estab11sh1ng accounts, grant1ng access, and ensur1ng appro
pr1ate backUp of the datasets

2. The documentat10n of NRDA (FS,ST) datasets 1S proceed1ng 1n
two phases. (ObJect1ves 5, 6, 7)
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In the f1rst phase, a general descr1pt10n of the datasets for
a g1ven NRDA study are completed Included for each study
are a qual1tat1ve descr1pt10n of the dataset, an est1mate of
the S1ze of the dataset, the work1ng format of the dataset,
the 1nd1v1dual respons1ble for the content of the data, the
pr1mary f1elds represented, and an est1mate of the dataset's
completeness and an est1mate of the extent to Wh1Ch the data
has been ver1f1ed. In add1t1on, pr1mary 1nvest1gators and
the1r assoc1ates are 1dent1f1ed as part of th1s general
documentat10n process.

In the second phase, deta1led descr1pt1ons of the data are
elaborated. In add1t1on to a textual descr1pt10n for each
data f1eld, the follow1ng data are def1ned at the f1eld
level: type, s1ze, key status (must eX1st, must be un1que),
data val1dat1on rules, lookup tables (fore1gn keys), null
values, value ]ust1f1cat10n 1n the f1eld, and lead1ng f111
characters Synonyms for the flelds are lncluded where
appropr1ate and known. Record deflnltlons are deflned as
aggregates of the fleld deflnltlons

3. Procedures for data malntenance are under development.
(Ob]ect1ves 1, 8, 9)

Procedures are belng developed for malnta1nlng data 1n the
repos1tory. The reposltory holds the current prlnclpal copy
of raw data for any glven study. Procedures for reportlng
suspect data, mod1fylng and updatlng datasets, and logglng
verS10ns are under development Performance of the WAN must
be mon1tored before the procedures for data malntenance can
be f1nal1zed

Commerc1al F1sher1es H1storlcal Data

1. Programs have been wrltten to analyze hlstorlc harvest data
for errors. To date over 3.5 mllll0n records from spll1
affected areas have been searched

2. Or1g1nal documents have been obtalned for lncorrect records
and correctlons applled to the database

3. Documentatlon has been wr1tten and assembled for changes made
to the h1stor1c database (samples attached)

4. The techn1cal card documentlng codes has been revlsed and
w111 be pr1nted and dlstrlbuted soon

5. The deta1led proJect plan for developlng the hlstorlc
commerc1al catch database has been substantlally revlsed, now
w1th an emphasls on NRDA dlrect access to deta1led and
summary data, and output formats 1n ASCII, spreadsheet, and
R:BASE formats. (See attachments)
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6. Purchase and development of a batch processor (separately
funded) 1S under way and the 1nter1m deta1l data made
ava1lable to NRDA researchers could be replaced by late
spr1ng.

7 • The lead programmer 15 work1ng closely Wlth Commerclal
F1sher1es networklng staff to ensure that access to the wlde
area network 15 avallable and compat1ble W1th 011 Sp1ll
d1v1s1on admln1stratlon and NRDA proJects

8. The Anchorage off1ce 15 now connected to the department's
w1de area network Cordova 15 scheduled to be connected by
the end of November The NRDA PIs, thelr aff1l1ates, and 011
Sp1ll D1v1s1on staff now commun1cate and exchange documents
V1a electron1c ma1l.

DELIVERABLES

The pr1mary de11verables for FS-30 lnclude

• Documentatlon of pr1nclpal electron1c data sets for selected
NRDA FS/ST stud1es and future restoratlon proJects ThlS
documentat1on 1ncludes general descr1pt1on of data set
content, 1mport/export mechan1sms facllltat1ng data sharlng
between proJects and agencles, and detalled data element
def1n1t1ons.

• Arch1ves of pr1nc1pal electronlc data sets, and modlf1cat1on
logs to pr1nclpal data

• Support documentat1on (In electronlc form) for selected NRDA
FS/ST studles and future restoratlon proJects

• Software systems prov1dlng dlrect access to selected hlstor1
cal flsherles data sets by deslgnated PIs and thelr afflll
ates.

SCHEDULE AND TIMELINES

The work of FS-30 15 t1ed d1rectly to the progress of NRDA FS, ST,
and Restorat10n proJects Data collected by studles that FS-30
supports 15 keyed and sUbJected to quallty control measures by the
pr1nc1pal 1nvest1gators of the speclflc FS, ST, or Restoratl0n
ProJect. After QC 15 completed, a pr1nclpal copy 15 made avallable
to FS-30 for 1nclus1on In the data repos1tory. Concurrent w1th QC
efforts are data documentat1on procedures WhlCh support the
pr1nclpal data sets.

H1stor1cal f1sher1es catch data 15 currently ava1lable to PIs
through the Commerclal Flsher1es F1Sh Tlcket System New user
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1nterfaces w111 be 1n place for d1rect access to th1S data by the
end of the state I s f1sca1 year. Add1t1ona1 work on the F1Sh T1cket
system w111 be completed May 1, 1992. (Th1s add1t1ona1 work, Wh1Ch
develops the eX1st1ng system accord1ng to user requests, 1S
separately funded through ADF&G's Commerc1al F1sher1es budget).

FS-30 Database Management:

Catalogues, arch1ves, and ma1nta1ns the pr1nc1pal copy of
raw e1ectron1c data sets for FS-1, 2, 3, 4A, 11, 13, 27,
28, ST-5, (FS-5, ST-2AB, ST-6).

Fac111tates d1rect access by PIs to h1stor1ca1 f1sher1es
data sets essent1a1 to NRDA stud1es H1stor1ca1 data
1nc1udes f1sher1es catch and escapement f1gures

Proposes to un1fy the data catalogues and ma1ntenance of
pr1nc1pa1 data sets for cont1nu1ng ADF&G f1sher1es assess
ment / restorat10n / mon1tor1ng proJects Th1S should
fac111tate shar1ng raw data between agenc1es and prov1d1ng
th1s 1nformat10n to the publ1c

Proposes to catalogue, arch1ve, and ma1nta1n pr1nc1pal
e1ectron1c data sets for R-53, 58, 59, 60ABC, 105, and 113,
(R-90, and 106).

Prov1des data process1ng and techn1cal support for PIs and
NRDA funct1ons, 1nclud1ng the use of ADF&G Commerc1al
F1sher1es WAN (w1de area computer network)

ACRONYMS AND ABBREVIATIONS

DBMS 
EVOS 
FS 
FT 
GUI 
NRDA 
PI 
WAN -

Database Management System
Exxon Valdez 011 Sp111
F1nf1sh / She11f1sh (also, some Subt1dal Stud1es)
F1Sh T1ckets
Graph1c User Interface
Natural Resource Damage Assessment
Pr1nc1pa1 Invest1gator
W1de Area Network

SCENARIOS

FS-30 1S un1que among NRDA proJects, 1n that 1t part1c1pates 1n the
respons1b111ty for ma1nta1n1ng pr1nc1pal cop1es of raw electron1C
data from other NRDA stud1es The un1que roll FS-30 plays 1n NRDA
efforts 1S exempl1f1ed by the follow1ng poss1ble scenar10S.
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1. ) D1fferent cop1es of a part1cular data set are used lead1ng to
d1fferent conclus1ons The val1d1ty of the data 1S ques
t1oned, and the ent1re data set 1S deemed unusable.

FS-30 def1nes and arch1ves the pr1nc1pal copy of
data, and ensures that any changes made to th1s data
are appropr1ately catalogued

2) A g1ven data set 1S 1nadequately documented, and un1ts are
om1tted. For example, 1S a g1ven value 1n fathoms, meters,
feet, or yards?

FS-30 d1rectly addresses and el1m1nates th1s problem
through the data catalogue 1t ma1nta1ns

3.) A PI ret1res or moves on to other work. A recogn1zed copy of
raw data may not eX1st. The value of any eX1st1ng pr1mary raw
data lS quest10nable w1thout adequate support documentat10n.

FS-30 arch1ves and documents eX1st1ng data sets,
thereby fac1l1tat1ng trans1t1on of personnel

4.) The raw data from a glven study proves v1tal to a number of
external publ1c agenc1es and/or pr1vate concerns The PI lS
overwhelmed w1th requests for 1nformat1on, lead1ng to a
comprom1se of effort on current restorat1on act1v1ty

FS-30 can prov1de a f1rst p01nt of 1nqu1ry regard1ng
raw data, 1nclud1ng both general and deta1led de
scr1pt10ns of pr1nc1pal data sets. Most 1n1t1al
1nformat10n should be obta1nable w1thout d1rect
1nteract10n w1th the PI.

5) Because a federal or state agency 1S not fam1l1ar w1th the
deta1ls of data from an eX1st1ng NRDA study, effort 1S
expended to re-obta1n 1nformat10n Alternat1vely, a proJect
1S never proposed, because the prospect1ve PI 1S unaware of
eX1st1ng data obta1ned through the efforts of other stud1es

FS-30's catalogue of data sets should prov1de a
general descr1pt1on of what 1S currently ava1lable,
and what the poss1b1l1t1es are for future restora
t1on.
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Salarl.es
Travel
Contractual
Suppll.es
Equl.pment

Subtotal
General Adml.nl.stratl.on

Total

BUDGET ($K)

$154 0
6.9

10.4
4 6
2.8

$178 7
23 8

$202 5
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SUBTIDAL STUDY NUMBER 5

study Tl.tle:

Lead Agency:

PART I

InJury to Shrl.mp

ADF&G

PROJECT JUSTIFICATION

Thl.s proJect l.S al.med at assessl.ng possl.ble l.nJury to spot shrl.mp,
(Pandalus platyceros), due to ol.l spl.lled from the T/V Exxon
Valdez, and l.S a contl.nuatl.on of Fl.sh/Shellfl.sh study 15 conducted
durl.ng 1989 and 1990 and Subtl.dal study 5 conducted l.n 1991

spot shrl.mp l.S a representatl.ve specl.es of the deepwater nearshore
benthl.c ecosystem,'servl.ng as a food source for a varl.ety of fl.sh
and shellfl.sh. spot shrl.mp share aspects of thelr dlstrlbutl0n and
food habl.ts wl.th other economl.cally l.mportant fl.sh and shellflsh
specl.es (Butler 1980). spot shrl.mp themselves support l.mportant
commercl.al, subsl.stence and recreatl0nal flSherl.es In Prlnce
Wl.lll.am Sound. Thl.S specl.es favors steep, rocky habltat WhlCh l.S
found l.n patches throughout Prl.nce Wllll.am Sound Much of thlS
habl.tat l.S contal.ned wl.thl.n the tradltl.Onal harvest area of the
spot shrl.mp commercl.al pot fl.shery, WhlCh l.ncludes the area west of
a ll.ne from Montague POlnt to Bldarka POlnt A large portl0n of
thlS harvest area was In the dl.rect path of the 1989 Exxon Valdez
ol.l spl.ll.

Adult spot shrl.mp, along wl.th other pandalld shrlmp, are known to
be sensl.tl.ve (lethal and sublethal effects) to 011 contaml.natl.on
(Anderson et ale 1981, Rl.ce et al 1979, Sanborn and Mall.ns 1980,
Stl.ckle et ale 1987, Vanderhorst 1976) Larval and Juvenlle shrl.mp
are known to be more sensl.tl.ve than adults lower concentratl.ons of
ol.l wl.ll kl.ll half the study group l.n less tl.me (Brodersen et al
1977, Brodersen 1987, Mecklenburg et al 1977, Rl.ce et al 1984)
Also, larval and Juvenl.le shrl.mp may be exposed to hl.gher concen
tratl.ons of ol.l contaml.natl.on toxlns than adults Slnce larvae occur
l.n surface waters and Juvenlles tend to lnhablt shallow subtldal
areas whl.le adults llve well below the surface (Barr 1971, Barr
1973, Butler 1964, Butler 1980).

Sample collectl.on for spot shrlmp takes place l.n the fall, leavlng
no tlme for sample analysls prlor to the reportlng perlod at the
end of November each year Consequently, peer reVlewers have not
had an opportunl.ty to adequately reVl.ew 1991 results The Trustee
Councll has approved a sufflclent budget to analyze and report 1991
results whl.ch wl.ll be forwarded to peer reVlewers Based upon
thel.r recommendatl.ons, the proJect wlll go forward wlth addl.tl.onal
sampll.ng l.n the fall of 1992 or be termlnated Two budgets appear
at the end of thl.s detalled plan The f l.rst lS the budget
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author1zed through the end of 1991 sample analys1s and report1ng
(Part I). The second 1S the budget wh1ch may be author1zed by the
Trustee Counc11 1f peer reV1ewers recommend cont1nued sampl1ng
(Part II).

OBJECTIVES

1. Determ1ne the relat1ve abundance by we1ght, number and sex of
spot shr1mp, as well as the relat1ve abundance by we1ght of
1nc1dentally caught P1nk (Pandalus boreal1s) and coonstr1pe
(Pandalus hYPs1notus) shr1mp, 1n o1led and non-01led areas, and
compare these values to those obta1ned from surveys conducted
1n 1989, 1990, and 1991.

2. Use h1stor1c catch data from the commerc1al spot shr1mp f1shery
to est1mate f1sh1ng mortal1ty and effort to,

a). Evaluate the feas1b111ty of 1ncorporat1ng f1sh1ng mortal1ty
1nto relat1ve abundance est1mat1ons, to 1mprove accuracy of
stock assessment est1mates.

b). Compare f1sh1ng effort 1n o1led and uno1led areas between
pre- and post-011 sp111 years

3. Compare S1ze and age frequenc1es of spot shr1mp (by sex) among
s1tes uS1ng var10US methods of length frequency analys1s
(m1xture modal analys1s).

4. Compare fecund1ty, egg mortal1ty, and other sublethal effects
between o1led and non-01led areas over t1me, and determ1ne
whether these effects caused decreased reproduct1ve v1ab111ty

5. Document 1nJury to spot shr1mp t1ssue samples and compare
d1fferences between o1led and non-01led s1tes and among years

6. Synthes1ze 1nformat1on on spot shr1mp stock status, hydrocarbon
exposure and 1nJur1es to determ1ne whether a restorat10n plan
to manage the spot shr1mp resource 1S needed

PART II

The follow1ng f1eld work w111 proceed only 1f peer reV1ewers
recommend add1t1onal sampl1ng after reV1ew of 1991 results.

Methodology developed 1n prev10us stud1es (K1mker and Donaldson
1987, Donaldson 1989, Donaldson and Trowbr1dge 1989, and Kruse and
Murphy 1989) w111 be used aga1n th1s year.

Data obta1ned 1n th1s study when comb1ned w1th 1991 study results,
w1l1 1nd1cate whether spot shr1mp Juven1les and larvae were exposed
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to lethal levels of 011 contam1nat10n (though l1ttle knowledge w1ll
be ga1ned on whether sublethal exposure occurred). G1ven the
samp11ng gear used and the growth rate of spot shr1mp, 1991 would
have been the f1rst year 1n wh1ch recru1tment from the 1988 and
1989 year classes would have been observed In the 1992 season,
all of the 1988 and most of the 1989 year classes should have
recru1ted 1n to the sampled populat10n

To determ1ne what effects hydrocarbons from the sp1ll had on spot
shr1mp, samples w1ll be collected from the same three 01led and
three non-01led s1tes 1n western Pr1nce W1111am Sound surveyed 1n
1989 and 1990. An add1t10nal' o1led s1te (snug Harbor), f1rst
sampled 1n 1991, and an uno1led s1te (Whale Bay) to be sampled for
the f1rst t1me th1s year, w1ll be added to the study to g1ve a more
balanced des1gn and to use an un01led area 1n the southwest Pr1nce
W1ll1am Sound.

METHODS/DATA ANALYSIS

Samples w1ll be collected dur1ng November 1992 uS1ng the ADF&G
research vessel Montague Th1s t1me frame, wh1le a departure from
the 1990 stUdy plan, follows the 1991 stUdy plan 1n wh1ch samples
were taken follow1ng the fall molt and when egg extrus10n was
completed. Spec1f1c data to be collected are descr1bed below.

Study S1tes

spot shr1mp hab1tat w1th1n Pr1nce W1111am Sound was d1v1ded 1nto
01led and un01led strata. Loca11zed spot shr1mp d1str1but10n 1n
these areas was determ1ned from commerc1al f1shermen 1nterv1ews and
results of prev10us ADF&G stud1es. Uno1led areas are generally
located 1n the northwestern port10n of Pr1nce W1111am Sound
Unakw1k Inlet, a s1te used for preV10US ADF&G stud1es on abundance
and growth of spot shr1mp (K1mker 1984, 1985, K1mker and Donaldson
1986, 1987); Port Wells (Golden), Culross Passage, Whale Bay
01led areas are located 1n central and southwestern Pr1nce W1ll1am
Sound: Green Island, an ADF&G test f1sh1ng s1te 1n 1981, Chenega
Island (northeast corner), Herr1ng Bay, Snug Harbor.

Sample Des1gn

Each of the e1ght s1tes w1ll be sampled at depths between 35 and
130 m Th1S approach d1ffers from the sampl1ng des1gn used 1n 1989,
1990 and 1991 1n wh1ch depths greater than 130 m were also sampled
Data collected dur1ng the last three survey years has shown that
spot shr1mp were not abundant below 130 m at all sample s1tes.
Thus to lower necessary effort and to make a more balanced
stat1st1cal des1gn, only one depth stratum w1ll be used th1s year
Also, 1992 samp11ng w1ll be d1rected at younger 1nd1v1duals wh1ch
tend to occur at shallow depths. Reduct10n 1n samp11ng effort at
each s1te w1ll allow two add1t10nal s1tes to be sampled 1n 1992.
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Eleven commerc1al pots of a standard s1ze, spaced 185m apart,
w111 be f1shed on a long 11ne. Each str1ng of pots, spann1ng a
d1stance of 185 m, const1tutes a samp11ng stat10n A m1n1mum of
three stat10ns w111 be f1shed at each s1te. Thus, a total of 264
pots (33 pots at each of the 8 s1tes) w1l1 be deployed over the
course of the survey. If necessary, pots w1ll be reset and
deployed an add1t1onal day at each s1te to obta1n adequate sample
S1zes for length frequency analys1s spot shr1mp caught 1n these
extra sets w111 not be 1ncluded 1n relat1ve abundance est1mates,
S1nce extra sets w111 be made at depths where large concentrat10ns
of shr1mp were caught dur1ng prev10us sets

Data Collect1on

Stat10n 1nformat10n 1nclud1ng locat1on (lat1tude and long1tude),
depth (fathoms) and t1me (hours) pots were f1shed w111 be recorded
by the vessel sk1pper on a standard form

Env1ronmental Samples

water temperature, sal1n1ty, and d1ssolved oxygen concentrat10n at
each s1te w111 be recorded uS1ng a Sea B1rd Electron1cs Conduct1v1
ty, Temperature and Depth (CTD) meter Data w1ll be transferred
from the CTD to a m1cro-computer and stored on d1skette. CTD casts
w111 be taken w1th1n 1 km of each s1te The CTD w1ll be lowered at
a rate of 60 meters per m1nute, to prov1de env1ronmental data at
half meter 1ntervals. Due to the conf1gurat10n of the CTD, only
read1ngs from the downcast w1ll be used

B1olog1cal Samples:

Total we1ght of catch, sUbsample we1ght, and total we1ght of each
spec1es 1n a subsample w111 be recorded at the t1me each pot 1S
retr1eved on a standard form. Total we1ght of shr1mp per pot w111
be determ1ned by we1gh1ng the contents of each pot on an electron1c
scale. The average number of shr1mp per k1logram w1ll also be
determ1ned. If less than 500 spot shr1mp are est1mated caught at
a stat10n all of them w111 be sampled If more than 500 spot
shr1mp are est1mated caught at a stat10n a constant proport1on by
we1ght w111 be subsampled from each pot to obta1n approx1mately 500
spot shr1mp.

All spot shr1mp 1n samples and subsamples w1ll have the1r carapace
length measured to the nearest 0.1 m1111meter uS1ng a d1g1tal
cal1per, and the1r sex determ1ned accord1ng to the methods
(Standard Operat1ng Procedure) descr1bed by Trowbr1dge and Coyer
(1989: Append1x C). For female spot shr1mp the follow1ng 1nforma
t10n w111 be noted: egg color and stage of development (eyed or
uneyed); relat1ve clutch S1ze, presence of breed1ng dress,
occurrence of egg and external paras1tes Each female reta1ned for
fecund1ty analys1s w1ll be 1dent1f1ed w1th a code number to allow
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cross-referenc1ng of fecund1ty and other data. All data collected
w111 be recorded on a standard data form

H1stopatho10gy Samples:

Spec1mens to be used for h1stopatho1ogy analys1s w111 be removed
from pots before catches are we1ghed and processed. Th1S w111
ensure that only freshly k11led samples are analyzed. Twenty
shr1mp from a s1ng1e stat10n w111 be selected randomly for each
h1stopatho10gy sample Each h1stopathology sample w111 be we1ghed
and recorded on a standard form H1stopathology samples w111 be
labeled W1th the date, stat10n number, lat1tude and long1tude,
sample number, pro)ect leader's name, spec1es, and agency. Samples
w111 be prepared accord1ng to methods spec1f1ed by Dr. Donald
L1ghtner, assoc1ate professor, Un1vers1ty of Ar1zona.

Fecund1ty Samples:

F1fteen egg-bear1ng females w111 be randomly selected from each
stat10n to est1mate fecund1ty and egg mortal1ty Th1S w111 Y1eld
a total of 360 females. Spec1mens from each stat10n w111 be
1nd1v1dua11y labeled w1th a fecund1ty number, the1r carapace length
measured, and placed together 1n a plast1c bag Each sample bag
w111 be labeled W1th the pro)ect leader I s name, spec1es name,
"eggs", date, stat1on, and agency. Data taken at the t1me of
subsamp11ng w111 be recorded on a standard form and later entered
1nto an R.base computer f1le.

Fecund1ty w111 be determ1ned by remov1ng all eggs from the
p1eopods, dry1ng each egg mass to a constant we1ght, we1gh1ng a
subsample conta1n1ng a known number of eggs, and mult1plY1ng the
we1ght of the ent1re clutch by the number of eggs per un1t we1ght
1n the subsamp1e.

Total number of spot shr1mp exam1ned for fecund1ty est1mat10n w111
be determ1ned by t1me and budget constra1nts If all 15 shr1mp from
each of the stat10n samples cannot be processed, subsamples w1ll be
processed from each stat1on. A m1n1mum of ten shr1mp from each
stat10n w111 be sampled to prov1de an adequate sample S1ze for
detect1ng d1fferences 1n fecund1ty among 011 1mpact areas.

F1sh T1ckets and Log Books

Voluntary log books from commerc1al spot shr1mp f1shermen w1ll be
collected and cop1ed 1n Cordova. F1sh t1cket 1nformat10n w1ll be
accessed through the ADF&G records 1n Juneau. The f1sh t1cket
records w111 be sent on computer d1skettes V1a the Un1ted States
Postal SerV1ce.

99

L



Data analysl.s

Ob]ectl.ve number 1 (estl.matl.on of relatl.ve abundance) wl.ll be
addressed by calculatl.ng average specl.es catch per pot by wel.ght,
number, and sex. Analysl.s of varl.ance (ANOVA) wl.ll be used to test
for sl.gnl.fl.cant dl.fferences (p-value < 05) l.n each of these
categorl.es among sl.tes and between ol.led and non-ol.led areas, uSl.ng
the followl.ng model:

where IJ. l.S the grand mean, a, l.S the ol.ll.ng effect, 'YJ{l) l.S the Sl.te
effect nested wl.thl.n ol.ll.ng strata and €'Jk as the error term.

Changes l.n average catch per pot over tl.me among dl.fferent sl.tes
and between ol.led and non-ol.led areas Wl.ll be analyzed uSl.ng the
above ANOVA model wl.th a tl.me term, Pl , added

To meet ob]ectl.ve number 2 (examl.natl.on of fl.shery trends),
l.nformatl.on from commercl.al fl.shl.ng log books and fl.sh tl.ckets
collected both before and after the Exxon Valdez ol.l spl.ll, wl.ll be
used to estl.mate effort and catch l.n areas frequently fl.shed A
wel.ghted fl.shl.ng l.ntensl.ty term, 8m, may be added to the above
ANOVA model to determl.ne whether dl.fferences occurred among sl.tes
and between ol.led and unol.led areas A wel.ghted fl.shl.ng l.ntensl.ty
term wl.ll be used Sl.nce l.nformatl.on may be l.ncomplete and bl.ased
and dl.fferences l.n effort occurred throughout Prl.nce Wl.lll.am Sound

A Sl.ze frequency dl.strl.butl.on of spot shrl.mp wl.ll be made by sex to
address ob]ectl.ve number 3 (determlnatlon of dlfferences l.n Slze
and age composl.tl.on). The hypothesl.s that no sl.gnl.fl.cant dl.ffer
ence eXl.sts among 011 l.mpact areas l.n Sl.ze frequency dl.strl.butlon
of spot shrl.mp cat<thes wl.ll by tested uSl.ng quantl.le-quantl.le
plots, Chl.-square (X ) tests or other approprl.ate methods A t- or
Mann-Whl.tney test wl.ll be used to test for sl.ml.larl.ty between
means. Changes l.n Sl.ze frequency dl.strl.butl.on over tl.me wl.ll be
examl.ned uSl.ng el.ther a t- or Mann-Whl.tney test for comparl.ng means
and an approprl.ate method for comparl.ng frequency dl.strl.butl.ons.

To meet Ob]ectlve number 4 (examlnatl0n of sublethal effects), the
relatlonshl.p between spot shrl.mp Sl.ze and fecundl.ty wl11 be
examl.ned. For each statl0n the followl.ng Wl.ll be determlned·
percentage of female spot shrl.mp bearlng eggs, stage of egg
development; percentage of egg f~ullng and mortall.ty, fecundl.ty by
sl.ze; relatl.ve clutch Slze X tests wl.ll be used to test for
sl.te dl.fferences and treatment levels Sl.nce data wl.ll be expressed
as percentages. Dl.fferences In fecundlty and relatl.ve clutch Sl.ze
among sl.tes, and between ol.l and unol.led areas wl.ll be tested uSl.ng
ANOVA procedures.
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To address ob]ect~ve number 5 (documentat~on of ~n]ury), the
percentage of shr~mp w~th abnor~al t~ssues ~n o~led and non-ol1ed
areas w~ll be determlned. A X test wl11 be used to determlne
whether d~fferences ~n the percentage of shrlmp w~th abnormal
tlssues among sltes, and between o11ed and unol1ed areas

To meet Ob]ectlve number 6 (development of restoratl0n plans), lt
wl11 be necessary to examlne changes In catch per unlt effort, age
class strength, and reproductlve vlabl1lty to determlne whether
management actlons lmplemented to restore lnJured stocks are havlng
the deslred effect. Further regulatlon of human use, lncludlng tlme
and area closures may be necessary to reduce flshlng mortallty on
o11-ln]Ured stocks and allow them to recover Addltl0nally, the
need for contlnued stock monltorlng to evaluate effectlveness of
recovery methods wll1 be assessed.

All catch, s~ze, and statlon data wl11 be entered lnto R.BASE
computer flIes uSlng portable mlcro computers Statlstlcal tests
wll1 be conducted uSlng commerclally aval1able software such as
SAS, Mlnltab, Lotus and SYSTAT software

SCHEDULES AND REPORTS

Date (s)

November 1992

December-February 1993

February-March 1993

December 1993

ACtlVlty

Fleld program wl11 last approxlmately 10
days (Approxlmately Nov, 1992), Sam
pllng wl11 occur dally whl1e In the
fleld One of the elght sltes wl11 be
sampled each day, day one wl11 be used
for travel to the area and settlng the
lnltlal 3 strlngs of pots. The remalnlng
tlme wl11 be used for resettlng pots at
sltes for WhlCh 500 spot shrlmp were not
obtalned

Data entry & analysls

Prellmlnary report on lmpacts of 011 on
shrlmp

Flnal report on damage assessment on spot
shrlmp
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Table 1G

I. SITES

ADF&G SPOT SHRIMP SAMPLING PLAN

A. Non-ol.led
1. Unakwl.k Inlet
2. Port Wells (Golden)
3. Culross Pass
4. Whale Bay

B. Ol.led
1. Herrl.ng Bay
2. Chenega Island
3. Green Island
4. Snug Harbor

II. STATIONS

A. Exact statl.on locatl.ons at each Sl.te were chosen wl.th the
help of fl.shermen experl.enced at spot shrl.mp fl.shl.ng l.n
those areas

B. Each statl.on Wl.ll consl.st of one strl.ng of eleven pots
fl.shed on a long ll.ne Pots wlll be spaced 185m (approx
l.mately 10 fathoms) apart for a total length of 185 m for
each strl.ng of pots.

III FISHING PLAN

A Weekly Schedule
1. Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Day 8

Day 9

Sal.l to Unakwl.k Inlet set statlons 1, 2 and 3.
Pl.ck Statl.ons 1, 2 and 3. Sall to Port Wells
and set statl.ons 4, 5 and 6
Pl.ck statl.ons 4, 5 and 6 Sal.l to Culross
Passage and set statlons 7, 8 and 9
Pl.ck statl.ons 7, 8 and 9 Sal1 to Herrl.ng
Bay and set statl.ons 10, 11 and 12
Pl.ck statl.ons 10, 11 and 12 Sal.l to Chenega
Island and set statl.ons 13, 14 and 15
Pl.ck statl.ons 13, 14 and 15 Sal1 to Whale
Bay and set statl.ons 16, 17 and 18
Pl.ck statlons 16, 17 and 18 Sall to Snug
Harbor and set statlons 19, 20 and 21
Plck up Statlons 19, 20, 21 Sall to Green
Island and set statl0ns 22, 23 and 24
Pl.ck statlons 22, 23 and 24 Return to
Cordova, end of trlp

Addl.tl.onal days Wl.II be allocated at a gl.ven slte lf the sample
Sl.ze ob]ectl.ve of 500 shrl.mp per slte lS not achleved
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B. Da~ly Schedule
1. Gear w~ll f~sh a standard1zed overn1ght per10d of 16 to

18 hours.
2. Pots w1ll be pulled 1n the morn1ng and subsequently set

such that the des1red soak t1me w1ll be ach1eved If
the des~red soak t1me cannot be ach1eved, pots w1ll be
f~shed to m1n~m~ze var~ance from th1s des1red f1sh1ng
t~me.

BUDGET ($K)
(Part I - 1991 Analys1s and Report only)

Salar~es

Travel
Contracts
Suppl1es
Equ~pment

Subtotal
General Adm~n~strat~on

Total

$17 3
0.8
0.9
o 8
0.2

$20.0
~

$22 7

BUDGET ($K)
(Part II - Full study Pend1ng Peer ReV1ewer Recommendat1ons)

Salar~es

Travel
Contracts
Suppl1es
Equ~pment

Subtotal
General Adm~n~strat~on

Total

$43 0
1 8

12 3
2 4
1.9

$61 4
6 5

$67 9

105

L __



SUBTIDAL STUDY NUMBER 8

study T~tle:

Lead Agency:

Mussel T~ssue and Sed~ment Hydrocarbon Data
Synthes~s

NOAA

INTRODUCTION

The goals of proJect Subt~dal study #8 are (1) to evaluate the
~nternal cons~stency of sed~ment and mussel t~ssue hydrocarbon
data, and (2) to obJect~vely ~dent~fy the presence of Exxon Valdez
petroleum hydrocarbons ~n these samples The f~rst goal ~s

necessary to m~n~m~ze the effects of errors ~n sample collect~on,

documentat~on, and analys~s that are lnevltable wlth a large number
of samples collected for several dlfferent proJects, and that are
chem~cally analyzed us~ng a complex procedure The more of these
errors that can be obJect~vely ~dentlfled, the greater wl11 be the
power of SUbsequent statlstlcal tests The second goal lS
necessary to prov~de an obJect~ve evaluat~on of the perslstence and
geograph~c extent of petroleum hydrocarbon contamlnatlon of these
samples. Th~s evaluatl0n w~ll provlde a common reference for the
part~c~pat~ng proJects, w~ll mln~m~ze dupl~catlon of expenslve
analyt~cal effort, and w~ll provlde the most comprehenslve v~ew of
contam~nat~on poss~ble wlth these data

Incons~stent hydrocarbon data are ~dentlfled uSlng computer-based
stat~st~cal methods to ~dentlfy groups of samples that are clearly
b~ased systemat~cally, or that have been clearly exposed to
extraneous contamlnatl0n unrelated to the 011 spl11 Computer
based methods are necessary because thousands of sedlment and
mussel t~ssue samples have been analyzed for 63 lndependent
analytes each. However, these methods are also very powerful Just
because of the large number of samples ~nvolved Once ldent~fled,

these samples may be excluded from subsequent statlstlcal tests,
wh~ch may greatly enhance the power of these tests

The presence of Exxon Valdez petroleum hydrocarbons In analyzed
samples ~s obJect~vely determlned uSlng a computer-based pattern
recogn~t~onmethod called prlnclpal component analysls (PCA). ThlS
method prov~des an obJect~ve and conslstent way of determlnlng the
presence and relat~ve amount of 011 ~n samples, and works partlcu
larly well w~th NRDA o~l sp~ll samples because the 011 spl11 lS by
far the maJor source of hydrocarbons found In Prlnce Wl11lam Sound
after March 1989

Once Exxon Valdez petroleum hydrocarbons have been obJectlvely and
rel~ably ~dent~f~ed ~n samples, the results can be mapped to Yleld
a p~cture of the overall extent of contamlnatl0n By ~nclud~ng

results from all the proJects that collected sedlment or mussel
t~ssue samples, the most complete and detal1ed maps of 011
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contam1nat1on w1ll be prepared, prov1d1ng a common reference for
the part1c1pat1ng proJects. Th1S, 1n turn, wl.ll provl.de sCl.entl.f l.C
l.nVest1gators and the general pub11c wl.th the most accurate
l.nd1cat10n of the persl.stence and geographl.c extent of ol.l
contam1nated sed1ments and mussels.

OBJECTIVES

A. Develop approprl.ate cr1terl.a for the fl.nal acceptance of
hydrocarbon data prl.or to further analys1s.

B. Calculate a hydrocarbon summary l.ndex that expresses
quant1tatl.Ve amount and quall.tatl.ve character of all hydrocar
bons detected 1n sedl.ment and mussel tl.ssue samples

C. Prov1de PIs wl.th evaluated sedl.ment and mussel tl.ssue
hydrocarbon summarl.es l.n the form of tables, charts, graphs
and maps.

D. Prepare a comprehensl.ve l.nterpretatl.on of sedl.ment and
mussel t1ssue hydrocarbon data l.dentl.fYl.ng patterns of
contam1nat10n across all the NRDA proJects that generated
these samples.

METHODS

A. Samp11ng methods: No samples wl.ll be collected by thl.S
proJect.

B. Standard operatl.ng procedure requl.rements
Analys1s, below.

See Data

C. Qua11ty assurance and control plans
below.

See Data Analysl.s,
(

D. Informat10n requl.red from other l.nvestl.gators Hydrocarbon
analys1s data and assocl.ated sampll.ng data from the Technl.
cal SerV1ces #1 database

E. safety requ1rements: N/A

F. An1mal health and welfare N/A

DATA ANALYSIS

Evaluat10n of Hydrocarbon Data Consl.stency

Hydrocarbon analyt1cal data wl.ll be examl.ned for conformance Wl.th
two expectatl.ons. F1rst, hydrocarbon concentratl.ons l.n repll.cate
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samples are expected to be more or less Slmllar Second, samples
collected from a prl0rl control sltes are not expected to contaln
hydrocarbons characterlstlc of crude 011

A. Repllcate Sample Slmllarlty

The procedure descrlbed below lncludes two baS1C parts;
ldentl.flcatl0n of IdeVlant" samples, followed by an examlnatl0n
of the way these devlant samples are dlstrlbuted among batches
of samples analyzed. Samples may be deVlant for many very
legltl.mate reasons. However the samples ldentlfled as deVlant
should not be contalned wlthln a very few batches of samples
analyzed. If they are, then the batches comprlslng these
devlant samples merlt close examlnatlon.

Great dlsslmllarlty In hydrocarbon concentratl0ns among samples
that are repllcates may result from patchlness In the way
hydrocarbons are dlstrlbuted In the matrlx sampled, or from
systematlc blas lntroduced durlng sampllng, sample storage, or
sample analysls. Dlsslmllarlty arlslng from the way hydrocar
bons are dlstrlbuted In the matrlx should be preserved, because
one obJect of sampllng lS to descrlbe thlS dlstrlbutl0n, so
attempts to ellmlnate such dlsslmllarlty wll1 lntroduce blas
lnto the data. However, dlsslmllarlty arlslng from systematlc
blas should be mlnlmlzed, to reallze the power of subsequent

~ statlstlcal tests.

The samples that contaln devlant hydrocarbon concentratlons,
when compared wlth thelr respectlve repllcate samples, should
be nearly randomly dlstrlbuted among all collected samples, lf
the devlance arlses from the way hydrocarbons are dlstrlbuted
In the matrlx sampled. Consequently, a very non-random
dlstrlbutlon of such dlsslmllar samples may be taken as an
lndlcatlon of systematlc blas For example, lf all the devlant
samples ldentlfled were analyzed on the same day at the same
laboratory, then lntroductl0n of systematlc blas would be
suspected. We wll1 therefore determlne the probablllty that
such devlant samples have the dlstrlbutlon observed among
sample batches, or catalogues, uSlng the procedure followlng,
and assumlng a random dlstrlbutl0n among catalogues Hlghly
unllkely assoclatlons of such samples wll1 be removed from
conslderatlon untl1 the dlstrlbutlon of the remalnlng devlant
samples lS plauslble. In thls way, systematlc blas wlll be
ldentlfled and reduced, wlthout compromlslng the lntegrlty of
the remalnlng data

1. Identlflcatlon of Devlant samples

To determlne the probablllty of an observed dlstrlbutl0n of devlant
samples among catalogues on the assumptlon of an underlylng random
dl.strlbutlon, the deVlant samples must flrst be ldentlfled After
these devlant samples are ldentlfled, the dlstrlbutl0n of them
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among sample analys1s catalogues can be compared W1th random
d1str1but1ons of the same number of deV1ant samples

Each sample lS analyzed for 63 d1fferent hydrocarbons A sample
w1ll be cons1dered dev1ant 1f the concentrat10ns of more than 9 of
these are slmultaneously very d1fferent, when compared w1th
respect1ve concentrat10ns 1n the rema1n1ng repl1cate samples The
]ust1f1cat10n for th1s cr1ter10n, together w1th a quant1tat1ve
def1n1t10n of what 1S meant by "very d1fferent", 1S conta1ned 1n
the follow1ng procedure that w111 be used to 1dent1fy deV1ant
samples.

For each hydrocarbon, the 10gar1thm of the squared range of the
hydrocarbon for each set of repl1cate samples 1S plotted aga1nst
the 10gar1thm of the med1an for that set (Sets of repl1cates that
have zero range for the hydrocarbon cons1dered are not 1ncluded )
The log-log plot accounts for the expected 1ncrease 1n the var1ance
of each hydrocarbon at h1gher concentrat10n A 11near regress10n
11ne lS calculatedrfor th1s plot, and the repl1cate sets assoc1ated
w1th the h1ghest 5% of pos1t1ve dev1at10ns from th1S regress10n
11ne are 1dent1f1ed. (Only pos1t1vely deV1ant repl1cates on the
plot are 1dent1f1ed because these have the largest ranges, the
negat1vely dev1ant repl1cates are those that agree most closely for
the hydrocarbon under cons1derat10n.) W1th1n each set of repl1
cates 1n the h1ghest 5%, the sample w1th the deV1ant hydrocarbon
concentrat10n 1S 1dent1f1ed, and that sample 1S glven a score of 1
A tally lS then made of the number of hydrocarbons hav1ng a score
of 1 1n each sample of each set of repl1cates Thus, each
repl1cated sample w111 conta1n some number, n, of hydrocarbon
concentrat10ns that are 1dent1f1ed as deV1ant uS1ng the above
procedure.

If the d1str1but10n of these deV1ant hydrocarbon concentrat10ns
were random w1th1n and among samples, then each hydrocarbon has a
5% probab1l1ty of be1ng dev1ant 1n each sample The probab111ty,
P, that a sample w111 conta1n n deV1ant hydrocarbons slmultaneously
under these assumpt10ns 1S:

1 p =

where k = 63 lS the number of hydrocarbons analyzed 1n the sample
Accord1ng to equat10n 1, the probab111ty that more than 9 hydrocar
bons are slmultaneously deV1ant w1th1n a sample 1S less than 0 2%
(k=63, n=10). Th1S means that the above procedure w111 m1s1dent1fy
less than 0.2% of the samples as dev1ant, 1f 1nstances of dev1at10n
really are randomly d1str1buted w1th1n and among samples If
dev1ant samples are 1dent1f1ed, they are flagged, and the above
process 1S re1terated uS1ng a log-log plot that does not 1nclude
repl1cates of the flagged samples. The process 1S re1terated
because exclus10n of the flagged samples and the1r repl1cates
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changes the regress10n l1ne of the log-log plot for each hydrocar
bon, Wh1Ch may then reveal new dev1ant samples Re1terat10ns of
the process cont1nue unt1l no add1t10nal dev1ant samples are
revealed. Thus, the above prov1des an obJect1ve way of 1dent1fY1ng
dev1ant samples.

2. Ident1f1cat10n of Suspect Catalogues

Samples may be dev1ant due to the way hydrocarbons are d1str1buted
1n the matr1x sampled, or due to systemat1c b1as To evaluate
these alternat1ves, we exam1ne the way dev1ant samples are
d1str1buted among sample catalogues, based on an approach that 1S
analogous w1th eg. 1. G1ven J samples 1dent1f1ed as dev1ant among
a total of J samples 1n1t1ally cons1dered, the probab1l1ty P that
a catalogue conta1n1ng L samples of wh1ch mare dev1ant 1S

assum1ng the underly1ng d1str1but10n of dev1ant samples among
catalogues 1S random. These probab1l1t1es are calculated for each
catalogue, and the plaus1b1l1ty of the observed probab1l1t1es 1S
evaluated uS1ng a ch1-sguare test An est1mate of ch1-sguare 1S
calculated as:

3 =
h

L
~cl

( (] / J) L~ -mJ 2

(]/J) L~

where h 1S the number of catalogues .cons1dered If th1s est1mate
1S h1gher than the cr1t1cal value of ch1-sguare at a = 0 05 and h-2
degrees of freedom, then all the deV1ant samples assoc1ated 1n the
least probable catalogue are flagged as systemat1cally dev1ant. A
new est1mate of ch1-square 1S calculated for the rema1n1ng
catalogues, where both J and J are reduced by the m and L,
respect1vely, of the excluded catalogue The new est1mate of Ch1
square 1S compared w1th the cr1t1cal value, and the process 1S
re1terated unt11 the ch1-sguare est1mate 1S less than the cr1t1cal
value. The catalogues that conta1n samples flagged as systemat1
cally dev1ant are 11sted as type I suspect catalogues

B. Evaluat10n of Hydrocarbons 1n Control S1te Samples

A second 11st 1S obta1ned by rev1ew1ng the results of the hydrocar
bon analys1s for the control S1te samples These samples were
collected from 10cat10ns p1cked a pr10r1 by the PI for each
proJect, and are not expected to conta1n hydrocarbons character1s
t1C of crude 011, on the bas1s of 1ndependent eV1dence (such as
other chem1cal analyses, absence of hydrocarbon degrad1ng bacter1a,
etc.). The PIs w111 be polled to 1dent1fy the sample numbers of
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such control s1te samples, and then the number of these catalogue
w1ll be determ1ned. Catalogues conta1n1ng at least 5% of these
control S1te samples w1ll be 1dent1f1ed, and the control S1te
samples 1n these catalogues w1ll be exam1ned for eV1dence of
extraneous hydrocarbon contam1nat10n. Extraneous hydrocarbon
contam1nat10n w1ll be cons1dered present 1f more than 5 hydrocarbon
analytes 1n the follow1ng hydrocarbon classes are present at
greater than 5 t1mes the1r respect1ve method detect10n l1m1ts
(MOL): fluorenes, d1benzoth10phenes, phenanthrenes, chrysenes, and
phytane. Catalogues conta1n1ng at least 5% control s1te samples,
of wh1ch one or more control s1te samples conta1n extraneous
hydrocarbon contam1nat10n, are 11sted as type II suspect cata
logues.

C. F1nal Data Evaluat10n

The f1nal acceptab1l1ty of samples 1n these catalogues w1ll depend
on wh1ch of S1X categor1es the catalogues belong F1rst, cons1der
catalogues that conta1n more than 5% control s1te samples, there
are four POSS1b1l1t1es. If a catalogue 1S ne1ther type I nor type
II suspect, then all of the samples 1n that catalogue w111 be
accepted. Alternat1vely, 1f a catalogue 1S both type I and type II
suspect, then none of the samples 1n that catalogue w111 be
accepted. If a catalogue 1S type I but not type II suspect, then
all the 1dent1f1ed dev1ant samples, together w1th all other samples
1n the catalogue that do not have rep11cates, w1ll not be accepted.
If a catalogue 1S type II but not type I suspect, then none of the
samples 1n that catalogue w1ll be accepted.

Second, cons1der catalogues that conta1n less than 5% control s1te
samples; there are two poss1b111t1es - they mayor may not be type
I suspect. At a m1n1mum, all the 1dent1f1ed d1ss1m1lar samples,
together w1th all other samples 1n the catalogue that do not have
rep11cates, w1ll not be accepted 1n these type I suspect cata
logues.

Samples that are accepted after evaluat10n uS1ng the processes
descr1bed above w1ll be used for the further stat1st1cal tests
below.

Hydrocarbon Data Interpretat10n

There are three ma1n phases to be completed 1n order to sat1sfy the
obJect1ves of th1s proJect after all spur10us data have been
removed. Each of these phases must be completed for both the
sed1ment and mussel t1ssue hydrocarbon data In1t1ally, the
hydrocarbon analyses w1ll be resolved 1nto a s1mple 1ndex that
descr1bes the amount of 011 observed at each s1te. The second
phase prov1des each PI W1th a summary of the1r samples and
assoc1ated amounts of 011. In add1t10n, patterns 1n the data w1l1
be h1gh11ghted and stat1st1cally 1nterpreted. F1nally, the 1nd1ces

111



w111 be used 1n conJunct10n w1th a GEO/SQL database to explore the
data across proJects, and perform the 1nd1cated analyses

A. Development of Hydrocarbon Index

An 1ndex ref1ect1ng the amount of 011 1n a sample w111 be developed
for accepted samples. Th1S 1ndex w111 be the f1rst component score
from a pr1nc1pa1 component analys1s (PCA) for the whole data set.
PreV10US work w1th a small subset of th1s data has shown the f1rst
component score to be h1ghly correlated w1th hydrocarbons charac
ter1st1c of crude 011 PCA 1S an ord1nat10n techn1que where f1nal
component scores are der1ved from the data matr1x alone, and no
extr1ns1c values are requ1red PCA resolves the data set 1nto a
space descr1bed by k axes (components) so that each aX1S accounts
for progress1ve1y smaller amounts of var1ance Ideally, the f1rst
few components account for the maJor1ty of the var1ance, and the
system can be d1scussed 1n terms of the reduced space (For a
complete descr1pt10n see Gauch 1982). Scores w111 be obta1ned by
subm1tt1ng the data set to a PCA rout1ne 1n the Stat1st1ca1
Ana1ys1s system (SAS) computer system After the PCA 1S completed
each PI w111 rece1ve a report 11st1ng the samples reta1ned 1n the
data set, the concentrat10n of each of the hydrocarbons, and the
component 1 score.

B. Pattern Recogn1t10n and Interpretat10n

After PCA scores are obta1ned the scores w111 be mapped uS1ng a
GEO/SQL mapp1ng system. Map symbols w111 be developed that reflect
var10US hydrocarbon quant1t1es and the overall component 1 score.
Add1t10nal sYmbols w111 be developed for each proJect The symbols
w111 be mapped onto the1r geograph1c 10cat10ns perm1tt1ng 1dent1f1
cat10n of patterns 1n 011 d1str1but10n and response var1ables
PIs w111 be prov1ded w1th summar1es of each analys1s, test results,
assoc1ated maps and rat10nale

C. Ident1f1cat10n of Patterns Across ProJects

Once the PIs have been prov1ded w1th summar1es of hydrocarbon
ana1ys1s for the1r proJects we w111 beg1n to explore patterns 1n
011 d1str1but10n and response across all proJects Response and
0111ng sYmbols w111 be mapped uS1ng a GEO/SQL computer system
Wh11e each proJect prov1des 1ns1ght 1nto the effects of the Exxon
Valdez 011 sp111, the most complete p1cture w111 emerge by
comb1n1ng the results of all contr1but1ng proJects

DELIVERABLES

A. Data - L1sts of evaluated samples and assoc1ated hydrocarbon
1ndexes w111 be prov1ded to the PIs who collected the samples.
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B. Maps - Maps of hydrocarbon 1ndexes and summary contam1nat10n
levels w111 be produced for each proJect that collected samples,
and for all proJects together, for 1989 and 1990 samples.

C. Reports - A f1nal report w1ll be prepared descr1b1ng 1n deta1l
the f1nal procedures and cr1ter1a used, the results, and conclu
S10ns supported by the results.

SCHEDULES AND PLANNING

Data and Report Subm1ss10n Schedule

MILESTONE EXPECTED COMPLETION DATE

Ident1f1cat10n of suspect catalogues Mar 16 1992

Development of hydrocarbon 1ndex Mar 31 1992

Pattern recogn1t10n and 1nterpretat10n Aug 30 1992

Pattern recogn1t10n across proJects Dec. 1 1993

F1nal Report Feb 28 1993

Sample and Data Arch1val

Data w111 be arch1ved 1n the Techn1cal Serv1ces #1 database, where
add1t10nal f1elds w1ll be added to 1dent1fy samples assoc1ated w1th
suspect catalogues, types of suspect catalogues, and f1nal
petroleum hydrocarbon 1ndexes ar1s1ng from the pr1nc1pal component
analys1s. Maps w1ll be arch1ved w1th Techn1cal Serv1ces #3
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TECHNICAL SERVICES STUDY NUMBER 1

study T~tle:

Lead Agency:

Hydrocarbon Analyt~cal Support Serv~ces and
Analys~s of D~str~but~on and Weather~ng of
Sp~lled O~l

NOAA, USFWS

INTRODUCTION

To document the exposure of natural resources to o~l sp~lled by the
T/V Exxon Valdez, NRDA proJects collected samples of these
resources to be analyzed for petroleum hydrocarbons The data from
the analys~s of these samples def~ne the exposure of that resource
to sp~lled o~l, ~nd~cate the poss~ble effects of the o~l on the
resource, and prov~de ~nformat~on on the subsurface transportat~on

and res~dence t~me of the o~l These uses requ~re that the
analyt~cal data be accurate, prec~se and comparable across proJects
and throughout the t~me of the NRDA process

Techn~cal Serv~ces #1, a cooperat~ve proJect between NOAA and FWS
coord~nates the chem~cal analys~s of all samples collected by the
NRDA stud~es to develop a s~ngle set of analyt~cal data from the
Exxon Valdez NRDA effort. Th~s dataset ~s made up of data and
~nformat~on from all the NRDA proJ ects, supports all the NRDA
proJects and allows the synthes~s of the ~nd~vldual proJect data
and ~nformat~on to form general ~nterpretatlons and system-wlde
conclus~ons.

The NOAA manages those samples from federal or state studles
lnvolv~ng water, sed~ment, flSh, shellflsh and marlne mammals 
w~th the except~on of sea otters. The NOAA-managed samples
represent 90% of the samples ~n the sample lnventory. The FWS
manages those samples from stud~es lnvolvlng blrds, sea otters and
terrestr~al mammals. The maJorlty of these samples are belng
analyzed through a FWS contract w~th Texas A&M UnlverSlty , the
rema~nder by NOAA/NMFS laboratorles The NOAA bears maln responsl
bll~ty for ~mplement~ng the Qual~ty Assurance programs and updatlng
and ma~nta~n~ng the sample lnventory and analyt~cal databases

OBJECTIVES

1. Develop a s~ngle, lntegrated, coordlnated set of analytlcal
data from the Exxon Valdez NRDA effort ThlS dataset wlll
cons~st of analytlcal data and ~nformat~on from all the NRDA
proJects, support all the NRDA proJects and allow the synthe
s~s of the ~nd~v~dual proJect data to form general ~nterpreta

t~ons and system-w~de conclus~ons
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2 Develop and manage a Qual1ty Assurance program to assure and
demonstrate the accuracy, prec1s1on and comparab111ty of all
chem1cal analyt1cal data developed by the NRDA.

METHODS

ThlS proJect wll1 coordlnate the analysls of samples for petroleum
hydrocarbons and the metabol1tes of petroleum hydrocarbons. In
cooperatl0n wlth the ProJect Leader, samples for analysls wll1 be
selected based on the quallty and relevance of the sample Samples
wll1 be selected for analysls ln an lterat1ve manner to prov1de the
strongest descrlptl0n of lnJury for the m1nlmum of cost The
proJect wll1 arrange for analysls and track the samples through
thlS process; provlde analytlcal data to the ProJect Leader ln a
tlmely and useful fash10n, and, 1f requested, ass1St 1n the
lnterpretatl0n of these data

The proJect wlll:

• Develop and lmplement Qual1ty Assurance programs for the
measurement of petroleum hydrocarbons and the1r metabo
11tes.

• Select analytlcal laborator1es based on the1r perfor
mance.

• ReVlew and ma1nta1n analytlcal SOPs.
• Develop and prov1de quallty control mater1als for the

metabollte assay
• Mon1tor the data from the analys1s of all qual1ty control

materlals, 1.e. fleld and analyt1cal blanks and cal1bra
t1on, reference and control mater1als, to ensure compl1
ance wlth data acceptance crlter1a

• Plan and conduct lntercompar1son exerClses to demonstrate
the accuracy and comparab111ty of the analyt1cal data.

• Conduct audlts of sample and data handl1ng processes
• Develop and 1mplement electron1c systems for a) sample

lnventory and tracklng and b) the arch1val, man1pulatlon
and retrleval of the analyt1cal data.

• Deflne samples 1n terms of the mater1al collected or
subsampled and document 1t to an exact fleld collect1on
locat10n and tlme

• Asslgn a unlque ldentlf1cat10n code to every sample and
subsample to ass1st ln sample and data archlval and
tracklng.

• Archlve all analytlcal data, bulk parameters and support
lng QC data as hard copy, electron1C copy and support1ng
documentat10n, e g. chromatograms

• Examlne all data for reasonableness
• Develop a prellm1nary 1nterpretatlon of the data and

return the results to the ProJect Leaders
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BUDGET ($K)

NOAA USFWS Totals

Salarl.es $ 100.5 $ 42 2 $ 142.7
Travel 1.5 1 5 3 a
Contracts 707.5 118 1 825 6
Suppll.es a 5 a 2 a 7
Equl.pment a a a a a a

Subtotal $ 810.0 $ 162 0 $ 972 0
General Adml.nl.stratl.on 41 7 14 6 56 3

Total $ 851 7 $ 176 6 $1028 3
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TECHNICAL SERVICES STUDY NUMBER 3

study TJ.tle:

Lead Agency:

GeographJ.c InformatJ.on System
Support

USFWS, DNR

PROJECT DESCRIPTION

(GIS) TechnJ.cal

DurJ.ng 1989 and 1990 thJ.s study focused on the acquJ.sJ.t1on,
development and d1str1but10n of the central1zed NRDA database
Th1S 1nformat1on was 1ncorporated 1nto two bas1c categor1es
prJ.mary whJ.ch 1ncludes shorel1ne o1l1ng, shorel1ne treatment,
coastal morphology, bathymetry, hydrography, w1ldl1fe hab1tat, land
status, and land cover, and themat1c wh1ch 1ncludes hydrocarbon
1nformat1on, and w1ldl1fe d1str1but10n and abundance data In
1991, the study focus sh1fted toward analyt1cal serV1ces through
the J.ntegrat1on of pr1mary and themat1c layers. Examples of
products for NRDA data synthes1s 1nclude d1str1but10n of results 1n
a comprehensJ.ve manner, relat1ng var10US themes s1multaneously,
calculatJ.ng prox1m1ty OL one or more themes, and pred1ct1ve and
J.nterpret1ve model1ng of unsampled areas

Th1S proJect w1ll support NRDA stud1es that have outstand1ng GIS
components to the1r data analys1s. Th1S 1nformat10n w1ll prov1de
necessary data analys1s for the preparat10n of f1nal reports The
preparat10n of f1nal reports w1ll be essent1al for understand1ng
the sp1ll J.nJur1es. If th1s 1nformat10n 1S not clearly and
completely ava1lable to those respons1ble for restorat1on, 1t w1ll
not be possJ.ble to adequately address the restorat1on needs of the
resource.

BUDGET

The budget for each agency and the total budget w111 be developed
follow1ng Trustee Counc11 approval of proJects to be 1ncluded 1n
the 1992 Work Plan. A placeholder of $375 2K has been 1dent1f1ed
for th1s proJect.
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2. RESTORATION



2A. RESTORATION INTRODUCTION

The ult~mate a~m ~s to see the Exxon Valdez o~l sp~ll area restored
to ~ts pre-sp~ll cond~t~on. Although natural recovery ~s effect~ve

for some resources, for others restorat~on w~ll s~gn~f~cantly

augment the rate of recovery If the rate of natural recovery ~s

determ~ned to be ~nsuff~c~ent, certa~n act~ons can be taken to
ass~st recovery These act~ons may vary from management act~ons

that affect use of the natural resources ~n the reglon, to actlvely
effect~ng changes through enhancement or manlpulatlon measures, to
acqu~r~ng and protect~ng hab~tat The followlng subsect~ons

descr~be restorat~on pro] ects that have been approved by the
Trustee Counc~l for publ~c rev~ew
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2B. RESTORATION TECHNICAL SUPPORT

The computer technology offered by the Geographlc Informatl0n
System (GIS) group provldes graphlcal and analytlcal support to the
fleld of natural resource management. GIS provldes four levels of
lnformatlon management serVlces that lnclude lnput; data
management (storage and retrleval), manlpulatl0n and analysls, and
output (maps and tables) It provldes an lnformatl0n synthesls and
analysls tool for restoratl0n actlvltles Use of GIS for tradl
tlonal map maklng wlll contlnue to be lmportant to the process,
along wlth data analysls capabllltles In a geographlc context
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RESTORATION PROJECT NUMBER 92

study Tl.t1e: Geographl.c Informatl.on System Technl.ca1 Support

Lead Agencl.es: USFWS, ADNR

Cooperatl.ng Agency: USFS

INTRODUCTION

The Geographl.c Informatl.on System (GIS) technl.ca1 group was created
fo110wl.ng the Exxon Valdez 0l.1 spl.11 to acqulre, develop, and
dl.strl.bute a centra1l.zed Natural Resource Damage Assessment (NRDA)
database. The l.nformatlon was dlVl.ded lnto two basl.c categorl.es:
prl.mary and thematl.c. Prlmary data layers l.nc1ude general
l.nventory l.nformatl.on such as shore11ne ol.ll.ng, surface ol.ll.ng,
shore1l.ne treatment, coastal morphology, bathYmetry, hydrography,
wl.1d1l.fe habl.tat, land status, land cover, and land use Thematl.c
layers are speclfl.c to l.ndl.vl.dual NRDA studl.es and l.nclude
hydrocarbon l.nformatl.on, wlldll.fe dl.strlbutl.on and abundance data,
and survey transect desl.gns The GIS workload was dlstrl.buted
between the Alaska Department of Natural Resources (ADNR) and the
U S. Fl.sh and Wl.1d1l.fe SerVl.ce (USFWS) to better utlll.ze computer
resources and staff expertl.se The USFWS focused mal.nly on
development of thematl.c data layers for wl.ldllfe resources and
provl.sl.on of ana1ytl.ca1 serVl.ces to NRDA studl.es

The GIS wl.11 provl.de a reserVOl.r of geographl.c data and assure the
consl.stency and qua1l.ty of these data It also wlll provl.de
managers, l.nvestl.gators, and peer reVl.ewers wl.th tools for spatlal
ana1ysl.s as a means to better understand complex data. The overlay
ana1ysl.s and data l.ntegratl.on capabl.1l.tl.es of GIS provl.de an
opportunl.ty to create summarl.es useful for further statl.stl.cal
ana1ysl.s by l.nvestl.gators

The USFWS wl.11 use GIS prl.marl1y as a synthesl.s and analysl.s tool
for restoratl.on actl.Vl.tl.es. Examples of specl.f l.C appli.catl.ons
l.nc1ude: (a) relatl.ng marbled murrelet nest and actl.vl.ty data Wl.th
land cover and tl.mber lnformatlon to help descrl.be habltat requl.re
ments; and (b) uSl.ng results from synthesls efforts to ldentl.fy
land protectl.on measures needed to enhance recovery

OBJECTIVES

The GIS technl.ca1 support group wl.ll develop l.nformatl.on as needed
by proJect leaders to evaluate or l.mplement specl.fl.c restoratl.on
obJectl.ves l.dentl.fled l.n thel.r detal.led study plans
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Ob]ectl.ves are:

1. to provl.de a reservOl.r of geographl.c data l.n support of
the restoratl.on process,

2. to assure the consl.stency and quall.ty of these data;

3. to provl.de managers, l.nvestl.gators, and peer reVl.ewers
wl.th the tools for spatl.al analysl.s as a means to better
understand complex data, and

4 to produce and dl.sseml.nate maps and analytl.cal products
for partl.cl.pants l.n the restoratl.on process.

METHODS

ARC/INFO, GIS software wl.ll be used to automate, manl.pulate,
analyze, and dl.splay NRDA and restoratl.on geographl.c data l.n
dl.gl.tal form. The ARC/INFO data model (ESRI 1989) organl.zes
geographl.c data uSl.ng a relatl.onal and topologl.cal model to
effl.cl.ently handle locatl.onal features (pol.nts, ll.nes or areas) and
the attrl.bute data that descrl.be the characterl.stl.cs of those
features Examples of features l.nclude pOl.nts - Technl.cal
Servl.ces #1 (TS-l) hydrocarbon sample database, ll.nes - Envl.ronmen
tal Sensl.tl.vl.ty Index (ESI) shoretype data, areas - bathYmetrl.c
depth zones from NOAA source data These data and all NRDA and
restoratl.on data layers are descrl.bed l.n the NRDA study plan and
report (GIS Technl.cal Group 1989, 1991).

The followl.ng ll.st of GIS data layers are aval.lable for the
restoratl.on process:

Ol.l on the Water
* ADEC - June 20, 1989 cumulatl.ve ol.ll.ng map
* NOAA - Hazmat traJectory model output data,

depl.cted l.n pOl.nt, ll.ne and polygon (areas)
Ol.ll.ng l.S

formats

Shorell.ne Surface Ol.ll.ng
* ADEC - Summer 1989 shorell.ne assessment data

(cumulatl.ve ol.ll.ng)
* ADEC - Fall 1989 shorell.ne assessment data
* Multl.-agency sprl.ng 1990 survey (SSAT)
* Multl.-agency sprl.ng 1991 survey (MAYSAP)

Shorell.ne Type
* ESI coastal morphology

Land Ownershl.p
* Comprehensl.ve for spl.ll zone at survey sectl.on level of

resolutl.on
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Hydrography, Anadromous streams
* Comprehensl.ve for Prl.nce Wl.IIl.am Sound and Cook In
let/Kenal., only hydrography for Kodl.ak/Alaska Penl.nsula

BathYmetry
* Depth zones, comprehensl.ve for Prl.nce Wl.Ill.am Sound,
Cook Inlet/Kenal. and Kodl.ak/Alaska Penl.nsula

Topography
* USGS 1:250,000 scale dl.gl.tal elevatl.on model for

Cordova, Seward, Seldovl.a and Kenal. quadrangles

USFWS Surveys and Studl.es
* Desl.gns and results from NRDA boat and aerl.al surveys

for bl.rds and sea otters
* Bald eagle nest database
* Seabl.rd colony locatl.ons
* Sea otter radl.otelemetry study data
* Marbled murrelet study data for Naked Island, Prl.nce

Wl.lll.am Sound
* Black oystercatcher nest locatl.ons l.n Prl.nce Wl.IIl.am

Sound study

Hydrocarbon Database (TS-1)
* POl.nt data for samples at varl.OUS stages of completl.on

The functl.onal areas of GIS data manl.pulatl.on are 1) l.nput, 2)
analysl.Si 3) data management; and, 4) dl.splay and converSl.on. All
restoratl.on proJects to be supported wl.II requl.re effort l.n one or
more functl.onal areas. Based on reVl.ew of draft restoratl.on study
plans, most proJects wl.Il requl.re some level of data l.nput to
l.nclude dl.gl.tl.zl.ng, edl.tl.ng, or reformattl.ng data l.nto a usable
form. Input may be requl.red for data collected by other cooperat
l.ng agencl.es. For example, some data from U.S Forest SerVl.ce
(USFS) such as tl.mber type maps may need to be dl.gl.tl.zed for
certal.n study areas.

Informatl.on Requl.red from Other Investl.gators

* Landcover, forest or tl.mber data (USFS)
* Landcover, forest or tl.mber data (ADNR)

DATA ANALYSIS

It l.S assumed that all data acqul.red from cooperators or other
l.nvestl.gators l.n a dl.gl.tal form have been checked and edl.ted for
transcrl.ptl.on and automatl.on errors It l.S also assumed that all
source and l.ntegrated data wl.II be at a comparable l.nput scale.

Thl.s proJect wl.ll utl.ll.ze the analytl.cal capabl.ll.tl.es of GIS,
takl.ng advantage of the abl.ll.ty to synthesl.ze a varlety of data
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layers and output results for more rlgorous statlstlcal analyses by
the varlOUS PIs. Overlay analysls wll1 be performed wlth the
ARC/INFO data model (ESRI 1989). The overlay process wll1 allow us
to comblne physlcal and bl0loglcal data layers, and output results
that deplct spatlal relatlonshlps among the data

For example, analyzlng patterns of marbled murrelet actlvlty In
relatl0nshlp to the physlcal envlronment, such data as landcover or
tlmber type from USFS wll1 help locate, descrlbe and quantlfy
lmportant components of thelr habltat Analysls of marlne blrd
boat survey data wlth overlays of bathymetry and ESI shorellne
lnformatl0n wll1 provlde descrlptl0ns of lmportant use areas.

DELIVERABLES

GIS products wll1 lnclude new data layers for the restoratlon
database, results from spatlal analysls of newly lntegrated data,
and approprlate dlsplays of data for reports, brleflngs or
dlstrlbutl0n.

All requests for dellverables wll1 be channeled through the GIS
proJect approval process for Technlcal SerVlce Number 3 (TS-3),
adopted by the Restoratlon Team (RT)

SCHEDULES & PLANNING

Data and Report Submlssl0n Schedule

Followlng the guldellnes of the operatlng procedures for TS-3,
adopted by the RT, all GIS serVlces wll1 be channeled through a
screenlng commlttee for approval After the flrst quarterly
screenlng commlttee meetlng, a GIS actlvlty tlmellne wll1 be
developed for those proJects recelvlng commlttee approval The GIS
proJect schedule wll1 be amended, lf necessary, followlng screenlng
commlttee recommendatlons

Data Archlval

Data wll1 be stored and managed by GIS proJ ect staff System
securlty measures wll1 be lmplemented and backup coples of dlgltal
data wll1 be malntalned All approprlate restoratlon data wll1 be
exchanged wlth ADNR GIS group to provlde addltlonal data backup

125



LITERATURE CITED

ESRI. 1989. Users gu1de ARC/INFO Vol 1 Env1ronmental Systems
Research Inst1tute, Inc. (ESRI), Redlands, Cal1forn1a.

GIS Techn1cal Group. 1989. Techn1cal SerV1ces Study Number 3
Mapp1ng of damage assessment data and 1nformat10n NRDA
Deta1led Study Plan, Alaska Dept. of Natural Resources and
U.S. F1sh & W1ldl. Serv., Anchorage, Alaska.

November 1991. Techn1cal serV1ces #3 GIS mapp1ng and
stat1st1cal analys1s NRDA Techn1cal SerV1ces study #3
Report, Alaska Dept. of Natural Resources and U S F1sh &
W1ldl. Serv., Anchorage, Alaska

BUDGET ($K)

The current budget est1mate 1S $125,500. The actual breakout of
costs between ADNR and USFWS w1ll be determ1ned dur1ng a GIS
synthes1s meet1ng 1n the spr1ng of 1992
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2C. RESTORATION RECOVERY MONITORING

I

Est~mates of the rate and adequacy of natural recovery are
fundamental to select~ng restorat~on measures. In some cases, ~t

may be appropr~ate to allow natural recovery to proceed w~thout

human ~ntervent~on. Determ~n~ng when, and ~f, natural recovery
restores ~nJured resources or serv~ces to the~r pre-sp~ll basel~ne

cond~t~ons ~s essent~al to understand~ng how the o~l-affected

env~ronment ~s respond~ng to the heal~ng effects of t~me. Th~s

w~ll be an ~mportant concept ~n cons~der~ng the effect~veness of
no-act~on/natural recovery as a restorat~on alternat~ve

To max~m~ze the benef~ts of restorat~on expend~tures, ~t w~ll be
necessary to cons~der whether natural recovery has occurred or ~s

occurr~ng before ~nvest~ng restorat~on funds As restorat~on

opt~ons are ~mplemented, recovery mon~tor~ngwlll also be lmportant
to evaluate the effect~veness of restoratlon and to ldentlfy where
addlt~onal restorat~on actlons may be necessary In a sClentlflc
sense, full ecologlcal recovery wlll have been achleved when the
full contlngent of pre-splll flora and fauna are agaln present and
productlve, and affected envlronments have achleved normal age
dlstrlbutlons lndlcatlng a healthy system

The duratl0n of recovery monltorlng wlll depend upon the tlme
necessary to establlsh recovery or a trend for recovery ThlS, In
turn, wlll depend upon the severlty of the acute effects of the
splll and lmpllcatlons of the chronlc effects of the splll at the
populatl0n level.
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RESTORATION PROJECT NUMBER 11

study Tl.tle:

Lead Agency.

Murre Restoratl.on ProJect

USFWS

INTRODUCTION

The 1989 ol.l spl.ll l.n Prl.nce Wl.lll.am Sound prompted surveys of
seabl.rd colonl.es l.n Prl.nce Wl.lll.am Sound and other areas westward
along the spl.ll traJ ectory • Most of these colonl.es have had
censuses at least two and up to Sl.X dl.fferent years out of the 18
years prl.or to the ol.l spl.ll Murres and kl.ttl.wakes on one nearby
colony sl.te, Ml.ddleton Island, have been censused 14 of the last 18
years. Cll.ff-nestl.ng specl.es such as the black-legged kl.ttl.wake
and common murre were the prl.mary emphasl.s of the 1989-90 censuses
Tl.ml.ng of egg layl.ng and productl.vl.ty (numbers of fledgl.ng chl.cks)
were also noted for these specl.es. In 1990, and contl.nul.ng l.n
1991, the maJor effort was placed on repll.cate counts of murres l.n
those areas that showed the most drastl.c changes relatl.ve to
hl.storl.cal data. Seml.dl. Islands and Ml.ddleton Island monl.torl.ng
contl.nued as the mal.n control sl.tes for murres (Nysewander, 1990,
Nysewander and Dl.ppel, 1990, Nysewander and Dlppel 1991 - NRDA
studl.es).

Approxl.mately 320 seablrd colonles, not lncludlng the Semldl
Islands, occur wlthln the area affected by the 011 splll These
colonl.es contaln about 1 mllllon breedlng seablrds of WhlCh about
300,000 are breedlng murres (U S F1Sh and Wlldllfe, Catalog of
Alaskan Seablrd Colonles--Computer Archlves 1986) Dlvlng seablrds
llke murres are known to be easlly lmpacted by 011 spllls (Klng and
Sanger, 1979). In addltlon, these specles are long-llved wlth low
reproductlve rates, thus maklng any mortallty of adults a crltlcal
factor l.n these specles I ablllty to recover Dlrect mortallty
lmmedl.ately followl.ng the splll was estlmated at about 300,000
murres, l.ncludl.ng Wl.nterlng and non-breedlng blrds

Thl.s proJ ect wl.ll monl.tor the recovery of breedl.ng common and
thl.ck-bl.lled murres l.n the Barren Islands and Puale Bay colonl.es on
the Alaska Penl.nsula. The reductl.ons In numbers of breedl.ng adults
at these colonles, the delayed reproductl.ve chronology, the lack of
synchrony of egg layl.ng, and the low or zero reproductl.ve success
seen the last three years at these colonl.es In the ol.l spl.ll area
are the maJor l.nJurl.es that wl.ll be monl.tored by thl.S study The
murre populatl.on l.n the ol.l spl.ll area began to show some sll.ght
Sl.gns of recovery l.n 1991. However, the populatl.on may have
essentl.ally produced no young for three years, whl.ch could greatly
extend the tl.me needed for full recovery The next several years
of monl.torl.ng data for murres wl.ll gl.ve us l.mportant l.nsl.ght on how
a murre colony recovers from such l.nJury and how recovery ml.ght be
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fac111tated 1f des1rable. The extent and pers1stence of 1nJury
w111 determ1ne the level of restorat10n necessary

OBJECTIVES

1. Document rate of recovery of murres breed1ng 1n the Barren
Islands and at Puale Bay by determ1n1ng the number of breed1ng
adults and the1r reproduct1ve success and chronology

2. Use t1me lapse v1deo camera equ1pment to 1mprove methods of
census1ng murre colon1es for reproduct1ve data where boat
based census1ng has h1stor1cally been the only opt1on

METHODS

A and B. Sampl1ng Methods and SOP Requ1rements

Two methodolog1es w111 be ut111zed
and chronology/product1v1ty plots

repl1cate populat10n counts

1. Populat1on counts w111 be a comb1nat10n of total 1sland or
subcolony counts and plot counts These counts w111 be accom
pl1shed by a comb1nat1on of land-based! and boat-based counts,
depend1ng on the h1stor1cal and feas1ble opt10ns for each slte In
all cases, the populat10n counts w111 be repl1cated over 5-7
separate days when cond1t1ons are opt1mal dur1ng the per10d 1n the
reproduct1ve cycle when most b1rds are 1ncubat1ng eggs Large
format photo documentat1on w111 also be used on the plots and
colon1es. Photos taken slmultaneously wh1le a count 1S be1ng done
have the potent1al for establ1sh1ng correct1on factors of photo
1nterpretat1on. Standard methodolog1es for counts w111 be followed
(Byrd 1989; Hatch and Hatch 1988 and 1989, Irons et al. 1987,
N1sh1moto and R1ce 1987) The spec1f1c procedures of boat-based
count1ng are the follow1ng.

a) Anchor the boat or hold 1t 1n one pos1t10n by motor1ng

b) Use the largest boat ava1lable or feas1ble, 1deally boats
no smaller than 25 feet Conduct boat censuses when seas are
less than three feet and there 1S 11ttle or no ra1n

c) Murres are counted 1nd1v1dually 1n small colon1es or Cl1ff
sect10ns and 1n blocks of ten for larger concentrat1ons

d) Three to f1ve people count a plot or sect10n of a plot at
least two t1mes each w1thout reveal1ng the1r counts to each
other
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e) The counts are then compared to see lf they fall wlthln 5
10% of each other, thus catchlng any ObVl0US lapses or double
counts (quallty control)

f) More counts are made lf there lS much dlfference ln the
counts.

g) The mean of the maJorlty of counts (at least four to flve)
that clump together are used for the count ln reportlng for
that partlcular plot

h) ThlS process lS repeated on flve or more days durlng the
lncubatl0n phase of murre reproductlon.

In the past (NRDA blrd study number 3), populatlon counts have been
done at the maJor murre,colonles near Puale Bay, Cape Aklek and
Cape Unallshagvak, uSlng the M/V Surfblrd as the countlng platform
Fundlng for these counts lS no longer avallable, Slnce these counts
are not posslble wlthout the use of a larger support vessel For
the Barren Islands, several one-week trlps wll1 be planned to cover
the extended breedlng season.

2. Chronology and productlvlty wll1 be studled uSlng land-based
plots. At the Barren Islands, tradltl0nal land-based monltorlng of
productlvlty has not been posslble due to geographlc and 10glstlcal
concerns. However, past efforts wll1 be expanded by puttlng some
bllnds on sltes 11ke E. Amatull Llght The use of tlme lapse vldeo
cameras wlll also be expanded For Puale Bay, nestlng phenology
and reproductlve performance on land-based plots wll1 be determlned
by vlewlng nests at regular lntervals of approxlmately three days
Nest sltes wll1 be numbered on plot photographs and drawlngs and
then checked throughout the fleld season Attendance of adults,
nest starts, and the presence or absence of eggs or ChlCks wll1 be
recorded for klttlwakes and fulmars, whlle the presence of an egg
or ChlCk lS the prlme observatl0n on murres. For murres, lt lS
frequently not posslble to see the contents of a nest slte because
the blrds remaln motlonless for long perlods of tlme Dlstlnctlve
behavlor (e.g. wlngs held over the back so that tlPS do not cross,
tall down, back Sllghtly humped) lS used to lndlcate that a murre
lS lncubatlng an egg. However, because 1t lS posslble to mlslnter
pret such posture, a blrd must be observed ln "lncubatlng posture"
on at least three consecutlve checks to conslder the slte as havlng
an egg. Observatl0ns of wlng posltlonlng wll1 be used to lndlcate
that a murre has a ChlCk However, only one slghtlng of wlng
mantllng lS necessary to conslder a murre to have a ChlCk or to be
ln a "broodlng posture". The conventl0ns of murre monltorlng
(Mendenhall 1991) as used by the Alaska Marltlme Natlonal Wlldllfe
Refuge are and wll1 be used to resolve any questl0ns of lnterpreta
tlon.
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C Qual~ty Assurance and Control Plans

To ensure that standard censusl.ng procedures are followed, all
personnel w~ll part~cl.pate l.n tr~al surveys pr~or to l.nl.tl.al
census~ng. Th~s tral.nl.ng, along w~th prevl.ously mentl.oned methods,
wl.II ensure the ~ntegrl.ty of the data collected

D. Informat~on Requl.red from Other Investl.gators

Informat~on requ~red from other l.nvestl.gators should be ml.nl.mal.
Improved o~l dr~ft maps w~th shorter tl.me l.ntervals w~ll be helpful
l.n answerl.ng some questl.ons (provl.ded by the GIS technl.cal support
group) •

E. Safety Requl.rements

All personnel are requ~red to partl.cl.pate l.n the Alaska Marl.tl.me
Natl.onal W~ldl~fe Refuge safety program before gOl.ng l.nto the
fl.eld. Included l.n th~s tral.nl.ng are small boat operatl.on,
l.mmerSl.on su~t use, cold water survl.val, shore survl.val, bear
encounter tra~n~ng, and CPR and fl.rst al.d tral.nl.ng The safety
plan l.S on fl.le at the Refuge headquarters

F An~mal Health and Welfare

Anl.mal health and welfare l.S not a concern w~th thl.s study Sl.nce
trappl.ng or capturl.ng of murres l.S not planned

DATA ANALYSIS

The standard procedures and assumptl.ons used by the U S. Fl.sh and
Wl.ldll.fe SerVl.ce for censusl.ng colonl.es l.n the Alaska Marl.tl.me
Nat~onal W~ldl~fe Refuge are descrl.bed by Garton 1988 and Byrd
1989. Key assumptl.ons l.nclude l)Plots, by necessl.ty, are not
random and select~on l.S based on accessl.bl.ll.ty, hence thl.s study
assumes that plot counts are representatl.ve of the entl.re colony
2)Plot counts and counts of entl.re colonl.es are consl.dered l.ndl.ces,
and thl.s study assumes that changes l.n these l.ndl.ces represent the
changes occurr~ng ~n the colony 3)Plot counts are unl~kely to be
normally d~str~buted and are more ll.kely to be skewed and clumped
Th~s type of data requ~res el.ther very large sample sl.zes, the use
of a non-parametrl.c test, or logarl.thml.c transformatl.on prl.or to
test~ng by the approprl.ate parametrl.c test. Logar~thml.c transfor
mat~on normal~zes the data and l.S requl.red for vall.d appll.catl.on of
statl.st~cal tests when sample Sl.zes are small (Fowler and Cohen
1986; D. Robson pers. comm) Under standard USFWS procedures
trends among years are compared uSl.ng repll.cate counts where all
plots are censuses each count day and these counts are repll.cated
on success~ve days. W~thl.n-year repll.catl.on ~s useful to test for
annual var~at~on, but annual varl.atl.on l.S antl.cl.pated even wl.thout
the ~nfluence of a factor such as an ol.l spl.ll The l.mportant
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quest~on ~s therefore whether the post-o~l colony numbers are
outs~de the annual var~at~on ~n colony numbers that would be
expected from past h~stor~cal data w~thout o~l~ng effects.

DELIVERABLES

A f~nal report w~ll be generated ~n January, 1993

SCHEDULES & PLANNING

A. Data and Report Subm~ss~on Schedule

Puale Bay f~eld camp deployment· 15 June 1992
Beg~n Barren Island colony census: 6 July 1992
Complete Barren Island colony census. 3 September 1992
Puale Bay f~eld camp closed 30 September 1992
Complete f~nal report. 25 January 1993

B. Data Arch~val

Data from th~s study w~ll be arch1ved 1n the U S F1sh and W11d11fe
Serv~ce Seab~rd Colony Catalog. All data forms and log books w1ll
be kept at the Alaska Mar1t1me Nat10nal W1ld11fe Refuge off1ce 1n
Homer, Alaska. Cop~es of these data w111 be sent to the FWS 011
sp~ll f11es ~n the Anchorage Reg10nal Off1ce

C Management Plan

Th~s study w~ll be managed by a pr1nc1pal 1nvest1gator, who w11l be
respons~ble for e1ther coord1nat1ng the collect10n of, or generat
1ng f1eld data, and for the t1mely report1ng of the data 1n draft
and f~nal reports. The 1nter1m pr1nc1pal 1nvest~gatorw1ll be Dave
Nysewander.

D. Log1St~cs

To complete the proposed study w1ll requ1re the use of the M/V
Sandlance (25ft Boston Whaler) and support from a larger vessel
able to accommodate up to S1X f1eld personnel A f~eld camp 1S
requ~red at Puale Bay. See append1x for map of areas covered by
th1s study.

PERSONNEL QUALIFICATIONS

Pr~nc~pal Invest1gator DaV1d Nysewander Dave Nysewander
rece~ved h~s B.S. from the Un1vers1ty of M1ch1gan and Pr1nc1p1a
College ~n 1965 and h~s M.S. 1n w1ld11fe b1010gy from the Un1verS1
ty of Wash~ngton ~n 1977. From 1973 to 1975 he worked 1n Wash~ng

ton State on colony censuses and reproduct1ve b10logy of mar1ne and
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shorebl.rds. He Jol.ned the u.s. Fl.sh and Wl.ldll.fe SerVl.ce l.n Alaska
l.n 1975. Between 1975 and 1989 he has held several posl.tl.ons wl.th
the Servl.ce: 1) from 1975 to 1980 he served as bl.ologl.st and camp
leader on pelagl.c and colony studl.es, specl.all.zl.ng on Gulf of
Alaska sl.tes assocl.ated wl.th the Offshore Contl.nental Shelf
Evaluatl.on and Assessment ProJect l.n the Servl.ce' s Offl.ce of
Bl.ologl.ca1 servl.ces/Coasta1 Ecosystems, 2) from 1980 to 1986 he
served wl.th the Marl.ne Bl.rd Management ProJect l.n Alaska as
wl.ld1l.fe bl.o10gl.st and later as actl.ng proJect leader, specl.a1l.zl.ng
l.n dl.strl.butl.on, colony census, and productl.vl.ty of marl.ne bl.rds
and mammals l.n Prl.nce Wl.1ll.am Sound, southeastern Alaska, Kodl.ak
Island, Cook Inlet, and eastern Aleutl.an Islands, 3) from 1986 to
the present he served wl.th the Alaska Marl.tl.me Natl.onal Wl.1dll.fe
Refuge prl.marl.1y as a supervl.sory wl.1dll.fe bl.ologl.st, whose work
has dealt wl.th colony censuses and monl.torl.ng, reproductl.ve
bl.o10gy, and dl.strl.butl.on of marl.ne bl.rds along wl.th management
concerns ll.ke eradl.catl.on of l.ntroduced predators and rel.ntroduc
tl.on of endangered specl.es, 4) from 1989 to present he has been the
prl.ncl.pa1 l.nvestl.gator for the Exxon Valdez ol.l spl.ll natural
resource damage assessment - bl.rd study #3 whl.ch, l.n essence, thl.s
study wl.11 contl.nue. In 1991 he served as a peer reVl.ewer for the
Apex Houston 0l.1 spl.11 whl.ch occurred along the Call.fornl.a coast
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BUDGET ($K)

SalarJ.es $ 121 2
Travel 5.8
Contractual 93 5
CommodJ.tJ.es 29 0
EquJ.pment 42 5
Other Non-Contractual o 0

Subtotal $ 292.0
General AdmJ.nJ.stratJ.on 24 7

Total $ 316 7
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RESTORATION PROJECT HUMBER 60C

study Tl.tle:

Lead Agency:

InJury To Salmon Eggs and Pre-emergent Fry
In Prl.nce Wl.lll.am Sound

ADF&G

INTRODUCTION

Pl.nk salmon (Oncorhynchus gorbuscha) l.S a key specl.es l.n the Prl.nce
Wl.lll.am Sound marl.ne ecosystem both as Juvenl.les and adults. Huge
sprl.ng seaward ml.gratl.ons of Pl.nk salmon fry functl.on both as
doml.nant predators on zooplankton populatl.ons and as l.mportant prey
l.tems for other fl.shes and bl.rds Ml.lll.ons of adult salmon
returnl.ng from the hl.gh seas to spawn and dl.e provlde a unlque and
vltal mechanl.sm for transport of nutrlents and energy from feedlng
areas l.n the North Pacl.fl.c to nearshore waters and upstream areas
of Prl.nce Wl.lllam Sound

Wl.ld pl.nk salmon productl.on l.n Prlnce Wl1llam Sound has ranged from
10 to 15 ml.lll.on fl.sh l.n recent years As much as 75% of the total
Pl.nk salmon run spawns l.n l.ntertldal areas. The proportl0n of
l.ntertl.dal spawnl.ng l.S greatest l.n streams on the southwestern
portl.on of Prl.nce Wl.lll.am Sound 011 from the March 24, 1989, Exxon
Valdez ol.l spl.ll was deposlted In layers of varYlng thlckness In
the lntertldal portl0ns of streams utlll.zed by spawnl.ng salmon
Salmon eggs deposl.ted l.n olled lntertldal spawnlng areas l.n western
Prl.nce Wl.lll.am Sound l.n 1989 and subsequent years have been
adversely affected by thl.s contamlnatl0n InJurles from spawnlng
ground contamlnatl.On lnclude lncreased egg mortallty as well as a
hl.gh l.ncl.dence of physl.cal and genetlc abnormalltles In alevl.ns and
fry. Emergent salmon fry and smolt from throughout Prlnce Wl.lllam
Sound ml.grated through and developed l.n areas contamlnated by 011
These fry had dl.ml.nl.shed growth and lowered survl.val. ThlS sUl.te
of l.nJurl.es has led to an apparent decll.ne l.n the Slze and overall
well-bel.ng of wl.ld pl.nk salmon WhlCh may perslst for several years

The Alaska Department of F1Sh and Game (ADF&G) has sampled plnk and
chum salmon pre-emergent fry Sl.nce the 1960's In order to predlct
the magnl.tude of future salmon returns The 011 spl11 had the
potentl.al to cause mortallty to the crltlcal egg and fry llfe
stages, and thus an l.ncreased and more comprehenslve fry sampllng
program was necessary An expanded NRDA study of eggs and fry
along wl.th NRDA F/S Studles 1, 3, and 4 supported a comprehenslve
and l.ntegrated determlnatl0n of l.nJury to Prlnce Wl.lllam Sound
salmon stocks. Results l.ncluded documentatl0n of 011 In lntertldal
salmon spawnl.ng habl.tat, pre-splll and post-spl11 estl.mates of
total adult returns of wlld and hatchery stocks, wlld stock
spawnl.ng success, wlld stock egg to fry survlval, and early marlne
survl.val of wlld and hatchery stocks. Informatlon on the extent
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and persJ.stence of oJ.l J.n the J.ntertJ.dal zone has been supplemented
by Coastal HabJ.tat study 1A.

The goal of contJ.nuJ.ng the egg and pre-emergent fry damage
assessment proJect as a restoratJ.on proJect J.S to monJ.tor recovery
of PrJ.nce WJ.11J.am Sound w11d p1nk salmon stocks 1nJured by the
Exxon Valdez oJ.1 spJ.11. InJury to p1nk salmon eggs, a1evJ.ns and
JuvenJ.1es from the oJ.1 spJ.11 may be pers1stent S1nce 011 rema1n1ng
1n streams may contJ.nue to cause reduced surV1val, and genet1c
damage from 011 contam1nat10n may pers1st for several generat10ns
Efforts to restore J.nJured pJ.nk salmon popu1at10ns depend upon the
abJ.1J.ty to J.dentJ.fy sources of reduced surv1va1 and to mon1tor
theJ.r dJ.sappearance or pers1stence

OBJECTIVES

1 EstJ.mate the dens1ty, by t1de zone, of pre-emergent fry 1n 48
streams and eggs 1n 31 streams uS1ng numbers of 11ve and dead
eggs and fry.

2. EstJ.mate egg morta11ty and overw1nter surv1val of p1nk and chum
salmon eggs J.n both 011ed and un011ed (control) streams.

3. Document hydrocarbon contam1nat10n 1n pre-emergent fry uS1ng
tJ.ssue hydrocarbon analys1s and for eggs and pre-emergent fry
uSJ.ng mJ.xed-funct10n oX1dase (MFO) analys1s

4. InvestJ.gate probable causes of cont1nued h1gh morta11ty of eggs
J.n oJ.led streams 1n 1991. Invest1gat10ns may 1nclude but w11l
not be lJ.mJ.ted to cytogenet1c stud1es des1gned to document
genetJ.c damage to germ cells 1n populat10ns exposed to 011 as
eggs or fry J.n 1989 and 1990 Pend1ng a peer revJ.ew meet1ng w1th
other proJect sC1ent1sts, deta11ed methods cannot be descr1bed
for achJ.evJ.ng th1s obJect1ve.

5. Assess any loss 1n adult product10n from changes 1n overwJ.nter
surv1va1 uSJ.ng the results of NRDA FIS Stud1es 1, 2, 3, and 4

METHODS

There are approxJ.mately 900 anadromous f1Sh streams 1n Pr1nce
W1111am Sound. Pre-emergent fry samp11ng from some of these
streams has h1storJ.cally prov1ded a p1nk salmon abundance J.ndex
wh1ch was used to forecast future returns In recent years, 25
J.ndex systems consJ.dered representat1ve of p1nk and chum salmon
producJ.ng streams have been sampled Samp11ng had been performed
on as many as 45 streams prJ.or to 1985 Th1S study 1S des1gned to
compare rates of morta11ty and abundance among areas w1th var10US
levels of oJ.1 J.mpacts.
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Sampl~ng w~ll cons~st of egg depos~t~on surveys performed from late
September to m~d-October and pre-emergent fry sampl~ng conducted
from m~d-March to m~d-Apr~l. Spr~ng fry sampl~ng ~n 1992 w~ll be
conducted on 48 streams These w~ll ~nclude the 25 streams ~n the
ongo~ng ADF&G pre-emergent ~ndex program plus 23 add~t~onal

streams. The add~t~onal streams are located ~n Central and
Southwest Pr~nce W~ll~am Sound where most of the o~l~ng occurred.
New study streams were selected us~ng the follow~ng cr~ter~a·

1. Adult salmon returns were expected to be large enough to
~nd~cate a h~gh probab~l~ty of success ~n egg and fry sampl~ng.

2. Egg and fry sampl~ng had been done ~n past years.

3 Streams w~th low to no o~l ~mpact, ~ e., controls, were selected
~n the ~mmed~ate v~c~n~ty of h~gh o~l ~mpact streams to help
account for poss~ble var~ab~l~ty ~n egg and fry surv~val due to
d~fferent env~ronmental cond~t~ons

Most of the streams w~th suspected or obv~ous o~l ~mpact were not
sampled pr~or to the Exxon Valdez o~l sp~ll The 30 streams ~n low
~mpact areas ~nclude 27 w~th a h~story of sampl~ng, s~x suspected
of hav~ng rece~ved some ~mpact ~nclud~ng four wlth a hlstory of
sampl~ng; and 12 streams w~th o~l v~s~bly present In the ~ntert~dal

zone, ~nclud~ng f~ve w~th a hlstory of sampl~ng

Egg sampl~ng w~ll be conducted ~n the fallon 31 of the 48 streams
sampled for pre-emergent fry. Streams ~ncluded In the fry sampl~ng

program but not ~n the egg program are tradltlonal fry sampllng
streams located on the eastern and northern shore of Prlnce Wllllam
Sound. These streams are outslde the area studled for 011 lmpact
effects. The 13 streams In low lmpact areas left In the egg
sampl~ng program lnclude four wlth a hlstory of sampllng Streams
suspected of havlng some 011 lmpact and streams WhlCh had V1Slbly
obv~ous lmpact are lncluded In both the egg and fry sampllng
programs.

Sampllng methods are ldentlcal for the pre-emergent fry and egg
sampl~ng and are modeled after procedures descrlbed by Plrtle and
McCurdy (1977) On each study stream, four zones, three lntertldal
and one above most tldal lnfluence, wlll be ldentlfled and marked
durlng pre-emergent fry sampllng The zones are 1 8-2 4 m, 2 4-3 0
m, 3.0-3.7 m above mean low water, and upstream of mean hlgh tlde
(3.7 m). Separate llnear transects 305m In length wlll be
establ~shed for egg and pre-emergent fry samples In each zone (one
transect for each type of dlg In each zone) The transects wlll
run d~agonally across the rlver wlth the downstream end located
aga~nst one bank and the upstream end agalnst the Opposlte bank
Overlapp~ng of transects wlll be mlnlmlzed to control the lnfluence
of fall egg sampllng on ~ercelved abundance of fry durlng sprlng
sampl~ng. Fourteen 0.3 m, clrcular dlgs (56 per stream) wlll be
systemat~callymade along each transect uSlng a hlgh pressure hose
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to flush eggs and fry from the gravel. Eggs and fry wlll be caught
In a speclally deslgned net.

The followlng data wlll be collected for each tlde zone transect
durlng both egg and fry sampllng:

1. The sample date.
2. The sample tlde zone.
3. The start and stop tlme for each tlde zone transect
4. Numbers and condltlon (llve or dead) of fry and eggs by specles

for each dlg.
5. A sUbJectlve estlmate of the overall percent yolk sac absorptl0n

for fry In each dlg sample

Data wlll be entered from "Rlte ln the Raln" books lnto a Lotus
spreadsheet for edltlng and summarlzatlon

Plnk salmon eggs wlll be separated from chum and coho (0 k~sutch)

salmon eggs by thelr smaller Slze Chum salmon eggs wlll be
separated from coho salmon eggs by thelr greater development and
dlfferent coloratlon. An egg wlll be consldered dead lf lt lS
opaque or dlscolored wlth concentratlons of 11Plds Plnk salmon fry
wlll be dlfferentlated from chum salmon fry by thelr smaller Slze
and lack of parr marks Sampllng wll1 often klll fry (especlally
newly hatched fry), so fry wll1 only be consldered dead lf
decomposltl0n lS eVldent.

Pre-emergent Plnk salmon fry wll1 be collected for tlssue samples
from the lntertldal channels of streams Tlssue samples wlll be
analyzed for the presence of hydrocarbons characterlstlc of those
found In 011 from the T/V Exxon Valdez

Fry sampled for hydrocarbon analysls wlll be collected from the
lntertldal stream bed at a level approxlmately 25m above mean low
water. Samples wlll be collected when the tlde lS below that level
to avold contamlnatlon from any surface 011 fllm A clam rake wlll
be used to dlslodge the fry from the gravel. A stalnless steel
stralner, pre-rlnsed ln dlmethylchlorlde and drled, wll1 be used to
catch fry as they are swept downstream Captured fry wlll be placed
In Jars wlth teflon llned llds and frozen Repllcate samples of fry
wlll be collected whenever posslble.

Eggs and fry from each tlde zone wll1 also be collected for mlxed
functlon oXldase (MFO) analysls Llve eggs and fry wlll be
separated from dead eggs and fry for all dlgs ln a transect and
then randomly selected from the total Whenever posslble, two
samples of at least 50 11ve eggs and fry and one sample of at least
50 dead eggs and fry wll1 be collected and placed ln glass Jars
contalnlng phosphate buffered formalln Solutlon.
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DATA ANALYSIS

Numbers of l~ve and dead pre-emergent fry and eggs w~ll be
summar~zed by date, stream, level of hydrocarbon 1mpact, and stream
zone. Dens~t~es of l~ve eggs for stream ~, zone J 1n m2 (E

1J
) w111

be est1mated by:

(6)

where LE1Jk ~s the number of 11ve eggs found 1n the k th d1g, 1n
stream ~, zone J, and n 1J 1S the number of d1gS from stream 1, zone
J. Dens~t~es of dead eggs as well as dead and 11ve fry w111 be
calculated us~ng the same est1mator w1th appropr1ate Subst1tut1ons

P~nk salmon egg mortal~ty w111 be est1mated for each stream uS1ng
the follow~ng relat~onsh1p:

(7)

where DEe1Jk , DFe1Jk , LEe1Jk , and LFe1Jk are the gumber of dead eggs,
dead fry, l~ve eggs, and 11ve fry for the k d1g from stream 1,
zone J, collected dur1ng egg d1g e, respect1vely

The Arcs~n square root transformat10n w111 be exam1ned as well as
the Log1t transform of egg mortal1ty [In (odds)]

(8)

P1nk salmon egg to pre-emergent fry surv1val w111 be est1mated as

(9)

thwhere LFf1Jk ~s the number of 11ve fry for the k d1g from stream 1,
zone J, collected dur1ng fry d1g f, and ne and n f are the number of
d1gs for stream 1, zone J for egg d1g e and fry d1g f
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Dlfferences In egg mortallty and survlval wll1 be examlned uSlng a
mlxed effects two-factor experlment wlth repeated measures on one
factor (Neter, Wasserman, and Kutner, 1985)

(10)

The two treatments wll1 be extent of 0111ng, (01' 2 levels, olled
and unolled), and helght In the lntertldal zone (ZJ' 4 levels, 2 1,
2.7, and 3.4 m above mean low water, and upstream) both flxed
effects. The data wll1 be blocked by stream (Sk(I»' a random effect
nested wlthln extent of 0111ng. The lnteractl0n of extent of 0111ng
and helght In the lntertldal zone wl11 also be examlned. Equallty
of varlances wl11 be tested uSlng the F~x-test (Sokal and Rohlf,
1969), whlle normallty wll1 be vlsually assessed uSlng normal
quantlle-quantlle and box plots (Chambers et al 1983) If the data
appear to be non-normal, data transformatlons wll1 be examlned If
a slgnlflcant dlfference due to o111ng lS detected (a = 0 05), four
contrasts (011 VS. unol1ed for the four stream zones) and corre
spondlng Bonferronl famlly confldence lntervals (a = 0.10 overall)
wll1 be estlmated.

Extent of 0111ng for analysls wll1 be based on vlsual observatlons
of streams (NRDA F/S study 1 and 2) and the hydrocarbon results
from mussel samples (NRDA F/S study 1) Dlfferent grouplngs of
olled and unolled streams wll1 be analyzed lf eVldence of o111ng lS
not conslstent.

Power of the test was estlmated for the analysls of varlance uSlng
data from the 1976 and 1977 egg and pre-emergent fry samples In
Prlnce Wllllam Sound These data lndlcated the abl1lty to detect
an lncrease of 15% In egg to fry mortallty (e.g 10% mortallty to
25% mortallty) at « = 0 05, 95% of the tlme.

DELIVERABLES

The maln product from thls proJect wll1 be a report WhlCh summarlZ
es the results of the current-year egg and pre-emergent fry data
The most slgnlflcant lnformatlon on lnJurles demonstrated In 1989
through 1991 wll1 be wrltten up as a close out report for the NRDA
study.
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SCHEDULES AND PLANNING

F~eld work, Data Analys~s and Report Subm~ss~on Schedule

Dates

March 16-Aprl.l 10, 1992

May l-September 1, 1992

Actl.vl.ty

Pre-emergent fry sampll.ng on 48
streams.

Analysl.s and prell.ml.nary summarl.za
tl.on of 1992 pre-emergent data

September 15-0ctober 15, 1992 Egg deposl.tl.on sampll.ng.

October 30-December 15, 1992 Analysl.s of egg data and fl.nal re
port for egg and fry data

A fl.nal report Wl.II be completed by February 28, 1993

Sample and Data Record~ng, Process~ng and Arch~val

Numbers of ll.ve and dead eggs and fry by stream, tl.de zone,
transect, dl.g locatl.on and specl.es are recorded l.n pre-prl.nted
"Rl.te l.n the Ral.n" books whl.ch are archl.ved l.n local storage l.n the
Cordova ADF&G offl.ce. Data from notebooks Wl.II be entered l.nto an
R:BASE data base whl.ch wl.ll be added to an eXl.stl.ng hl.storl.c egg
and fry sampll.ng data base 9atl.ng back to 1960. There l.S a row l.n
the data base for each 0 3m sample whl.ch l.S l.dentl.fl.ed by stream
number (ADF&G Stream Catalogue), stream name, elevatl.on above mean
low tl.de, a standardl.zed transect locatl.on code, and a sequentl.al
sample sl.te number wl.thl.n each transect. Each row also contal.ns th~

number of ll.ve and dead eggs and fry by specl.es l.n each 0 3m
sample, a sample condl.tl.on code whl.ch descrl.bes stream condl.tl.ons
affectl.ng sampll.ng (l.e stream dry or l.ced over), and a code for
other specl.es or parasl.tes present (l. e flat worms, copepods,
etc.).

R.BASE l.S used for basl.c data summarl.zatl.on and addl.tl.onal detal.led
statl.stl.cal analyses are done l.n LOTUS, SYSTAT, SPSS, and other
ml.cro-computer based statl.stl.cal packages All raw and summarl.zed
data and reports are stored as hard copy and electronl.cally on
dl.skettes and on magnetl.c tape l.n two separate ADF&G offl.ces l.n
Cordova.

Bl.ologl.cal samples for hydrocarbon, MFa, hl.stopathology, and
genetl.cs analyses are clearly labeled both on the l.nsl.de and
outsl.de of the contal.ner. Labels are l.n l.ndell.ble l.nk on wrl.te l.n
the ral.n paper and l.nclude an ADF&G stream catalogue number, stream
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name, stream-mouth lat1tude and long1tude, sample transect he1ght
above mean low t1de, sample date and t1me, sample collectors,
preservat1ve used, spec1es, and t1ssue type standard cha1n of
custody forms are f11led out for all samples and samples are stored
1n locked storage 1n the AOF&G warehouse pr10r to sh1pment for
analyses.

MANAGEMENT PLAN

Overall superv1s1on of th1s proJect w111 rest w1th the AOF&G
F1sher1es B1olog1st III, pr1nc1pal 1nvest1gator The F1sher1es
B10log1st III w111 superv1se a F1sher1es B1olog1st ass1stant and
the da11y act1v1t1es of a data entry techn1c1an or research
analyst. F1eld work w111 be rev1ewed per1od1cally by the pr1nc1pal
1nvest1gator but da1ly superv1s10n w111 be the respons1b111ty of
the F1sher1es B1olog1st I proJect ass1stant The proJect ass1stant
w111 superv1se a f1eld crew of three or at t1mes four F1sh and
W1ldl1fe Techn1c1ans. All payroll and adm1n1strat1ve tasks for th1s
proJect w111 be completed by AOF&G 011 Sp111 Impact Assessment
01V1S1on and AOF&G 01V1S1on of Adm1n1strat1on personnel The
consult1ng B10metr1c1an II w111 reV1ew all operat1onal plans,
proJect reports, and be respons1ble for all stat1st1cal products
and stat1st1cal report1ng

LOGISTICS

Sampl1ng crews w111 be transported between sampl1ng locat1ons by
the ADF&G R/V Montague wh1ch w111 be used for the purpose Crews
w111 be housed and fed aboard the R/V Montague and w111 be
transported to shore at each stream 1n a proJect sk1ff p110ted by
a vessel crew member. Sample s1tes for pre-emergent fry and egg
depos1t10n are shown 1n F1gures 1 and 2
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Fairfield

Wh1tshed

Fl.gure 1 Locatl.on of streams to be sampled for egg deposl.tl.on
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Yhitshed

F1gure 2. Locat1ons of streams to be sampled for pre-emergent
fry.
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PROJECT PERSONNEL

F1sher1es B1olog1st III Pr1nc1pal Invest1gator - Samuel Sharr

Mr. Sharr rece1ved a Bachelor of SC1ence degree 1n B1010gy from the
Un1vers1ty of Wash1ngton 1n 1968 He has been a research b10log1st
for ADF&G S1nce 1979 and has worked on Pr1nce W1111am Sound salmon
and herr1ng S1nce 1981. He assumed h1s present pos1t10n as the
ADF&G, D1V1S10n of Commerc1al F1sher1es, B1010g1st III, Pr1nce
W1111am Sound Area F1nf1sh Research ProJect Leader 1n 1986 In th1s
capac1ty, Mr. Sharr oversees all the salmon and herr1ng research
conducted by the D1V1S10n of Commerc1al F1sher1es 1n Pr1nce W1111am
Sound. H1S 1nvolvement w1th the Pr1nce W1111am Sound salmon
escapement aer1al survey program dates from the early 1980' s.
Mr Sharr has superv1sed a total re-ed1t of the h1stor1c aer1al and
ground survey data and des1gned a new R BASE data base for 1nseason
escapement analyses. Mr. Sharr wrote the or1g1nal operat10nal plans
for NRDA F/S Stud1es 1,2 and, 3 and has been the Pr1nc1pal
Invest1gator for those proJects S1nce the1r 1ncept10n

F1sher1es B10log1st I ProJect Ass1stant - Andrew Cra1g

Mr Cra1g has a Bachelor of SC1ence 1n F1sher1es from Cornell
Un1vers1ty. He has been employed by ADF&G S1nce spr1ng of 1991 He
has exper1ence superv1s1ng adult salmon we1rs and has a f1eld
season of exper1ence 1n the NRDA egg depos1t10n study (F/S Study
#2) •

B1ometr1c1an II - Br1an G Bue

Br1an Bue has a Bachelor of SC1ence 1n B1010gy and a Bachelor of
SC1ence 1n F1sher1es from the Un1vers1ty of Alaska, Fa1rbanks He
also possesses a Masters degree 1n F1sher1es w1th an emphas1s on
quant1tat1ve stud1es from the Un1vers1ty of Alaska, Fa1rbanks
Br1an has worked w1th the Alaska Department of F1sh and Game from
1974 through present 1n many capac1t1es He has worked as a
consult1ng b10metr1c1an on 011 sp111 damage proJects S1nce the
f1rst days of the Exxon Valdez sp111
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BUDGET ($K)

Salar1es $ 200 3
Travel 14 8
Contracts 53 6
Suppl1es 30 5
Equ1pment 56 7

Subtotal $ 355 9
General Adm1n1strat10n 33 9

Total $ 389 8
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RESTORATION PROJECT NUMBER 90

study Tl.tle: InJury to Dolly Varden Char and Cutthroat Trout
Monl.torl.ng

Lead Agency: ADF&G

PROJECT JUSTIFICATION

Thl.s closeout budget represents the cost for removal of wel.r
materl.al and camp equl.pment from all fl.eld locatl.ons, and for the
productl.on of a fl.nal report.

BUDGET ($K)

Salarl.es $ 45.6
Travel 2 0
Contractual 31 7
Suppll.es 3 0
Equl.pment LQ

Subtotal $ 82 3
General Adml.nl.stratl.on ~

Total $ 91 5
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RESTORATION PROJECT NUMBER 102

study Tlotle:

Lead Agency:

Coastal Hablotat Restoratloon

ADF&G

PROJECT JUSTIFICATION

Thlos proJect descrloptloon wloll be developed after a syntheslos
meetlong lon the sprlong of 1992

BUDGET ($K)

Salarloes $ 5 1
Travel 0 0
Contracts 458 0
Supplloes 0 0
Equlopment Q.....Q

Subtotal $ 463 1
General Admlonlostratloon 22 5

Total $ 485 6
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2D. RESTORATION IMPLEMENTATION PLANNING

In some cases the feasJ.bJ.IJ.ty of a restoratJ.on optJ.on J.S well
establJ.shed, but the Trustees lack sJ.te-specJ.fJ.c J.nformatJ.on needed
to determJ.ne whJ.ch methods are approprJ.ate gJ.ven the physJ.cal and
bJ.ologJ.cal characterJ.stJ.cs of the specJ.fJ.c sJ.tes WJ.thout thJ.s
sJ.te-specJ.fJ.c J.nformatJ.on, J.t may not be possJ.ble to J.dentJ.fy all
the actJ.ons needed, nor to estJ.mate the costs

Thus, J.mplementatJ.on plannJ.ng proJects are J.ntended to provJ.de the
J.nformatJ.on needed to evaluate and execute restoratJ.on proJects J.n
the fJ.eld. In 1992, the Trustee CouncJ.1 proposes carryJ.ng out one
J.mplementatJ.on plannJ.ng proJect, "Survey and EvaluatJ.on of Instream
HabJ.tat and Stock RestoratJ.on TechnJ.ques for Anadromous FJ.sh "
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RESTORATION PROJECT HUMBER 105

study Tl.tle:

Lead Agency:

Survey and Evaluatl.on of Instream Habl.tat and
Stock Restoratl.on Technl.ques for Anadromous Fl.sh

ADF&G

Cooperatl.ng Agency: USFS

PROJECT JUSTIFICATION

The Exxon Valdez ol.l spl.ll l.nJured wl.ld Pl.nk and chum salmon l.n
Prl.nce Wl.lll.am Sound. Varl.OUS amounts of Ol.l were deposl.ted l.n
l.ntertl.dal habl.tats where up to 75% of the spawnl.ng occurs Salmon
eggs deposl.ted l.n 1989 and all subsequent years have been contaml.
nated and dl.rect egg mortall.ty has been documented. A hl.gher
l.ncl.dence of somatl.c, cellular, and genetl.c abnormall.tl.es were also
found among alevl.ns and fry l.n ol.led creeks Wl.ld salmon fry were
further l.nJured when they entered the nearshore marl.ne envl.ronment
and consumed ol.l-contaml.nated prey Thl.s caused reduced growth and
fry-to-adult survl.val, because predators targeted the smaller,
slower growl.ng fl.sh. Ml.gratl.on patterns l.ndl.cated that nearly all
the salmon fry eXl.tl.ng Prl.nce Wl.lll.am Sound passed through heavl.ly
ol.led habl.tats l.n the southwestern Prl.nce Wl.lll.am Sound Dl.ml.nl.shed
growth and survl.val durl.ng the early marl.ne perl.od may have reduced
the wl.ld and hatchery reared salmon return to Prl.nce Wl.lll.am Sound
l.n 1990 by 15 to 25 ml.lll.on fl.sh Recently detected genetl.c
l.nJurl.es may further reduce the productl.vl.ty and fl.tness of wl.ld
salmon populatl.ons l.n Prl.nce Wl.lll.am Sound for many years to come

Thl.s proJect has focused on l.dentl.fYl.ng the most approprl.ate
restoratl.on technl.ques for l.nJured anadromous fl.sh spawnl.ng
habl.tats and specl.fl.c stocks of anadromous fl.sh The proJect was
l.nl.tl.ated l.n 1991, by the Alaska Department of Fl.sh and Game
(ADF&G). The study area l.ncludes Prl.nce Wl.lll.am Sound, lower Cook
Inlet, and Kodl.ak Island. In 1992, the proJect wl.ll be conducted
cooperatl.vely by the ADF&G and the u.S Forest SerVl.ce (USFS). The
USFS wl.ll provl.de expertl.se l.n habl.tat restoratl.on l.n Prl.nce
Wl.lll.am Sound, and the ADF&G wl.ll focus on stock and habl.tat
restoratl.on l.n the Exxon Valdez ol.l spl.ll l.mpact area The USFS
wl.ll conduct hydrologl.cal surveys at sl.tes l.n the Natl.onal Forest,
further evaluate fl.sh pass sl.tes l.dentl.fl.ed l.n 1991, and determl.ne
approprl.ate restoratl.on technl.ques for anadromous fl.sh (salmon and
trout) stocks and habl.tats l.n the most heavl.ly ol.led streams l.n
Prl.nce Wl.lll.am Sound The ADF&G wl.ll estl.mate the area of salmon
spawnl.ng habl.tat l.nJured by the Ol.l spl.ll In Prl.nce Wl.lllam Sound,
determl.ne the most approprl.ate technl.ques for replacl.ng thl.s
habl.tat wl.thl.n the ol.l spl.ll l.mpact area, and coordl.nate wl.th the
USFS on evaluatl.on of fl.sh stock restoratlon technl.ques
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Results from ongo~ng genet~c stud~es w~ll be used to determ~ne the
most appropr~ate restorat~on techn~ques for stocks ~n o~led areas.
1:f genet~cally d~screte stocks are ~dent~f~ed w~th~n the o~led

area, restorat~on efforts w~ll concentrate on restor~ng or
replac~ng ~n]ured hab~tat or stocks If genet~cally d~screte stocks
are not ~dent~f~ed w~th~n the o~led area, ~nJured hab~tat and
stocks w~ll be restored throughout the Exxon Valdez 011 sp1ll
1mpact area us~ng the most cost-effect1ve methods.

Spec~f~c study s~tes were 1dent1f1ed ~n 1991 from prev10us reports,
aer~al photographs, aer1al surveys, and ground surveys Ident1f1ca
t~on of study s~tes w~ll cont1nue 1n 1992 More 1ntens1ve
~nvest~gat~ons of s~tes 1dent~f1ed 1n 1991 w1ll also be conducted.
Appropr~ate restorat10n or enhancement techn1ques may 1nclude
spawn~ng channels and 1mprovement of f ~sh passage through f 1sh
ladders, or step-pool structures to overcome phys1cal or hydrolog1
cal barr1ers. These measures w1ll prov1de 01l-free spawn1ng hab1tat
to replace o1l-~mpacted spawn1ng areas. Add1t10nal w~ld salmon
stock rehab~1~tat10n measures may 1nclude stream-s1de 1ncubat10n
boxes, remote egg-takes and 1ncubat10n at eX1st1ng hatcher1es for
fry stock~ng 1n o~1-1mpacted streams, and fry rear1ng

OBJECTIVES

1. Rev~ew ex~st1ng l~terature and databases, determ1.ne prel1.m1nary
restorat~on techn~ques for spec1f1c s1tes, and 1dent1fy s1tes
where f1.eld stud1es are needed.

2. Conduct f1eld stud1es at spec1f1c s1tes to collect add1t10nal
data needed to evaluate restorat10n techn1ques

3. Comp~le ava1lable data and select the most appropr1ate f1sh
restorat~on proJects.

4. Collect add~t10nal f~eld data 1f necessary to develop proJect
des~gn and cost est~mates, and wr~te proposals for spec1f1c
proJects.

5. Est1mate the total area of anadromous f1Sh spawn1ng hab1tat
that was o~led ~n Pr1nce W1ll1am Sound

METHODS

ObJect1ve 1:

Although many potent~al ~nstream hab1tat and f1.sh stock restorat10n
s~tes were ~dent~f~ed ~n 1991, reV1ew of eX1.st1ng l1.terature and
databases w~ll cont~nue ~n 1992 to ensure that all potent1al s1tes
have been evaluated.
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Add1t10nal data w1ll be 1ncluded 1n a benef1t-cost analys1s
1n1t1ated 1n 1991. Th1S analys1s w1ll determ1ne the most cost
effect1ve w1ldstock restorat10n techn1ques 1n general A summary of
prev10us proJect costs w1ll be developed after a l1terature reV1ew.
When no data are ava1lable for a g1ven techn1que, pre11m1nary
proJect budgets w1ll be developed. P1nk and chum salmon surv1val
rates 1n natural streams, 1n the ocean, and result1ng from var10US
enhancement techn1ques w111 be summar1zed The 1nformat10n gathered
from th1s reV1ew w1l1 be used to evaluate the cost effect1veness of
var10US enhancement techn1ques for w11d salmon populat10ns 1n
general. The results from th1s analys1s w111 be used to focus
restorat10n survey efforts on the most effect1ve and benef1c1al
techn1ques.

Spawn1ng channel s1tes descr1bed 1n the 11terature w1l1 be
evaluated on the seasonal stab111ty of groundwater he1ght,
groundwater temperature, groundwater grad1ent, groundwater
chem1stry, flood1ng r1sk, ava11ab111ty of substrate, and avallabll
1ty of broodstock (Sanner 1982b) Streams ldentlf1ed as potentlal
spawnlng channel s1tes from the Ilterature reVlew wlll be further
evaluated uS1ng aer1al photographs and topographlc maps. Data from
topograph1c maps wlll be used to est1mate surface gradlent and
stream length. These var1ables are llkely correlated wlth groundwa
ter grad1ent and stab111ty.

The feas1b1l1ty of fry rearlng at varlOUS streams w111 be evaluated
uS1ng aer1a1 photographs, hlstor1ca1 spawnlng escapement and pre
emergent fry 1ndex data collected by the ADF&G, and shore11ne 011
contam1nat10n maps constructed by the Alaska Department of Natural
Resources (ADNR) and the Alaska Department of Envlronmenta1
Conservat10n (ADEC). Crlterla used to evaluate potentlal fry
rear1ng s1tes wlll lnclude the degree of 011 contam1natlon 1n
lntertlda1 spawn1ng hab1tats, probable magnltude of fry outmlgra
t10ns, ava11ab111ty of moorlng s1tes for net pens, feaslblllty of
operatlng fry we1rs, and proxlmlty of we1r sltes to net pen sltes

Salmon stocks that m1ght be best restored by remote eggtakes wlll
be 1dent1f1ed uS1ng hlstorlca1 salmon spawnlng escapement data,
anadromous stream catalogs, and shore11ne 011-contamlnat10n maps
Cr1terla used to evaluate remote eggtakes at these sltes w111
lnc1ude degree of 011 contamlnatlon, probable spawner abundance,
and ava11abl11ty of moorlng s1tes for net pens

ObJectlve 2:

Two potent1al flSh pass s1tes were 1dentlfled In Prlnce W1111am
Sound and S1X s1tes 1n the Kod1ak area In 1991 More deta11ed
1nvest1gat10ns w111 be conducted at these sltes In 1992 Other
potent1a1 f1sh pass sltes wl11 contlnue to be evaluated from aer1a1
and ground surveys. The abundance of spawnlng salmon, barr1er falls
he1ght, stream w1dth, stream depth, stream gradlent, and substrate
type w111 be est1mated from aerlal surveys. The lnformatlon galned
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from these surveys w111 be used to el1m1nate some streams from
further consl.derat10n. More extens1ve ground surveys w111 be
conducted at s1tes that appear sU1table from aer1al surveys. The
follow1ng phys1cal measurements w111 be made dur1ng ground surveys.
Barr1er falls he1ght w111 be est1mated W1th a cl1nometer and
measur1ng tape. The USFS stream hab1tat foot survey methods w111
be used to est1mate ava1lable spawn1ng hab1tat above the barr1er
(Olsen and Wenger 1991).

F1fteen potent1al spawn1ng channel s1tes were 1dent1f1ed 1n Pr1nce
W1111am Sound and one s1te 1n lower Cook Inlet 1n 1991. Add1t10nal
aer1al and ground surveys w111 be conducted at these and other
s1tes as needed. Aer1al surveys w111 be conducted to 1dent1fy
spec1f1c s1tes that appear sU1table for spawn1ng channels w1th1n
r1ver valleys. The apparent S1ze compOS1t10n of the substrate,
groundwater level, flood1ng r1sk, and ease of access w111 be
Crl.ter1a used to 1dent1fy spec1f1c s1tes Ground surveys w111 be
conducted at s1tes that appear sU1table from aer1al surveys. A
prel1m1nary ground survey w111 be conducted to determ1ne flood1ng
r1sk, the approx1mate depth of groundwater, and the S1ze compos1
t10n of the substrate. If the area appears to be unaffected by
floods, the groundwater 1S shallower than 2 meters, and the
substrate 1S composed largely of gravel or cobbles, add1t10nal
survey work w111 be conducted.

Standp1pes w1ll be 1nstalled at the f1fteen potent1al spawn1ng
channel s1tes 1dent1f1ed 1n 1991 Ground surface grad1ents and
dra1nage bas1n lengths at these s1tes range from 0 3% to 2 5% and
0.5 to 19.0 m1les, respect1vely standp1pes w111 be 1nstalled at
each of these s1tes to a depth at least 2 m below the groundwater
level, parallel to the surface grad1ent, along the most 11kely
locat10n of the spawn1ng channel Standp1pes w111 be constructed
from 1.5 m sect10ns of 5 cm d1ameter galvan1zed well p1pe, w1th a
sandp01nt, and galvan1zed couplers Electron1C water level
record1ng dev1ces w111 be 1nstalled on selected standp1pes to
mon1tor changes 1n groundwater he1ght Data obta1ned from the
recorders wl.ll be used to evaluate groundwater stab1l1ty and the
rate of 1ntragravel flow at each s1te. At two potent1al spawn1ng
channel s1tes, two standp1pes w1th water level recorders w1ll be
1nstalled 50 m and 150 m from the ma1nstem stream channel to
evaluate the relat10nsh1p between groundwater stab1l1ty and
d1stance from the ma1nstem channel. Each standp1pe w1ll be covered
w1th 1nsulat10n at the surface and marked w1th a pole and flag.

S1X potent1al fry rear1ng s1tes were 1dent1f1ed 1n Pr1nce W11l1am
Sound and one s1te 1n lower Cook Inlet 1n 1991 Add1t10nal f1eld
surveys w1l1 be conducted to 1dent1fy other potent1al fry rear1ng
s1tes 1n the Exxon Valdez 011 sp1ll 1mpact area Fry rear1ng study
s1tes w111 be aer1ally surveyed when the t1de 1S at about the S1X
foot level. A v1deo camera w111 be used dur1ng the aer1al survey of
each stream for later reV1ew. A ground survey w111 be conducted to
measure the d1stance across the stream channel, mean stream depth,
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and m1d-channel current speed at the 1ntended locat10n of the fry
we1r. The estuar1ne area near the potent1al we1r s1te w111 be
surveyed to locate a sU1table area to moor net pens. The d1stance
between net pen moor1ng s1tes and fry we1r s1tes w111 be measured
w1th a rangef1nder. If poss1ble, potent1al fry we1r s1tes w111 be
v1s1ted at h1gh t1de 1mmed1ately after a storm.

No ground surveys were requ1red to determ1ne the feas1b111ty of
eggtakes at remote s1tes. SU1table s1tes for net pen moor1ng w111
be 1dent1f1ed from aer1al photographs and aer1al surveys Spawner
abundance w111 also affect the feas1b111ty of remote eggtakes
Aer1al surveys conducted 1mmed1ately before eggtakes w111 be
requ1red to est1mate spawner abundance.

All restorat10n survey efforts w111 be coord1nated w1th local
landowners and governments.

Ob]ect1ve 4:

Full proposals w111 be developed for proJects that rece1ve a h1gh
rank1ng 1n the dec1s10n matr1X. Add1t10nal f1eld work may be
requ1red to collect eng1neer1ng data needed for development of
deta1led proJect des1gns. USFS and ADF&G eng1neers w111 work on
these proJects as needed to collect eng1neer1ng data and des1gn
structures.

Ob]ect1ve 5:

The total area of anadromous f1sh spawn1ng hab1tat that was 01led
w111 be est1mated from aer1al photographs Th1S 1nformat10n w1ll be
used to help determ1ne the area of f1sh spawn1ng hab1tat that needs
to be replaced w1th1n the Exxon Valdez 011 sp1ll 1mpact area by
construct10n of f1sh passes or spawn1ng channels The ADF&G Habltat
Sp1ll Response Group (HSRG) has complIed a 11St of olled anadromous
streams 1n Pr1nce W1111am Sound. Aerlal photographs wlll be taken
of these streams at low t1de A planlmeter w1ll be used to estlmate
the area of 1ntertldal f1sh spawnlng hab1tat on each photograph
The total area of 1ntert1dal f1sh spawnlng habltat 1n these streams
w111 be est1mated by summ1ng the area estlmates for the lndlvldual
streams. Data collected by the HSRG and the ADF&G Commerc1al
F1sher1es D1V1S10n w111 be used to estlmate the average proportl0n
of 1ntert1dal spawn1ng habltat that was olled 1n streams for WhlCh
data 1S ava1lable. The total area of anadromous flSh spawnlng
habltat that was 01led w1ll be estlmated by applylng thlS propor
t10n to the est1mated total area of lntertldal spawn1ng habltat In
the streams on the HSRG 11st
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DATA ANALYSIS

Ob]ectl.ve 2:

Data obtal.ned from electronl.c water level recordl.ng devl.ces wl.ll be
analyzed to evaluate groundwater stabl.ll.ty and the probable rate of
l.ntragravel flow at potentl.al spawnl.ng channel Sl.tes. The rate of
l.ntragravel flow l.S an l.mportant varl.able affectl.ng egg-to-fry
survl.val l.n salmon spawnl.ng beds (McNel.l 1966) The power spectrum
wl.ll be estl.mated for each groundwater hel.ght tl.me serl.es (Jenkl.ns
and Watts 1968). The l.nformatl.on contal.ned l.n the power spectrum
wl.ll be used to evaluate the varl.ance of groundwater hel.ght and the
prl.ncl.pal frequencl.es of varl.abl.ll.ty These characterl.stl.cs of the
groundwater varl.abl.ll.ty wl.ll be related to dl.stance from the
mal.nstem channel, substrate type, and dral.nage basl.n area and
gradl.ent. Thl.s analysl.s wl.ll provl.de l.nsl.ght l.nto factors affectl.ng
groundwater flow and stabl.ll.ty that Wl.ll be useful for l.dentl.fYl.ng
other sUl.table spawnl.ng channel Sl.tes l.n the Exxon Valdez Ol.l spl.ll
l.mpact area.

Ob]ectl.ve 3:

After all necessary data has been collected, a wel.ghted decl.sl.on
matrl.x wl.ll be used to establl.sh prl.orl.ty among potentl.al proJects.
Detal.led proposals wl.ll be developed for proJects that recel.ve a
hl.gh rankl.ng The followl.ng crl.terl.a (unwel.ghted) wl.ll be used l.n
the decl.sl.on matrl.x.

1. Ol.l-spl.ll l.nJurl.es to spawnl.ng habl.tats and salmon stocks;

2. The estl.mated l.ncrease l.n fl.sh productl.on resultl.ng from the
proposed proJect;

3. The l.mportance of the estl.mated l.ncrease l.n fl.sh productl.on to
sUbsl.stence, sport, and commercl.al user groups,

4. The estl.mated benefl.t/cost ratl.o of the proposed proJect,
'\

5. The potentl.al for the proposed proJ ect to mal.ntal.n the genetl.c
characterl.stl.cs of the affected salmon populatl.on,

6. Level of genetl.c damage wl.thl.n the stock;

7. Demonstrated effectl.veness of the restoratl.on technl.que;

8. Requl.rement for future proJect mal.ntenance,

9. Abl.ll.ty of the resource to recover naturally,

10. Abl.ll.ty to document the success of the proJect;

11. Compatl.bl.ll.ty of the proposed proJect wl.th establl.shed land
uses l.n the area, and
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12. Compat1b1l1ty of the proposed proJect w1th reg10nal salmon
enhancement plans.

DELIVERABLES

The results from 1992 1nvest1gat10ns w1ll be summar1zed 1n a report
prepared by the USFS and ADF&G.

SCHEDULES AND PLANNING

ACt1V1ty

June - October
Conduct stream hab1tat surveys at selected s1tes 1n coopera
t10n w1th the USFS,

Conduct aer1al photograph1c surveys of o1led anadromous
streams 1n Pr1nce W1ll1am Sound and est1mate area of f1sh
spawn1ng hab1tat 1n each stream,

Survey potent1al spawn1ng channel S1tes and 1nstall
standp1pes.

September - February
Re-v1s1t potent1al spawn1ng channel s1tes and collect data
from water-level recorders

Comp1le and evaluate data, select s1tes for development
of deta1led proJect proposals, and collect add1t10nal
eng1neer1ng data 1f necessary

October - February
Prepare eng1neer1ng des1gns and deta1led proJect proposals

PERSONNEL QUALIFICATIONS

Mark W1llette:
Master of SC1ence, F1sher1es Oceanography, 1985, Bachelor of
SC1ence, F1sher1es SC1ence, 1983, Area B10log1St, ADF&G,
F1sher1es Rehab1l1tat10n and Enhancement D1V1S1on (FRED)
Cordova, March 1991-present Conduct var10US f1sher1es
enhancement proJects 1n Pr1nce W1ll1am Sound 1nclud1ng
l1mnolog1cal 1nvest1gat10ns of sockeye salmon produc1ng lakes,
and qua11ty control of coded-w1re tagg1ng at pr1vate hatcher
1es. Pr1nc1pal Invest1gator on NRDA stud1es on Juven1le salmon
1n Pr1nce W1ll1am Sound Instructor/ Ass1stant Research
Professor, Un1vers1ty of Alaska Fa1rbanks, 1986-1991 Conduct
var10US f1sher1es research proJects Des1gn and 1mplement a
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program of educaF10n, research, and publ1c serV1ce 1n north
west Alaska.

N1ck Dud1ak:
Bachelor of SC1ence, Zoology, 1968, Area B1olog1st, lower Cook
Inlet, ADF&G FRED D1v1s10n, 1977-present, ProJect Leader
Pa1nt R1ver f1shway feas1b111ty study, Chen1k Lake sockeye
salmon rehab111tat1on program, Le1sure Lake sockeye salmon
stock1ng and fert111zat1on program, Tutka Hatchery P1nk and
chum salmon evaluat10n program.

Lorne Wh1te:
Bachelor of SC1ence, B1ology, 1973, Area B1olog1st, Kod1ak,
ADF&G FRED D1v1s1on, 1987-present, ProJect Leader· Rehab111ta
t10n of sockeye salmon at Karluk Lake, Asst ProJect Leader
Scallop mar1culture feas1b111ty study, Research Exper1ence
evaluat10n of 15 proposed f1sh passes on Kod1ak Island,
fert111zat1on, 1nstream hab1tat stud1es related to hydroelec
tr1c development.
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u.s. Forest Serv~ce. 1987. F~nal Construct~on Report for the
M~le 25.25 Spawn~ng Channels USPS, Cordova Ranger D~str~ct

BUDGET ($K)

ADF&G USPS TOTAL

Salar~es $91 7 $40 0 $131 7
Travel 3.9 6 3 10 2
Contractual 91.5 26 0 117 5
Suppl~es 17.8 1 4 19 2
Equ~pment 37.8 2......2. 41 0

Subtotal $242 7 $76 9 $319.6

General Adm~n~strat~on 20 5 ~ 28 5

Total $263 2 $84 9 $348.1
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2E. RESTORATION MANIPULATION/ENHANCEMENT

Manlpulatlon/enhancement proJects are act1ve lntervent10n measures
WhlCh actlvely promote recovery of 1nJured resources or provlde an
alternate servlce to those who use the resources A flSh ladder
would be an example of an act1v1ty Wh1Ch promotes recovery of the
resource by expandlng the area of a stream access1ble to spawnlng
flSh. Stocklng flSh In a locat10n other than that of the lnJured
resource could provlde a serVlce to those people who had used that
resource. Wlth the except10n of one proJect, the Trustee Councl1
chose not to lmplement manlpulat10n and or enhancement actlvltles
untl1 full publlC partlclpat10n In the proJect selectl0n process
was posslble. The one proJect descr1bed below has severe tlme
constralnts necessltatlng an early start Most of the work for
that proJect w111 not be carrled out unt11 after publlC reVlew.

Red Lake sockeye salmon restorat10n, Restorat10n ProJect Number 113
(Rl13), seeks to restore sockeye salmon 1n Red Lake (Kod1ak Island)
by lncubatlng sockeye eggs and short-term rearlng the fry 1n Plllar
Creek Hatchery, returnlng flngerllngs to Red Lake and fert111z1ng
the lake. The egg lncubat10n and fry rear1ng 1S based upon
predlctl0ns of poor adult returns In 1993, most actlvltles wll1 not
begln untl1 then. The level of fundlng provlded by the Trustee
Councl1 allows advance purchase of hatchery equ1pment needed In
1993. Poor Juvenlle and smolt surv1val due to the 011 spll1 w111
not be reflected in poor adult returns unt11 1993 and maJor•manlpulat10n/enhancement actlvlt1es w111 not be needed at Red Lake
untl1 then. Therefore, desplte 1992 fundlng for equ1pment
purchases, full fundlng for th1s proJect 1n 1993, 11ke other
proJects In thlS category, wll1 be subJect to full publ1C scrut1ny

•
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study Tl.tle:

Lead Agency:

Red Lake Sockeye Salmon Restoratl.on

ADF&G

PROJECT JUSTIFICATION

Red Lake, located on the southwest sl.de of Kodl.ak Island, has
hl.storl.cally been one of the most conSl.stent producers of sockeye
salmon for the Kodl.ak commercl.al salmon fl.shery The Department of
Fl.sh and Game's annual escapement goal for thl.s system ranges from
200 to 300 thousand sockeye (Malloy 1988) The mean harvest of Red
Lake sockeye has been 450,000 Sl.nce 1980 and ranged from 25,000 to
1.5 ml.lll.on. The mean annual value of thl.S harvest l.S $2.2 ml.lll.on
to the fl.sherman.

In 1989, as a result of the Exxon Valdez ol.l spl.ll, some commer
cl.ally harvested fl.sh were ol.led, whl.ch resulted l.n closures over
most of Kodl.ak Island waters Thl.S resulted l.n an escapement of
786,000 sockeye l.nto Red Lake, whl.ch equated to a 2 5 fold l.ncrease
over the maXl.mum desl.red escapement. Careful management of the
number of spawnl.ng fl.sh l.S requl.red to mal.ntal.n thl.S fl.shery If
too many adult sockeye spawn l.n the lake system, an overabundance
of Juvenl.le sockeye wl.ll deplete thel.r plankton food source,
resultl.ng l.n decreased freshwater growth and hl.gh mortall.ty Thl.s
wl.ll then result l.n fewer smolt ml.gratl.ng to the ocean and a
sl.gnl.fl.cant decrease l.n the return of adult sockeye

Data gathered from Fl.sh/Shellfl.sh Number 27 (sockeye overescape
ment) showed low survl.val of Juvenl.le sockeye from the 1989
escapement year (Schml.dt 1991). Hydroacoustl.C and tow net surveys
showed low levels of Juvenl.les l.n the lake l.n the fall of 1990, and
smolt enumeratl.on l.n the sprl.ng of 1990 and 1991 showed reduced
levels of ml.grant smolts. Thl.S l.nformatl.on l.ndl.cates that a
sl.gnl.fl.cantly reduced number of sockeye wl.ll return as four, fl.ve
and Sl.X year old fl.sh l.n 1993, 1994 and 1995 Accordl.ng to thl.S
data the return may fall below the desl.red escapement of 150,000
fl.sh. If thl.s occurs, the productl.vl.ty of the lake would be
underutl.ll.zed and the fl.shery and local economy would be serl.ously
l.mpacted. Immedl.ate actl.on would be requl.red to avol.d thl.s l.mpact.
Therefore, supplemental productl.on would be l.mplemented l.mmedl.ately
to restore the sockeye run, through the collectl.on of 6 ml.lll.on Red
Lake sockeye eggs and the resultant stockl.ng of 4 9 mll1lon fry ln
to the lake. Thl.s stockl.ng would produce approxlmately 146,000
adult sockeye. Thl.s restoratl.on proJect would cost approxlmately
$70,000 annually after FY93 untl1 returns are restored to pre-spl11
levels.
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DISCUSSION

The Red Lake restorat1on proJect w1ll 1mprove the rate of recovery
of Red Lake sockeye 1f the proJected 1nJury, due to overescapement,
occurs. Fry plants are a proven method used by FRED D1V1S10n of
ADF&G to rehab1l1tate and enhance sockeye stocks. FRED D1V1S1on
has p10neered the culture of sockeye salmon 1n Alaska w1th great
success. Surv1val from egg depos1t1on to fry lake entry ranges
from 4 - 10% (Drucker, 1970) 1n w1ld stocks When 1ncubat1ng eggs
1n art1f1c1al cond1t10ns 1n a hatchery, surv1val from egg to fry 1S
usually greater than 80% Th1S 1ncreased surV1val total w1ll
sUbsequently 1ncrease the number of ocean m1grat1ng smolt and
return1ng adults.

The restorat1on of Red Lake sockeye, through fry plant1ng, w1ll be
mon1tored through var10US mechan1sms to assure that no other
factors h1nder recovery. Such mechan1sms 1nclude smolt surv1val
mon1tor1ng, escapement counts, water qual1ty mon1tor1ng, zooplank
ton abundance, and hydroacoust1c surveys These mechan1sms w1ll
occur d1rectly through th1s pro] ect and 1nd1rectly through the
l1nkage to F1sh/Shellf1sh Number 27.

It should also be noted that other spec1es are d1rectly affected by
the Red Lake sockeye runs, such as mammals that feed on sockeye
(bears, otters, b1rds, etc) and also would benef1t from th1S
proJect. It 1S 1mportant to be prepared to supplement the sockeye
product1on at Red Lake 1f the sockeye overescapement does result 1n
a depressed return of adults 1n 1993. These preparat10ns w1ll need
to beg1n 1n th1s year to assure read1ness to collect eggs, rece1ve
eggs, and 1ncubate and rear eggs and fry, 1f the escapement levels
are below 150,000 by August 1 1n 1993

OBJECTIVES

1. Increas1ng the 1ncubat10n and rear1ng capac1ty of P1llar Creek
Hatchery to support add1t1onal Red Lake eggs and fry

2. Collect1ng 6 m1ll10n early run Red Lake sockeye eggs, beg1n
n1ng 1n 1993 and cont1nu1ng through 1995, cont1ngent upon Red
Lake escapement fall1ng below the m1n1mum escapement goal of
150,000 by August 1.

3. Incubat10n of 6 m1ll10n Red Lake sockeye eggs at P1llar Creek
Hatchery w1th 90% surv1val from green to eyed eggs

4. Rear1ng of approx1mately 5 4 m1ll10n Red Lake sockeye fry at
P11lar Creek Hatchery to the S1ze of .25 grams w1th 90%
surv1val.
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5. Evaluatl.ng freshwater survl.val and the success of hatchery fry
plants, by thermally markl.ng otoll.ths of fry prl.or to stockl.ng
l.nto Red Lake.

6. Stockl.ng of approxl.mately 4 9 ml.lll.on fed fry ( 25 gm) l.nto
Red Lake wl.th tl.ml.ng parallel to the perl.od of Wl.ld stock
recrul.tment.

7. Producl.ng approxl.mately 146,000 adult red salmon from annual
fry plants (3% fry to adult survl.val).

METHODS

Pl.llar Creek Hatchery wl.ll be modl.fl.ed where requl.red under ADF&G
FRED Dl.vl.sl.on gul.dell.nes to assure l.solatl.on of Red Lake sockeye
eggs from other stocks present l.n the facl.ll.ty Thl.s wl.ll requl.re
an l.ncubatl.on module used solely for Red Lake eggs. An addl.tl.onal
24 Kl.tol. box l.ncubators wl.ll be acqul.red and plumbed l.nto thl.S
module and 8 aluml.num raceways wl.ll be brought on ll.ne for rearl.ng
requl.rements.

Net pens, net pen frames, beach sel.nes, weatherports, safety gear
and egg take suppll.es for a remote egg take of 6 ml.lll.on Red Lake
eggs wl.ll be staged l.n Kodl.ak l.n JUly each year untl.l the run l.S
restored. Red Lake sockeye escapements wl.ll be monl.tored each year
through counts from the ADF&G Commercl.al Fl.sh Dl.vl.sl.on adult
enumeratl.on wel.r. If escapement levels are below 150,000 by August
1 of each year, the egg take would proceed Operatl.onal monl.es
wl.ll be held as a contl.ngency pendl.ng escapement counts l.n each of
these years. The approprl.ate federal perml.ts wl.ll be obtal.ned from
the u.S. Fl.sh and Wl.ldll.fe SerVl.ce prl.or to conductl.ng any work on
Kodl.ak Natl.onal Wl.ldll.fe Refuge lands l.n whl.ch the Red Lake system
l.S l.ncluded.

Aerl.al and foot surveys wl.ll be conducted to determl.ne when
suffl.cl.ent sockeye are holdl.ng near the mouth of maJor spawnl.ng
trl.butarl.es. Brood wl.ll be sel.ned and sorted by sex and held l.n
net pens J.n Red Lake untl.l females have rl.pened Remote egg
collectl.on wl.ll follow procedures outll.ned l.n FRED Dl.vl.sl.on sockeye
egg take Standard Operatl.ng Procedures After fertl.ll.zatl.on,
dl.sl.nfectl.on and water hardenl.ng, eggs wl.ll be chl.lled to delay
development l.n preparatl.on for transport to the Cl.ty of Kodl.ak.
Eggs wl.ll be placed l.n coolers Wl.th l.ce Dl.sease screenl.ng wl.ll be
conducted to determl.ne tl.ter levels of IHN Vl.rus l.n ovarl.an flul.d
Eggs wl.ll be transported by float plane to the Cl.ty of Kodl.ak and
then transported to Pl.llar Creek Hatchery Eggs wl.ll be seeded
l.nto Kl.tol. box l.ncubators after bel.ng water temperature accll.mated
l.f necessary. Egg densl.ty l.n each l.ncubator Wl.ll be 250,000 wl.th
flows set at 10 gpm. A fertl.ll.ty check wl.ll be conducted each day
eggs are seeded l.nto the l.ncubators as a quall.ty control measure to
assure hl.gh green to eyed egg survl.val
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Durl.ng the l.ncubatl.on perl.od, temperature unl.ts (TU) wl.ll be
monl.tored dal.ly to track egg development. Eggs wl.II be treated
Wl.th formall.n as requl.red to control fungus Other general
mal.ntenance wl.II be conducted accordl.ng to FRED Dl.vl.sl.on fl.sh
culture standard operatl.ng procedures (Fl.sh Culture Manual, 1983)
After reachl.ng the eyed stage of development, eggs wl.lI be shocked
and dead and ll.ve eggs wl.II be enumerated to calculate green to
eyed egg survl.val. Artl.fl.cl.al substrate wl.II be added to each
l.ncubator wl.th the ll.ve eggs after all the dead eggs have been
removed. Incubators wl.II be mal.ntal.ned throughout the rest of the
l.ncubatl.on perl.od followl.ng FRED standard operatl.ng procedures as
prevl.ously mentl.oned.

Durl.ng l.ncubatl.on, between the eyed and hatched stages, eggs wl.ll
be marked by thermally l.nduced otoll.th bandl.ng The mark wl.ll be
l.nduced by uSl.ng a rapl.d temperature change of 2 - 3° C

Sockeye fry wl.ll voluntarl.ly ml.grate from l.ncubators to raceways.
Red Lake fry wl.ll be segregated from other hatchery stocks l.n
raceways accordl.ng to FRED Dl.vl.sl.on compartmentall.zatl.on poll.cy
Fry wl.ll be enumerated as they enter the raceways uSl.ng an
electronl.c counter. Fry wl.ll be fed, begl.nnl.ng Wl.th Oregon MOl.st
Pellet (OMP) seml.-mOl.st starter mash After reachl.ng 0 3 gm l.n
sl.ze, fry wl.ll be fed OMP seml.-mol.st pelletl.zed feed. Fry wl.ll be
reared accordl.ng go FRED Dl.vl.sl.on Standard Operatl.ng Procedures and
sampled weekly to estl.mate feed converSl.on and growth

After fry reach 0.25 gm and/or when Red Lake surface water
temperatures reach 6° C, fry wl.ll be stocked l.nto Red Lake. Fry
wl.ll be removed from raceways and transported l.n an oxygenated tank
from Pl.llar Creek Hatchery to float plane stagl.ng area There they
wl.ll be transferred to a transport tank l.n a float plane where they
wl.ll be monl.tored by a fl.sh culturl.st whl.le l.n transl.t to Red Lake
Fry wl.ll released l.nto Red Lake after bel.ng accll.mated to the lake
water temperature.

As part of Fl.sh/Shellfl.sh Number 27 (sockeye overescapement),
Commercl.al Fl.sh Dl.vl.sl.on enumerates Red Lake smolt as they ml.grate
from the lake to the ocean. A smolt sample Wl.ll be collected and
preserved l.n alcohol. Otoll.ths from these smolt wl.ll be analyzed
to determl.ne hatchery and wl.ld fry-to-smolt survl.val.

Commercl.al Fl.sh Dl.vl.sl.on monl.tors Red Lake sockeye returns at an
adult wel.r sl.te. Escapement counts wl.ll be l.mportant to monl.tor
thl.s restoratl.on proJect

Sl.nce thl.s proJect l.S closely ll.nked to Fl.sh/Shellfl.sh Number 27,
data wl.ll be shared between the two proJects Specl.fl.cally, smolt
enumeratl.on and sampll.ng data, and Juvenl.le fry populatl.on estl.mate
data wl.ll be provl.ded by the ProJect Leader for NRDA study # 27.
In addl.tl.on, Commercl.al Fl.sh Dl.vl.sl.on wl.ll provl.de wel.r escapement
counts to the ProJect Leader of thl.s study on a dal.ly basl.s
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DELIVERABLES

A proJect report w1ll be completed at the end of 1992

TENTATIVE SCHEDULE AND PLANNING

(FY93)

Event

3. ProJect Status Report

1

2

Purchas1ng 1ncubators, raceways,
p1pel1ne, and plumb1ng

Purchas1ng egg take suppl1es

7/92

1/93

11/92

1/93

2/93

12/92 /

(FY94)

4. Preparat10n of P1llar Creek Hatchery
for rece1v1ng of eggs, 1ncubator,
raceways, and p1pel1ne 1nstallat1on,
egg take camp set up and supply
order1ng

5. Egg take s1te preparat10n

6 Red Lake sockeye egg take and s1te
breakdown

7. ProJect Status Report

8. Red Lake sockeye 1ncubat1on and
rear1ng

(FY95)

9. Cont1nue Red Lake sockeye 1ncubat1on
and rear1ng

10. Thermal otol1th mark1ng

11. Stock1ng fry 1nto Red Lake

12. Red Lake sockeye egg take and s1te
breakdown

13 ProJect Status Report

14. Red Lake sockeye 1ncubat1on and
rear1ng
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3/93

7/93

8/93

11/93

8/93

3/94

4/94

6/94

8/94

11/94

8/94

6/93

8/93

9/93

12/93

2/94

6/94

5/94

6/94

9/94

12/94

2/95



PrOJect Management: Responslbllltles

ProJect Leader: Lorne Whlte- overall proJect management and
report wrltlng.

Lead F1Sh Culturlst. Chrls Clevenger- hatchery operatl0ns,
remote egg take, lncubatlon and rearlng.

Asslstlng Personnel: steve Honnold- asslstlng proJect Leader
wlth proJect management and report wrltlng.

Fleld F1Sh Culturlst: steve Schrof- remote egg take

Loglstlcal requlrements for thlS proJect lnclude 1) transport of
all remote egg take and fleld camp gear by float plane from Kodlak
to Red Lake; 2) transport of all fleld personnel from Kodlak to egg
take slte; 3) durlng the remote egg take, supplles wll1 also be
flown ln along wlth lce to Chll1 the eggs on a dally basls; 4)
chllled eggs wll1 be flown out of Red Lake to Kodlak, and then to
Plllar Creek Hatchery after each day's egg take, 5) egg take slte
and fleld camp wll1 be dlsmantled and all materlal returned to
Kodlak by float plane; 6) personnel wll1 be returned to Kodlak as
requlred by egg take work schedule; 7) fry stocklng ln Red Lake
wll1 requlre transport by float plane from Kodlak

PERSONNEL QUALIFICATIONS

Lorne Whlte: Area Bl0loglst, FRED Dlvlslon, ADF&G for 6
years; Flshery Blologlst, FRED Dlvlsl0n, for 13
years

Chrls Clevenger: Hatchery Manager, Plllar Creek Hatchery, for 2
years, Asslstant Hatchery Manager, Blg Lake
Hatchery, for 5 years

steve Honnold: Asslst Area Blologlst, FRED Dlvlslon, ADF&G for
3 years, F1Sh Culturlst, Blg Lake Hatchery, for
3 seasons.

steve Schrof: F1Sh Culturlst, Plllar Creek Hatchery, for 1
season, Flsherles Technlclan, Snettlsham Hatch
ery, for 4 years

LITERATURE CITED

Malloy, L., 1988. Annual Management Report, Alaska Department of
F1Sh and Game, D1V1Slon of Commerclal Flsherles, Kodlak,
100 pages.
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Schm1dt, D., 1991. State/Federal Natural Resource Damage Assess
ment, Draft

FRED D1v1s1on, 1983. F1Sh culture Manual, Reference Manual,
90 pages.

Drucker, B. 1970. Red Salmon Stud1es at Karluk Lake, 1968 U S
Bur. Comm. F1Sh., Auke Bay B10l. Lab, Adm1n Rep 55 pages

Salar1es
Travel
Contractual
Suppl1es
Equ1pment

Subtotal
General Adm1n1strat10n

Total

BUDGET ($K)

$9.2
0.9
4 8
6 6

32.7

$54.2
1..-2

$55 9
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2P. RESTORATION HABITAT PROTECTION PLANNING

Adequate hab1tat 1S essent1al to resources and the serV1ces they
prov1de, and one means of encourag1ng the recovery of resources and
serV1ces 1nJured by the Exxon Valdez 011 sp1ll 1S to afford
add1t10nal protect10n to 1mportant hab1tat There are var10US
means by wh1ch protect10n measures can be 1mplemented, and these
range from purchase of land, purchase of "conservat10n easements",
to landowner agreements, or changes 1n future land management
act10ns. (Conservat10n easements 1nvolve the purchase of certa1n
r1ghts to use land, e.g stand1ng t1mber, w1thout the purchase of
the land 1tself.)

The Volume I: Restorat10n Framework lays out a f1ve-step process
for 1dent1fY1ng and protect1ng strateg1c hab1tats and recreat10n
s1tes

Before protect10n measures are pursued, 1t 1S necessary to
deterrn1ne Wh1Ch areas are the most 1mportant to f1sh and w1ld11fe
Several of the proposed proJects do th1s for b10log1cal resources
For example, the Harlequ1n Duck Restorat10n ProJect (R71) and the
Marbled Murrelet Restorat10n ProJect (R15) w1ll deterrn1ne, among
other th1ngs, the nest1ng hab1tat requ1rements of those spec1es,
both of wh1ch were 1nJured by the sp1ll Another ~roJect, Stream
Hab1tat Assessment (R47), w1ll focus on assess1ng the hab1tat value
of streams and adJacent hab1tat on lands that are scheduled for
land use alterat10n 1n the near future. Th1S proJect w1ll evaluate
hab1tats for several 1nJured spec1es, 1nclud1ng p1nk salmon, Dolly
Varden, cutthroat trout, harlequ1n ducks, and bald eagles

Hab1tat protect10n w1ll be cons1dered through the development and
1mplementat10n of a comprehens1ve Restorat10n Plan
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RESTORATION PROJECT NUMBER lS

study T~tle:

Lead Agency:

Marbled Murrelet Restorat~on study

USFWS

Cooperat~ng Agency: USFS

INTRODUCTION

The marbled murrelet (Brachyramphus marmoratus) ~s a small seab~rd

wh~ch largely depends on old-growth forests for nest~ng (B~nford et
ale 1975, Marshall 1988, Manley and Kelson 1991, 1992, Qu~nlan and
Hughes 1990, S~nger et al 1991, 1992, Nelson et ale 1992) The
spec~es currently ~s be~ng cons~dered for threatened or endangered
status throughout most of ~ts range, exclud~ng Alaska Pr~nce

W~ll~am Sound ~s one of three maJor populat~on centers of the
marbled murrelet ~n Alaska (Mendenhall 1988) Th~s populat~on

suffered substant~al d~rect mortal~ty from the Exxon Valdez 011
sp~ll. Based on an e~ght percent chance of carcass recovery (Ford
et ale 1991), an est~mated 9,570 murrelets were d~rectly k11led.
In Pr~nce W~ll~am Sound, marbled murrelets were 12% of retr~eved

carcasses, wh~ch ~s proport~onally more of the seab1rd populat~on

than the numbers at r~sk at the t1me of the sp111 (P~att et al
1990). Add~t~onally, petroleum hydrocarbon contam1nat10n has been
found ~n the l~vers of uno~led murrelets collected ~n 1989 1n 011ed
areas of the Pr~nce W1111am Sound (Kuletz 1992a) Murrelets
collected ~n uno~led areas of Pr~nce W1111am Sound after the sp111
were uncontam~nated.

The Pr~nce W~ll~am Sound marbled murrelet populat10n has decl~ned

s~gn~f~cantly, from approx~mately 300,000 ~n 1972 to 100,000 1n
1989-1991 (La~ng 1991), thus ~t 1S d~ff~cult to determ1ne the
contr~but~on of the Exxon Valdez o~l sp~ll to th~s decl1ne There
was no s~gn~f~cant d~fference ~n murrelet counts between 011ed and
uno~led shorel~ne ~n the Pr~nce W1111am Sound boat surveys or the
Naked Island area surveys. S~nce only about 25% of the murrelets
occupy waters w~th~n 200 m from shore (La~ng, unpubl data), and
murrelets are h~ghly mob1le ~n forag~ng, 1t 1S un11kely that an
011~ng effect could be detected us~ng the current methods of
analys~s.

The l~m~ted data ava~lable on murrelet breed1ng b1010gy suggests
that the~r reproduct~ve success ~s qu1te low (Hamer and Cumm1ns
1991, Kuletz 1992b, Nelson et ale 1992, S1nger et al 1991, 1992)
Murrelets face add~t10nal ~mpacts from loss of nest1ng hab1tat due
to logg~ng, wh~ch could threaten natural recovery Protect10n of
forested nest~ng hab~tat through acqu1s1t10n 1S one potent1al
approach for a~d~ng recovery of murrelets 1n the 011 sp111 area
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Integral to th1s approach 1S the ab111ty to 1dent1fy appropr1ate
hab1tat for protect10n. However, because so 11ttle 1S known about
the murrelet's hab1tat requ1rements or 1tS breed1ng dlstrlbutl0n,
further efforts are needed to achleve thlS goal. Two prlmary

• components are lntlmately 11nked In ldentlf1catl0n of approprlate
sltes - what are the characterlstlcs of murrelet nestlng habltat
and WhlCh potentlally sUltable areas 1n the 011 spl11 area are
belng used by the specles? Documentlng areas used by nestlng
murrelets lS eluslve because nests are generally dlfflcult to flnd.
ThlS study wl11 attempt to answer these questl0ns

An attempt wl11 be made to locate a relatlvely large number of
murrelet nests In an area In WhlCh ground search technlques have
proven to be an effectlve means for f1ndlng nests (Kuletz 1992b)
At these s1tes crltlcal elements of nestlng habltat wll1 be
quantlfled and behavl0rs, vocallzat10ns and actlvlty patterns
assoclated wlth nestlng wll1 be deflned These results wl11 be
used to establlsh crlterla for 1nferrlng use of an area by nestlng
murrelets , for ref1n1ng nest search technlques and for determlnlng
nestlng habltat requlrements (ObJectlve 1) Censuses wll1 also be
conducted at varl0US 10cat10ns 1n Prlnce W11l1am Sound to locate
hlgh use areas. The results from known nest sltes wl1l then be
used to lnterpret the slgnlflcance of murrelet actlvlty (ObJectlve
2) •

Marbled murrelets typlcally forage In shallow nearshore waters
dur1ng the breedlng season. ThlS area lS partlcularly vulnerable
to 011 pollut10n and human dlsturbance Consequently, proper
management of the adJacent marlne envlronment lS also lmportant In
protectlng murrelet habltat. Thus, dellneatl0n of nearshore
murrelet dlstrlbutlon relatlve to nestlng areas has been lncluded
1n Ob]ectlves 1 and 2. The results of th1S study wl11 be lntegrat
ed wlth other sources of data on murrelets In the Exxon Valdez 011
splll area (Ob]ectlve 3) These data wlll be analyzed, syntheslzed
and used to corroborate nestlng requlrements and approprlate
protectlon measures.

Completlon of thls phase of the study In 1992 wl11 result In
knowledge of murrelet nestlng habltat requlrements and 1dentlf1ca
tlon of uplands wlth the most potentlal for murrelet nestlng. ThlS
study wl11 also provlde gUldellnes for ldentlfylng nestlng habltat
throughout the 011 spl1l area.

OBJECTIVES

1. Determlne marbled murrelet nest1ng habltat requlrements and
develop crlterla for documentlng occupled nestlng habltat
wlthln forested portl0ns of the Exxon Valdez 011 spll1 area

2. Survey uplands throughout portl0ns of the 011 splll area to
1nvestlgate murrelet use of those hab1tats
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3. Comp1.le, analyze and synthesl.ze all murrelet data relevant to
the 01.1 spl.ll area.

METHODS

Sampll.ng Methods

Fl.eld tral.nl.ng wl.ll be conducted prl.or to fl.eld work accordl.ng to
the tral.nl.ng procedure. Thl.s seSSl.on wl.ll be held on the south
sl.de of Kachemak Bay or on Naked Island (Appendl.x A) l.mmedl.ately
followl.ng establl.shment of the fl.eld camp. Partl.cl.pants wl.ll be
tral.ned to l.dentl.fy marbled murrelets, to dl.stl.ngul.sh between
marbled and Kl.ttll.tz's murrelets and to conduct dawn watch surveys
The dawn watch survey l.S the fundamental method used for recordl.ng
murrelet actl.vl.ty at dawn, the peak perl.od when murrelets fly
between thel.r marl.ne foragl.ng sl.tes and l.nland nestl.ng areas.

ObJectl.ve 1

Nest Searches

Determl.ne marbled murrelet nestl.ng habl.tat requl.re
ments and develop crl.terl.a for documentl.ng occupl.ed
nestl.ng habl.tat Wl.thl.n forested portl.ons of the
Exxon Valdez ol.l spl.ll area

To determl.ne nest habl.tat requl.rements and develop crl.terl.a for
documentl.ng occupl.ed nestl.ng habl.tat, as many nests Wl.thl.n the
Naked Island Archl.pelago wl.ll be located as possl.ble Nest
searches wl.ll be conducted l.n areas prevl.ously establl.shed as
nestl.ng or suspected nestl.ng habl.tat, based on results of the 1991
Restoratl.on ProJect and the 1990 pl.lot stUdy (Kuletz 1991, 1992b).
Inl.tl.al efforts wl.ll focus on Naked Island (e g near nest sl.tes l.n
South Cabl.n Bay, McPherson Bay, and suspected nest sl.tes l.n
Northwest Naked and Bass Harbor), then Storey and Peak l.slands
Nest searches wl.ll begl.n ml.d-May to l.nclude the prospectl.ng and
l.ncubatl.on stages of nestl.ng Durl.ng these stages, murrelets are
most vl.sl.ble or predl.ctable around nests, and nests are most ll.kely
to be found then (Naslund, N, FWS, unpubl. data) Focusl.ng efforts
durl.ng these stages l.S crl.tl.cal to maxl.ml.zl.ng the sample Sl.ze of
nests. Forty-fl.ve dawn nest search surveys wl.ll be l.mplemented to
l.dentl.fy potentl.al nest sl.tes, or fl.nd nests when possl.ble. Thl.s
search technl.que wl.ll be supplemented Wl.th pre-dawn observatl.ons at
possl.ble nest trees uSl.ng a nl.ght vl.ewl.ng devl.ce Areas l.dentl.fl.ed
as proml.sl.ng through dawn nest search surveys wl.ll be thoroughly
checked from the ground uSl.ng bl.noculars and spottl.ng scopes If
no murrelets are readl.ly vl.sl.ble from the ground, an l.ntensl.ve nest
search wl.ll be undertaken When behavl.or at dawn l.ndl.cates nestl.ng
but Vl.ew of the suspected nest l.S obscured by vegetatl.on, a tree
adJacent to the suspected nestl.ng tree wl.ll be cll.mbed. The
cll.mber wl.ll then vl.sually search for sl.gns of nestl.ng from thl.S
elevated vantage pOl.nt. Addl.tl.onally, the ground below potentl.al
nest trees wl.ll be searched for eggshell fragments, as has
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successfully been done 1n Wash1ngton (Beck1ng 1991, Reed and Wood
1991, Hamer and Cumm1ns 1990, 1991).

Ident1fY1ng occup1ed Nest1ng Hab1tat

Use of potent1ally SU1table nest1ng hab1tat can be determ1ned
through two means: 1) f1nd1ng nests and 2) 1nferr1ng use by
certa1n observable behav10rs. Four sources of 1nformat10n from
nests found 1n 1992 w1ll be used to 1dent1fy and def1ne f11ght
behav10rs and voca11zat10ns 1nd1cat1ve of nest1ng and to ref1ne
nest search techn1ques. In turn, these data w1ll be used to def1ne
occup1ed and unoccup1ed forest stands and to determ1ne the best
method for assessl.ng occup1ed and unoccup1ed status of forest
stands. These results w1ll be used to 1nterpret murrelet act1v1ty
observed throughout Pr1nce W1ll1am Sound (under Ob] ect1ve 2)
These results w1ll also be used to assess potent1ally occup1ed
murrelet nest1ng hab1tat at spec1f1c s1tes w1th1n the Exxon Valdez
011 sp1ll area 1n the future The four methods are as follows

1. Dawn watch surveys Dawn watch surveys w111 be carr1ed out
four t1mes each dur1ng the 1ncubat10n phase and nest11ng
phase at three nests. These data w111 be analyzed and
compared w1th murrelet act1v1ty recorded at non-nest1ng
s1tes.

" 2. Dawn nest search surveys Behav10rs observed dur1ng nest
search efforts w111 be used to supplement f1nd1ngs from dawn
watch surveys when estab11sh1ng cr1ter1a for occup1ed status.

3 24-hour nest mon1tor1ng 24-hour v1deo record1ngs w111 be
1mplemented b1-weekly at 2 nests A spott1ng scope and a
n1ght v1ew1ng dev1ce w111 alternately be attached to the
v1deo camera to enhance observat10ns ACt1V1ty patterns w111
be analyzed to determ1ne the appropr1ate t1me of day to
conduct 1ntens1ve nest searches 1n future nest search
efforts.

4. Ins1de/outs1de stand compar1sons Twenty pa1red dawn watch
surveys, w1th one observer stat10ned 1ns1de and one stat10ned
outsl.de a stand, w111 be done 1n known nest1ng hab1tat to
determl.ne the best census method for document1ng f11ght
behav10rs and voca11zat10ns needed to assess occupl.ed and
unoccup1ed status of forest stands

Nestl.ng Habl.tat Requl.rements

To assess nest1ng hab1tat requl.rements and the potentl.al recovery
of murrelets through hab1tat acqu1s1t10n, the follow1ng methods
w111 be used. An attempt Wl.ll be made to flnd all nests wlthln
selected stands for dens1ty estlmates. Each documented nest wlll
be checked at least once to determlne nest1ng outcome. The 1991
nest trees w1ll be checked bl-weekly for slgns of reuse Murrelet
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nest, tree, and stand character1st1cs w111 be quant1f1ed upon the
complet1on of nest1ng efforts. The 1nformat10n ga1ned w111 ass1st
management 1n determ1n1ng the appropr1ate amount of acreage for
hab1tat protectlon and to pred1ct subsequent recovery rates.

Three survey types w111 be used to gather data on the mar1ne
d1str1but1on of murrelets Wh1Ch w111 be 1ntegrated w1th data on
terrestr1al hab1tats. Results can be used to gU1de appropr1ate
management of the nearshore enV1ronment adJacent to proposed
hab1tat acqu1s1t1ons. The survey types 1nclude.

1. B1-monthly shorel1ne censuses of Cab1n and Outs1de bays on
Naked Island w111 be done follow1ng the dawn watch surveys at
the three upland mon1tor1ng sltes, descr1bed under 'Seasonal
Var1at10n' below. The shorel1ne censuses w111 be conducted
by two observers uS1ng an 1nflatable boat, all murrelets
wlth1n 200 m of shore w111 be counted. Results of these
surveys w111 be analyzed to determ1ne how well the morn1ng
nearshore d1str1but1on corresponds to 1nland hab1tat use

2. A complete shorel1ne census w111 be conducted around Naked,
Peak and Storey 1slands 1n June to determ1ne murrelet
nearshore d1str1but10n dur1ng the 1ncubat10n per10d

3. Murrelet d1str1but10n w1th1n 5 km of Naked, Peak and Storey
1slands w1ll be censured once each 1n the early, m1d and late
nest1ng season, follow1ng the methods 1mplemented 1n the 1991
p1lot study.

Predator Counts

EV1dence 1nd1cates that nest1ng murrelets are qU1te vulnerable to
predat10n (Slnger et al 1991, Kuletz 1992b, Nelson et al 1992)
Therefore, predat10n r1sk 1S an 1mportant component of murrelet
nest1ng hab1tat. Potent1al aV1an predators assoc1ated w1th nest1ng
hab1tat w1l1 be 1nvest1gated uS1ng the f1xed-po1nt count survey
method near each nest and from analys1s of the 24-hour v1deo
record1ngs at nests d1scussed above.

Seasonal Var1at1on

B1-monthly dawn watch surveys w111 be conducted at three upland
mon1tor1ng sltes establ1shed 1n 1990 and 1991 (e g sltes #1, #2
and #5, see Kuletz 1991, 1992b). These data w111 be used to
mon1tor seasonal and annual var1at1on, for compar1sons w1th
documented nest1ng phenology and dawn watch surveys at nest sltes,
for compar1sons w1th act1v1ty recorded elsewhere 1n Pr1nce W1111am
Sound (ObJect1ve 2), and for murrelet mar1ne-terrestr1al hab1tat
assoc1at1ons.
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ObJectl.ve 2: Survey uplands throughout portl.ons of the Exxon
Valdez Ol.l spl.ll area to l.nvestl.gate upland murre
let use of these habl.tats.

L

General Procedures

Thl.s obJectl.ve of the study wl.ll be to l.dentl.fy areas of hl.gh
murrelet upland actl.vl.ty, l.ndl.catl.ve of nestl.ng habl.tat BUl.ldl.ng
on results from the Naked Island portl.on of thl.s proJect, surveys
l.n hl.gh-use areas may be requl.red l.n later years to l.dentl.fy
'documented use' stands In 1992, upland actl.vl.ty by murrelets
wl.ll be assessed l.n varl.OUS locatl.ons l.n Prl.nce Wl.lll.am Sound from
a boat anchored near shore The basl.c sampll.ng method wl.ll be the
'dawn watch' survey, as descrl.bed l.n the Pacl.fl.c Seabl.rd Group
protocol (Paton et ale 1990), wl.th some modl.fl.catl.ons for Alaskan
condl.tl.ons. One dawn watch wl.ll be conducted at each sl.te. Thl.s
proJect l.S not desl.gned to defl.ne sl.tes as unoccupl.ed by murrelets,
Sl.nce that would requl.re a ml.nl.mum of four Vl.Sl.ts to each sl.te for
verl.fl.catl.on (Nelson 1991) Results from these surveys Wl.ll be
l.ntegrated wl.th USFS habl.tat data and analyzed for sl.gnl.fl.cant
murrelet - habl.tat assocl.atl.ons.

Thl.s survey Wl.ll be conducted by three USFWS and three USFS fl.eld
personnel operatl.ng from a chartered 58-foot vessel. Half of the
dawn watches wl.ll be conducted from the deck of the large vessel by
one of the USFWS observers Thl.s method was tested l.n Prl.nce
Wl.lll.am Sound l.n 1991 and proved useful (Kuletz 1992). A second
crew of two observers, also based on the larger vessel, wl.ll travel
to adJacent sl.tes l.n an l.nflatable boat and conduct dawn watches at
shorell.ne or further l.nland at some locatl.ons The latter effort l.S
desl.gned to make a pal.red comparl.son between murrelet detectl.on
levels observed from the anchored boat and those detected further
l.nland.

Sample Sl.ze

The survey perl.od for marbled murrelets l.n Alaska l.S from early May
to early August (Kuletz 1991) Surveys wl.ll begl.n approxl.mately 5
May and contl.nue untl.l 8 August A ml.nl.mum of 60 shorell.ne Sl.tes
and 20 adJacent l.nland sl.tes l.S the survey goal for 1992 A 58-foot
vessel wl.ll be chartered for 55 days, to allow for weather days and
logl.stl.cal delays. Thus, there wl.ll be 40 days aval.lable for dawn
watch surveys, or 40 'anchor sl.tes' At 20 anchor sl.tes, a remote
crew of two people Wl.ll move to an adJacent l.nland sl.te to conduct
a dawn watch for comparl.son Wl.th the watch done from the anchored
vessel. At the other 20 sl.tes, a remote crew Wl.ll travel Vl.a
l.nflatable raft to a nearby cove or bay to conduct a separate dawn
watch from shore. Thus, there wl.ll be a ml.nl.mum total of 60 Sl.tes
surveyed from shorell.ne, wl.th 20 of those havl.ng a pal.red l.nland
sl.te, for a total of 80 dawn watch surveys
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Sl.te Selectl.on

currently, a comprehensl.ve habl.tat data base for Prl.nce Wl.lll.am
Sound upland habl.tat l.S unaval.lable, thus, sample Sl.tes for thl.s
portl.on of the study wl.II not be pre-selected based on habl.tat
crl.terl.a. In 1992, sampll.ng effort wl.II be concentrated l.n the
western half of Prl.nce Wl.lll.am Sound where USFWS surveys l.ndl.cate
murrelet concentratl.ons are generally hl.gh l.n the summer (Irons,
unpubl. data; Lal.ng, unpubl data) Dawn watch sl.tes wl.II be
selected to l.nclude both prl.vate and publl.c lands. Selected Sl.tes
wl.ll be dl.vl.ded between areas wl.th hl.gh and low at-sea murrelet
densl.tl.es, uSl.ng the transect data from USFWS boat surveys Sl.tes
wl.ll be clustered to facl.Il.tate the sampll.ng efforts of the USFS
habl.tat crew. Logl.stl.cal constral.nts wl.ll be a factor l.n Sl.te
selectl.on and seasonal dl.strl.butl.on of sampll.ng effort

Habl.tat Classl.fl.catl.on

Once at the anchor sl.te, habl.tat wl.thl.n Vl.ew wl.lI be defl.ned and
photographl.cally recorded. Four basl.c habl.tat categorl.es wl.II be
l.ncluded l.n the sampll.ng effort densely forested, ml.xed forest
ed/unforested, muskeg/meadow and alpl.ne Detal.led habl.tat data for
the areas surroundl.ng the anchor sl.tes wl.II also be gathered by
USFS botanl.sts. The USFS habl.tat plots wl.II be central to one or
several USFWS dawn watch sl.tes The USFS data wl.lI contrl.bute to
the database for the ecologl.cal mappl.ng unl.ts, to allow access
through thel.r GIS system Use of the GIS wl.Il allow more precl.se
analysl.s of murrelet habl.tat data

Marl.ne Habl.tat Use

Thl.s study wl.ll l.nclude a ll.ml.ted effort to study murrelet use of
the nearshore envl.ronment for two reasons. Fl.rst, future upland
surveys wl.ll benefl.t l.f l.t l.S shown that at-sea counts are
l.ndl.catl.ve of upland nestl.ng nearby If thl.s l.S true, at-sea
surveys can be used to focus upland surveys to fl.nd nestl.ng
habl.tat. Second, a correlatl.on between at-sea counts and upland
fll.ghts would suggest that proxl.ml.ty to forage habl.tat l.S an
l.mportant component of murrelet nestl.ng habl.tat, and these
nearshore foragl.ng areas should be managed to reduce human
dl.sturbance durl.ng the breedl.ng season. The null hypothesl.s of
l.ndependence between at-sea counts and adJacent upland actl.vl.ty
wl.Il be tested wl.th three data sets:

a. Selected Sl.tes wl.II be dl.vl.ded between those l.n assocl.atl.on
wl.th transects of hl.gh and low at-sea murrelet densl.ty, based
on USFWS boat survey data The dawn actl.vl.ty levels wl.II be
compared between the areas assocl.ated Wl.th hl.gh and low at
sea counts.

b. Fl.xed-pol.nt counts. Followl.ng the dawn watch from the
anchored vessel, the observer wl.II count all murrelets wl.thl.n
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200 m of the boat. The area wlthln Vlew wlll be outllned on
a marlne chart for later calculatlon of area and converSlon
of murrelet counts to densltles

c. Shorellne surveys: Slnce all of the Prlnce Wllllam Sound
shorel~ne has been del~neated lnto transects for standard
shorel~ne boat surveys of marlne blrds and mammals (Irons et
ale 1987, Klos~ewsk~ and HotchklSS 1990), each anchor slte
used for a dawn watch survey wlll be assoclated w~th a USFWS
transect. At every anchor slte (lncludlng the shorellne slte
surveyed by the remote crew), a shorellne survey wlll be done
along the assoclated shorellne transect. Two observers wlll
cru~se ~n an lnflatable boat 100 m offshore and count b~rds

out to 200 m from shore, uSlng blnoculars

Ob]ect~ve 3. Comp~le, analyze and synthes~ze all murrelet data
relevant to the Exxon Valdez 011 sp~ll area.

Data ~n a var~ety of formats are avallable for marbled murrelets In
the o~l sp~ll area. Th~s ~nformatlon wlll be valuable In determln
~ng future restorat~onefforts, ~nterpretatlonof on-golng proJects
and as a basel~ne for documentlng recovery. These data have not
been eas~ly accesslble because of the range of data types,
d~fferent degrees of compllatl0n and analysls, and the varlety of
agenc~es lnvolved In data collectlon

Th~s ob]ect~ve of the study wlll locate and synthes~ze lnformatlon
wh~ch w~ll a~d restoratlon efforts for the marbled murrelet Some
of the data sets WhlCh wlll be accessed lnclude, but wlll not be
l~m~ted to:

1. outer Cont~nental Shelf Envlronmental Assessment Program
(OCSEAP) from the 1970's,

2. Surveys of the Kodlak Archlpelago by the Kodlak Natlonal
W~ldl~fe Refuge;

3. Surveys of the Lower Cook Inlet and Kenal Pen~nsula by the
Alaska Marltlme Natlonal Wlldllfe Refuge and Kenal F]ords
Nat~onal Park,

4. Surveys of Prlnce Wlll~am Sound by USFWS In 1972-1973, 1984
1985 and 1989-1991;

5. Unanalyzed data from marbled murrelet damage assessment
stud~es ~n 1989-1990 wlth emphasls on effects of human
d~sturbance and da~ly and seasonal varlatlon In at-sea
d~str~but'l0n;

l
~-

6. Bathymetr~c features and shorellne habltats of Prlnce Wlll~am

Sound, to be ~ntegrated Vla GIS wlth at-sea data and results
of the 1992 upland surveys,
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7. Pub11shed and unpub11shed reports of Brachyramphus nests and
Juven1les found by var10US people throughout the Exxon Valdez
011 sp1ll area;

8. Informat10n on prey spec1es used throughout the 011 sp111
area from USFWS food stud1es, 1nclud1ng unpubl1shed results,
and,

9. G1llnet morta11ty records for Pr1nce W1111am Sound from the
NOAA Mar1ne Adv1sory Program

Standard Operat1ng Procedures

These standard operat1ng procedures w111 be used to meet
ObJect1ve 1 and are fully descr1bed 1n "Other Informat10n" below

1. Tra1n1ng procedure
2. Dawn nest search survey
3. Intens1ve nest search
4. Dawn watch survey
5. Nest s1te samp11ng
6. At-sea transects

Qual1ty Assurance and Control Plans

Qua11ty control w111 be prov1ded for the dawn watch, the bas1c
samp11ng method, by tra1n1ng all f1eld personnel 1n Anchorage and
on-s1te, follow1ng the Stand1ng Operat1ng Procedure Data taken on
hand-held recorders dur1ng the dawn watch w111 be transcr1bed by
the observer as soon as poss1ble, uS1ng the data sheet developed
for th1s study. The data sheet w111 be f1eld-checked by the f1eld
superv1sor, entered at the USFWS Anchorage off1ce, checked aga1nst
the raw data, and corrected

Hab1tat class1f1cat10n w111 be checked by USFS personnel on s1te,
to assure standard1zat10n of hab1tat types dur1ng the Pr1nce
W11l1am Sound surveys At nest s1tes, hab1tat class1f1cat10n and
plant 1dent1f1cat10n w111 be conducted by or checked by USFS
personnel. Vegetat10n samples taken from nests w111 be kept 1n
paper bags, catalogued and 1dent1f1ed by USFS personnel Eggshell
samples w1ll be catalogued and the ma]Or1ty of samples arch1ved at
the Un1vers1ty of Alaska, Fa1rbanks museum

All at-sea murrelet counts w111 follow SOPs Standard1zat10n of
d1stance JUdgements w1l1 be assured by pract1ce and occas10nal
observer ca11brat10n w1th use of a bUoy on a 100 m 11ne tra1led
from the census1ng vessel. Data w111 be transcrlbed d1rectly onto
a waterproof data sheet and fleld checked

The pr1nclpal 1nvest1gator wll1 be respons1ble for study deslgn and
analys1s of data, wh1ch w111 be subm1tted for peer reV1ew
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Informat10n Requ1red from other Invest1gators

Th1S study 1S a cooperat1ve proJect w1th the USFS It w1ll also
requ1re cooperat10n W1th GIS support serV1ces of both USFS and
USFWS 011 sp1ll off1ces Pr1nce W1ll1am Sound boat survey data
w1ll be prov1ded by NRDA B1rd Study 2

Safety Requ1rements

All f1eld personnel w1ll attend standard USFWS safety tra1n1ng,
Wh1Ch w1ll 1nclude CPR, f1rst a1d, mar1ne safety and surv1val, bear
and gun safety. In add1t10n, they w1ll attend a four-day tree
c11mb1ng workshop g1ven by Chuck McDonald (USFS, QU1nalt Ranger
D1str1ct, Wash1ngton). F1eld personnel w1ll also attend a map
read1ng and or1enteer1ng class 1n preparat10n for upland surveys
Float plans w1ll be subm1tted pr10r to every mar1ne tr1p Emergency
procedures and standard safety operat1ons followed 1n 1991 w1ll be
rev1ewed and ma1nta1ned

DATA ANALYSIS

All data w1ll be entered 1nto a Paradox Relat10nal Database
(Release 3.0, Borland Internat1onal) and w1ll be transferred to SAS
(Release 6.04, SAS 1nst1tute, Inc) for analys1s Steve Klos1ewsk1,
B10metr1c1an for M1gratory B1rd Management, USFWS, w1ll be
consulted for ass1stance 1n analys1s and 1nterpretat10n of
stat1st1cal results. Mapp1ng and 1ntegrat10n of GIS data w1ll be
done w1th the ass1stance of Tom Jenn1ngs and Barbara Boyle, USFWS.

The three dawn watch s1tes 1n Cab1n Bay at Naked Island to be used
as mon1tor1ng S1tes w1ll be censured on the same day and all
detect10ns comb1ned for exam1n1ng trends 1n detect10n levels
Morn1ng detect10n trends w1ll be graphed 1n f1ve m1nute 1ntervals
before and after sunr1se. Seasonal trends w1ll be exam1ned by
graph1ng the total detect10ns for each b1-monthly mon1tor1ng survey
between May and August Seasonal changes 1n certa1n behav10ral
observat1ons w1ll be exam1ned by graph1ng the frequency d1str1bu
t10n of each behav10r over t1me, and test1ng for s1gn1f1cant
d1fferences 1n presence/absence of the behav10r uS1ng a cont1ngency
table and Ch1-square stat1st1c. A s1m1lar test w1ll be done between
those s1tes known to be near a murrelet nest and those w1th no
known nest.

For compar1son between dawn surveys done 1ns1de and outs1de a
forest stand, pa1red t-tests w1ll be done on the total number of
detect10ns, number of v1sual detect10ns and numbers of spec1f1c
types of behav10rs per watch

,
For both the Naked Island dawn surveys and those done throughout
Pr1nce W1ll1am Sound, the rank correlat1on between number of upland
detect10ns and the at-sea counts conducted the same morn1ngs w1ll
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be tested us~ng the Kendall~s Tau-b stat~st1c, to compensate for
'outl~er' data po~nts. Among the Pr1nce W1111am Sound survey s1tes,
the mean number of detect10ns between areas chosen for the1r h1gh
at-sea counts vs. those chosen for the1r low at-sea counts w111 be
tested for a s~gn~f~cant d1fference w1th at-test

For the Pr~nce W~ll~am Sound surveys, the number of murrelet
detect~ons recorded dur1ng dawn watch surveys w111 be graphed to
determ~ne ~f there 1S a def~n1t1ve separat10n between 'h1gh-use'
and 'low-use' s~tes. If so, these categor1es w111 be used to test
(by T-test for cont~nuous var1ables, Ch1-square test for categor1
cal var~ables) for s1gn1f~cant d1fferences 1n hab1tat features
between s~tes w~th h1gh vs. low murrelet act1v1ty otherw1se, a
mult1var~ate analys~s w~ll be done uS1ng hab1tat var1ables aga1nst
the dependent var1able of number of murrelet detect10ns.

DELIVERABLES

Th1S proJect w111 prov1de three reports·

1. A f~eld season status report one month after complet10n of
the f~eld season;

2. A prel~m~nary report for peer rev1ew, and,

3. A f1nal report, 1n three sect10ns, to address the three pr1me
obJect~ves Three sets of maps w111 be prov1ded uS1ng the
GIS:

a) the Pr~nce W1111am Sound upland survey s1tes and the1r
relat1ve murrelet upland act1v1ty levels,

b) the Naked Island survey s1tes, and the locat10n of any
murrelet nests, ~n conJunct10n w1th the ecolog~cal

mapp~ng un~ts def1ned by the USFS, and,

c) the at-sea d1str1but10n of murrelets,
randomly chosen transects around the
complex, once each for May, June and July

based
Naked

on the
Island

The Naked Island nest1ng hab1tat component w111 also prov1de a
deta1led descr1pt10n of nest1ng hab1tat and nest trees, plUS
def~n~t~ons of behav~oral cues 1nd1cat1ve of nest1ng Th1S
component of the proJect w111 result 1n a ref1ned tra1n1ng program
and manual for conduct1ng dawn watch surveys 1n Alaska, 1nclud1ng
aud10 tapes (and poss1bly v1deo).
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SCHEDULES & PLANNING

A. Data and Report Subm1ss10n Schedule

1992 March

Apr11

1 - 10 May

10 May - 20 Aug

10 May - 8 Aug

31 Aug

10 Aug - Sept

Oct - Dec

Dec

1993 March

Sample and Data Arch1val

Secure charter vessel
H1re personnel
Order selected equ1pment

Preparat10n for f1eld season (pro
curement and personnel, safety
tra1n1ng, contract1ng)

Dawn-watch survey tra1n1ng

F1eld season for Naked Island compo
nent

F1eld season for Pr1nce W1111am
Sound survey component

Status report on 1992 f1eld season

Data entry and comp11at10n

Data analys1s and report wr1t1ng

Pre11m1nary report

F1nal report

All nest samples and data w111 be arch1ved at the 011 Sp111 Off1ce,
U.S F1Sh and W11d11fe Serv1ce, Anchorage, Alaska

Management Plan

The Pr1nc1pal Invest1gator, Kathy Kuletz, w111 coord1nate act1v1
t1es and data exchange w1th the U S Forest SerV1ce The USFS w111
have a botan1st and two b101og1cal techn1c1ans gather1ng hab1tat
data 1n the f1eld. The Pr1nc1pal Invest1gator w111 be respons1ble
for study des1gn, coord1nat10n, data analys1s and complet1on of
f1nal products. Two USFWS w11d11fe b101og1sts (one for the Pr1nce
W1111am Sound surveys and one for the Naked Island nest1ng hab1tat
study) w111 be respons1ble for f1eld operat1ons and f1eld check1ng
of data. They w111 also ass1st 1n data entry, synthes1s and
analys1s. In add1t10n to the f1eld superv1sors, f1ve USFWS
b101og1cal techn1c1ans w111 ass1st 1n gather1ng data and data
entry.
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Log~st~cs

Ob]ect~ve 1, the nest~ng hab~tat port~on of th~s proJect, w~ll be
based on Naked Island, Pr~nce W~ll~am Sound The four permanent
personnel based at th~s s~te w~ll ma~nta~n a 25-foot Boston Whaler
on s~te for at-sea transects, transport among ~slands, resupply
tr~ps to Wh~tt~er and as an emergency backup transport. They w~ll

also have a 12-foot ~nflatable boat for local transport The camp
suppl~es and gas barrels w~ll be del~vered by barge ~n early May,
and p~cked up ~n m~d-August. Personnel w~ll be equ~pped for
overn~ght backpack~ng tr~ps for survey~ng or locat~ng nests d~stant

from base camp.

Ob]ect~ve 2, the Pr~nce W~ll~am Sound survey of upland hab~tat use,
w~ll rely on a chartered 58-foot vessel equ~pped w~th at least one
~nflatable boat. The vessel, Auklet, under USFS contract, w~ll be
scheduled for use on th~s pro] ect w~th the cooperat~on of the
vessel's owners and USFS. The Auklet sleeps s~x plus crew, and w~ll

prov~de for all food and fuel for the Pr~nce W~ll~am Sound surveys.
Personnel w~ll also be equ~pped for overn~ght backpack~ng and
camp~ng for survey~ng s~tes away from the anchor s~tes.

Ob]ect~ve 3, may requ~re some travel by the PI or an ass~stant to
rev~ew or retr~eve data from the agency of or~g~n Travel and per
d~em expenses are ~ncluded ~n the budget

PERSONNEL QUALIFICATIONS

Pr~nc~pal Invest~gator: Kathy Kuletz rece~ved her M.S. from the
Un~vers~ty of Cal~forn~a, Irv~ne, ~n 1983. Her thes~s, based on
research done at Naked Island, Pr~nce W~ll~am Sound, was on
forag~ng and reproduct~ve success of p~geon gu~llemots. Ms Kuletz
has worked ~n Alaska s~nce 1976 for the USFWS, Dames and Moore
Consult~ng and LGL Alaska Research In 1988, she conducted an
~ndependent study on at-sea census~ng of murrelets for the Alaska
Mar~t~me Nat~onal W~ldl~fe Refuge S~nce 1989, Ms Kuletz has been
P. I. for the marbled murrelet damage assessment study and the
restorat~on feas~b~l~ty study for marbled murrelets

Naked Island f~eld superv~sor. Nancy Naslund d~d her M S. thes~s

research on the breed~ng b~ology of marbled murrelets ~n central
coastal Cal~forn~a. Th~s work led to the d~scovery of two murrelet
tree nests and represents the only ~n depth study yet conducted on
murrelet breed~ng behav~or Part of th~s study also resulted ~n the
development of a ground search techn~que for locat~ng murrelet tree
nests. In add~t~on, Ms Naslund has conducted f~eld work s~nce 1980
on a var~ety of terrestr~al and mar~ne b~rd spec~es ~nclud~ng the
Cal~forn~a least tern, peregr~ne falcon and Cal~forn~a condor Ms
Naslund was part of the 1991 team for the marbled murrelet
restorat~on feas~b~l~ty study
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Pr1nce W1111am Sound Survey f1eld superv1sor: Denn1S Marks
completed h1s M.S. at the Un1vers1ty of Oregon Inst1tute of Mar1ne
B1010gy where he stud1ed the feed1ng ecology of several spec1es of
bottom f1sh. In 1990 he part1c1pated 1n the marbled murrelet and
p1geon gu11lemot damage assessment stud1es. In 1991 he was part of
the Marbled Murrelet Restorat10n study PreV10US to these stud1es,
Mr. Marks spent several years coord1nat1ng f1eld proJects on the
west coast and abroad.
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OTHER INFORMATION

STANDARD OPERATING PROCEDURE REQUIREMENTS

A. Tralonlong procedure. All new floeld personnel WloII undergo
tralonlong and verloflocatloon prloor to conductlong dawn watch
surveys. The tralonlong program wloII conslost of three phases
Tralonees wloII florst attend an lontroductory lecture explalonl.ng
survey procedures and lonlotloal lonstructl.on on murrelet l.dentl.
flocatloon uSlong vlodeos of flylong murrelets and audloo recordlongs
of murrelet calls and calls of other specloes that may be
encountered. The next phase wloII lonclude three days durl.ng
whloch tralonees are lonstructed lon the fl.eld on the l.dentlofl.ca
tloon of flylong murrelets and thel.r calls, behavl.or classl.fl.ca
tloons, and proper completloon of data forms Fl.nally, tral.nees
wloII be tested lon the floeld. Successful completloon of the
course WloII occur when a tralonee adequately records 80% of the
murrelet detectloons recorded by the l.nstructor durl.ng a dawn
watch survey.

B. Dawn watch surveys (for forest and alpl.ne habl.tats) Dawn
surveys of murrelet actl.vl.ty wl.II be conducted uSl.ng estab
lloshed protocol for "Intensl.ve. Inventory Surveys" (Paton et
ale 1990). The followl.ng reVl.Sl.ons wl.II be made, based on
prl.or studloes at Naked Island and elsewhere

1. Dawn watch surveys wloII begl.n 1 hour prl.or to
offlocloal sunrl.se (lonstead of 45 ml.nutes) to compen
sate for the loncreased pre-dawn ll.ght levels asso
cloated wloth northern latl.tudes, relatlove to more
southern latlotudes where murrelet survey protocols
were lonlotloally developed,

2. Addlotloonal data on fll.ght behavloors and vocalloza
tloons, potentl.ally l.mportant for l.nterpretl.ng
murrelet actlovloty, wl.II be recorded (Nelson 1989,
1991; Naslund et al 1990b, Sl.nger et ale 1991,
Kuletz, unpubl. data, Naslund, unpubl data), and

/

3. The presence of other aVl.an specl.es wl.II be record-
ed to determlone the presence of potentl.al aVl.an
predators.

C. Nest search protocols A ground search technloque developed l.n
Callofornloa (Naslund et al 1990b) wloth approprl.ate reVl.Sloons
based on results of efforts on Naked Island l.n 1991 (Kuletz
and Naslund, unpubl. data) wl.II be used to search for nests
Thlos technl.que has two prl.mary components and l.S summarl.zed as
follows:

1. Dawn nest search surveys. Searches begl.n 1 hour
prloor to and last 1 hour after offl.cl.al sunrl.se or
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15 m1nutes after the last detect10n, wh1chever 1S
later. Two or three observers are stat10ned at
vantage p01nts afford1ng good V1S1b111ty of the
tree crown or stand canopy of 1nterest Observers
are located at oppos1ng s1des of the tree or stand
so that v1sual and aud1tory detect10ns of murrelets
can be tr1angulated to determ1ne spec1f1c areas of
use. Observers focus on fl1ght patterns that may
1nd1cate nearby nest1ng 1nclud1ng 'fly-bys', 'fly
1ng 1n tandem', 'stall-outs', and land1ngs and
departures as well as vocal1zat1ons assoc1ated w1th
1ncubat10n exchanges Dur1ng the nestl1ng phase,
surveys w111 cont1nue an add1t10nal half hour S1nce
murrelets are known to fly 1n to feed ch1cks
throughout the day (Hamer and Cumm1ns 1991, Naslund
et ale 1990a); and

2. Intens1ve nest ~ search An observat1on spot 1S
establ1shed at least 25 m from the suspected nest
tree w1th good V1S1b111ty of the potent1al nest
branch. Observat10ns are made through a spott1ng
scope and data recorded on a m1crocassette record
er. The Ob]ect1ve 1S to observe the murrelet turn
1ng 1tS egg, the t1me when an otherw1se camouflaged
murrelet becomes most v1s1ble Observat10n per10ds
last for at least 2 un1nterrupted hours dur1ng the
morn1ng to maX1m1ze the chance of observ1ng a
turn1ng bout (based on act1v1ty patterns 1n Cal1
forn1a, Naslund et ale 1990a)

D. Nest s1te sampl1ng Establ1shed protocol for collect1ng data
on nests, nest trees and nest tree stands (VarouJ ean and
Carter 1989) w111 be used, w1th one except10n The d1menS10ns
of stand compos1t10n plots w111 be measured on the ground
surface 1nstead of a hor1zontal plane, to enable quant1tat1ve
compar1sons between plots (Mueller-Domb01s and Ellenburg
1974).

E At-sea transects At-sea transects w111 repeat the p110t
effort conducted 1n 1991, wh1ch tested the appl1cab111ty of
strat1f1ed random sampl1ng 1n a relat1vely small area of
mar1ne hab1tat. A 1 km gr1d was overla1d on a naut1cal chart,
w1th three strata be1ng used

1. shorel1ne to 200 m from shore, uS1ng a complete shorel1ne
census;

2. 200 m to 2 km from shore, creat1ng a "buffer zone"
surround1ng Naked, storey and Peak 1slands and,

3. 2 km to 5 km from shorel1ne, th1rty blocks were randomly
chosen 1n each of the last two strata, and w1th1n selected
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blocks, the actual transect l1ne was chosen among f1ve
poss1b1l1t1es, 1n 1ncrements of two degrees

These s1xty 200 m-w1de, 1 km-Iong transects w111 be censused once
each 1n May, June and JUly to mon1tor seasonal changes 1n at-sea
d1str1but1on. To m1n1m1ze day-to-day effects, the complete census
should be done over three consecut1ve days To m1n1m1ze effects of
d1el act1v1ty patterns, the transects w111 only be censused between
0600 and 1200 hours. Seas should be calm « 5 m) and v1s1b1l1ty
good. The dr1ver and observers w1ll use b1noculars for pos1t1ve
1dent1f1cat1on and scan 1n a forward d1rect10n. Boat speed w111 be
approx1mately 8 knots All b1rds and mar1ne mammals w111 be
counted, but pr10r1ty w111 be g1ven to murrelet counts and
1dent1f1cat1on where aggregat10ns of b1rds are encountered.
Murrelets that cannot be pos1t1vely 1dent1f1ed to spec1es w111 be
categor1zed as Brachyramphus murrelet. Data w111 be recorded
d1rectly onto a waterproof data sheet (Append1x D) by one of the
observers.

BUDGET ($K)

USFWS USFS TOTAL

Personnel $ 185.5 $ 38 9 $ 224.4
Travel 15.0 4 5 19.5
Contractual 61 8 23 0 84 8
Commod1t1es 12.0 0.9 12 9
Equ1pment 36.7 1.5 38 2

Subtotal $ 311.0 $ 68.8 $ 379.8
General Adm1n1strat1on 32 1 7 4 39.5

Total $ 343 1 $ 76 2 $ 419 3
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RESTORATION PROJECT NUMBER 47

study T~tle:

Lead Agency:

stream Hab~tat Assessment

ADF&G

INTRODUCTION

Coastal stream systems and assoc~ated r~par1an areas are ~mportant

hab~tat for a number of spec~es that were 1nJured by the Exxon
Valdez o~l sp~ll. stream surveys by ADF&G 1ntend to focus on
hab~tats that are of potent~al ~mportance to p~nk salmon, Dolly
Varden char, cutthroat trout, harlequ~n ducks, and bald eagles.
These spec~es are documented to have susta~ned ~nJur~es as a result
of the o~l sp~ll, and all are assoc~ated to some extent w~th stream
env~ronments. P~nk salmon, Dolly Varden char and cutthroat trout
are anadromous spec~es of f~sh that ut~l~ze freshwater env~ronments

for ~mportant l~fe funct~ons such as spawn1ng, rear1ng and
overw~nter~ng. Harlequ~n ducks use freshwater streams for nest~ng

and feed~ng act~v~t~es. Bald eagles frequently nest ~n the
v~c~n~ty of freshwater streams where feed~ng opportun~t~es are
abundant.

P~nk salmon exh~b~ted h~gher than normal egg mortal~ty rates 1n
o~led areas (70 percent ~n 1989, 50 percent ~n 1990), and fry
showed ev~dence of gross phys~cal abnorma11t~es Dolly Varden char
and cutthroat trout susta~ned h~gher than normal annual mortal~t~es

(up to 32 percent) compared to un011ed areas; cutthroat trout had
reduced growth rates ~n o~led areas In excess of 200 harlequ1n
ducks d~ed from d~rect exposure to 011 1n 1989, and stud1es
~nd1cate that ducks may have suffered a nearly complete reproduc
t~ve fa~lure ~n the Pr1nce W1111am Sound 011 sp111 area dur1ng 1990
and 1991. At least 144 bald eagles d1ed as a result of d1rect
exposure to o~l or by eat1ng 011ed carr10n, and bald eagles have
exper1enced h~gher rates of nest fa11ure 1n 011ed areas

Certa1n development act1v1t1es, part1cularly clearcut 10gg1ng of
mature forests, represent a potent1al threat to f1sh and w11d11fe
resources that rely on these hab1tats for cr1t1cal 11fe funct~ons.

Th1S threat ~s expressed as an 1ncremental loss of hab1tat that may
1mpede the recovery of 1nJured speC1es populat10ns or may 1nf11ct
add1t10nal ~nJury. The proposed surveys are 1ntended to focus on
pr~vate lands that are scheduled for 10gg1ng or other types of
maJor hab~tat alterat10n Unless these surveys are conducted 1n
1992, opportun~t1es may be lost to 1dent1fy and protect key
hab1tats that susta1n f1sh and w11d11fe populat10ns. The surveys
w111 cover the ent~re sp111 area

Survey data w~ll be des~gned and presented to prov1de the baS1C
hab1tat 1nformat10n needed to 1dent1fy and pr10r1t1ze the most
1mportant hab~tat areas for protect10n and enhancement dec1s10ns.
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Another benef~t ~s that prev~ously un~dent~f~ed streams w~ll be
added to the ADF&G Catalog and Atlas of Anadromous waters and
consequently protected under the prov~s~ons of the state's
Anadromous F~sh Act and Forest Pract~ces Act

stream hab~tat surveys w~ll be coord~nated w~th ADF&G Sport F~sh

and W~ldl~fe Conservat~ond~v~s~on efforts to restore other ~n]ured

spec~es hab~tats. In the case of Dolly Varden/cutthroat trout,
surveys may enhance the poss~b~llty of recoverlng tagged study flSh
and prov~de new ~nformatlon on Dolly Varden/cutthroat trout
d~str1but10n and hab1tat, partlcularly 1n areas outs1de of Pr1nce
W1111am Sound. In the case of harlequln ducks, key hab1tat
requ1rements rema1n undeflned for blrds In the 011 spl11 area,
therefore, survey results can ass1st In document1ng features that
promote hab1tat use. It lS also posslble that surveys may record
observat10ns of prevlously unldentlf1ed bald. eagle nest1ng hab1tat.

OBJECTIVES

The overall goal of thlS proJect 1S to facllltate the recovery of
1n]ured spec1es and prevent addlt10nal In]Ury by protectlng
1mportant stream hab1tats and r1parlan zones In the 011 spl11 area
from 10gglng and other potent1ally detr1mental actlvlt1es Th1S
goal w111 be met by accompllshlng the follow1ng Ob]ectlves and
tasks:

Ob]ect1ve 1:

US1ng the Trustee Councl1 process for 1dentlfYlng and evaluatlng
lands and hab1tats necessary and appropr1ate for protect10n,
1dent1fy and pr10rlt1ze pr1vate lands where an lmmlnent and
slgn1f1cant hab1tat alterat10n threat eX1sts

Task:

A. Evaluate pr1vate lands by employlng aerlal photographs and
the ADF&G Anadromous Waters Catalog to select potent1al areas
for expandlng f1Sh d1strlbut10n or 1dent1fYlng new streams

B. Determ1ne development schedules. Obtaln approvals for access
to pr1vate lands for purposes of conductlng stream habltat
surveys.

C. Rev1ew perm1t appl1catlon and approvals.

ObJect1ve 2:

In1t1ate surveys on prlvate lands to document anadromous flSh
d1str1but10n and stream habltat character1stlcs
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Task:

A. Locate sl.tes and record habl.tat characterl.stl.cs uSl.ng a
Global Posl.tl.onl.ng System (GPS) Record the upstream
dl.strl.butl.on of fl.sh USl.ng a backpack electroshocker

ObJectl.ve 3:

Provl.de decl.sl.on-makers
l.mplementl.ng protectl.ve
strategl.es.

Task:

Wl.th products
measures or

that can
developl.ng

be used l.n
acqul.sl.tl.on

A. Conduct post-processl.ng of GPS locatl.onal data and l.ntegrate
wl.th the survey results l.nto a Geographl.c Informatl.on System
(GIS) database Develop maps dell.neatl.ng fl.sh dl.strl.butl.on
and habl.tat parameters Compl.le an proJect report detal.ll.ng
results of stream surveys. Provl.de dl.gl.tal data upon request
to supplement related restoratl.on proJects.

METHODS

A. Sampll.ng Methods

In order to be responsl.ve to the needs of the restoratl.on
program, study sl.te selectl.on wl.ll be l.nfluenced by the
followl.ng factors. 1) a prl.orl.tl.zed ll.st of prl.vate lands l.n
the ol.l spl.ll area that are scheduled for development wl.thl.n
the next fl.ve years; 2) poll.cy decl.sl.ons by the Trustees that
focus on certal.n lands for potentl.al acqul.sl.tl.on or some
other protectl.on strategy, 3) the approval of land owners to
access lands for purposes of conductl.ng surveys, 4) eXl.stl.ng
Anadromous waters Catalog l.nformatl.on that depl.cts a poten
tl.al for expandl.ng anadromous fl.sh resources l.n candl.date
areas; and 5) l.ntegratl.on wl.th other upland habl.tat assess
ment studl.es

Once potentl.al sl.tes are selected, one or two reconnal.ssance
Vl.Sl.ts wl.ll be conducted l.n each area to assess general
hydrologl.c, topographl.c and vegetatl.ve features Thl.S
l.nformatl.on wl.ll be used to determl.ne the overall approach to
conductl.ng a more detal.led survey of the area Consl.der
atl.ons to be addressed durl.ng l.nl.tl.al Sl.te reconnal.ssance are
access, vegetatl.ve cover, hell.copter 10gl.stl.CS, obvl.oUS
barrl.ers to upstream fl.sh ml.gratl.on, and estl.mated tl.me to
complete the survey

Surveys Wl.ll employ standard, establl.shed technl.ques for
recordl.ng l.nformatl.on and documentl.ng fl.sh dl.strl.butl.on
Streams wl.ll be surveyed after spawnl.ng has begun durl.ng the
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months of July, August and September. A fl.eld crew wl.II walk
stream channels and record sl.te locatl.ons and habl.tat
characterl.stl.cs uSl.ng a Global Posl.tl.onl.ng System (GPS)
Streams wl.II be segmented l.nto homogeneous reaches l.n order
to accurately descrl.be physl.cal features Habl.tat character
l.stl.CS that Wl.II be recorded l.nclude substrate, gradl.ent,
stream wl.dth, bank l.nCl.Sl.on, rl.parl.an vegetatl.on, and
l.nstream debrl.s. In addl.tl.on, a backpack electroshocker wl.II
be used to sample for fl.sh presence. All wl.ldll.fe observa
tl.ons wl.II be recorded.

The l.nformatl.on generated durl.ng a stream \survey wl.II be
downloaded to a laptop computer from handheld GPS recel.vers
and post-processed to provl.de accurate locatl.onal and
attrl.bute data. It l.S l.ntended that thl.s dl.gl.tal data Wl.II
then be l.mported to a geographl.c l.nformatl.on system (GIS) for
further analysl.s and mappl.ng The database structure that l.S
to be used l.n catalogl.ng varl.OUS habl.tat parameters l.S
l.ncluded l.n Sectl.on XI (other Informatl.on)

Fl.eld crews wl.II be based on-Sl.te at loggl.ng camps, or Wl.II
utl.ll.ze other facl.Il.tl.es such as recreatl.onal cabl.ns for base
camps.

B. Standard Operatl.ng Procedures

Not appll.cable.

C. Quall.ty Assurance and Control plans

All habl.tat parameters and specl.es counts wl.II be l.ntegrated
wl.th locatl.on data to form a GIS database. Geographl.c
coordl.nates wl.II be logged at regular l.ntervals uSl.ng a
Trl.mble GPS Pathfl.nder recel.ver, and attrl.butes such as
specl.es counts and habl.tat parameters wl.lI be entered l.nto
the data logger through bar codes. Durl.ng post proceSSl.ng,
the coordl.nates wl.II be verl.fl.ed and adJusted through a
dl.fferentl.al correctl.on process, utl.ll.zl.ng base statl.on
control posl.tl.ons. Upon arrl.val at a survey sl.te, aerl.al
photographs Wl.II be taken of the stream to obtal.n as large a
coverage as possl.ble to allow for further verl.fl.catl.on of
locatl.on data

The stream habl.tat portl.on of the data wl.Il be transferred to
a laptop computer after each survey. Downloaded data and
forms contal.nl.ng specl.es counts and general stream l.nforma
tl.on wl.II be revl.ewed prl.or to subml.ttal for data processl.ng,
and after data entry.
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D. safety Requ1rements

Pr10r to onset of the f1eld season all personnel who w111 go
on any survey w111 be tra1ned or updated as necessary to be
current on the follow1ng: Red Cross F1rst A1d and CPR, bear
tra1n1ng and w1lderness surV1val tra1n1ng. Accord1ng to
current FAA procedures, the survey crew 1S br1efed on
spec1f1c hel1copter safety procedures by the p1lot before
each takeoff.

F. An1mal Health and Welfare

Not app11cable.

DATA REDUCTION AND ANALYSIS

A. Methods

The 1ntent of th1s study 1S to document the presence of
anadromous f1sh spec1es and the upper 11m1ts of the1r
d1str1but1on, and to map hab1tat parameters w1th1n these
11m1ts. As such, stat1st1cal analyses are not warranted and
data reduct10n w111 be 11m1ted to GIS processes and produc
t10n of tables. Upon data entry and QA/QC, the data w111 be
loaded 1nto R:BASE, and 1ntegrated 1nto GIS through Geo/SQL
for f1nal output 1n Autocad It 1S 1ntended that th1s
process w1ll occur 1n real t1me. R:BASE w111 serve as the
bas1s for data storage, table generat10n and data transfer.

DELIVERABLES

Data output w111 cons1St of color coded maps and overlays dep1ct1ng
stream sect10ns and the1r assoc1ated hab1tat parameters, annotated
1nc1dental spec1es catches, and documented upper 11m1ts of
anadromous spec1es. Tables of th1s 1nformat1on w1th add1t1onal
references to w1ldl1fe observat1ons, samp11ng cond1t1ons and
locat10n 1nformat1on w111 be generated, accompan1ed by a summary
report. D1g1tal data and Autocad transfer f1les w111 be ava1lable
upon request. An accompanY1ng report w1ll descr1be survey
methodology and results 1n narrat1ve form.

SCHEDULES AND PLANNING

A Data Report and Subm1ss1on Schedule

Apr1l 1, 1992
Work w1th Restorat10n Team to f1t proJect 1nto land and
hab1tat 1dent1f1cat10n draft process.
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May 15, 1992
Land l.dentl.fl.catl.on process completed. Access approvals
obtal.ned.

June 1, 1992
Tral.nl.ng for fl.eld personnel. Equl.pment purchases.
Specl.fl.c survey plannl.ng.

July 1, 1992
stream surveys begl.n. At bl.weekly l.ntervals, data Wl.ll
be subml.tted to the Anchorage regl.onal offl.ce and
processed. Surveys Wl.ll contl.nue on a 10 day on, 4 day
off schedule throughout the next nl.nety days.

September 30, 1992
End of data collectl.on

October 30, 1992
Data QA/QC has been completed for all streams surveyed
durl.ng the season. Generatl.on of fl.nal maps and data
tables begl.ns.

November 30, 1992
Maps and tables undergo fl.nal reVl.ew Report productl.on
begl.ns. a

December 15, 1992
Report and data subml.ssl.on deadll.ne.

Fl.eld staff Wl.ll be deactl.vated on November 30. The prl.ncl.
pal l.nvestl.gator and data management coordl.nator Wl.ll
contl.nue through the remal.nder of the fl.scal year. Ongol.ng
responsl.bl.ll.tl.es l.nclude 1) coordl.natl.on Wl.th the Restoratl.on
Team (RT) on land acqul.sl.tl.on and protectl.on strategl.es; 2)
coordl.natl.on wl.th prl.vate land owners on land development
plannl.ng; 3) coordl.natl.on wl.th NRDA and restoratl.on SCl.en
tl.sts on survey results; 4) adml.nl.stratl.ve and logl.stl.cal
plannl.ng.

B. Sample and Data Archl.val

Data forms, fl.eld logs, dl.skettes and rolls of photos Wl.ll be
transferred to the Anchorage offl.ce. Upon transfer, copl.es
of the above wl.ll be subml.tted to RT for archl.vl.ng. The
orl.gl.nals wl.ll be archl.ved at Habl.tat, ADF&G l.n Anchorage.
For each stream surveyed, a stream fl.le Wl.ll be set up that
wl.ll contal.n all updates and documentatl.on pertal.nl.ng to thl.S
stream. Data fl.les wl.ll be backed up after each modl.fl.ca
tl.on, along Wl.th a dl.gl.tal fl.le ll.stl.ng l.n detal.l each
modl.fl.catl.on.

C. Management Plan

Coordl.natl.on and overall proJect supervl.sl.on wl.ll occur l.n
Anchorage. The prl.ncl.pal l.nvestl.gator wl.ll attend all
necessary meetl.ngs, partl.cl.pate l.n the land l.dentl.fl.catl.on
process, conduct sl.te reconnal.ssance surveys and partl.cl.pate
l.n stream habl.tat surveys. In addl.tl.on, the prl.ncl.pal
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l.nvestl.gator wl.II be responsl.ble for all adml.nl.stratl.ve
dutl.es l.ncludl.ng bUdgetl.ng, logl.stl.CS, and tral.nl.ng. The
data management coordl.nator wl.II oversee all data-related
functl.ons, l.ncludl.ng GPS post-processl.ng, database develop
ment, GIS mappl.ng and report generatl.on The data management
coordl.nator Wl.II also serve as the prl.mary fl.eld supervl.sor.
The remal.nder of the fl.eld crew, l.ncludl.ng one crew leader
and two technl.cl.ans, Wl.ll be responsl.ble for aCqlll.rl.ng stream
hab1tat data.

D. Logl.stl.CS

Logl.stl.CS are contl.ngent upon the regl.on l.n whl.ch the study
l.S located. For surveys l.n Kachemak Bay and the outer Kenal.
Coast, fl.eld personnel wl.ll resl.de l.n Homer and fly dal.ly by
hell.copter from Homer to the survey streams For surveys l.n
Prl.nce Wl.lll.am Sound and on Afognak Island, the fl.eld crews
Wl.ll be accommodated l.n loggl.ng camps or Forest Servl.ce
cabl.ns. A hell.copter and pl.lot Wl.ll be statl.oned Wl.th the
crew at each camp l.n order to ml.nl.ml.ze the number of lost
days due to poor weather between the fll.ght serVl.ce and the
crew's locatl.on. Fuel wl.ll be cached near the base camps by•boat prl.or to the fl.eld season Estl.mates of hell.copter
charter costs are based upon prevl.OUS ADF&G experl.ence
conductl.ng stream habl.tat surveys on Montague Island l.n
Prl.nce Wl.lll.am Sound Actual hell.copter needs Wl.ll vary wl.th
specl.fl.c Sl.te condl.tl.ons

PERSONNEL QUALIFICATIONS

Prl.ncl.pal Investl.gator

Mark N. Kuwada. Habl.tat Bl.ologl.st Wl.th the Alaska Department
of F1Sh and Game for 12 years. Extensl.ve experl.ence l.n
ml.tl.gatl.ng maJor proJect l.mpacts and restorl.ng l.nJured
habl.tats· Susl.tna Hydroelectrl.c ProJect, Bradley Lake
Hydroelectrl.c ProJect; Dl.amond Chul.tna Coal ProJect
Response Coordl.nator, Exxon Valdez Ol.l spl.ll, for ADF&G.

ProJect Assl.stant:

Kathrl.n Sundet Habl.tat Bl.ologl.st and Fl.sherl.es Bl.ologl.st
Wl.th the Alaska Department of Fl.sh and Game for 7 years
Data management for Kl.nnetl.C Labs, Amerl.ca North Inc., and
envl.ronmental consultl.ng companl.es l.n Call.fornl.a for 4 years
Experl.ence l.n management of bl.ologl.cal databases, GIS, fl.sh
habl.tat evaluatl.ons and varl.OUS fl.sherl.es related fl.eld
proJects: Susl.tna Hydroelectrl.c ProJect and Exxon Valdez Ol.l
spl.ll.
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Salarl.es
Travel
Contractual
Suppll.es
Equl.pment

subtotal
General Adml.nl.stratl.on

Total

BUDGET ($K)

$211 0
7 8

85.4
31 0
25 0

$360 2
39 4

$399 6
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RESTORATION PROJECT NUMBER 71

study Tl.tle:

Lead Agency:

Component I

Harlequl.n Duck Restoratl.on and Monl.torl.ng

ADF&G

PROJECT JUSTIFICATION

The Exxon Valdez Ol.l spl.ll of March 24, 1989, heavl.ly l.mpacted the
harlequl.n duck (Hl.strl.onl.cus hl.strl.onl.cus) populatl.on l.n western
Prl.nce Wl.lll.am Sound The Sea Duck Study l.n Bl.rd Number 1 reported
sublethal symptoms of petroleum hydrocarbon contaml.natl.on,
l.ncludl.ng an apparent reproductl.ve fal.lure l.n harlequl.n ducks
(Patten 1991).

Harlequl.n ducks breed along mountal.n streams l.n coastal old growth
forests l.n Prl.nce Wl.lll.am Sound Harlequl.n ducks have a relatl.vely
low reproductl.ve rate because of small brood Sl.ze (3 4 duck
ll.ngs/brood l.n Prl.nce Wl.lll.am Sound), second year sexual maturl.ty
and low breedl.ng frequency «50%) of hens (Dzl.nbal 1980, Crowley
1991) • Harlequl.n ducks have hl.gh fl.dell.ty to breedl.ng and
wl.nterl.ng areas (Bengtson 1972) Kuchel (1977) stated that several
consecutl.ve years of very low productl.on or l.nJury to Wl.nter and
breedl.ng habl.tat could completely ellmlnate a local harlequln duck
populatl.on.

The Harlequl.n Duck Restoratl.on ProJect (Crowley 1991) documented
successful harlequl.n duck reproductl.on In 1991 l.n unolled northern,
eastern, and southern (referred to collectl.vely as "eastern" unless
specl.fl.ed) Prl.nce Wl.lll.am Sound ThlS area was not l.mpacted by the
ol.l spl.ll. However, large tracts of harlequln duck breedl.ng
habl.tat l.n old growth forest of prl.me commercl.al value are
currently scheduled for logglng l.n Prl.nce Wllllam Sound

The l.mpal.red status of harlequl.n duck populatlons In the Exxon
Valdez ol.l spl.ll area of western Prl.nce W1Ill.am Sound may necessl.
tate protectl.on and management of populatlons l.n the non-l.mpacted
areas of Prl.nce Wl.lll.am Sound. A large populatlon of harlequl.n
ducks l.n eastern Prl.nce Wllll.am Sound could provlde a pool of lmml.
grants to western Prl.nce Wl.IIl.am Sound Recolonl.Zatlon of the 011
spl.ll area by reproducl.ng harlequln ducks should eventually occur
provlded that petroleum hydrocarbons are at sufflclently low levels
l.n the l.ntertl.dal zone Management of harlequln duck populatlons
could be accompll.shed through protectlon and possl.ble enhancement
of undl.sturbed rl.parlan corrldors wlthln tlmber sale areas.
Requlred wl.dth for protectlon of harlequln ducks uSlng rlparlan
corrl.dors has not been determlned concluslvely Nest locatl.ons l.n
1991 l.ndl.cated that current buffer strl.ps requl.red for protectl.on
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of anadromous flSh streams may not protect all harlequln duck
breedlng hab1tat.

Harlequln ducks are among the least understood waterfowl specles In
North Amerlca. Prlor to the 1990 feaslblllty study, WhlCh reported
characterlstlcs of streams on WhlCh harlequln duck broods were
observed, llttle was known about habltat requlrements of harlequln
ducks breedlng In Prlnce Wllllam Sound The harlequln duck
restoratlon crew began locatlng and recordlng harlequln duck
nestlng habltat In 1991.

The harlequ1n duck restoratlon proJect In 1992 wlll contlnue to
document nestlng and brood-rearlng habltat requlrements of breedlng
harlequln ducks by capturlng and radl0-tagglng hens Study of nest
slte habltat, lncludlng nest bowl (down-llned depresslon contalnlng
eggs) cover, may provlde lnformatlon for habltat enhancement By
documentlng breedlng stream habltat wlthln the structure of a
hlerarchlcal stream proflle, a model predlctlng potentlal breedlng
habltat wlll be developed for use In the 011 splll area and other
coastal areas. A catalog of harlequln duck breedlng streams In
eastern Prlnce Wllllam Sound wlll be completed. Duckllng survlval
and productlv1ty wlll be determlned by monltorlng radlo-tagged hens
throughout the brood-rearlng perl0d. Moltlng habltat and popula
tlon status wlll be determlned uSlng standardlzed boat survey
methods developed In 1991

OBJECTIVES

1. Locate, ldentlfy and descrlbe harlequln duck nestlng streams In
Prlnce W1ll1am Sound.

2. Identlfy habltats used by nestlng and brood-rearlng harlequln
ducks by documentlng topographlc, hydrologlc and vegetatlve
characterlstlcs at nest sltes and brood-rearlng areas.

3. Identlfy other harlequln duck breedlng habltat parameters such
as dlstance from nest to coast, dlstance from nest to stream
and physlcal features of nest sltes.

4. Construct a model that predlcts potentlal harlequln duck
nestlng streams and hlgh quallty habltat along those streams
uSlng the characterlstlcs ldentlfled In obJectlves 2 and 3

5. Measure harlequln duck breedlng productlvlty by ldentlfylng
clutch slze, hatchlng success, and duckllng survlval to
fledgllng.

6. Document slghtlngs of harlequln duck breedlng behavl0r lnclud
lng palr-bondlng, nest prospectlng, nestlng, and brood-rearlng
In eastern Prlnce Wlll1am Sound to provlde a study control for
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the harlequln duck monltorlng study In the Exxon Valdez 011
spl.ll area.

7. Determl.ne wldth of forested buffer strlps requlred to protect
harlequl.n duck breedlng Sltes from the effects of tlmber
harvest In Prlnce Wl111am Sound

8. Determlne feaslbll1ty of stream habltat enhancement by erectlng
artl.flCl.al nestlng cavltles (nest boxes) along known breedlng

, streams and testlng for use by harlequln ducks

METHODS

The Prl.nce Wl.lllam Sound Harlequln Duck Restoratl0n ProJect lS now
In ltS second year; the methods descrlbed below have been used and
modlfled as necessary.

If present, breedl.ng harlequln ducks of both sexes and nonbreedlng
hens can be readlly captured durlng tWlllght hours as they fly to
and from estuarles from breedlng stream habltat In sprlng and early
summer. Harlequln duck trapplng efforts wl11 begln In late May
1992 on streams used by breedlng harlequln ducks In 1991
Harlequl.n ducks wlll be caught durlng thelr nest prospectlng, egg
laylng and lncubatlon perlods by suspendlng mlst nets over breedlng
streams

All captured harlequln ducks wl11 be welghed, measured and banded
wlth a USFWS leg band A blood sample wll1 be drawn from each
harlequln duck to help determlne lf harlequln ducks from eastern
Prlnce Wl.lllam Sound may wlnter In the Exxon Valdez 011 spl11 area.
Blood samples wlll also be used to compare physl010glcal condltlon
of harlequln ducks between study areas Captured harlequln hens,
regardless of breedl.ng status, wll1 be tagged wlth a small (4 5 g)
radlo transmltter and released Transmltters are glued to the
bases of center tall feathers and wlll be shed In early September
The transmltter dl.d not notlceably affect dlvlng, preenlng or
breedl.ng of harlequln ducks In 1991

When harlequln duck nests are located, eggs wll1 be counted,
welghed, measured and candled to determlne approxlmate stage of
lncubatlon (Weller 1956). ProJect staff wl11 return to nests
located In 1992 and to those located In 1991 agaln durlng the 1992
fleld season to count membranes and addled eggs to determlne
hatchl.ng success. The Mayfleld method (Klett and Johnson 1982)
wlll be used to determlne nestlng success Terrestrlal and aquatlc
habltat of breedl.ng and non-breedlng streams wll1 be recorded and
statl.stlcally compared uSlng a prlnclpal components analysls ThlS
test wll1 determlne habltat characterlstlcs lmportant for nestlng
and brood-rearlng harlequln ducks
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The use of wooden nest boxes by harlequln ducks wll1 be tested by
placlnq 20-25 boxes alonq known breedlnq streams, near known nest
sltes In sprlnq 1992. A box deslgn has been developed based on
speclflcatlons of nestlng boxes used by aVlculturallsts to breed
harlequln ducks In captlVlty • If harlequln ducks follow behavl0ral
patterns descrlbed for other sea ducks, 11mlted use of nest boxes
would be expected durlng the flrst year and lncreased use In
sUbsequent years, especlally by flrst-tlme breeders. Should the
results lndlcate that harlequln hens readlly select artlflclal
cavltles for nestlng, and lf nest cover lS a 11mltlng factor on
streams In Prlnce Wllllam Sound, thlS technlque could potentlally
lncrease stream nestlng denslty of harlequln ducks. Such an
lncrease would accelerate restoratlon of harlequln ducks In western
Prlnce Wllllam Sound, provlded that petroleum hydrocarbons are no
longer present In the lntertldal food chaln

Durlnq the last two weeks of May, approxlmately 350 mlles of
unolled coastllne and estuarles from Cordova to Valdez wll1 be
surveyed for harlequln duck flocks and breedlng palrs Surveys wll1
be repeated In late June through early July In both study areas to
locate and document lmportant moltlng habltat, and repeated agaln
In August for brood documentatl0n
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component II

The D1V1S10n of W1ld11fe Conservat10n, Alaska Department of F1Sh
and Game, w1ll conduct a 1992 mon1tor1ng study of a populat10n of
harlequ1n ducks that suffered reproduct1ve fa1lure 1n western
Pr1nce W1ll1am Sound as a result of the Exxon Valdez 011 sp1ll of
March 24, 1989.

Harlequ1n ducks are a res1dent waterfowl spec1es breed1ng 1n Pr1nce
W1ll1am Sound dur1ng the spr1ng and summer (Isle1b and Kessel,
1973; Hogan, 1980). Harlequ1n ducks, because of the1r res1dent,
breed1ng status and 1ntert1dal forag1ng hab1ts, have been cons1d
ered substant1ally at r1sk from effects of the Exxon Valdez 011
sp1ll (K1ng and Sanger, 1979).

Harlequ1n ducks feed 1n the 1ntert1dal zone and consume a w1de
var1ety of 1ntert1dal clams, sna1ls, small blue mussels, and
l1mpets (Koehle, Rothe and D1rksen, 1982, DZ1nbal and Jarv1s, 1982,
Vermeer and Bourne, 1982). B1valves, part1cularly blue mussels
(Myt1lus), and small clams (Macoma), are well-known for the1r
ab1l1ty to concentrate pollutants at h1gh levels (Shaw et aI,
1976). The crude 011 sp1lled from the T/V Exxon Valdez 1nJured
mar1ne 1nvertebrates that support sea ducks throughout the year
(Stekoll, Clement, and Shaw, 1980) B10accumulat10n 1n the food
cha1n may result 1n uptake of petroleum hydrocarbons by sea ducks
over a long per10d (Dz1nbal and Jarv1s, 1982, Sanger and Jones,
1982) •

other stud1es 1n the seab1rd l1terature have 1nd1cated that low
doses of petroleum exposure through 1ngest1.on have resulted 1.n
fa1lure to reproduce (Fry et aI, 1986) B1rds fed s1ngle doses of
petroleum 01ls exh1.b1ted altered yolk structure and reduced
hatchab1l1ty of eggs (Grau et aI, 1977) These results are 1.n
accordance w1th theoret1cal pred1ct10ns of effects of petroleum
exposure through the food cha1n to h1gher troph1c level 1nverte
brate predators such as seaducks. The durat10n of th1s reproduc
t1ve fa1lure 1S unknown.

Consumpt10n of 01led 1nvertebrate prey 1.terns 1S the probable
mechan1sm of sublethal petroleum hydrocarbon exposure. The degree
of exposure 1.S 1.n turn most l1.kely related to the forag1.ng areas of
the respect1.ve spec1.es. The zone of maX1.mum 01.1 1mpact 1.S
demonstrably the 1.ntert1.dal area Harlequ1.n ducks, because of
the1r 1ntert1.dal forag1.ng hab1.tats, appear most exposed of S1.X
seaduck spec1.es exam1ned.

Bur1ed 011 occurs 1n Pr1nce W1.l11.am Sound and relat1vely unweath
ered crude 011 rema1ns 1n mussel beds where harlequ1.n ducks and
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other seaducks feed. As long as substantlal 011 remalns In Prlnce
Wllllam Sound, partlcularly In the lntertldal, harlequln ducks may
fall to breed, and monltorlng lS requlred Slnce harlequln ducks
are sensltlve to dlsturbance, the lessenlng of the maSSlve
dlsturbance assoclated wlth clean-up actlvltles In Prlnce Wllllam
Sound also provldes the settlng for a natural monltorlng experlment
to test the effects on harlequln duck reproductlon.

Post-oll splll reproductlon, recolonlzatl0n, and survlval of
harlequln ducks In the 011 splll area of Prlnce Wllllam Sound are
to be addressed In thls study Harlequln ducks may serve as an
lndlcator of the health of the recoverlng ecosystem, but thelr
recovery wlll be lmpeded as long as thelr food chaln remalns
contamlnated wlth petrochemlcals.

OBJECTIVES

1. Monltor scope, magnltude, and duratl0n of \ harlequln duck
reproductlve fallure In western Prlnce Wllllam Sound; determlne
the extent of thlS phenomenon In northern and southern Prlnce
Wllllam Sound. In other words, where does normal harlequln duck
reproductl0n begln? Extend monltorlng of harlequln duck
reproductlve fallure wlthln Prlnce Wllllam Sound; conduct
surveys to establlsh areas of use; survey numbers of harlequln
ducks uSlng olled vs. non-olled streams.

2. From the concludlng Damage Assessment Study, relate pendlng
petroleum toxlcology analysls of blue mussels (Mytllus) and
other lnvertebrates from seaduck proventrlculus samples
collected In '89 -'90 to hlstopathologlcal analyses and to
contlnued reproductlve fallure of Prlnce Wllllam Sound harle
quln ducks In monltorlng study

3. Relate the reproductlve status of harlequln ducks In the
Monltorlng Study to the presence of Exxon Valdez 011 In
establlshed blue mussel (Mytllus) beds In Prlnce Wllllam Sound

4. Compare habltat, food ltems, and other characterlstlcs
assoclated wlth streams on WhlCh successful reproductl0n lS
occurrlng In eastern Prlnce Wllllam Sound wlth "slmllar"
streams havlng no reproductlon In western Prlnce Wllllam Sound

5. Determlne effect of reductl0n of dlsturbance assoclated
wlth cessatlon of clean-up actlvltles on reproductlve
performance of harlequln ducks In Prlnce Wllllam Sound

6. Contlnue reVlew of lssue of sport and Subslstence harvests of
harlequln ducks, especlally In reference to Kenal Penlnsula and
Kodlak Island. Huntlng In Prlnce Wllllam Sound was closed to
take of harlequln ducks for the month September 1991 In order
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to protect remalnlng resldent lndlvlduals from addltlonal
mortallty.

METHODS

ThlS proJect uses establlshed methodology derlved durlng three
prevlous years of harlequln duck damage assessment studles and two
prevlous years of harlequln duck restoratl0n work

ADF&G wl11 perform an analysls of the reproductlve fal1ure of
harlequln ducks observed In the 011 spl11 area of western Prlnce
Wl11lam Sound In 1990-91. ThlS actlvlty wl11 answer physl010glcal
and behavloral questl0ns such as. what lS the nestlng status of
harlequln females along streams In western Prlnce Wl11lam Sound?
Were all females exhlbltlng fldellty to nest sltes removed from the
western Prlnce Wl11lam Sound populatlon by the 011 spl11 and thus
no nestlng? If nestlng lS occurrlng, are eggs vlable? Are hatchlng
and fledglng success depressed? If duckllngs fledge In the 011
spl11 area In 1992, brood Slze (a productlvlty measurement) wl11
be compared to unolled areas of Prlnce Wl11lam Sound

The ADF&G wl11 conduct extenslve surveys of anadromous streams and
moltlng sltes used by harlequln ducks In Prlnce Wl11lam Sound
Harlequln duck breedlng palrs and young females normally prospect
for nest sltes durlng tWl1lght hours In sprlng along mountaln
dralnages flowlng lnto Prlnce Wl11lam Sound Incubatlng females fly
from nest sltes to feed In lntertldal estuarles M1St nets were
placed by ADF&G personnel across the mouths of twelve of the larger
anadromous flSh streams In western Prlnce Wl11lam Sound In sprlng
and summer 1991. If harlequln ducks attempt reproductl0n In the
011 splll area In sprlng 1992, lncubatlng females wll1 be mlst
netted and radl0-tagged at stream mouths These harlequln ducks
wlll be radlo-tracked along streams to nestlng Sltes Nestlng
females are secretlve and nests otherwlse dlfflcult to locate. If
breedlng lS verlfled, ADF&G wl11 determlne harlequln duck produc
tlVlty by followlng radlo-tagged hens and offsprlng through the
nestlng and brood-rearlng cycle Clutch slze, hatchlng success,
and brood Slze (a productlvlty lndex) wlll be obtalned from sample
nest sltes In olled areas Llmnologlcal work on nestlng and non
nestlng streams wlll be expanded uSlng standard technlques. Results
wlll be compared to the harlequln duck restoratlon study In unolled
eastern Prlnce Wllllam Sound, WhlCh acts as an unexposed (control)
case.

Fl1e searches at the 011 Splll PubllC Informatlon Center and US
Coast Guard Exxon Valdez 011 splll Ilbrarles wlll also be conducted
to obtaln eXlstlng documentatlon of presence of olled mussel beds
In Prlnce Wl111am Sound and wlll cooperate fully wlth the proposed
1992 NOAA mussel bed restoratlon study
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TOX1colog1cal and h1stopatholog1cal t1ssue sample results w1ll be
obta1ned from the conclud1ng Seaduck Damage Assessment Study.
These results w1ll be related to the phys10log1cal and reproduct1ve
data 1n the mon1tor1ng study
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Total
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40 0

$390 6
33 9

$424 5
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2G. RESTORATION MANAGEMENT ACTIONS

The Trustee agenc1es were respons1ble for manag1ng the resources
affected by the Exxon Valdez 011 sp111 pr10r to 1tS occurrence
Management act10ns control human access to and harvest of a
resource 1n order to ensure 1tS cont1nued abundance 1n the future.
At one extreme no harvest of a resource would be allowed, or
perhaps access to nest1ng s1tes would be restr1cted. Some b1rds
often fall 1nto th1s category At the other extreme, commerc1al
f1sh1ng for a part1cular spec1es 1S often allowed up to the max1mum
susta1nable Y1eld (that max1mum level of harvest wh1ch does not
cause a dec11ne 1n recru1tment to future populat10ns). The Exxon
Valdez 011 sp1l1 1ncreased the effort and expense of management
act10ns needed to prov1de the same level of resource protect10n as
pr10r to the sp1ll. Therefore the Trustee Counc11 dec1ded that
expend1ture of settlement mon1es was appropr1ate for proJects that
make management act10ns poss1ble wh1ch would promote recovery of
1nJured spec1es. F1ve proJects 1n th1s category were funded to go
forward and two rece1ved suff1c1ent funds to close out the
proJects.

Kena1 R1ver Sockeye Salmon Restorat10n, Restorat10n ProJect Number
53 (R53) , and Assessment of Genet1c Stock Structure of Salmon1ds
(R59) comb1ne efforts to 1dent1fy stocks of sockeye from d1fferent
Cook Inlet dra1nages. Techn1ques perfected 1n 1992 w111 be used 1n
1993 (the f1rst year of expected poor adult returns) to 1dent1fy
stocks of salmon as they enter Cook Inlet. F1sh1ng for stocks
bound for the Kena1 system w111 be restr1cted or closed wh11e
f1sh1ng for non-1mpacted stocks w111 be allowed Because of th1s,
suff1c1ent adults may av01d the f1sher1es and return to the Kena1
R1ver to spawn and restore these stocks wh11e commerc1al f1shermen
are st111 able to harvest some f1sh bound for non-Kena1 systems

P1nk Salmon Stock Ident1f1cat10n (R60AB) w111 recover and read
coded W1re tags placed 1n Pr1nce W1111am Sound p1nk salmon 1n 1991.
Outm1grat1ng fry were tagged W1th codes un1que to each stream. The
tags are removed from the heads of return1ng adults and read w1th
a m1croscope. Th1S knowledge helps managers re-d1rect the
f1sher1es away from 1mpacted w11d stocks Many people are requ1red
to recover these tags from f1sher1es, canner1es and streams, but
th1s effort 1n 1991 helped many w11d streams make escapement goals

In 1989, most 011ed mussel beds were subJected to aggress1ve
treatment. In 1990 and 1991, 011ed mussel beds were purposefully
spared from these types of treatment because 1t was be11eved that
more harm than good would result from app11cat10n of these
techn1ques. Because of the nature of mussel beds, 011 was trapped
between mussels and the rocks to wh1ch they were attached and has
rema1ned unweathered to the present Mussel commun1t1es are
1mportant 1n the d1ets of several 011-1mpacted b1rds and mammals.
Destruct10n of the 011ed beds would remove a food source for these
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an1mals whereas leav1ng the beds cont1nues to expose the an1mals to
tOX1C mussels and 011. The 01led Mussel Bed ProJect, Restorat10n
ProJect Number 103 (R103), w1ll determ1ne the effects of 01led beds
on these other an1mals and dev1se ame110ratlon opt10ns

In the cleanup process follow1ng the Exxon Valdez 011 sp1ll, many
archeolog1cal s1tes were d1scovered or became more w1dely known
Vanda11sm of some of these s1tes occurred and because of the
1ncreased awareness of the1r eX1stence, vandallsm may 1ncrease 1n
the future. Some s1tes are sacred to Alaska's Natlve peoples and
other s1tes w1ll prov1de 1nformat10n about natlve herltage 1f they
are excavated uS1ng sC1ent1f1c archaeolog1cal techn1ques
Vanda11sm desecrates some s1tes and forever destroys the opportun1
ty to learn from others. Protect1ng these sltes 1S not an easy
task and 1S a Sk1ll requ1r1ng 1nstruct10n Slte Stewardsh1p
(R104A) recru1ts, educates and 1nvolves local people from through
out the sp1ll zone 1n the process of protect1ng archeolog1cal
resources.

The two proJects be1ng brought to a close by the Trustee Counc1l,
the Harbor Seal Restorat10n study (R73) and Techn1cal Support for
the Restorat10n of Dolly Varden and Cutthroat Trout, Restoratlon
ProJect Number 106 (R106), have some costs assoc1ated w1th
complet1ng the f1eld work and prepar1ng flnal reports The
1nformat10n 1n these reports w1ll be used by resource managers to
reduce human use of these spec1es unt1l they can recover
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RESTORATION PROJECT NUMBER 53

study T~tle:

Lead Agency:

Kena~ R~ver Sockeye Salmon Restorat~on

ADF&G

PROJECT JUSTIFICATION

Sockeye salmon (Oncorhynchus nerka) wh~ch spawn ~n the Kena~ R~ver

system (F~gure 1) were ~nJured by the Exxon Valdez o~l sp~ll.

Greatly reduced f~sh~ng t~me ~n the Upper Cook Inlet area due to
the o~l sp~ll caused sockeye salmon spawn~ng escapement levels ~n

the Kena~ R~ver system to exceed the des~red amount by three t~mes

The b~olog~cal ~mpact of the o~l sp~ll on Kena~ R~ver sockeye
salmon stocks ~s expected to be ser~ous Data collected by NRDA
F~sh/Shellf~sh Study 27, Sockeye Salmon Overescapement, ~nd~cated

greatly reduced surv~val of Juven~le sockeye salmon dur~ng the
w~nter-spr~ng rear~ng per~od. The extremely h~gh escapement may
have ~n~t~ally produced more rear~ng Juven~le sockeye salmon than
could be supported by nursery lake product~v~ty. In general, when
rear~ng salmon abundance greatly exceeds lake carry~ng capac~ty,

the spec~es and s~ze compos~t~on of prey resources are altered,
wh~ch affects all troph~c levels Because of such changes,
Juven~le sockeye growth ~s reduced, freshwater mortal~ty ~s

~ncreased, greater proport~ons of fry remal.n l.n the lake for
another year of rearl.ng, and smolt condl.tl.on l.S reduced and marl.ne
mortall.ty ~s l.ncreased Ll.ml.tl.ng sockeye salmon fry productl.on by
closely regulatl.ng the number of spawnl.ng adults may be the only
way to restore the productl.vl.ty of these rearl.ng areas. However,
the number of adult sockeye salmon returnl.ng from the 1989
escapement may be so low that a severe reductl.on, or complete
el~ml.nat~on, of human use of thl.s specl.es may be necessary startl.ng
l.n 1993 to ensure ml.nl.mum escapements

The goal of thl.s proJect l.S to restore Kenal. Rl.ver sockeye salmon
stocks ~nJured by the Exxon Valdez ol.l spl.ll Thl.S Wl.ll be accom
pll.shed through ~mproved stock assessment capabl.ll.tl.es, more
accurate regulat~on of spawnl.ng levels, and modl.fl.catl.on of human
use. Restoratl.on of Kenal. Rl.ver sockeye salmon stocks wl.ll be
achl.eved when average fry, smolt, and adult productl.on can be
mal.ntal.ned. Prey resources of rearl.ng lakes must also be restored
to normal levels (Thl.s wl.ll be monl.tored under another restoratl.on
study, wh~ch w~ll be based on l.nformatl.on obtal.ned from NRDA
Fl.sh/Shellf~sh Study 27).

OBJECTIVES

The obJectl.ves of thl.s study are to
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1. Improve stock ldentlflcatlon capabllltles by comblnlng
paras1te and genetlc stock ldentlflcatlon lnformatl0n wlth
avallable scale growth data In algorlthms to provlde estl
mates of Kenal Rlver stocks In the mlxed stock flshery of
Upper Cook Inlet (UCI),

2. Increase the accuracy and preclslon of escapement monltorlng
by replaclng obsolete hydroacoustlc equlpment, and,

3. Provlde more accurate estlmates of abundance of Kenal Rlver
sockeye salmon wlthln UCI by lncreaslng the sampllng power of
the offshore test flshlng program

METHODS

Stock ldentlflcatlon

Stock ldentlflcatl0n studles used to regulate human use of UCI
sockeye salmon have In past years relled on scale growth patterns.
The accuracy and preclslon of thls technlque has varled conslder
ably from year to year (Waltemyer , D , personal cornmunlcatl0n,
ADF&G) • Kenal stocks typlcally domlnate the total return, and
thelr scale patterns are generally dlstlnct enough to provlde some
separatlon from other stocks. However, when runs to other systems
are more abundant (as may occur In 1993 and 1994) separatlon of
Kenal stocks wlll be much more dlfflcult To be able to ldentlfy
the contrlbut1on of Kenal Rlver sockeye salmon to the total run
accurately In thlS sltuatlon wlll requlre lmprovements In stock
ldentlflcatl0n procedures. Recent work by the Prlnclpal Investlga
tors, In cooperatlon wlth Natl0nal Marlne Flsherles SerVlce staff,
has shown that paraslte occurrence can be used to lmprove estlmates
of stock contrlbutlon durlng the flshlng season. The comblnatl0n
of scale patterns, parasltes and genetlc stock ldentlflcatlon
technlques (Restoratlon SClence Study Number 59) should greatly
lncrease the accuracy of UCI stock assessment estlmates

Sockeye salmon escapements lnto maJor dralnages of Upper Cook Inlet
(Table 1) wlll be sampled for genetlc, paraslte, scale and Otollth
characterlstlcs. Durlng the flrst year, 25 basellne populatlons
wlll be sampled for genetlc characterlstlcs In addltlon, mlxed
stock samples wlll be collected from four malnstem sltes and from
two drlft net flshlng perl0ds Sample Slzes for allozYme basellne
collectlons have been set at 100 to maXlmlze the preclslon around
allele frequency estlmates (Allendorf and Phelps 1980, Waples
1990). Mlxed stock sample Slzes have been set at 200 (Pella and
Mllner 1987) and wlll be adJusted In 1993 based on the results of
slmulatlon studles conducted wlth 1992 basellne data (Restoratl0n
SClence ProJect R59).

Muscle, llver, eye, and heart wlll be dlssected from recently
kllled sockeye salmon. Tlssues wlll be placed ln labeled cryovlals
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stored ~n l~qu~d n~trogen unt~l transferred to -80°C storage
freezers ~n Soldotna or Anchorage. Soldotna samples w~ll be
sh~pped to the Anchorag~ laboratory on dry ~ce or l~qu~d n1trogen
and aga~n placed ~n -80 C storage unt1l processed.

The body cav~ty of each sockeye salmon w1ll be exam1ned for the
presence of the nematode Ph1lonema oncorhynch1 (Tarbox et ale
1991). Scales w~ll be taken from the left s1de of each sockeye
salmon sampled. These scales w1ll be removed from a locat1on
approx~mately two rows above the lateral l1ne on the d1agonal row
that extends down from the poster10r ~nsert10n of the dorsal f1n
(Koo 1955). Sacculus otol1ths w1ll be taken uS1ng procedures of
W~ll~ams and Bedford (1973).

Escapement Mon~tor~ng

Bend~x Corporat~on s1de scan hydroacoust1c equ1pment has been used
to count adult sockeye salmon enter1ng the Kena1 R1ver to spawn.
Th~s equ~pment has been used S1nce 1976 and, wh11e repa1rs and
mod1f1cat~ons have been done by a ret1red Bend1x employee under
contract to the State, 1S no longer manufactured by Bend1x Corp
Not only has ~t been d1ff1cult to obta1n parts for these un1ts, but
advances 1n hydroacoust1c technology have made th1s equ1pment
obsolete. New un~ts are able to track 1nd1v1dua1 f~sh, obta1n
target strength measurements, and document ca11brat10n Court
act10ns assoc~ated w~th the Glac1er Bay 011 sp1ll 1n UCI placed the
hydroacoust~cescapement mon1tor1ng program under 1ntense scrut1ny
Although Ehrenberg (1992) concluded that the Bend1x counters
produced rel1able escapement counts under cond1t1ons found 1n UCI
systems, ~t 1S 1mperat1ve that replacement alternat1ves be pursued
Lack of Bend1x replacement parts and the 1nab111ty to purchase new
Bend1x counters may comprom1se the future ab1l1ty to prov1de
escapement est1mates. Accuracy of est1mates would certa1n1y be
enhanced through use of newer, more techn1cally advanced equ1pment.

Two hydroacoust1c equ1pment manufacturers w11l be selected to
perform "1n S1tU" tests of the1r equ1pment dur1ng the 1992 f1e1d
season. Cr1ter1a for se1ect10n of hydroacoust1c contractors w1l1
1nc1ude: 1) h1stor1cal performance (count1ng prec1s10n and
accuracy) 1n s1m1lar env1ronments; 2) spec1f1cat10ns on manufac
tured systems 1nclud1ng frequency, transducers; pulse repet1t10n
rates, mult1p1ex1ng ab111ty, beam character1st1cs, repa1r record,
total cost (1nc1ud1ng ma1ntenance), remote s1te use, and f1sh
passage rate 11m1tat10ns, 3) data process1ng requ1rements,
1nclud1ng software and hardware, 4) real t1me ab1l1ty to track
1nd1v1dual f1sh, calculated hourly passage rate, est1mate target
strength, determ1ne d1rect10n of f1sh travel, and prov1de
permanent data; and 5) personnel tra1n1ng requ1red to operate
system, ~nclud1ng spec1a11zed areas of expert1se

"In S1tU" f1eld tests w1ll be conducted on the Kena1 R1ver A
m1n1mum of 48 hours of data w111 be collected dur1ng a 72 hour
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per10d on each r1ver bank (a total of 96 hours of data collect1on)
Th1s data w111 be compared w1th data from the eX1st1ng Bend1x
counters. Operat10n of the equ1pment w111 be the respons1b111ty of
the manufacturer's representat1ves rnd1v1dual target and s1te
1nformat1on w111 also be requ1red These data w111 1nclude
transducer a1m1ng and bottom character1st1cs, count1ng range,
threshold used, p1ngs/target, target strength, d1rect10n of f1Sh
travel, f1Sh track1ng parameters used, cal1brat1on records for each
hydroacoust1c un1t used, beam pattern factors, and standard "1n
s1tU" target measurements

Evaluat10n of 1992 tests w111 result 1n select10n of the most
appropr1ate replacement system Dur1ng the 1993 and 1994 f1eld
season the manufacturers, under the d1rect10n of ADF&G, may conduct
cont1nuous operat10ns on both r1ver banks dur1ng a three week
per10d (to encompass the peak of the sockeye salmon run) Dur1ng
th1s per10d the Bend1x counters w111 also be operated so that
redundant count1ng systems w111 be 1n place and add1t10nal
compar1son data can be generated

Offshore Test F1sh Program

The sockeye salmon total run to ucr has been est1mated early dur1ng
the season by test f1sh1ng between Anchor R1ver and Red R1ver delta
(Tarbox, 1992) Sockeye salmon return1ng to ucr are captured w1th
a dr1ft g111 net at a ser1es of stat10ns Salmon are 1dent1f1ed to
spec1es and sex and length measurements made. Est1mates of total
sockeye salmon return are made several t1mes dur1ng the season by
est1mat1ng expected total test f1shery catch per un1t of effort
(CPUE) for the season and catchab111ty of sockeye salmon 1n the
test f1shery. Analys1s of h1stor1cal data has 1nd1cated that
eX1st1ng sampl1ng effort and catch has not been proport10nal to
abundance To assess run S1ze more accurately, add1t10nal sampl1ng
effort w111 be added to the eX1st1ng program. Start1ng 1n 1992
hydroacoust1c equ1pment and techn1ques w1ll be developed through a
contractor exper1enced 1n mar1ne salmon 1nvest1gat10ns Th1S
techn1que w111 be used to mon1tor and ver1fy dr1ft g111 net
results. Th1s 1nformat10n, when comb1ned w1th 1mproved 1nformat10n
on stock 1dent1f1cat10n and escapement mon1tor1ng, should allow
better regulat10n of human use to ensure spawn1ng goals are met

Dur1ng the 1992 f1eld season a feas1b111ty study w111 be conducted
1n the area of the eX1st1ng test f1sh program Repl1cate
transects, each cover1ng 6 km, w111 be made. Prel1m1nary est1mates
1nd1cate that a m1n1mum of four transects per day can be completed
However, the actual number of repl1cates obta1ned w1l1 depend on
weather and other factors The contractor w1ll be respons1ble for,
all aspects of the proJect 1nclud1ng f1eld data collect10n and data
analys1s. Ant1c1pated results 1nclude 1) operat1ng parameters of
the hydroacoust1c system used, 2) real tlme estlmates of flSh
denslty , 3) f lsh dlstrlbut10n across the transects, and 4 )
def1nltlon of run tlmlng models and total return estlmates
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Qual1ty Assurance and Control Plans

Wr1tten 1nstruct1ons for the collect1on and analys1s of all data
w111 be prepared and made ava1lable to each proJect part1c1pant.
In add1t1on, a team, composed of Al Men1n (des1gner of the Bend1x
sonar counters), representat1ves of the Ch1ef F1sher1es SC1ent1st
off1ce, and local staff w111 be formed to thoroughly reV1ew all
aspects of the hydroacoust1c stud1es Wr1tten f1nd1ngs of the
reV1ew team w111 be ma1nta1ned as part of the proJect records.

Informat10n requ1red from other 1nvest1gators

Analys1s of genet1c samples w111 be conducted under Restorat10n
SC1ence study 59. Incorporat10n of genet1c data 1nto UCI stock
1dent1f1cat1on models w111 rema1n part of th1s 1nvest1gat10n.

Safety requ1rements

Personnel w111 be tra1ned 1n standard safety procedures requ1red
for ADF&G work. Spec1al 1nstruct1on 1n handl1ng 11qu1d n1trogen
for storage of genet1c samples w111 be prov1ded under Restorat1on
SC1ence Study 59.

An1mal Health and Welfare

Sockeye salmon w111 be k11led to obta1n genet1c samples.

DATA ANALYSIS

Stock Ident1f1cat1on

Stock compos1t10n of m1xed stock f1shery samples can be est1mated
uS1ng scale pattern analys1s (Bethe et al 1980, Cross et al 1981,
1982, 1983, 1986), paras1te data (Tarbox et al 1991), genet1c data
(Pella and M1lner 1987), or a comb1nat10n of all three (Fourn1er at
ale 1984, Wood et ale 1987, 1989).

Stock resolut1on w111 be enhanced by uSlng several klnds of
b1olog1cal marker data slmultaneously . Typlcally a maX1mum
llkellhood estlmat10n procedure for a mlxture problem w1th learnlng
samples has been used to comblne these data (Mlllar 1987, Wood et
ale 1987). Scale, paras1te, and genetlc data have been comblned
for sockeye salmon returnlng to Brltlsh Columbla, Canada, and
Southeast Alaska (Wood et ale 1989), whlle paraslte data has been
used 1n conJunct1on wlth scale data In Southeast Alaska (personal
commun1cat10n Kathleen Jensen, ADF&G, Douglas, Alaska)
Th1S methodology assumes there are a total of K stocks WhlCh could
occur 1n the m1xture. For each stock ], an lndependent random
sample of f1Sh 1S taken and for each flSh r, a vector of character-
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l.stl.CS X
Jr

(scales, parasl.tes, genetl.cs) l.S observed It l.S assumed
that for each stock the vector of observed characterl.stl.cs for a
fl.sh from that stock l.S a random vector w1th a probab111ty mass
funct10n f (X;A

J
) whl.ch depends on the unknown parameters AJ • In

addl.tl.on, there l.S also a random sample of f1Sh l.ndexed by s whl.ch
1S taken from the ml.xture, and Ys l.S the vector of character1stl.cs
of the 5th f1sh taken from the m1xture

Let P
J

, ] = 1, •• ,K, be the proport10n of the ml.xture whl.ch 1S
composed of the ]th stock The maxl.mum-ll.kellhood estl.mates for
the A

J
and P

J
are found by maxlmlzlng the 11kellhood funct10n, l. e

fl.ndl.ng the solutl.on to the problem

subJect to the constral.nts

P J ~ a and E P J = 1
J

Rather than deall.ng wl.th
problem (1), Fournl.er et al
solve the problem

the somewhat dlffl.cult maXl.~lzatl.On

(1984) flrst found the values A
J

whl.ch

(2)

e
These are the maxl.mUm-Ilkellhood est1mates for the A

J
gl.ven t~e

learn1ng samples alone They then estlmate the P
J

by f1ndlng PJ
whl.ch solve the problem

m~x ~ lOge(}; PJfJ (YS1 A j ))] (3)

Escapement monl.torl.ng

Regressl.on analysls wl.Il be used to compare tested sonar unlts to
the Bendl.x unlts Reslduals of the regressl0n wlll be vlsually
examl.ned and approprlate data transformatlons used, If necessary,
to l.nsure that assumptl0ns are met A formal stat1stlcal test w1l1
be used to determ1ne lf a correlatlon eXlsts (He b, = 0; Neter et
ale 1990). If a relatl0nshlp 1S detected, a second test wl.lI be
preformed to determl.ne whether the slope l.S dl.fferent from 1 a (He

b, = 1.0). A slope of 1.0 lndlcates no detectable dlfference l.n
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count1ng performance between the counters
w111 be performed at a = 0 05.

DELIVERABLES

All stat1st1cal tests

A report deta111ng the 1992-1993 sample acqu1s1t10n and sample
analys1s w1l1 be completed by February, 1993

Per10d1c progress reports at the complet1on of s1gn1f1cant phases
of the proJect (e.g select10n of hydroacoust1c equ1pment for
purchase) w111 be completed pr10r to start1ng the next phase.

SCHEDULES AND PLANNING

Data and Report Subm1ss10n Schedule

Date

1992
March - Apr11

May - June

ACt1V1ty

Purchase hardware and suppl1es for
genet1c samples

Develop hydroacoust1c cr1ter1a for se
lect1ng contractors, prepare contract for
1992 f1eld season

Award b1d for hydroacoust1c contracts

July - September

October - December

1993
January - February

Collect genet1c samples

Test hydroacoust1c equ1pment 1n Kena1
R1ver

•Conduct offshore test f1sh1ng feas1b111ty
study

Prepare reports on f1eld act1v1t1es

Subm1t f1nal report

Purchase hydroacoust1c equ1pment
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Sample and Data Arch1val

Both hard and electron1c cop1es of data w111 be arch1ved Or1g1nal
data w111 be ma1nta1ned 1n the Soldotna off1ce of ADF&G

Management Plan

Pr1nc1pal 1nvest1gators w111 manage act1v1t1es 1n close coord1na
t10n w1th L1sa Seeb, Anchorage off1ce (Pr1nc1pal Invest1gator of
proJect 59).

Management Team:

Person

Kenneth E. Tarbox

L1nda Brann1an

F1sh B10 II

B1ometr1c1an

other staff

LOg1St1cs

Respons1b1l1t1es

SuperV1se staff, data collect10n,
analys1s and report wr1t1ng, budget
respons1b1l1ty

Data base management, data handl1ng and
transfer, b10metr1cs support, budget
respons1b1l1ty

SuperV1se permanent/seasonal staff,
f1eld data collect10n, prepare data
summar1es, prel1m1nary analys1s, report
preparat10n

Stock 1dent1f1cat10n model bU1ld1ng,
stat1st1cal des1gn and reV1ew of data
analys1s procedures

F1eld crew leaders, pr1mary data
collectors

Support requ1rements for th1s proJect are extens1ve Genet1c
sampl1ng covers 25 systems 1n UCI, most of wh1ch are remote
Therefore, f1eld crews w111 be requ1red to 11ve 1n remote f1eld
camps for part of the study. Escapement mon1tor1ng log1st1CS w1ll
requ1re the dupl1cat1on of count1ng operat10ns dur1ng the peak of
the sockeye return. Th1s w1ll requ1re coord1nat1on to ensure
system compat1b1l1ty and support The offshore test f1sh proJect
w111 requ1re the contractor to h1re a vessel and coord1nate w1th
eX1st1ng ADF&G test f1sh vessels
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PERSONAL QUALIFICATIONS

Pr1nc1pal Invest1gator

Kenneth E. Tarbox has been the Research ProJect Leader for the
Commerc1al F1sher1es D1v1s10n, UCI, ADF&G S1nce 1980. Pr10r work
exper1ence 1ncludes 8 years w1th Woodward Clyde Consultants,
Anchorage. He has authored numerous reports and presently he 1S a
co-pr1nc1pal 1nvest1gator for NRDA study 27

L1nda Brann1an 1S the Reg10nal B1ometr1c1an for the Commerc1al
F1sher1es D1v1s1on, Anchorage, ADF&G. She has part1c1pated 1n
numerous research proJects S1nce J01n1ng ADF&G 1n 1983
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Table 1. Locat10ns of sockeye salmon stocks to be sampled for
genet1c, paras1te, scale, and otol1th character1st1cs.

R1ver/Dra1nage/
F1shery

Sus1tna R1ver:
Ma1nstem

Upper
Talkeetna
Lower

Yentna

West Fork
Skwentna
Talachul1tna

Subtotal

Kn1k Arm:
Kas1lof R1ver:

Ma1nstem

Subtotal

Locat1on

Compos1teC

Stephan Lake
Larson
Redsh1rt Lake
Compos1te
Chelatna Lake
Hew1tt/Wh1skey
Unnamed Slough
Shell Lake
Judd Lake
Tr1n1ty/Mov1e

F1Sh Creek

Compos1te
N1kola1 Creek
Bear Creek
Glac1er Flat
Moose Creek

Product10n
Potent1ala

63700
45100
69500

389200
83000

103800
59500
19300

192352

36000
127532
121400

21200

bT1m1ng

JUL3
SEP1
AUG4
AUG3
JUL3
AUG3
SEP1
AUG4
SEP1
SEP2
AUG3

SEPl

JUL2
AUG2
AUG2
AUG3
AUG3

Sample
S1ze

400
100
100
100
400
100
100
100
100
100
100

1700

100

400
100
100
100
100

800

Kena1 R1ver:
RUSS1an
RUSS1an
Ma1nstem

Subtotal

early
late
Compos1te
H1dden Creek
between lakes
outlet Sk1lak Lake
Quartz Creek
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112000

70000

73345

JUN2
JUL3
JUL2
JUL3
AUG3
AUG3
AUG3

100
100
400
100
100
100
100

1000



--------------------- -- -- ---

Table 1. (Con It.)

Rl.ver/Dral.nage/ Productl.on
b

Sample
Fl.shery Locatl.on Potentl.ala Tl.ml.ng Sl.ze

Bl.shop Creek: Danl.els Lake 7800 SEP2 100
Westsl.de:

Bl.g Rl.ver Wolverl.ne Creek 32980 JUL4 100
Beluga West Fork Coal 12000 AUG3 100
Chakachatna Chl.lll.gan 38576 SEP2 100

Subtotal 300

Crescent Rl.ver:
Mal.nstem Composl.te 120219 JUL3 200

Subtotal 200

Kalgl.n Island: Packers Creek 50026 JUL2 100

Subtotal 100

Total Escapement 4300

Commercl.al Fl.shery

Drl.ft

Grand Total

Composl.te (2 fl.shl.ng perlods) JUL 400

4700

a

b

Productl.on potentl.al represents a maXl.mum survey count
or escapement estl.mate.

Tl.ml.ng represents the tlme perl.od for sampllng and l.S
coded; for example, JUL3 represents the thl.rd week of
July.

c Composl.te represents a mlxture
subpopulatl.ons that wl.ll be taken
proJect sampll.ng sl.tes
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Salar~es

Travel
Contractual
Suppl~es

Equ~pment

subtotal
General Adm~n~strat~on

Total

BUDGET ($K)

$156.9
12.0

232.3
29.1

204.1

$634.4
39.8

$674.2
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RESTORATION PROJECT NUMBER 59

study Tl.tle:

Lead Agency:

Assessment of Genetl.c stock structure of
Salmonl.ds

ADF&G

PROJECT JUSTIFICATION

The overescapement that occurred after the Exxon Valdez Ol.l spl.ll
l.S expected to cause a severe decll.ne l.n adult returns l.n 1993 and
1994. Total closure or severe reductl.on of the commercl.al and
sport sockeye fl.sherl.es may be necessary l.n those years to enable
recovery of thl.s specl.es Genetl.c stock l.dentl.fl.catl.on (GSI)
technl.ques wl.ll be l.mplemented to manage the harvest of these
spl.ll-l.nJured stocks l.n Cook Inlet ml.xed harvest areas GSI has
only recently been appll.ed as an l.n-season management tool, and l.t
has proven to be extremely effectl.ve for allocatl.ng and adJustl.ng
the harvest of stocks l.ntercepted l.n stock ml.xtures such as those
that occur l.n Cook Inlet (e g , Whl.te and Shaklee 1991)

Startl.ng l.n 1992, basell.ne genetl.c data wl.ll be collected from 28
subpopulatl.ons from the Kenal., Kasl.lof, and Susl.tna Rl.vers
Samples from the Cook Inlet commerclal harvest wl.ll be analyzed and
reduced to stock components uSl.ng these data and GSI technlques l.n
subsequent years Area managers wl.ll use thls lnformatl.on to
modl.fy fl.shl.ng areas and openlngs l.n order to facl.ll.tate harvest of
the surplus Kasl.lof Rl.ver and Susltna Rlver stocks whl1e protectlng
the ol.l spl.ll-l.nJured Kenal Rl.ver stocks

F1Shl.ng tl.me l.n the Upper Cook Inlet area was greatly reduced l.n
1989 due to the presence of ol.l from Exxon Valdez Ol.l spl11 As a
dl.rect result, sockeye salmon spawnlng In the Kenal Rlver system
exceeded optl.mal escapement goals by three tlmes ThlS extremely
hl.gh escapement may have produced enough fry to not only deplete
l.nvertebrate prey populatlons and cause hlgh fry mortallty, but
also to alter the specles composl.tl.on and productl.Vlty of prey
populatl.ons for several years Controlll.ng sockeye salmon fry
productl.on by closely regulatl.ng the number of spawnl.ng adUlts may
be the only way to restore the productlvlty of these rearl.ng areas

Attempts to use stock l.dentl.fl.catl.on to manage harvest of Cook
Inlet sockeye salmon reI led on scale growth patterns l.n the past
Alaska Department of Fl.sh and Game (ADF&G) evaluated both scale
pattern analysls and GSI durlng the mld-1970's, and at that tlme,
Wl.th only three genetl.c markers and 11mlted basellne data aval1able
(e.g, see Grant et al 1980), declded to pursue the use of data
from scales. However, the accuracy and preCl.Sl0n of the scale
technl.que alone has not been great, and lt lS l.nsufflclent to
perml.t the l.n-season protectl.on of the l.nJured Kenal. Rlver stocks
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Fortunately, GSI analyses have proven extremely effect1ve for stock
management 1n recent years (Seeb et al 1986, 1990, Shaklee and
Phelps 1990, Wh1te and Shaklee 1991), and many add1t1onal genet1c
markers have been found wh1ch d1scr1m1nate stocks of sockeye salmon
(e.g., W1lmot and Burger 1985, Tony Gharrett and Paul Aebersold,
NMFS, personal commun1cat1on). Seeb and W1shard (1977) found f1ve
marker loc1 wh1ch resolved m1xed-stock samples of sockeye salmon
from the Lake Wash1ngton dra1nage; Grant et al (1980) showed a
h1gh degree of success uS1ng the three markers to class1fy samples
from the Kas1lof and Sus1tna dra1nages, but 1ncomplete basel1ne
data confounded the Kena1 R1ver class1f1cat1ons strong support1ng
eV1dence (descr1bed above and 1nclud1ng sockeye salmon data from
Bob Dav1s, ADF&G, unpubl1shed; and R1chard W1lmot, USFWS, unpub
11shed) 1nd1cate that GSI analyses 1nclud1ng many marker loc1 and
complete basel1ne data w111 prov1de accurate est1mates of stock
compos1t10n for 1n-season protect1on of the Kena1 R1ver stocks.

Add1t1onally, ADF&G and NMFS personnel recently d1scovered that
paras1te data may prov1de stock d1scr1m1nat1ng power for Cook Inlet
stocks (Tarbox et ale 1991) The ADF&G plans to evaluate the use
of all poss1ble techn1ques to maX1m1ze the accuracy and prec1s10n
of stock 1dent1f1cat1on analyses (cf , Wood et ale 1989, R-53) and
w111 1ncorporate paras1te data 1nto the GSI models

OBJECTIVES

The Ob]ect1ves of th1s study are to:

1. Obta1n basel1ne genet1c data (dur1ng 1992-1995) from all
s1gn1f1cant spawn1ng stocks contr1but1ng to m1xed-stock
harvests of sockeye salmon 1n Cook Inlet

2. Obta1n genet1c data each week from sampl1ngs of the var10US
m1xed-stock harvests occurr1ng 1n 1993 and 1994.

3. Use GSI algor1thms (e.g., Pella and M1lner 1987)'to prov1de
weekly est1mates of the presence of Kena1 R1ver stocks 1n
the d1fferent m1xed-stock areas so that managers may mod1fy
area and t1me of harvest 1n order to protect these 1nJured
stocks wh1le target1ng surplus Kas1lof R1ver and Sus1tna
R1ver stocks.

METHODS

Sampl~ng Methods

Basel1ne and m1xed stock samples w111 be collected by personnel
conduct1ng R53 - Kena1 R1ver Sockeye Salmon Restorat10n Dur1ng
the f1rst year 28 basel1ne populat1ons w111 be collected (Append1x
A). In add1t1on, m1xed stock samples w111 be collected from three
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malnstem sltes and from cannery sampllngs of four drlftnet
flsherles. Sample Slzes for allozyme basellne collectlons wll1 be
100 to maXlmlze the preclslon around the allele frequency estlmates
(Allendorf and Phelps 1980, Waples 1990) Mlxed stock sample Slzes
wll1 be set at 200 (Pella and Mllner 1987) and w111 be adJusted In
1993 based on the results of slmulat10n studles conducted uSlng the
1992 basellne data

Muscle, 11ver, eye, and heart wll1 be dlssected from freshly kllled
lndlvlduals. Tlssues w111 be placed In labeled cryovlals and
transferred lnto 11quld nltrogen Tlssues wll1 be stored on 11qUld

onltrogen untl1 transferred to -80 C storage In Soldotna or Anchor-
age. Soldotna samples wll1 be transferred to the Anchora~e

laboratory on dry 1ce or 11qu1d n1trogen and aga1n placed 1n 80 C
storage where they wll1 remaln untl1 laboratory analys1s

A comprehenslve examlnatlon for dlscrlmlnatlng gene markers wll1 be
done. It wll1 focus on the use of allozyme data because of lts
successful appllcat10n In s1m1lar studles and the promlslng pllot
work completed In Cook Inlet Mltochondrlal DNA markers have shown
promlse ln some sltuatl0ns (e g., see Lansman 1981, Bermlngham
1990), and a subset of samples wll1 be so screened to evaluate any
potentlal addlt10nal resolv1ng power

Allozyme electrophoret1c data (utter et al 1987, Seeb et al 1987)
wll1 be collected for the loc1 ldentlfled In sockeye salmon (Grant
et al. 1980, Wllmot and Burger 1985, Append1x B) Allozyme
technlques w111 follow those of Harr1S and Hopk1nson (1976), May et
ale (1979), and Aebersold et al. (1987), nomenclature rules w111
follow the Amerlcan Flsher1es Soclety standard (Shaklee et al
1990). A photographlc record of each polymorphlc gel wll1 be made

The DNA wll1 be extracted from 11ver and heart tlssue (Chapman and
Brown 1990, Berm1ngham et al 1991) uS1ng phenol/chloroform
extractl0ns and ethanol prec1p1tat10n (Sambrook et al 1989) from
a subsample of the basel1ne 1nd1v1duals After extract10n, the DNA
wll1 be ampllfled uS1ng the polymerase cha1n react10n (PCR)
(Kocher et ale 1989, Chapman and Brown 1990, Carr and Marshall
1991) • Prlmer selectlon for PCR w111 1nclude both un1versal
(Kocher et al. 1989) and other unpubl1shed prlmers (Kesslng et al
1989) and 1nclude those from the D-Loop, cytochrome b, and ORF5/6
regl0ns of mtDNA. Ampl1fled DNA wll1 be cut w1th up to 20
restrlctl0n enzymes and separated on agarose gels Fragments w111
be vlsuallzed under UV 11ght, and a photographlc record wll1 be
made of each gel.

Quallty Assurance and Control Plans

All t1ssues wll1 be placed In lnd1v1dually labeled cryotubes
Indlvldual sample numbers w111 be ass1gned to un1quely ldentlfy all
genetlc tlssues and the assoclated collectl0n and paraslte
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l.nformatl.on. As a ml.nl.mum, labels wl.II l.nclude the followl.ng
l.nformatl.on: 1) specl.es, 2) collectl.on Sl.te and/or code, 3)
collectl.on date, 4) l.ndl.vl.dual number, and 5) tl.ssue type Samples

owl.ll be stored at -80 C untl.l analysl.s. A telephone alarm wl.Il be
connected to the freezers to notl.fy laboratory personnel l.n the
event of a power outage.

A collectl.on of mobl.ll.ty standards for all scored alleles Wl.II be
constructed and used to verl.fy alleles. Sl.ml.lar procedures wl.II be
followed wl.th unl.que mtDNA haplotypes After analysl.s, the
remal.nl.ng tl.ssue samples wl.II be retal.ned untl.l the results of the
study have been fl.nall.zed.

Informatl.on Requl.red From Other Investl.gators

Agal.n, genetl.cs samples wl.II be collected by Soldotna fl.eld staff
conductl.ng R-53. ParaSl.te data collected by Soldotna fl.eld staff
wl.II be l.ncorporated l.nto GSI models The prl.ncl.pal l.nvestl.gators
of the two studl.es wl.II work l.n close collaboratl.on throughout the
duratl.on of the studl.es and coordl.nate all aspects l.ncludl.ng sample
collectl.on, laboratory, and data analyses

Safety Requl.rements

Personnel wl.II be tral.ned l.n the safe handll.ng of ll.qul.d nl.trogen
Addl.tl.onally, l.nstructl.ons for the use of ll.qul.d nl.trogen are
l.ncluded as part of the sampll.ng l.nstructl.ons Laboratory safety
procedures and tral.nl.ng wl.II follow gUl.dell.nes outll.ned l.n the
Genetl.cs Laboratory Hazard Communl.catl.ons Program Thl.s program l.S
currently bel.ng developed Wl.th the aSSl.stance of the Alaska
Department of Occupatl.onal Safety and Health.

Anl.mal Health and Welfare

Not appll.cable to thl.s study--only frozen tl.ssues wl.II be analyzed

DATA ANALYSIS

Tests

The allozyme data wl.Il be analyzed uSl.ng the genetl.c analysl.s
program, BIOSYS-1 (Swofford and Selander 1981). Genotypl.c and
allell.c frequency estl.mates wl.II be calculated for each basell.ne
and ml.xed-stock sample at every locus. Genetl.C dl.stance measures
(Nel. 1978), whl.ch summarl.ze multl.-Iocus data l.nto a sl.ngle number,
wl.II also be calculated between all pal.rs of spawnl.ng locatl.ons
These values wl.II be used to construct branchl.ng dl.agrams uSl.ng
numerl.cal taxonoml.C technl.ques (UPGMA, Sneath and Sokal 1973) whl.ch
provl.de a representatl.on of overall phenetl.c sl.ml.larl.ty The
stabl.ll.ty of the resultl.ng dendrogram wl.II be evaluated uSl.ng the
]ackknl.fl.ng procedures of Lanyon (1985). Chl.-square goodness-of-
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f1t to Hardy-We1nberg equ1l1br1um w1ll be performed to test for
random mat1ng w1th1n each populat10n.

Homogene1ty of alle11c frequenc1es among the var10US collect10ns
w1ll be tested uS1ng a 10g-11ke11hood rat10 analys1s (G-stat1st1c)
(Smouse and Ward 1978) (<<=0.01) (Cooper 1968). ReJect10n of the
null hypothes1s of homogene1ty 1S 1nd1cat1ve of d1screte spawn1ng
populat10ns. The total gene frequency d1spers10n at each locus
w1ll be subd1v1ded 1nto w1th1n-and among-r1ver system components 1n
a h1erarch1cal fash10n. H1erarch1cal levels w1ll be organ1zed to
test for homogene1ty of 1) W1th1n dra1nages of the systems, 2)
among dra1nages w1th1n r1ver systems, and 3) among r1ver systems
w1th Cook Inlet. The l1ke11hood analys1s w111 use the computat10n
al formula of Sokal and Rohlf (1981) Th1S stat1st1c 1S d1str1but
ed approx1mately as the ch1-square stat1st1c w1th (no of alleles -

1) X (no. of reg10n - 1) = (degrees of freedom) The l1ke11hood
values (G) can be summed over all 10c1 to obta1n a total value at
each level of analys1s

The mtDNA data w1ll be analyzed uS1ng the REAP analys1s program
(McElroy et ale 1991) Evolut10nary d1vergence (d) w1ll be
est1mated between mtDNA haplotypes (Ne1 and L1 1979, Ne1 1987)
Pa1rw1se d values w1ll be used to construct a UPGMA cluster1ng
d1agram (Sneath and Sokal 1973) The extent of geograph1c
heterogene1ty 1n populat10n frequency d1str1but10ns w1ll be
analyzed uS1ng the Monte Carlo s1mulat10n techn1ques of Roff and
Bentzen (1989)

Stock contr1but10n to m1xed f1shery samples w1ll be est1mated uS1ng
a cond1t10nal maX1mum l1ke11hood program (GIRLSEM) developed by
Nat10nal Mar1ne F1sher1es SerV1ce (NMFS) (Pella and M1lner 1987,
Masuda et ale 1991). Both allozyme and paras1te data w1ll be used,
paras1te presence/absence w1ll be treated as a d1screte character
1n comb1nat10n w1th a mult1-locus genotype (Masuda et al 1991)
The prec1s10n of the stock compos1t10n est1mates w111 be determ1ned
by bootstrap resamp11ng (Efron and T1bsh1ran1 1986) In bootstrap
p1ng, 1nd1v1duals of the stock and m1xture samples are randomly
resampled w1th replacement to obta1n new samples equal 1n S1ze to
the or1g1nal samples. standard errors of stock compos1t10n
est1mates due to samp11ng errors 1n the stock and m1xture samples
can be est1mated from the standard errors of compos1t10n est1mates
over resamp11ngs of the bootstrap Approx1mately 100 bootstrap
resamp11ngs should prov1de suff1c1ently accurate est1mates of
standard error (Masuda et al 1991) Accuracy graphs w1ll be
obta1ned by construct1ng s1mulated samples of m1xtures w1th
spec1f1c stock proport10ns and then by bootstrap resampl1ng the
base11ne to obta1n est1mates of stock proport10ns Th1s same type
of s1mulat10n w1l1 be used to evaluate the effect of m1xture sample
S1ze on the accuracy and prec1s10n of the stock compos1t10n
est1mates and w1ll be used to adJust m1xture sample S1ze 1n
succeed1ng years.

225



S~mulat~on stud~es w~ll be performed to test the add~t~onal

resolut~on that could be prov~ded by mtDNA data The mtDNA data
w~ll be treated as a s~ngle character w~th mult~ple alleles
correspond~ng to haplotypes and w~ll be used ~n conJunct~on w~th

paras~te and allozYme data.

DELIVERABLES

A proJect report deta~l~ng the 1992-1993 sample acqu~s~t~on and
sample analys~s w~ll be prepared February 1993.

SCHEDULES AND PLANNING

Data and Report Subm~ss~on Schedule

Date

March-Apr~l 1992

Apr~l-June

JUly-August

August-December

July-December

January-Apr~l 1993

February

Apr~l-May

May-June

Act~v~ty

Hardware and suppl~es acqu~s~t~on, j800C
freezer set-up ~n Soldotna and Anchorage

Collect test-lots of smolts for pr~mary

genet~c screen~ng; opt~m~ze allozYme and
DNA protocols for resolut~on of genet~c

var~at~on

M~xture collect~ons/coord~nat~onw~th

proJect R53

Basel~ne sample collect~on of adults/
coord~nat~on w~th proJect R53

Laboratory analyses of m~xture

populat~ons

Laboratory analys~s of basel~ne

populat~ons

F~nal report preparat~on

Laboratory analyses of m~xtures,

numer~cal analyses of stock structure

Post-season analyses of m~xed-stock

compos~t~on; modell~ng for 1993 m~xture

analyses

226



Sample and Data Arch1val

o ~

T1ssue storage w111 be 1n -80 C freezers strateg1cally located 1n
Soldotna and Anchorage Each freezer w111 be equ1pped w1th an
alarm-act1vated telephone mon1tor1ng system to not1fy personnel 1n
case of power outages Mult1ple subsamples of t1ssues express1ng

ovar1ant alleles w111 be arch1ved at -80 C to prov1de mob111ty
standards for future allel1c compar1sons

Both hard and electron1c cop1es of data w111 be arch1ved Or1g1nal
lab notebooks w111 be ma1nta1ned 1n the ADF&G genet1cs laboratory
1n Anchorage. All raw and processed data w111 also be electron1
cally stored on databases 1n Anchorage, arch1ved on the local area
network, and arch1ved through FS30 database management These
Wordperfect and R.BASE f1les w111 be read1ly retr1evable

MANAGEMENT PLAN

The co-pr1nc1pal 1nvest1gators w111 manage act1v1t1es 1n close
coord1nat10n w1th Ken Tarbox, Soldotna area off1ce, and L1nda
Bran1an, Anchorage off1ce (Pr1nc1pal Invest1gators of proJect R53)
Soldotna staff w111 handle f1eld log1st1cs and collect the
spec1mens. Anchorage genet1cs staff w111 conduct all laboratory
analyses, perform GSI analyses and model11ng, and prov1de tra1n1ng
for f1eld crews on handl1ng of 11qu1d n1trogen, sample d1ssect1on
and storage, etc Laboratory staff w111 be cross-tra1ned 1n both
allozyme and DNA methods of analys1s

Genet1cs Team

Person

L1sa W. Seeb, co-PI

James E. Seeb, co-PI

ProJect B1ometr1c1an

Laboratory Staff
F1Sh B10 II

Respons1b111t1es

SuperV1se lab staff dur1ng DNA
analyses, superv1se b10metr1c1an
and GSI analyses, report wr1t1ng

SuperV1se lab staff dur1ng allozyme
analyses, coord1nator w1th
Soldotna, budget manager, report
wr1t1ng

Data-base management, data handl1ng
and transfer, GSI analyses,
s1mulat1on and model1ng

Lab log1st1cs, allozyme and DNA
team leader
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Fl.sh Tech III
Fl.sh Tech III

Logl.stl.CS

allozymes and DNA
allozymes and DNA

Logl.stl.CS wl.ll be ll.ml.ted to the routl.ne acqul.sl.tl.on of suppll.es
for lab analyses, normal equl.pment mal.ntenance and repal.r, and
sample shl.ppl.ng and storage. Fl.eld crews Wl.ll return el.ther to
Anchorage or Soldotna Wl.th samples (dependl.ng upon pOl.nt of
dep~rture and locatl.on of collectl.on sl.te). Samples stored l.n the
-80 C freezer l.n Soldotna Wl.ll be allowed to accumulate untl.l
thel.r number warrants a pl.ck-up by the Anchorage-based genovan
(specl.al ADF&G truck equl.pped Wl.th dry l.ce coolers)

PERSONNEL QUALIFICATIONS

James E. Seeb, Prl.ncl.pal Genetl.Cl.st
Fl.sherl.es Rehabl.ll.tatl.on Enhancement and Development
Alaska Department of Fl.sh and Game
Anchorage, Alaska 99518 (907) 267-2385

EDUCATION: B.S., Bl.ology, 1974, Unl.versl.ty of Puget Sound
M.S., Fl.sherl.es, 1982, Unl.versl.ty of Washl.ngton
Ph.D., Fl.sherl.es, 1987, Unl.versl.ty of Washl.ngton

PROFESSIONAL EXPERIENCE

1990
1988-1990
1987-1988
1982-1986
1980-1982
1978-1980

Prl.ncl.pal Genetl.cl.st, FRED Dl.vl.sl.on, ADF&G
Assl.stant Professor, Southern IIIl.nol.s Unl.versl.ty
Research Assl.stant Professor, Unl.versl.ty of Idaho
Graduate Research Assl.stant, Unl.versl.ty of Washl.ngton
Fl.sh Bl.ologl.st, Pacl.fl.c Fl.sherl.es Research, Olympl.a,WA
Fl.sh Bl.ologl.st, Washl.ngton Department of Fl.sherl.es

Ll.sa W. Seeb
Statewl.de Genetl.cl.st, Dl.vl.sl.on of Commercl.al Fl.sherl.es
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APPENDIX A

Proposed sampll.ng locatl.ons for Cook Inlet sockeye salmon GSI
study.

Rl.ver/Dral.nage Locatl.on or Tl.ml.ng N

SUSITNA RIVER

Mal.nstem Ml.xed stock 200

- Talkeetna Larson 100

stephan Lake 100

- Lower Redshl.rt Lake 100

- Yentna Ml.xed stock 200

Chelatna Lake 100

Hewl.tt/Whl.skey 100

- West Fork Unnamed slough 100

- Skwentna Shell Lake 100

- Talachull.tna Judd Lake 100

Trl.nl.ty/Movle 100

KASILOF RIVER

Mal.nstem Ml.xed stock 200

Nl.kolal. Creek 100

Glacl.er Flat 100

Moose Creek 100

Bear Creek 100

KENAI RIVER

Mal.nstem Ml.xed stock 200

Outlet Skl.lak 100

Between lakes 100

Hl.dden Creek 100

Quartz Creek 100

Russl.an Early 100

Late 100
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R1ver/Dra1nage Locat10n or T1m1ng N

WESTSIDE

- Beluga West Fork Coal 100

- Chakachatna Ch1ll1gan 100

- B1g R1ver Wolverlne Creek 100

CRESCENT RIVER

- Ma1nstem 100

KALGIN ISLAND 100
Packers Creek

DRIFT FISHERY M1xed stock 800
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APPENDIX B

Enzymes or protelns to be screened ln Cook Inlet sockeye salmon
Enzyme nomenclature follows Shaklee et al (1990), and locus
abbrevlatlons are glven. Varlable lOCl are those observed by Grant
et ale (1980), Wllmot and Burger (1985), and personal communlca
tlons (P. Aebersold, NMFS, Seattle; A. J Gharrett, NMFS, Auke Bay)

Enzyme or Proteln Enzyme Locus Known to
Number be Varl-

able

Aspartate amlnotransferase 2.6 1 1 sAAT-l,2 yes

sAAT-3 yes

sAAT-3 no

mAAT-l yes

MAAT-2 no

ACld phosphatase 3 1 3 2 ACP no

Adenoslne deamlnase 3 5 4 4 ADA-l yes

ADA-2 no

Alcohol dehydrogenase 1 111 ADH yes

Aconltate hydratase 4 2.1. 3 mAH-l,2 yes

MAH-3 yes

sAH yes

Adenylate klnase 2 7 4 3 AX no

Alanlne amlnotransferase 2 6 1 2 ALAT yes

Creatlne klnase 2 7 3 2 CKA-l no

CKA-2 no

CKC-l no

CKC-2 no

Esterase-D 3 1 1 - ESTD yes

Fructose-blphosphate al- 4 1 2 13 FBALD-l no
dolase

FBALD-2 no

FBALD-3 no
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Enzyme or Prote1n Enzyme
Number

Locus Known to
be Var1

able

FBALD-4 yes

Fumarate hydratase 4.2.1.2 FH yes

beta-N- 3 2.53 bGALA yes
Acetylgalactosam1n1dase

Glyceraldehyde-3-phosphate 1.2.1.12 GAPDH-l no
dehydrogenase

GAPDH-2 no

GAPDH-3 no

GAPDH-4 yes

GAPDH-5 no

Guan1ne deam1nase 354 3 GDA-l. yes

GDA-2 yes

N-Acetyl-beta- 3 2 1 53 bGLUA no
glucosam1n1dase

Glycerol-3-phosphate dehy- 1 1 1 8 G3PDH-l yes
drogenase

G3PDH-2 yes

G3PDH-3 no

G3PDH-4 no

Glucose-6-phosphate 1som- 5.3.19 GPIB-l. yes
erase

GPIB-2 yes

GPIA yes

GPIR yes

Glutath10ne reductase 1 6.4.2 GR yes

beta-Glucuron1dase 3.2 1 31 GUS no

Hydroxyacylglutath10ne 3 1 2.6 HAGH yes
hydrolase

Hexok1nase 2 7 1 1 HK no

L-Id1tol dehydrogenase 1 1 1 14 IDDH-l no
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Enzyme or Prote1n Enzyme
Number

Locus Known to
be Var1

able

Isoc1trate dehydrogenase
(NADP+)

IDDH-2

1 1.1 42 mIDHP-l

no

yes

mIDHP-2 yes

sIDHP-l yes

SIDHP-2 yes

L-Lactate dehydrogenase

Lactoylglutath10ne lyase

alpha Mannos1dase

Malate dehydrogenase

1 1 1 27 LDHA-l

LDHA-2

LDHB-l

LDHB-2

LDHC

4 4 1 5 LGL

3.2 1 24 aMAN

1 1 1 37 sMDHA1,2

no

no

yes

yes

yes

no

yes

yes

sMDHB1,2 yes

mMDH-l yes

mMDH-2 no

Ma11c enzyme (NADP+)

Mannose-6-phosphate 1som
erase

1.1 1 40 sMEPl

sMEP2

5 3 1 8 MPI

yes

no

yes

3.4 PEPA

3 4 PEPB-l

3.4 13 9 PEPD-l

PEPD-2

3 4 PEPLT

1 1 1 44 PGDH

D1pept1dase

Tr1pept1de am1nopept1dase

Pro11ne d1pept1ase

Pept1dase-LT

Phosphogluconate dehydro
genase

Phosphoglucomutase 5 4 2 2
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PGM-l

no

no

no

no

yes

yes

yes



Enzyme or Prote1n Enzyme
Number

Locus Known to
be Var1

able

PGM-2 yes

PGM-3 no

PGM-4 no

Phosphoglycerate k1nase 2 7.2 3 PGK-1. yes

PGK-2 no

Pyruvate k1nase 2 7 1 40 PK-1. no

Pyruvate k1nase PK-2 yes

Pur1ne-nucleos1de 2.4 2 1 PNP-1. no
phosphorylase

PNP-2 no

Superox1de d1smutase 1.15 1 1 sSOD-1. yes

mSOD no

Tr10se-phosphate 1somerase 5.3 1 1 TPI-1. yes

TPI-2 no

TPI-3 yes

TPI-4 yes

Xanth1ne oX1dase XO

BUDGET ($K)

Salar1es $ 202 3
Travel 5 5
Contractual 8 0
Suppl1es 34 5
Equ1pment 39 7

Subtotal $ 290 0
General Adm1n1strat10n 30 9

Total $ 320 9
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RESTORATION PROJECT NUMBER 60AB

study Tl.tle:

Lead Agency:

Prl.nce Wl.lll.am Sound Salmon Stock
Identl.fl.catl.on and Monl.torl.ng Studl.es

ADF&G

INTRODUCTION

Thl.s proJect has evolved from former Natural Resources Damage
Assessment Fl.sh/Shell Fl.sh Studl.es #1 and #3 but now l.ncludes only
the tag recovery aspects of each of those proJects The goal of
combl.ned studl.es GOA and GOB l.S to provl.de l.nseason tl.me and area
specl.fl.c estl.mates of the catches of l.nJured wl.ld stocks and
l.nseason assessments of escapement performance for l.nJured stocks
Fl.sherl.es managers wl.ll use thl.S l.nformatl.on to reduce explol.tatl.on
rates on l.nJured stocks whl.ch need protectl.on. To assess the
effectl.veness of thl.S restoratl.on tool and monl.tor the recovery of
the l.nJured wl.ld stocks, the proJect wl.ll also provl.de post-season
estl.mates of the total returns of tagged stocks

Functl.onally, wl.ld stock returns l.nclude both catch and escapement
components. To estl.mate the total return by stock, the catch must
be enumerated, the component from the tagged populatl.on must be
estl.mated, and the adult escapements for each tagged stock must be
totally enumerated In addl.tl.on , adult escapements of tagged
stocks must also be scanned for coded-wl.re tags to account for
changes l.n the untagged to tagged ratl.os between fry and returnl.ng
adults due to tag loss and dl.fferentl.al mortall.ty Fl.nally, based
on eVl.dence for strayl.ng of hatchery and wl.ld fl.sh from NRDA F/S
Study 1 l.n 1991, some effort must also be expended to account for
the portl.on of tagged returns whl.ch stray to non-natal streams and
are not accounted for l.n el.ther the catch or the natal stream
escapement components.

The proposed study GOA l.S for recovery of coded-wl.re tags l.n the
catches l.n Prl.nce Wl.lll.am Sound Study GOB enumerates escapements
for the Sl.X tagged Wl.ld stocks, recovers tags l.n the escapements to
verl.fy tagged to untagged ratl.os used l.n catch contrl.butl.on
estl.mates, and l.ncludes ll.ml.ted examl.natl.on of nel.ghborl.ng streams
to assess the degree of strayl.ng to non-natal streams Whl.le
studl.es GOA and GOB are both tag recovery proJects the obJectl.ves
and methodology for recoverl.es l.n catches and escapements are qUl.te
dl.stl.nct and for sake of clarl.ty have been retal.ned as separate
sectl.ons l.n a unl.fl.ed operatl.onal plan Processl.ng of heads for tag
extractl.on l.S l.dentl.cal for both catch and escapement samples but
for the sake of sl.mpll.cl.ty has been 1ncluded 1n the budget for
Study GOA whl.ch accounts for the maJor1ty of heads and tags
recovered.
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INTRODUCTION - GOA

W~ld stock product~on of p~nk salmon ~n Pr~nce W~ll~am Sound has
ranged from 10 to 15 m~ll~on f~sh ~n recent years. Much of the
spawn~ng for p~nk salmon (up to 75% ~n some years) occurs ~n

~ntert~dal areas. Intert~dal spawn~ng areas are suscept~ble to
mar~ne contam~nants and there ~s strong ev~dence the Exxon Valdez
o~l sp~ll adversely affected spawn~ng success and early mar~ne

surv~val ~n Pr~nce W~ll~am Sound (Sharr et al 1991) Salmon
stocks ~mpacted by the o~l sp~ll are also heavlly explolted In
commerc~al, sport, and subs~stence f~sher~es. These stocks can
most effect~vely be restored through stock-speclflc management
pract~ces des~gned to reduce explo~tatlon on ~mpacted stocks. The
stocks from areas heav~ly ~mpacted by the o~l sp~ll are present In
f~sher~es dom~nated by hatchery and wlld stocks from unaffected
areas of the Pr~nce W~ll~am Sound. The management of th~s mlxed
stock f~shery has hlstorlcally been based on malntalnlng good
temporal and spat~al dlstrlbutl0n of spawnlng escapement for groups
of stocks ~n e~ght maJor f~shlng dlstrlcts. The success of thlS
management strategy rel~es upon the manager's abll~ty to control
stock-spec~f~c explo~tatlon rates. Restoratl0n premlsed on stock
spec~f~c management of the commerclal flshery for reduced explolta
t~on of ~mpacted stocks wlll requ~re even more accurate lnseason
catch stock composlt~on estlmates lf dlfferent harvest rates are to
be ach~eved for ~nJured w~ld stocks versus unlmpacted wlld stocks
or hatchery stocks.

Th~s proJect ~s des~gned to prov~de accurate, real tlme, catch
contr~but~onest~mates for the plnk salmon stocks of Prlnce Wlillam
Sound. Accurate escapement estlmates from another proposed
restorat~on program w~ll enable managers to ldent~fy stocks WhlCh
are exper~enclng escapement shortfalls Accurate and tlmely catch
contr~but~on est~mates from th~s coded-wlre tag recovery proJect
w~ll enable managers to ~dentlfy tlmes and areas where exploltat~on

of these depleted w~ld stocks can be mlnlmlzed and stlll perm~t the
harvest of surplus hatchery returns Post-season analyses of the
catch contr~but~on estlmates together wlth results from the
proposed salmon escapement enumeratlon proJect wlll provlde stock
spec~f~c est~mates of total return and survlval and enable managers
to assess the effect~veness of stock speclflc managem~nt strate
g~es.

In the absence of ~mproved stock speclflc management capabll~tles

afforded by th~s proJect, salmon stocks In western Pr~nce Wlillam
Sound wh~ch have already been stressed and depleted by the all
lmpacts w~ll potentlally be over-explolted In the commerclal, sport
and Subslstence f~sherles Populatlon levels of stocks may be
reduced below those needed for rapld recovery and In some lnstances
may result In vlrtual ellmlnatl0n of lmpacted stocks If adequate
stock mon~tor~ng programs are not In place, changes ~n f~sh~ng

effort to areas of less all lmpact could also result In over
explo~tatlon of otherw~se healthy, un~mpacted stocks
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The foundat1ons for th1s proJect were establ1shed 1n feas1b111ty
stud1es wh1ch were conducted beg1nn1ng 1n 1986 and extend1ng
through 1988. Dur1ng the damage assessment process 1n Natural
Resources Damage Assessment (NRDA) F1sh/Shellf1sh (F/S) study #3
large scale tagg1ng and recovery proJects (Attachment 1) were
1nst1tuted and perfected Some of the tags appl1ed uS1ng NRDA or
Restorat1on funds have been recovered but others have not. If
recovery efforts proposed here are not 1nst1tuted 1n 1992 1mportant
restorat1on and populat1on mon1tor1ng data w111 be 1rretr1evably
lost. Tags appl1ed to w1ld p1nk fry from S1X streams (three o1led
and three uno1led) 1n 1991 are among those wh1ch must st111 be
recovered. Although pr1vately funded, tagg1ng also cont1nued for
all hatchery releases of p1nk salmon 1n 1991 and those tags could
be recovered concurrently.

Results of th1s study w111 prov1de est1mates of hatchery and w1ld
stock contr1but1ons to commerc1al harvests, hatchery cost recovery
harvests, hatchery brood stocks and w1ld stock escapements. Stock
spec1f1c catch contr1but1ons w111 be by date and f1sh1ng d1str1ct
and w111 be used 1nseason by f1sher1es managers to reduce effort on
1nJured stocks and target effort on healthy hatchery returns
Post-season analyses of current year as well as h1stor1c tag
recovery data w111 be coupled w1th escapement data for w1ld stocks
to make est1mates of w1ld stock total returns and surv1val These
data are 1mportant as a tool for assess1ng the effect1veness of
var10US management strateg1es Post-season analyses of tagg1ng
data w111 also 1dent1fy trends 1n the t1me and d1str1but10n of
stocks 1n the f1sher1es These data are 1mportant to f1sher1es
managers who must ant1c1pate the effects of f1sh1ng strateg1es 1n
future years 1f depleted stocks are to be protected Stock
spec1f1c management strateg1es for f1sh return1ng to o1led streams
as well as other populat10ns affected by altered f1sher1es
management w111 be developed uS1ng tagg1ng and escapement data
S1m1lar data from coded-w1re tagg1ng proJects funded by the NRDA
process have been used to Just1fy t1me and area f1shery closures
and effect1vely reduce explo1tat1on on o1led stocks 1n port10ns of
southwestern Pr1nce W1111am Sound 1n 1990 and 1991. Ser10us
escapement shortfalls were avo1ded desp1te 1ntense f 1sh1ng pressure
on surplus hatchery f1sh 1n adJacent areas

OBJECTIVES - 60A

A. Recovery of coded-w1re tags and otol1ths from catches of p1nk
salmon to:

1. Est1mate temporal and spat1al contr1but1ons of tagged w1ld
stocks to Pr1nce W1111am Sound commerc1al and hatchery
harvests. (S1nce coded-w1re tagg1ng of hatchery fry 1S
expected to cont1nue 1ndependently of the restorat10n
process, these tags w111 also be recovered from harvests
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These data w~ll also be used to enhance restorat~on efforts
d~rected at w~ld stocks.),

2. Prov~de t~mely ~nseason est~mates of stock contr~but~ons to
harvests by t~me and area to f~sher~es managers so they can
closely regulate explo~tat~on of ~nJured w~ld stocks;

3 . Exam~ne the feas~b~l~ty of us~ng otol~ths as a stock
~dent~f~cat~on tool that w~ll complement or replace coded
w~re tagg~ng. (Th~s obJect~ve must also cons~der the test
appl~cat~on of thermal otol~th band~ng to all fry released
from two hatcher~es ~n 1992. Therefore, otol~th samples
collected ~n 1992 w~ll be used as basel~ne samples for
test~ng the ab~l~ty to d~st~ngu~sh hatchery appl~ed thermal
marks ~n 1992 from naturally occurr~ng band~ng patterns.)

B. Recovery of coded-w~re tags and p~nk salmon otol~ths from
spawn~ng populat~ons to

1. Est~mate tag loss and mortal~ty of tagged p~nk salmon,

2. Determ~ne total return and overall surv~val of tagged p~nk

salmon stocks, ~nclud~ng sub-populat~ons w~th~n the same
stream tagged ~n ~ntert~dal and upstream zones (To be
accompl~shed, th~s obJect~ve w~ll requ~re tag recovery data
from catches.);

3. Compare growth and surv~val of p~nk salmon return~ng to
o~led and uno~led spawn~ng s~tes, and to upstream and
~ntert~dal spawn~ng s~tes w~th~n the same stream, us~ng

otol~ths collected from tagged p~nk salmon,

4 . Exam~ne effects of egg and fry dens~t~es, fry m~grat~on

t~m~ng, nearshore zooplankton abundance, and Juven~le growth
and surv~val upon adult surv~val,

5. Collect samples for documentat~on of pervas~ve somat~c,

cytolog~c, and genet~c abnormal~t~es ~n adults return~ng to
o~led streams.

6. Est~mate stray~ng rates of hatchery and w~ld stocks of p~nk

salmon. Stray~ng of hatchery f~sh ~nto streams wh~ch were
~mpacted by the sp~ll may alter the genet~c compos~t~on and
reduce the f~tness of ~nJured w~ld populat~ons

\
METHODS - 60A

Personnel pol~cy, purchas~ng pract~ces, f ~eld camp operat~ons,

safety procedures, and proJect adm~n~strat~onw~ll be ~n compl~ance

w~th the ADF&G D~v~s~on of Commerc~al F~sher~es Manual of Standard
Operat~ng Procedures. Data collect~on procedures are s~m~lar to
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those used lon NRDA FIS study #3 These procedures have been
thoroughly revloewed by the NRDA peer reVloew process and approved by
the Management Team.

Tag Recovery

Commercloal Catches

The Alaska Department of Flosh and Game wloII oversee the recovery of
coded-wlore tagged flosh lon commercloal salmon harvests lon Prlonce
WloIIloam Sound. The recovered samples wloll be from a stratlofloed
random sample (Cochran 1977). Flosherloes wloll be stratlofloed by
dlostrloct and dloscrete tlome segments. The recovery wloll be further
stratlofloed by processor as descrlobed lon Peltz and Geloger (1988)
For each tlome and area speclofloc stratum, 15% of the plonk salmon
catch wloll be scanned for flosh Wloth a mlsslng adlopose flon. Catch
sampllong wloll be done lon four flosh processlong faclolltloeS In
Cordova, one faclolloty lon Seward, and three faclollotloes lon Valdez
When feasloble, sampllong wloll occur at facl1ltloeS lon Kodloak, Kenal,
Anchorage, and Whlottloer and on large floatlong processors All
delloverloes by flosh tenders to these faClllotles wloII be monlotored by
radloo and by daloly contact wlth processlng plant dlospatchers to
ensure that the catch dellverles belng sampled are dlstrlct
SpeCloflc.

Scannlong commercloal plonk salmon catches for coded-wlre tags
lonvolves vlosually selectlong adlopose cllpped flSh from a mlxture of
uncI lopped and cllopped flosh on a conveyor belt Samplers wll1
select flosh on the baslos of whether they have a good Vlew of the
adlopose flon regloon; negatlve sampllng blas may occur by conslstent
exclusloon of tagged flosh. ThlS posslble sampllng blas wl11 be
perloodlocally tested for by comparlng the tag recovery rates of
sampled flosh to recovery rates lon a censuses of sampled loads of
flosh. In addlotloon to catch sampllong at the process long facl11tles,
approxlomately 15% of the flSh In the hatchery termlnal harvest
areas wloII be scanned for flSh mloSSlng adlpose flns

Hatchery Brood Stocks and Wl1d Escapements

Brood stock and escapement sampllng are crltlcal to estlmatlng
hatchery and Wlold contrlbutl0ns Due to dlfferentlal mortallty
between tagged and untagged flSh as well as dlfferentlal tag loss
between release groups, the tag expanslon factor at release for
hatchery flosh may no longer accurately reflect the tag expansloon
factor In the adult populatlon Theoretlcally, brood stock and
spawnlong escapements are composed of 100% flSh WhlCh orlg1nated
from the hatchery or stream where sampllng occurs and are represen
tatlove of returns from each fry or smolt release group Based on
thlos assumptlon, tag recovery rates from brood stock and escape
ments can be used to adJust the lnltlal tag expanslons for each
tagged hatchery release group or each wl1d stream out-mlgratloOn.
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There w1ll be a brood stock tag recovery effort at each of the
three hatchery fac1l1t1es where tags were 1n1t1ally app11ed.
Techn1c1ans w1ll be stat10ned at each of the 5 Pr1nce W1ll1am Sound
hatcher1es to scan the brood stock dur1ng egg take for all f1ve
spec1es of salmon. After the salmon are manually spawned,
techn1c1ans w1ll use v1sual and tact1le methods to scan approx1
mately 95% of the f1Sh. Total number of f1Sh scanned and total
number of f1n-c11pped f1Sh found w1ll be recorded on a da1ly bas1s.

There w1ll be an 1ntens1ve survey of adult P1nk salmon return1ng to
natural systems. We1rs w1ll be operated for samp11ng adult sockeye
salmon on those systems where sockeye salmon were tagged.
Carcasses w1ll be scanned for coded-w1re tags 1n adult P1nk salmon
return1ng to the S1X tagged w1ld stock streams Loom1s, Cathead,
Herr1ng, Totemoff, O'Br1en, and Hayden Creeks. Only carcasses w1th
a v1s1ble ad1pose reg10n w1ll be counted Heads w1ll be removed
from the ad1pose c11pped carcasses, soaked 1n a br1ne solut10n, and
put 1nto plast1c bags. Total number of carcasses and total number
of ad1pose c11pped f1Sh w1ll be recorded on a da1ly bas1s for each
stream surveyed. Heads and the1r correspond1ng data sheets w1ll be
p1cked up on a regular bas1s and returned to Cordova for ed1t1ng
and sh1pp1ng to the Juneau tag lab.

Untagged W1ld Escapements

Based on tag recovery results from NRDA F/S study #3 1n 1991 1t
appears port10ns of spawn1ng escapement and hatchery brood stocks
may cons1st of f1Sh wh1ch stray and do not return to the1r hatchery
or parent stream. S1gn1f1cant straY1ng could b1as tag recovery
results 1f 1t 1S not accounted for. To quant1fy the extent of
stray1ng, approx1mately 8 to 10 add1t10nal streams near we1red
streams w1ll be sampled for coded-w1re tags Recovery methods w111
be 1dent1cal to those already descr1bed for w1ld P1nk salmon
systems where tags were app11ed.

DATA ANALYSIS - 60A

Est1mates of Va11d Tags

Follow1ng the app11cat10n of tags at hatcher1es and at w1ld stock
streams, the total number of fry w1th val1d tags was est1mated as·

Tvt
where

Tt = total number of f1sh tagged from group t,
Mot = overn1ght morta11ty of tagged group t f1Sh,
Lot = overn1ght tag loss rate of group t f1Sh,
C = good c11p rate
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At least one hatchery fac111ty 1ncludes a term for short term
mortal1ty of tagged f1Sh from treatment group t dur1ng saltwater
rear1ng (St). The number of tagged f1Sh released for that fac111ty
becomes:

Contr1but1on Est1mates

The f1rst step 1n the coded-w1re tag analys1s w111 be to est1mate
the harvest of salmon from each tag lot, 1n un1ts of adult salmon.
Adult salmon from these tagged lots w111 be recovered 1n the common
property f1shery, the hatchery cost recovery f1shery, and the adult
brood stock. For the hatchery stock, a mod1f1cat10n of the methods
descr1bed 1n the ADF&G techn1cal report by Clark and Bernard (1987)
w111 be used. The spec1f1c methods are descr1bed 1n ADF&G
techn1cal reports on two prev10us stud1es of p1nk salmon 1n Pr1nce
W1111am Sound: Peltz and Ge1ger (1988), and Ge1ger and Sharr
(1989). Add1t1onal references on methods of tagg1ng p1nk salmon 1n
Pr1nce W1111am Sound can be found 1n Peltz and M11ler (1988). In
the case of the w1ld stocks, the methods and est1mators and
necessary assumpt10ns are descr1bed by Ge1ger (1988)

The bas1c pr1nc1ple beh1nd the est1mates can be descr1bed as
follows. The contr1but10n of a part1cular tag lot, to a part1cular
f1shery stratum, 1S est1mated by mult1ply1ng the number of tags
recovered 1n the structured recovery survey, by the 1nverse of the
proport1on of the catch sampled (the 1nverse sampl1ng rate), and by
the 1nverse of the proport1on of the tag lot that was actually
tagged (the 1nverse tag rate) The escapement (brood stock) of
each tag lot w111 be est1mated uS1ng methods un1que to the
part1cular sltuat1on. After the contr1but10n to each f1shery lS
est1mated for the tag lot, the surv1val lS calculated by summ1ng
the est1mated harvest of the tag lot 1n each f1shery, and the
est1mated escapement (brood stock), and d1v1d1ng by the est1mated
number of f1Sh represented by the tag code

Total catches strat1f1ed by week, d1str1ct, and processor w111 be
obta1ned from summar1es of f1Sh sales rece1pts (f1Sh t1ckets)
lssued to each f1sherman The total hatchery contr1but10n to the
commerc1al and hatchery cost recovery harvest lS the sum of the
est1mates of contr1but1ons 1n all week, d1str1ct, and processor
strata.

=

=

=

strata,

-1
Pt

catch of group t f1sh,
number of group t tags recovered 1n ~th

number of f1Sh caught 1n ~th strata,
number of f1Sh sampled 1n ~th strata,
proport1on of group t tagged=

=

'"Ct
wher",e:

Ct
Xt1 =
N

1

S1

Pt
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For sampled strata, we used a var1ance approx1mat10n wh1ch 19nores
covar1ance between release groups (Ge1ger 1988):

2 -1
= 1:,Xt , (N,/S,Pt) [1 - (N,/S,Pt) ].

The assumpt10ns necessary to est1mate C and the assoc1ated
var1ances and conf1dence 1ntervals are as follows

1. The numbers of tagged f 1sh and untagged f 1sh are known
exactly;

2. The tagged sample of the or1g1nal hatchery tag group 1S a
s1mple random sample,

3. The tags do not affect the f1Sh w1th respect to the 1tems
under study (surv1val, t1m1ng, hom1ng, etc ),

4. None of the tags or marks are lost,

5. The number of f1Sh 1n the f1shery and the number of f1Sh 1n
the f1shery sample are known exactly,

6. The sample of the f1shery 1S a s1mple random sample (1.e ,
every f1Sh 1n the collect1on of f1Sh under cons1derat10n has
an equal probab111ty of select10n 1ndependent of every other
f1Sh 1n the sample); and

7. All marks are observed and all tags are decoded.

The average tag recovery rate for all processors 1n a week and
d1str1ct w111 be used to est1mate hatchery contr1but10n 1n catches
del1vered to processors not sampled for that d1str1ct and week.

DELIVERABLES - 60A

Catch contr1but1ons w111 be reported b1-weekly to the F1shery
Manager from m1d-July through August A report, wh1ch summar1zes
the results of the current-year study, w111 be completed 1n
February, 1993.

SCHEDULES AND PLANNING - 60A

Date(s)
March 15-June 15, 1992

October 1, 1992

ACt1v1ty
P1nk salmon w1ld stock tagg1ng

Tag appl1cat10n report
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June 9-september 10, 1992

May lS-September 30, 1992

December 30, 1992

February 15, 1993

------- --- -- -------

Tag recovery ln commerclal, cost
recovery, and adult spawnlng popula
tlons of plnk salmon

Tag recovery ln commerclal and cost
recovery harvests, and adult spawn
lng populatl0ns of chum, sockeye,
coho and chlnook salmon

Draft Report

Flnal Report

SAMPLE AND DATA RECORDING, PROCESSING AND ARCHIVAL - GOA
~

In the catch, termlnal harvest, brood stock, and natural system
surveys, the total number of flSh scanned and the number of scanned
flSh wlth mlsslng adlpose flns wl11 be recorded The heads wl11 be
removed from flSh wlth mlsslng adlpose flns Each head wl11 be
tagged wlth unlquely numbered strap tags. Recovered heads wl11 be
assembled and pre-processed ln the Cordova area offlce Heads wl11
then be sent to the FRED Dlvlslon Coded-Wlre Tag Laboratory ln
Juneau for decodlng and data postlng

A statewlde coded-wlre tag lab lS located ln Juneau and operated by
FRED D1V1Sl0n of ADF&G Coded-wlre tag sampllng forms wl11 be
checked for accuracy and completeness. Sampllng and bl010glcal
data wl11 flrst be entered onto the laboratory's database Next,
the heads wl11 be processed. ThlS lnvolves removlng and decodlng
the tags, and enterlng the tag code and the code asslgned In the
recovery survey lnto the database Samples wl11 be processed
wlthln flve worklng days of recelpt Sampllng lnformatlon and tag
codes entered lnto the database wl11 be aval1able for analysls the
followlng mornlng. Data wll1 be automatlcally transferred from
Juneau to Cordova. Eventually, onllne access from Cordova wl11
provlde In-season lnformatlon to flsherles managers In Cordova to
allow assessment of 011 spl1l lmpacts and lmplementatl0n of any
requlred In-season management actlons Catch and sampllng
lnformatlon wll1 be lntegrated Wlth tag codes to automatlcally
calculate In-season and post-season hatchery contrlbutl0n estl
mates. A hlstorlc database of coded-wlre tag lnformatlon from
Prlnce Wllllam Sound tagglng and tag recovery programs wl11 be
malntalned and wll1 be easl1y accesslble by managers and research
ers
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MANAGEMENT PLAN

The Pr~nc~pal Invest~gator (PI) for the proJect ~s a F~sher~es

B~olog~st III w~th the Alaska Department of F~sh and Game The PI
w~ll be respons~ble for wr~t~ng proJect operat~onal plans,
adm~n~ster~ngproJect bUdgets, qual~ty control of data collect~on,

superv~s~ng data analyses, and co-author~ng f~nal reports The PI
w~ll be ass~sted by a F~sher~es B10log1st II ProJect Leader (PL)
who w~ll h~re proJect personnel, superv1se day to day proJect
operat~ons, ma~nta~n data qual~ty, ass1st 1n data analyses, and
coauthor f~nal reports. The PL w1ll be ass1sted by two F1sher1es
B~olog~st I IS. One of these ass1stants w1ll be 1n charge of
superv~s~ng day to day sampl1ng act1v1t1es 1n Cordova, Seward, and
at remote camps. The other w1ll superv1se sampl1ng act~v1t1es 1n
Valdez, Anchorage, Wh1tt1er, and Kod1ak Crews at each port C1ty
w1ll have F~sher~es Techn1c1an III crew leaders. The rema1nder of
each crew w1ll be F~sher1es Techn1c1an lis and Ills Each day, two
persons on each crew w1ll scan p1nk salmon at each process1ng plant
and, where needed, an add1t10nal person per fac111ty w111 scan
other spec~es. Under the superv1s10n of the proJect F1sher1es
B1olog~st I IS, two F~sher1es Techn1c1an III I S 1n Cordova w111
conduct the da~ly data logg1ng, ed1t1ng, and arch1v1ng act1v1t1es
The consult~ng B1ometr~c1an I w111 reV1ew all operat10nal plans,
proJect reports, and be respons1ble for all stat1st1cal products
and stat~st~cal report1ng

PROJECT LOGISTICS - GOA

Tag Recovery ~n Commerc1al and Cost Recovery Harvests

Sampl~ng mater~als, data forms, and sampl1ng equ1pment w111 be
purchased or sh1pped to Cordova from the ADF&G, FRED D1v1s10n Tag
Lab no latter than May 1, 1992. F1sher1es B10log1sts for th1s
proJect are already employed as part of the NRDA close out for F/S
Study #3 and w~ll assume the1r restorat10n dut1es 1n m1d-May when
recovery act~v1t~es for sockeye salmon beg1n Some F1Sh and
W~ldl~fe Techn~c1ans employed for sampl1ng chum, sockeye and
ch1nook salmonlw~ll be h1red 1n May 1992. The rema1nder of the
sampl~ng crews w1l1 be h1red 1n June. Crews sampl1ng 1n Anchorage,
Wh1tt~er, Seward, Kena1, and Kod1ak w111 be h1red locally and w111
prov1de the~r own room and board. ProJect b1olog1sts w111 V1S1t
each port a m1n1mum of once every two weeks to answer quest1ons,
and prov~de qual1ty control superv1s10n.

Crews employed by the proposed adult salmon escapement enumerat10n
proJect w~ll conduct tag recovery act1v1t1es on w1ld stock spawn1ng
grounds. B~olog1sts for the Coded-w1re Tag proJ ect w111 coord1nate
w1th b~olog1Sts from the escapement enumerat10n proJect and prov1de
qual~ty control superv1s10n for tag recovery operat10ns at remote
s1tes.
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PERSONNEL QUALIFICATIONS - 60A

Flsherles Bl0loglSt III Prlnclpal Investlgator - Samuel Sharr

Mr. Sharr recelved a Bachelor of SClence degree In bl0logy from the
Unlverslty of Washlngton In 1968 He has been a research blologlst
for ADF&G Slnce 1979 and has worked on Prlnce Wllllam Sound salmon
and herrlng Slnce 1981. He assumed hlS present posltlon as the
ADF&G, D1V1Sl0n of Commerclal Flsherles, Blologlst III, Prlnce
Wllllam Sound Area Flnflsh Research ProJect Leader In 1986. In
thls capaclty, Mr. Sharr oversees all the salmon and herrlng
research conducted by the D1V1Slon of Commerclal Flsherles In
Prlnce Wll1lam Sound. H1S lnvolvement wlth the Prlnce Wllllam
Sound salmon escapement aerlal survey program dates from the early
1980's. Mr. Sharr has supervlsed a total re-edlt of the hlstorlC
aerlal and ground survey data and deslgned a new R BASE database
for lnseason escapement analyses Mr Sharr wrote the orlglnal
operatl0nal plans for NRDA F/S Studles 1, 2, and 3 and has been the
Prlnclpal Investlgator for those proJects Slnce thelr lnceptlon

Flsherles Blologlst II ProJect Leader - Carol Peckham

Ms. Peckham has a Bachelor of SClence In Wl1dllfe Bl0logy from the
Unlverslty of Alaska and has completed all course work requlrements
for a Masters degree In statlstlcs She has been employed by ADF&G
Slnce 1984. As a college lntern for the ADF&G Stock Bl0logy Group
Ms. Peckham galned valuable experlence In a wlde varlety of
bl0log1cal sampllng and stock ldentlflcatlon technlques In Cook
Inlet and Prlnce Wllllam Sound Ms Peckham has been lnvolved In
coded-wlre tag recovery actlvltles In Prlnce Wl111am Sound Slnce
thelr lnceptlon and Slnce 1987 she has been the Flsherles Bl0log1st
In charge of coded-wlre tag recovery operatlons for Prlnce Wllllam
Sound salmon. She has excelled In that capaclty Her experlence
lncludes supervls10n of sampllng actlVltles spread throughout
south-central Alaska. She has co-authored several reports In the
ADF&G Technlcal Data Report serles and she was a coauthor of the
1991 NRDA F/S Study #3 lnterlm status report

Flsherles Bl0loglSt I Asslstant ProJect Leader - JOdl Smlth

Ms. Smlth has a Bachelor of SClence In Marlne Blology from the
Unlverslty of Alaska. Prlor to worklng for ADF&G, Ms Smlth worked
for four years In aquaculture related actlvltles lncludlng hatchery
work In Prlnce Wllllam Sound Ms Smlth has worked for ADF&G
D1V1S10n of Commerclal Flsherles Slnce 1989 when she became a
Flsherles BlologlSt I for NRDA F/S Study #3 In 1990 Ms Smlth
supervlsed tag recovery actlvltles In Valdez and In 1991 In
Cordova. She also supervlsed quallty control for tagglng actlvl
tles at Prlnce Wllllam Sound hatcherles In 1990 and 1991. Ms.
Smlth lS presently asslstlng In close out actlvltles for NRDA F/S
Study #3.
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B10metr1c1an I - Dav1d G. Evans

Dav1d Evans rece1ved a Bachelor of SC1ence 1n S01l SC1ence from-the
Un1vers1ty of Nott1ngham (Great Br1ta1n) 1n 1981. He went on to
obta1n h1S Masters and Ph.D. 1n S01l SC1ence from the Un1vers1ty of
Guelph (Canada) 1n 1984 and 1988 He obta1ned a Masters 1n
Stat1st1cs from Oregon state Un1vers1ty 1n 1991. Dr Evans began
work1ng w1th coded-w1re tags 1n m1d-December 1991
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Attachment 1. Map showl.ng the locatl.on of taggl.ng Sl.tes for
Hatchery and wl.ld stocks of salmon whl.ch wl.ll
contrl.bute to adult returns l.n 1992.
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INTRODUCTION - 60B

W1ld stock product10n of P1nk salmon, Oncorhynchus gorbuscha, 1n
Pr1nce W1ll1am Sound has ranged from 10 to 15 m1ll10n f1sh 1n
recent years. Most P1nk salmon (up to 75% 1n some years) spawn 1n
1ntert1dal areas Wh1Ch are suscept1ble to contam1nat10n from mar1ne
pollut10n. There 1S strong eV1dence the Exxon Valdez 011 sp1ll
adversely affected spawn1ng success and early mar1ne surv1val of
Pr1nce W1ll1am Sound P1nk salmon (Sharr et ale 1991, Raymond et al
1991). Exxon Valdez 011 sp1ll 1mpacted stocks are harvested 1n
commerc1al, sport, and Subs1stence f1sher1es. Commerc1al f1sher
1es, Wh1Ch account for most of the P1nk salmon caught 1n Pr1nce
W1ll1am Sound, harvest a m1X of w1ld stocks from both affected and
unaffected areas as well as hatchery stocks. Management of th1S
m1xed stock f1shery has been based on ach1ev1ng good temporal and
spat1al d1str1but10ns of spawners for groups of stocks 1n e1ght
f1sh1ng d1str1cts. Success of th1S management strategy has
depended upon aer1al surveys to est1mate escapement dur1ng the
season. Restorat10n of stocks 1n]ured by the Exxon Valdez 011
sp1ll can only be effected through stock-spec1f1c management
des1gned to reduce commerc1al expl01tat10n on 1mpacted stocks. To
accomp11sh th1S, more accurate 1nseason escapement est1mates are
needed both for 1mpacted and un1mpacted w1ld stocks.

Th1S proJect 1S des1gned to prov1de accurate, real t1me, escapement
est1mates for Pr1nce W1ll1am Sound P1nk salmon w1ld stocks. Such
est1mates w1ll enable f1shery \ managers to closely mon1tor the
numbers of spawners 1n 1mpacted streams so that harvest rates can
be regulated to ach1eve des1red escapement levels Th1S w1ll allow
managers to protect 1mpacted stocks wh1le d1rect1ng f1sh1ng effort
to harvest surplus f1Sh. Post-season analys1s of escapement
enumerat10n data together w1th data from the proposed stock
assessment restorat10n proJect (R60A) w1ll prov1de stock-spec1f1c
est1mates of total return and enable managers to assess the
effect1veness of stock-spec1f1c management strateg1es.

In the absence of 1mproved escapement est1mat10n capab1l1t1es
afforded by th1s pro] ect, P1nk salmon stocks 1n western Pr1nce
W1ll1am Sound Wh1Ch have already been 1n]ured by the Exxon Valdez
011 sp1ll may be over-expl01ted by commerc1al, sport, and subs1s
tence f1sher1es. Th1S could dr1ve these stocks below levels needed
for rap1d recovery, and 1n some 1nstances, below levels needed for
cont1nued surV1val. W1thout an 1mproved escapement mon1tor1ng
program, the r1sk of e1ther over- or under-expl01t1ng stocks not
1mpacted by the Exxon Valdez 011 sp1ll 1S also greatly 1ncreased

Escapement enumerat10n procedures to be used for th1s proJect were
developed and perfected dur1ng Natural Resources Damage Assessment
F1sh/Shellf1sh Study 1 (NRDA FIS 1) Th1S study was conducted on
p1nk salmon spawn1ng 1n 138 streams, a subset of the 218 streams
1ncluded w1th1n the department IS aer1al survey program. Total area
of 1ntert1dal spawn1ng hab1tat was est1mated for all 138 streams
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and total area of upstream spawn1ng hab1tat was est1mated for 100
of the 138 streams. In 1989 and 1990 ground surveys to count p1nk
salmon spawners were made for all 138 streams Total p1nk salmon
spawn1ng escapement was counted at we1rs for 4 streams 1n 1990 and
7 streams 1n 1991. stream res1dence t1me (stream l1fe) of spawners
was also est1mated for 22 streams 1n 1990 and 40 streams 1n 1991.
The damage assessment program 1n 1991 was supplemented by Restora
t10n study 9 (RS 9), a proJect s1m11ar to the one proposed 1n th1s
deta1led study plan. RS 9 1ncluded escapement enumerat10n at we1rs
on 3 add1t10nal streams as well as stream 11fe est1mates 1n 8
add1t10nal streams.

To determ1ne whether 011 from the Exxon Valdez 011 sp111 was
present 1n 1ntert1dal spawn1ng areas, v1sual surveys of the hab1tat
were made and mussel (Myt11us sp ) samples for hydrocarbon analys1s
were collected at the mouths of all 138 streams 1n the ground
survey program 1n 1989 and 1990 Add1t10nally, t1ssue samples for
hydrocarbon analys1s were collected from spawn1ng p1nk salmon 1n 12
01led and 10 un01led streams dur1ng 1990 and 1991 ground surveys.

Th1s proJect 1S focused on restorat10n of spec1f1c stocks of p1nk
salmon Work w1ll emphas1ze more deta11ed and 1ntens1ve data
collect10n on fewer streams than were 1ncluded 1n NRDA F/S 1
streams 1n the 011 1mpacted areas of western Pr1nce W1111am Sound,
as well as streams representat1ve of un1mpacted areas 1n eastern
Pr1nce W11l1am Sound, w111 be 1ncluded 1n th1s stUdy. We1rs w111
be placed on the same streams stud1ed 1n 1991 as part of NRDA FIS
1 and RS 9. S1X of these are streams where p1nk salmon fry were
counted and tagged 1n 1990 and 1991 as part of NRDA FIS 3. Ground
surveys, stream 11fe, and tag recovery stud1es w111 be cont1nued at
all streams w1th we1rs as well as approx1mately 8 add1t10nal
streams. V1sual surveys for 011 as well as collect10n of t1ssue
samples from adult p1nk salmon w111 be done at all surveyed streams
for the durat10n of the proJect.

Results of the proposed restorat10n study w111 furn1sh est1mates of
average stream 11fe for P1nk salmon J.n PrJ.nce WJ.IIJ.am Sound,
prov1de b1as adJustment factors to J.ncrease the accuracy of aerJ.al
survey spawner counts, and use th1s J.nformat10n to develop accurate
escapement est1mates for all 218 streams J.ncluded J.n the departmen
t's aer1al survey program for the current as well as prJ.or years
All ava1lable aer1al survey data w11l be used to construct run
t1m1ng curves and set escapement goals for 1nd1v1dual p1nk salmon
stocks. Th1s 1nformat10n w1ll be used to d1rect management act10ns
to regulate human use of Exxon Valdez OJ.l spJ.ll J.nJured pJ.nk salmon
stocks, as well as to ensure that other stocks are not under- or
over-expl01ted. Data from RS 9 were used to set tJ.me and area
f1shery closures whJ.ch effectJ.vely reduced exploJ.tatJ.on on Exxon
Valdez 011 sp111 1nJured p1nk salmon stocks J.n southwestern PrJ.nce
WJ.111am Sound. Th1S allowed adequate escapements to be obta1ned
for those stocks despJ.te 1ntense fJ.shJ.ng pressure on surplus
hatchery f1sh 1n adJacent areas.
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Th1S study w1ll also document recovery of p1nk salmon stocks from
011 1nJury and prov1de 1mportant 1nformat10n to develop and
1mplement future efforts wh1ch may be needed to restore 1nJured
stocks (e.g. stream rehab1l1tat10n). The study w1ll prov1de
est1mates of post-01l sp1ll spawn1ng d1str1but10n w1th1n streams
and among streams; total ava1lable 1ntert1dal and upstream spawn1ng
hab1tat for each stream; mar1ne surv1val of 6 w1ld P1nk salmon
stocks uS1ng coded W1re tagg1ng and recovery. F1nally, proposed
work w1ll document any cont1nued presence of 011 1n 1ntert1dal
spawn1ng hab1tat and prov1de an atlas of aer1al photographs and
deta1led maps of 1mportant spawn1ng s1tes.

OBJECTIVES - 60B

A. We1r and Ground Survey Enumerat10n of Pr1nce W1ll1am Sound P1nk
Salmon Escapements

1. Enumerate total 1ntert1dal and upstream spawn1ng escapement
of P1nk salmon through we1rs 1nstalled on 10 representat1ve
streams 1n the aer1al and ground escapement survey programs

2. Est1mate the number of spawn1ng salmon w1th1n standard1zed
1ntert1dal and upstream zones 1n we1red streams uS1ng
systemat1c da11y ground survey counts of 11ve and dead f1sh.

3. Est1mate average stream 11fe of P1nk salmon 1n we1red
streams uS1ng a var1ety of techn1ques

4. Enumerate spawn1ng escapements and ass1st 1n spawn1ng ground
recovery of coded W1re tags 1n streams where w11d p1nk
salmon were tagged 1n 1991.

5. Document P1nk salmon straY1ng by ass1st1ng 1n recovery of
coded W1re tags 1n streams where P1nk salmon were not
tagged. Th1s 1nformat10n w1ll help def1ne stock structure
and rebu1ld1ng

6. Document the pers1stence of 011 1n 1ntert1dal spawn1ng
hab1tats through v1sual observat10ns

7. Collect t1ssue samples from spawn1ng p1nk salmon to deter
m1ne the pers1stence of sublethal morpholog1cal, cytogenet1c
or h1stopatholog1cal 1nJur1es 1n 011 1mpacted stocks. These
samples w1ll also be used to 1dent1fy the genet1c structure
of salmon stocks 1n 011 1mpacted areas.

B. Aer1al Est1mat10n of Pr1nce W1ll1am Sound P1nk Salmon Escape
ments

1. Increase the accuracy, prec1s10n, and t1me11ness of aer1al
escapement est1mates for the 218 streams rout1nely mon1tored
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by the department. Th1S w1ll perm1t f1shery managers to
regulate human use and protect 1nJured stocks wh1le harvest
1ng other w1ld and hatchery stocks

2. Correct b1as and error 1n total escapement est1mates based
on aer1al observat10ns by uS1ng pa1red compar1sons of we1r
or ground survey data w1th concurrent aer1al survey data
obta1ned from the same streams

3. Prov1de corrected est1mates of total P1nk salmon escapements
to the 218 aer1al 1ndex streams from 1961 through the
current year based on aer1al survey average observed error
and stream l1fe data from 1990-1992

4. Develop spawn1ng goals and run t1m1ng curves for all p1nk
salmon stocks 1n the department's aer1al survey program to
1mprove 1nseason stock spec1f1c management and allow
rebu1ld1ng of 1nJured stocks

METHODS - 60B

Personnel POI1CY, purchas1ng pract1ces, f1eld camp operat10ns,
safety procedures, and proJect adm1n1strat10n w1ll be 1n comp11ance
w1th State Standard Operat1ng Procedures (SOP) Data collect10n
procedures w1ll be s1m1lar to those used 1n NRDA F/S 1 and RS 9
These procedures have been thoroughly evaluated 1n the NRDA peer
reV1ew process and approved by the restorat10n team

The technology and methodology for escapement enumerat10n uS1ng
systemat1c aer1al and ground surveys, as well as we1rs, have been
well estab11shed and have a long h1story of success 1n Alaska. The
h1stor1c aer1al and ground survey database for Pr1nce W1ll1am Sound
1S one of the most extens1ve 1n the world. These data prov1de the
bas1s for 1nseason management dec1s10ns and w1ll be cr1t1cal
components of stock spec1f1c restorat10n efforts NRDA F/S 1 and
RS 9 greatly enlarged the scope of pre-sp1ll escapement enumerat10n
proJects. The proposed p1nk salmon escapement enumerat10n proJect
1S needed to 1mprove the accuracy and resolut10n of f1sher1es
management act10ns 1n order to ensure restorat10n of 1nJured
stocks. The methods proposed are a 10g1cal extens10n of eX1st1ng
management programs and the NRDA process

Aer1al Surveys

Aer1al survey est1mates of p1nk salmon 1n 209 1ndex streams w1ll be
flown by exper1enced personnel from ADF&G D1V1S10n of Commerc1al
f1sher1es (F1gure 1). The h1stor1c survey program 1ncludes
approx1mately 90 streams 1n the 011 1mpacted area of Pr1nce W1ll1am
Sound N1ne add1t10nal streams 1n 01led areas were 1ncorporated
1nto the program 1n 1989, and approx1mately 40 add1t10nal streams
were added 1n 1991 Surveys have h1stor1cally been flown weekly
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FIGURE 1. streams l.ncluded l.n the aerl.al survey programs for
estl.matl.ng Pl.nk and chum salmon escapement to Prl.nce
Wl.lll.am Sound
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from m1d-June to m1d-September each year S1nce 1961. In 1992, the
survey frequency w111 be 1ncreased to tW1ce weekly Counts of 11ve
salmon by spec1es are recorded for the bay at the term1nus of each
stream, the mouth of each stream, and w1th1n the stream (P1rtle,
1977). Counts for 18 streams 1ncluded 1n the we1r and foot survey
program w111 be further strat1f1ed 1nto 1ntert1dal and upstream
counts. The mean h1gh t1de mark (3.7 m) at each of these streams
w111 be marked w1th a large orange float wh1ch w111 be clearly
v1s1ble from the a1r.

Pa1red aer1al and we1r data w111 be used to cal1brate aer1al
est1mates and exam1ne observer b1as Aer1al data from randomly
selected streams wh1ch have not been h1stor1cally surveyed w111 be
used to est1mate escapement 1nto unsurveyed streams

Total Enumerat10n Stud1es

We1rs for total escapement enumerat10n w111 be 1nstalled on 10
streams 1n 1992 (F1gure 2) These same streams had we1rs 1n 1991
and 1nclude those w1th we1rs 1n 1990 as part of NRDA F/S 1 as well
as the 6 streams 1n wh1ch w1ld p1nk salmon fry were marked w1th
coded-w1re tags for NRDA F/S 3 Two stream we1rs are 1n eastern
Pr1nce W1111am Sound. Both these streams have extens1ve upstream
spawn1ng areas typ1cal of many streams 1n th1s area The rema1n1ng
we1rs 1nclude 01led and un01led streams 1n western Pr1nce W1111am
Sound. These streams have moderate to no upstream spawn1ng areas
All we1rs w111 be 1nstalled near the 1 8 meter t1de level or the
lower range of 1ntert1dal spawn1ng F1eld crews w111 record da1ly
passage through each we1r.

Ground Surveys of Escapements

The 10 Pr1nce W1111am Sound streams (F1gure 2) to be we1red and
surveyed were selected based on the follow1ng cr1ter1a

1. each stream must be 1ncluded 1n the department's aer1al
survey program;

2. the set of streams must represent the var1ety of S1zes and
types where p1nk salmon spawn1ng has been documented,

3. the set of streams must rece1ve spawn1ng escapements wh1ch
represent the full range of run t1m1ng and abundance
documented,

4. the set of streams must 1nclude both 01led and un01led
areas;

5. each stream was 1ncluded 1n 1989-1991 stream 11fe stud1es;
6. each stream was 1ncluded 1n pr10r spawn1ng ground foot

survey programs,
7. each stream was 1ncluded 1n NRDA F/S 3 (tagg1ng w1ld fry),
8. where poss1ble streams from NRDA F/S 2 (document1ng 1nJury

to eggs and fry) and 1n RS 60C (mon1tor1ng recovery of
1nJury to eggs and fry) were 1ncluded
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FIGURE 2. streams proposed for we1r, ground survey, and stream
I1fe stud1es 1n 1992
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T1de zones w1ll be marked 1n June, pr10r to the return of spawn1ng
P1nk salmon. The locat10n of t1de levels 1 8, 2 4, 3 0, and 3.7 m
above mean low water w1ll be measured from sea level uS1ng a
surveyor's level and stad1a rod Sea level at each slte w1ll be
referenced to mean low water w1th s1te speclflc, computer generated
t1de tables Wh1Ch pred1ct t1de helghts at flve mlnute lntervals
T1de zone boundar1es w1ll be del1neated Wlth color-coded steel
stakes; the 3.7 m boundary w1ll be del1neated w1th a large orange
float wh1ch wlll be v1s1ble to aer1al surveyors F1eld camp crews
w1ll conduct da1ly ground surveys of 1ntert1dal and upstream
port1ons of streams w1th we1rs (Flgure 2) Llve and dead plnk
salmon w1ll be counted 1n standard 1ntert1dal and upstream zones ln
each stream. Dur1ng each survey the followlng data wll1 be
recorded:

1. anadromous stream number and name (1f ava1lable),
2. latltude and long1tude of stream mouth,
3. date and tlme (24 hour m111tary tlme) ,
4. t1de stage;
5. observer names;
6. counts of l1ve and dead salmon by spec1es and tlde zone (0 0

1.8m, 1.8-2.4 m, 2.4-3.0 m, and 3 0-3 7 m above mean low water
and upstream);

7. weather, V1S1b1l1ty, 11ght1ng, and other survey cond1t10ns

All data w1ll be recorded on standard forms Maps wll1 be 1mproved
and mod1f1ed dur1ng surveys to show spawner dlstr1butl0n w1thln
each zone and the upstream 11m1t of spawn1ng Counts of 11ve and
dead salmon wll1 be made for the f1ve t1de zones (the 1ntertldal
zones < 1.8 m, 1.8-2.4 m, 2 4-3 0 m, 3 0-3 7 m above mean low water
and the upstream zone) from the 18m tlde level to the 11m1t of
upstream spawnlng on all 10 streams durlng dally surveys T1de
stage w1l1 be mon1tored cont1nuously and survey tlmes and d1rect10n
wlll be adJusted accord1ngly If the t1de stage at the tlme of the
walk lS at or below the 18m level, the stream walk w111 beg1n at
the stream mouth and progress upstream

The mouth or downstream 11m1t of the stream has been def1ned as the
p01nt where a clearly recogn1zable stream channel d1sappears or lS
submerged by salt water Salmon seen below the downstream 11m1t
w1ll be 1ncluded 1n stream mouth estlmates and noted as a comment
on the data form. If the 1ntert1dal port1ons of the stream above
the 1.8 m level are submerged at the t1me the walk beglns, the crew
wll1 go to the upstream 11m1t of the walk, proceed downstream, and
end the survey at the t1me pred1cted for the t1de to be at or below
the 1.8 m level. The upstream llmlt of a walk wlll be determ1ned
by the presence of natural barrlers to salmon passage (1.e.,
waterfalls), by the end of the stream, or by the upstream l1m1t of
spawnlng. The upstream llm1t of spawn1ng w1ll be marked on U S
q

Geolog1cal Survey color aer1al photos of each stream follow1ng each
survey.
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For counts of l1ve and dead salmon on moderate S1ze streams w1th a
s1ngle channel, crew members w1ll walk together but 1ndependently
count l1ve salmon 1n each 1ntert1dal zone. Crew members w1ll
1nd1v1dually enter the1r counts on mechan1cal hand tall1es. A
max1mum of three repl1cate counts may be made 1n each zone at the
request of e1ther observer. Upstream counts 1n a s1ngle channel
w1ll be s1m1larly conducted at conven1ent stopp1ng p01nts (1.e. log
Jams or other clear markers) For large bra1ded or branched
streams, each crew member w1ll count separate channels or upstream
forks. To av01d confus10n w1th counts of 11ve salmon, counts of
dead salmon w1ll be recorded on the return leg of the stream walk
Only salmon that have d1ed S1nce the prev10us count w1l1 be counted
as dead 1n da1ly surveys. To prevent dupl1cate counts between
surveys, ta1ls and tags of all dead p1nk salmon observed w1ll be
removed. To av01d perpetuat1ng count1ng b1ases w1th1n a count1ng
crew, personnel w111 be rotated between crews da1ly. Whenever
poss1ble, crew members w1ll not be ass1gned the same streams on
succeed1ng days.

stream-11fe Stud1es

All 10 streams 1n the ground survey program are 1ncluded 1n a
stream l1fe study (F1gure 2). Average stream 11fe of P1nk salmon
1n these streams w1ll be est1mated uS1ng data from da1ly ground
surveys. On the 10 streams w1th we1rs a second, 1ndependent
est1mate of stream 11fe w111 be made uS1ng tagg1ng methods s1m1lar
to those descr1bed 1n MCCurdy (1984) and Helle et al (1964). A
th1rd 1ndependent est1mate of stream 11fe w111 be made at these 10
streams uS1ng da1ly we1r data and carcass counts from da1ly ground
surveys.

For the tagg1ng study, P1nk salmon w111 be captured w1th beach
se1nes at stream mouths and tagged w1th Peterson d1sks Tags w111
be un1quely colored to represent day of tagg1ng and un1quely
numbered to 1dent1fy 1nd1v1dual salmon. Each week 120 p1nk salmon
w1l1 be tagged from each of 8 streams. At the other 2 streams,
wh1ch are largest streams 1n the study, 200 tags w111 be appl1ed
weekly. If fewer than the des1red number of p1nk salmon are
ava1lable, all captured p1nk salmon w111 be tagged. Numbers of
tagged l1ve and dead p1nk salmon observed by ground survey crews
each day w1ll be recorded by color and t1de zone on standard forms
Whenever poss1ble, 1nd1v1dual tag numbers w1ll be recorded for
tagged l1ve P1nk salmon and tags w111 be recovered from carcasses

DATA ANALYSIS - 60B

Data analys1s procedures are s1m1lar or 1dent1cal to those used 1n
NRDA FIS 1. These procedures have been thoroughly evaluat~ed

through the NRDA peer reV1ew process and approved by the Management
Team. Report format w1ll follow that estab11shed by the Management
Team. Report1ng style and convent10ns w1ll otherw1se be 1n
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accordance w~th the department's D~v~s~on of Commerc~al F~sher~es

style manual.

Total Escapement Enumerat~on Data

Total escapement at we~r s~tes w~ll be the sum of da~ly counts of
p~nk salmon wh~ch pass through the we~r The number of l~ve p~nk

salmon present ~n the stream on any date ~ (L l ) w~ll be the
d~fference between the cumulat~ve count of l~ve p~nk salmon on that
date and the cumulat~ve count of carcasses on that date

~ ~

L~ = L Wt - LDt
t=l tel

(15)

where ~ = ser~al day of we~r operat~on;

t = day of we~r operat~on,

Wt = l~ve p~nk salmon passed through the we~r on
day t,

Dt = count of dead p~nk salmon ~n the stream on
day t.

These est~mates w~ll be used to val~date correspond~ng counts from
aer~al and ground surveys.

AdJustment of Aer~al and Ground Counts

stream types w~ll be def~ned from character~st~cs of study streams
w~th we~rs. Class~f~cat~onw~ll be based on stream s~ze, extent of
upstream and ~ntert~dal spawn~ng hab~tat, and other character~st~cs

~nclud~ng water clar~ty and extent of forest canopy These
character~st~cs w~ll be used to class~fy all other streams ~n the
aer~al and ground survey programs. Da~ly aer~al and ground counts
on streams w~th we~rs w~ll be adJusted for b~as us~ng the regres
s~on of aer~al survey counts to l~ve p~nk salmon ~n the stream on
day~. AdJustment factors for streams w~th we~rs w~ll be appl~ed

to aer~al and ground counts from streams w~thout we~rs hav~ng

s~m~lar stream character~st~cs.

stream-l~fe Data

Tagg~ng data w~ll be used to calculate stream l~fe values for
~nd~v~dual p~nk salmon as

(16)
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where J t = Jull.an date when the ll.ve tagged pl.nk salmon
was fl.rst observed enterl.ng the stream channel
from the ml.lll.ng area at the mouth,

J r = Jull.an date of tag recovery from the dead Pl.nk
salmon

stream ll.fe estl.mates for each stream and weekly strata wl.Il be the
average for l.ndl.vl.dual Pl.nk salmon l.n the strata The stream ll.fe
estl.mate for the season wl.ll be the average of strata estl.mates
stream ll.fe estl.mates wl.thl.n weekly tl.me strata wl.ll be averaged
across all streams to examl.ne tl.me trends l.n stream ll.fe

Another mean stream ll.fe estl.mate for each stream wl.II be calculat
ed as the dl.fference between the mean date of abundance of new
arrl.vals of ll.ve Pl.nk salmon l.n the stream and the mean date of
abundance of dal.ly dead counts as follows.

s = L [( (L2-L(2-1») +D) J 2]

L [(L~ -L(~-l») +D~]
(17)

where l. = survey number,
L 1 = number of ll.ve pl.nk salmon observed on survey

l.,
°1 = number of dead pl.nk salmon observed on survey

l.;
J 1 = Jull.an date of survey l.

For streams wl.th wel.rs, a thl.rd estl.mate of mean stream ll.fe based
on dal.ly counts of ll.ve pl.nk salmon passed the wel.r and dal.ly dead
counts l.n the stream wl.II be as follows

s =
L [(J~ -J(~_l») L (W~ -D) ]

LW~

(18)

where l. =
J 1 =
W1 =

°1 =

S =

serl.al day of wel.r operatl.on,
Jull.an date,
ll.ve pl.nk salmon passed through the wel.r on
day l.;
count of dead pl.nk salmon l.n the stream on day
l.,
stream ll.fe (l.n days)

If observatl.ons for day l. are ml.ssl.ng, total ll.ve pl.nk salmon l.n
the stream on day l. (~(W1-01)) wl.ll be ll.nearly l.nterpolated
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If s~gn~f~cant d~fferences occur ~n stream l~fe est~mates between
streams or t~me strata, stream and week spec~f~c stream l~fe

est~mates w~ll be appl~ed to s~m~larly strat~f~ed aer~al and ground
observat~onswhen est~mat~ng escapements us~ng the geometr~cmethod
(see below).

Escapement Est~mates Based on Aer1al Survey Data

Annual spawn~ng escapement est1mates (E) for p1nk salmon w1th1n
each surveyed stream w~ll be made uS1ng a geometr1c approach
s~m~lar to that descr1bed by Johnson and Barrett (1986)

(19)

s

= survey number,
= stream category,
= Ju11an date;
= survey est1mate of 11ve p1nk salmon 1n

the stream adJusted for stream category J
survey b1as on survey 1,

= stream l1fe (1n days)

(20)

If the max1mum da1ly survey of 11ve p1nk salmon 1n the stream
exceeds the total escapement est1mate based on the geometr1c
method, the maX1mum da1ly survey count w1ll be treated as the total
escapement.

Escapement est1mates for streams not 1ncluded as h1stor1c 1ndex
streams (U) w1ll be calculated as follows

U = LRkP

where

p =

stream number,
escapement est1mate for randomly selected
and typ1cally unsurveyed stream k for wh1ch
escapement 1S calculated by apply1ng the
geometr1c method (equat10n 5) to aer1al
survey data,
proport10n of total spawn1ng streams repre
sented by the group of randomly selected
unsurveyed streams

Escapement Est1mates Based on Ground Survey Data

Ground survey counts w1ll be summar1zed by spec1es, stream, survey
date, zone, and observer for all 10 streams 1n the study Spawn1ng
escapement to streams surveyed from the ground w1ll be est1mated
uS1ng the geometr1c method descr1bed for aer1al survey data
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Frequently, survey counts eLl) Wl.II be repll.cated as pal.red
observatl.ons from two observers walkl.ng l.n tandem The escapement
estl.mate for a sectl.on walked l.n tandem wl.II be the mean of the
observatl.ons. The varl.ance wl.II be estl.mated uSl.ng all repll.cates
for the sectl.on. A one-way analysl.s of varl.ance wl.II be used to
test for dl.fferences between repll.cate observatl.ons from separate
observers. In l.nstances where the maXl.mum dal.ly sum of ll.ve and
dead Pl.nk salmon l.n a stream exceeds the total escapement estl.mate
for the stream based on the geometrl.c method, the maXl.mum dal.ly sum
of ll.ve and dead pl.nk salmon wl.Il be the total escapement estl.mate

DELIVERABLES - 60B

Seml.-weekly escapement estl.mates from aerl.al surveys and dal.ly
counts from wel.rs and foot surveys wl.Il be summarl.zed for the ADF&G
salmon management bl.ologl.sts stream ll.fe and surveyor bl.as
estl.mates wl.Il be l.ncorporated l.nto algorl.thms used to estl.mate
current and hl.storl.c escapements from aerl.al results Revl.sed
hl.storl.c escapement estl.mates and ml.gratory tl.ml.ng curves for
streams l.n the aerl.al survey l.ndex program wl.ll be compared wl.th
current year data to asseps escapement performance and the success
of management strategl.es

A report wl.II be completed l.n February, 1993

SCHEDULES AND PLANNING - 60B

The fl.eld work portl.on of thl.s proJect l.S tentatl.vely scheduled for
completl.on l.n 1993 The schedule outll.ned below l.S for the 1992
fl.eld season and subsequent reports.

Data Collectl.on, Analysl.s and, Reportl.ng Schedule

Plannl.ng, outfl.ttl.ng, data collectl.on, analyses and reportl.ng of
results for the 1992 fl.eld season wl.ll proceed as follows

March 1-30 June 1992
Plannl.ng, hl.rl.ng, purchasl.ng suppll.es and equl.pment for
fl.eld season

JUly 1-September 15, 1992
Wel.r l.nstallatl.on and operatl.on, ground surveys, and
stream ll.fe studl.es Inseason data entry of wel.r, ground
survey, and aerl.al survey data Analysl.s of l.nseason
data and consultatl.on wl.th ADF&G Dl.vl.sl.on of Commercl.al
Fl.sherl.es management personnel concernl.ng management
decl.sl.ons regardl.ng ol.l l.mpacted stocks

september 15-November 30, 1992
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Complet10n of post-season computer data entry and
ed1t1ng.

september 15-December 30, 1992
Complet1on of pre11m1nary post-season data analys1s and
progress report.

December 15-February 29, 1993
F1na11ze post-season data analyses and complet1on report
for 1992 season

Sample and Data Arch1val

All proJect operat1onal plans, data logs, f1eld notebooks, as well
as or1g1nal cop1es of draft and f1nal reports w1ll be kept 1n
locked f1le storage 1n the Commerc1al F1sher1es D1V1S10n and 011
Sp1ll off1ces 1n Cordova.

We1r data, ground survey, tagg1ng, and tag recovery forms w1ll be
labeled w1th a three part alpha-numer1c code un1que to each data
type, stream, and date. At the end of each day, forms w1ll be
carefully ed1ted and the code for each w1ll be recorded 1n a data
collect10n log ma1nta1ned by each f1eld crew As forms are logged
they w1ll be 1n1t1aled by the crew member d01ng the log-1n
procedures for that day. Any b10log1cal samples collected w1ll
s1m1larly be coded as to sample type, samp11ng s1te, and date All
data and samples collected w1ll be rem1tted to the Cordova ADF&G
off1ce on a weekly schedule accord1ng to standard cha1n of custody
procedures. Data collect1on log numbers, date sent and the
1n1t1als of the person send1ng, w1ll be recorded 1n a the f1eld
data camp data transm1ss10n log Data rece1ved 1n Cordova w1ll
recorded 1n a data and sample transm1ss1on log Wh1Ch w1ll show the
codes ass1gned to each form and sample at each f1eld camp as well
as the date rece1ved and the 1n1t1als of the rece1ver

Or1g1nal data forms for each data type and stream w1ll be stored 1n
separate, labeled three r1ng b1nders 1n the 011 Sp1ll Impact,
Assessment, and Recovery (OSIAR) off1ce Backup photocop1es of the
data w1ll be stored 1n correspond1ng b1nders 1n the ADF&G Commer
c1al F1sher1es D1v1s1on off1ce 1n Cordova All samples w1ll be
placed 1n locked storage and sent to the appropr1ate process1ng
laborator1es or centra11zed storage fac1l1t1es when appropr1ate
Standard cha1n of custody procedures w1ll be followed when any data
or samples are rem1tted from the custody of proJect personnel 1n
Cordova.

All data w1ll be ed1ted for errors 1mmed1ately upon rece1pt 1n
Cordova and then entered 1nto a m1crocomputer database 1n RoBASE
format. The R:BASE database w1ll be accompan1ed by full documenta
t10n 1nclud1ng a descr1pt10n of all columns, tables, and app11ca
t10ns. Backup cop1es of the database w1ll be updated after every
data ed1t or update and placed 1n locked, f1reproof storage 1n the
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OSIAR and Commercl.al Fl.sherl.es Dl.vl.sl.on offl.ces. A complete log of
data entrl.es, edl.ts, and archl.ves wl.II be mal.ntal.ned by proJect
personnel whl.ch wl.II reflect the alpha numerl.C data form codes, the
date of entry or edl.tl.ng, and the l.nl.tl.als of the person performl.ng
these functl.ons.

MANAGEMENT PLAN - 60B

The Prl.ncl.pal Investl.gator (PI) for the proJect l.S a Fl.sherl.es
Bl.ologl.st III Wl.th the Alaska Department of Fl.sh and Game The PI
wl.II be responsl.ble for wrl.tl.ng proJect operatl.onal plans,
adml.nl.sterl.ng proJect budgets, quall.ty control of data collectl.on,
supervl.sl.ng data analyses, and wrl.tl.ng fl.nal reports The PI wl.II
be assl.sted by a Fl.sherl.es Bl.ologl.st II ProJect Leader (PL) who
wl.II hl.re proJect personnel, supervl.se day to day proJect opera
tl.ons, mal.ntal.n data quall.ty, aSSl.st l.n data analyses, and coauthor
fl.nal reports. The PL wl.II be assl.sted by two Fl.sherl.es Bl.ologl.st
I IS. One of these assl.stants wl.II be l.n charge of l.nstalll.ng wel.rs
and camps, wel.r operatl.ons, and remote camp logl.stl.cs. The other
assl.stant wl.II supervl.se data collectl.on actl.Vl.tl.es l.n the ground
survey and stream ll.fe studl.es. Each wel.r camp wl.II be manned by
two people, one of whom wl.II be partl.ally funded by NRDA study F/S
#3 for recovery of adult salmon bearl.ng coded-wl.re tags. Each crew
wl.II have one Fl.sherl.es Technl.cl.an III as crew leader The
remal.nder of each crew wl.II be Fl.sherl.es Technl.cl.an II's. Each
day, two persons on each crew wl.II tend the wel.r and conduct the
ground survey, stream ll.fe, and tag recovery actl.Vl.tl.es on the
stream wl.th a wel.r. The other two crew members wl.II conduct ground
survey, stream ll.fe, and tag recovery actl.Vl.tl.es on streams wl.thout
wel.rs. The consultl.ng Bl.ometrl.cl.an II wl.II reVl.ew all operatl.onal
plans, proJect reports, and be responsl.ble for all statl.stl.cal
products and statl.stl.cal reportl.ng

ProJect Logl.stl.CS

Most wel.r and camp materl.als were purchased l.n the Sprl.ng of 1991
Wl.th funds from NRDA F/s 1. Any addl.tl.onal requl.red materl.als wl.ll
be purchased l.n the Sprl.ng of 1992 wl.th restoratl.on funds. The
ADF&G R/V Montague wl.II transport materl.als to the wel.r sl.tes l.n
June of 1992. Wel.rs and camps wl.ll be l.nstalled at ten Sl.tes
(Fl.gure 2) l.n the last week of June Wel.r operatl.ons, ground
surveys and, stream ll.fe studl.es wl.Il begl.n on July 1.

Wel.rs wl.II be suppll.ed seml.-weekly by the R/V Montague or as needed
by fl.xed wl.ng al.rcraft. The PL and the assl.stant proJect leaders
wl.II Vl.Sl.t each camp on a weekly schedule to oversee wel.r and camp
operatl.ons, collect completed data forms and heads from tagged
fl.sh, answer questl.ons from fl.eld crews, and monl.tor the data
quall.ty of data collected. The proJect leader or the assl.stant
proJect leaders wl.II mal.ntal.n tWl.ce dal.ly radl.o schedules wl.th wel.r
camps. Durl.ng radl.o schedules, wel.r crew wl.ll transml.t wel.r counts
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and stream walk counts to the Cordova offlce and transmlt any other
lnformatl0n or requests essentlal to camp operatlons. Data
collected each week wlll be edlted and entered lnto an R:BASE
database In Cordova by a Flsherles Technlclan III The PI and the
PL, In consultatl0n wlth the OSIAR Blometrlclan, wlll update
escapement estlmates based on aerlal and ground survey data and
welr counts. These analyses wll1 be completed dally and the
results wll1 be passed on to the ADF&G D1V1Slon of Commerclal
Flsherles Prlnce Wllllam Sound Area Management Blologlst In
consultatl0n wlth the PI, the PL, and other ADF&G flsherles
management and research staff, the Area Management Bl0loglst wll1
use these results to make lnseason flsherles management declslons.

PERSONNEL QUALIFICATIONS - 60B

Flsherles BlologlSt III Prlnclpal Investlgator - Samuel Sharr

Mr. Sharr recelved a Bachelor of SClence degree ln bl0logy from the
Unlverslty of Washlngton ln 1968. He has been a research blologlSt
for ADF&G Slnce 1979 and has worked on Prlnce Wllllam Sound salmon
and herrlng Slnce 1981 He assumed hlS present posltl0n as the
ADF&G, Dlvlslon of Commerclal Flsherles, BlologlSt III, Prlnce
Wllllam Sound Area Fln Research ProJect Leader ln 1986. In thlS
capaclty, Mr. Sharr has ln the past been ln charge of all salmon
and herrlng research conducted by the DlV1Sl0n of Commerclal
Flsherles In Prlnce Wllllam Sound H1S lnvolvement wlth the Prlnce
Wllllam Sound salmon escapement aerlal survey program dates from
the early 1980's. Mr. Sharr has supervlsed a total evaluatlon of
hlstorlc aerlal and ground survey data and has deslgned an R:BASE
database for lnseason escapement analyses Mr Sharr wrote the
orlglnal operatlonal plans for NRDA F/S 1,2 and, 3 and has been the
Prlnclpal Investlgator for those proJects Slnce thelr lnceptl0n

Flsherles Bl0loglSt II ProJect Leader - Dan Sharp

Mr. Sharp has a Bachelor of SClence ln Flsherles from the UnlverSl
ty of Idaho and has been employed by ADF&G Slnce 1982 As a
bl0loglSt for the ADF&G Susltna Hydroelectrlc ProJect Mr. Sharp
galned valuable experlence ln a wlde varlety of technlques to
enumerate salmon escapements and estlmate mlgratory tlmlng H1S
experlence lncludes operatl0n of welrs, sonar counters and wheels,
as well as tagglng studles of Juvenlle and adult salmon. Mr Sharp
has been the Flsherles BlologlSt II ProJect Leader for the tagglng
portl0n of NRDA F/S 3 Slnce lts lnceptlon ln 1989. In 1991 Mr
Sharp also assumed responslblllty for adult escapement enumeratl0n
and stream 11fe studles (NRDA F/S 1 and RS 9)

Flsherles Bl0loglSt I Asslstant ProJect Leader - Roger Dunbar

Mr. Dunbar has a Bachelor of SClence ln Wlldllfe Management from
the Unlverslty of Alaska and worked for ADF&G D1V1Sl0n of Commer-
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cl.al Fl.sherl.es l.n Brl.stol Bay for 10 fl.eld seasons. He was a
Fl.sherl.es Bl.ologl.st I for NRDA F/S 1 l.n 1991. In that posl.tl.on he
helped supervl.se the l.nstallatl.on and operatl.on of 10 adult pl.nk
salmon wel.rs l.n Prl.nce Wl.lll.am Sound and assl.sted l.n dal.ly
supervl.sl.on of ground survey and stream ll.fe study crews

Bl.ometrl.cl.an II - Brl.an G. Bue

Brl.an Bue has a Bachelor of SCl.ence l.n Bl.ology and a Bachelor of
SCl.ence l.n Fl.sherl.es from the Unl.versl.ty of Alaska, Fal.rbanks. He
also possess a Masters degree l.n Fl.sherl.es Wl.th an emphasl.s on
quantl.tatl.ve studl.es from the Unl.versl.ty of Alaska, Fal.rbanks
Brl.an has worked wl.th the Alaska Department of Fl.sh and Game from
1974 through present l.n many capacl.tl.es He has worked as a
consultl.ng bl.ometrl.cl.an on ol.l spl.ll damage proJects Sl.nce the
fl.rst days of the Exxon Valdez spl.ll
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Salar~es

Travel
Contractual
Suppl~es

Equ~pment

Subtotal
General Adm~n~strat~on

Total

BUDGET - ($K)

60A 60B 60AB

$812 5 249 4 1,061 9
15 0 17.2 27 2
38 1 54 6 92 7
20 5 30 9 51 4
18 2 57 5 75 7

$904.3 409 6 1,313.9
124 6 41 2 165 8

$1,023.9 $450 8 1,479 7

269



RESTORATION PROJECT NUMBER 73

study T1tle:

Lead Agency:

Harbor Seal Restorat10n study

ADF&G

PROJECT JUSTIFICATION

The harbor seal restorat10n proJect w1ll be funded dur1ng 1992 to
cover proJect closeout costs. Closeout funds w1ll be used to
complete spr1ng 1992 f1eld work and to prepare a f1nal report of
harbor seal restorat10n study act1v1t1es.

Scheduled f1eld work w1ll enta1l attach1ng satel11te transm1tters
to approx1mately ten harbor seals 1n Pr1nce W1ll1am Sound They
w1ll be used to mon1tor the1r movements and hau11ng out and d1v1ng
behav10r unt1l they cease to funct10n and/or falloff dur1ng the
annual molt 1n August. As 1nd1cated 1n all prev10us proposals and
bUdgets for th1s proJect, satel11te transm1tters and data acqu1s1
tl0n t1me for spr1ng 1992 fleld work have already been procured
w1th 1991 funds. Th1S was necess1tated by the three-month lead
t1me requ1red for transm1tter manufacture and the requlrement that
satel11te t1me be commltted In January-February

The f1nal report wlll present and analyze data from harbor seals
that were satel11te-tagged 1n 1991 and 1992 as part of thlS
restorat10n study. Th1S w1ll lnclude analyses of movements and
d1v1ng and hau11ng out patterns, an evaluatlon of changes 1n harbor
seal d1str1but10n and abundance follow1ng the Exxon Valdez 011
sp1ll 1n l1ght of these results, the potentlal app11cat10n of
d1v1ng and movements data to des1gn and 1nterpretatl0n of aerlal
mon1tor1ng surveys; and recommendat10ns for further study In
order to allow ample t1me for analysls of 1992 data, the f1nal
report w1ll be completed by December 31, 1992.

Salar1es
Travel
Contractual
Supp11es
Equ1pment

Subtotal
General Adm1n1strat10n

Total

BUDGET ($K)

$11 6
2 5
5 0
1.7
.L2.

$22 0
2.9

$25.0
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RESTORATZON PROJECT NUMBER 103 A,B,C,D

study T~tle: Recovery Mon~tor~ng of Intert1dal 01led Mussel Beds
~n Pr~nce W1ll1am Sound and the Gulf of Alaska
Impacted by the Exxon Valdez 011 Sp~ll

Lead Agency: NOAA

Cooperat1ng Agenc~es: ADF&G, NPS, USFWS

INTRODUCTION - R103A

The h1ghest 011 concentrat~ons 1n an~mals or sed1ments 1n 1991 were
found 1n mussels and underly1ng substrates from o~led mussel beds
1n Pr1nce W1ll1am Sound (Babcock, 1991 status report on o~led

mussel beds). The 01led mussel bed study of 1991, supported by
agency funds, exposed a potent1al ser10US pathway of o~l to
predators h~gher 1n the food cha1n However, the study was cut
short by weather and funds before the geograph1cal extent of o~led

mussel beds ~n Pr1nce W1ll1am Sound could be determ1ned. Analyses
on a l1m~ted number of samples 1nd1cated that the 011 concentra
t~ons w~th~n the underly1ng substrates were h1gher than the 011 1n
the mussels and that the 011 1n the substrates was not weathered,
rather surpr~s~ng s~nce these samples were collected more than two
years after the sp1ll

The pr~mary goal of th1S study ~s to determ1ne the geograph1cal
extent of o~led mussel beds ~n Pr1nce W~111am Sound, the ~ntens1ty

of o~l rema~n~ng 1n mussels and the underly1ng organ1c mat Th1s
study w~ll prov1de chem1cal data to assess the poss1ble 11nkage of
o~led mussel beds w1th cont~nued 1nJury to harlequ1n ducks, oyster
catchers, Juven1le sea otters, and r1ver otters On the surface,
the h1gh concentrat~ons of 011 1n mussels from 01led mussel beds
appears to be a poss~ble l~nk (cause) for cont~nued reproduct~ve

fa~lure of harlequ~n ducks 1n the western Pr~nce W~111am Sound,
1nJury to oystercatchers, and h~gher than normal morta11t1es of
Juven~le sea otters-- all feed heav~ly on mussels

Th~s study proposes a secondary goal, w1th m1n1mal 10g~st1cs costs,
that w~ll determ~ne the chem~cal and b10log1cal recovery of these
01led beds w1thout further treatment and the recovery w~th some
mechan~cal treatment Th~s 1nformat10n 1S cr~t1cal 1n dec1d1ng 1f
future clean-up or removal of mussels 1S appropr1ate.

01led mussel beds w1l1 pose a s1gn1f1cant and controvers1al
management problem. Treatment, 1n the form of clean1ng, w111 be
d1ff1cult and removal w111 by unpalatable to some people Some
b~olog~sts fear the 1mpacts of removal of large quant1t1es of
mussels to the food ava1lab111ty to some spec1es, even 1f the
mussels are 01led. Other b1010g1sts fear the 1mpacts of 01led
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mussels from the 011ed beds on sens1t1ve 11fe stages and reproduc
t1ve events dependent on spec1a11zed behav10rs. Part1al removal of
the beds (removal of str1ps), to allow water c1rculat10n and access
to the substrates below packed mussel beds may remove 011 and
perm1t b10degradat10n to occur at faster rates The str1pp1ng
study w111 evaluate the feas1b111ty of th1s act10n on the chem1cal
and b1010g1cal recovery of the mussels.

The b1010g1cal 1mpacts of o11ed mussel beds on mussels are unknown
at th1S t1me. Coastal Hab1tat study Number 1A does 1nclude random
transects 1nto mussel beds, but 1t 1S un11kely that many o11ed
mussel beds were w1th1n the1r random1zed des1gn. Furthermore, the
chem1cal analyses from the1r stud1es w111 not be ava11able to
evaluate the chem1cal d1fferences between o11ed and non-011ed
mussel beds. Th1S study w111 collect samples to determ1ne b101og1
cal lmpacts of the o11ed beds on mussels whl1e on slte for the
prlmary functl0n of collectlng samples for chemlcal analyses.
Mussels fl11 an 1mportant ecologlcal nlche and food source There
lS a need to understand the 1mpacts of o11ed mussel beds on mussel
blo1ogy.

Blo1og1cal lmpacts w111 be measured on mussels by measurlng byssal
thread product1on, cond1tlon lndexes, and reproductlon lndexes
All measurements w111 be from samples collected 1n the fleld, but
measurements w111 be made back at Auke Bay Laboratory All samples
wl11 be collected wh11e sampl1ng for the pr1mary obJectlve,
geograph1cal extent of o11ed mussel beds and assesslng the1r
recovery. Several stud1es report reduced byssal product10n by
mussels from hydrocarbon (HC) lmpacted areas and ln experlmental HC
exposures. These measurements can assess phys101og1cal 1mpact, and
can assess b101og1cal recovery 1f rates change after treatments.
Reproduct10n and cond1tlon lndexes w111 measure the long-term
health of a mussel bed.

Th1S proJect cons1sts of two prlmary goals: (1) determlne the
geograph1cal extent of o11ed mussel beds by samp11ng 30-50 sltes
w1th1n Pr1nce W1111am Sound, and (2) determln1ng the chem1cal and
b101og1cal recovery of mussels and o11ed mussel beds at a 11mlted
number of o11ed and non-011ed sltes The second goal wl11 requ1re
two short follow-up sampl1ngs ln 1992, and wl11 requlre the
analyses of samples from 1991 that have not yet been analyzed

ThlS proJect 1S relat1vely large, but 1t dld not eXlst durlng the
Damage Assessment process Prellm1nary ldent1flcat1on of potent1al
sltes w111 be prov1ded by Alaska Department of Envlronmental
Conservat1on (ADEC). Sampllng w111 occur dur1ng other proJects
Ultrav101et (UV) screenlng wl11 be used to select samples for
deta11ed analyses by gas chromatography/mass spectrometry (GC-MS)
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OBJECTIVES - R103A

Oblectl.Ve 1. Determl.ne the l.ntensl.ty and geographl.c extent of
ol.led mussel beds l.n Prl.nce Wl.IIl.am Sound

Justl.fl.catl.on - Thl.s study, wl.th l.nput from the sprl.ng shorell.ne
survey by the response agencl.es (ADEC, US Coast Guard and Exxon),
wl.Il determl.ne the geographl.cal extent of ol.led mussel beds and
wl.II defl.ne the magnl.tude of thl.S problem l.n Prl.nce Wl.Ill.am Sound
Ultravl.olet (UV) screenl.ng of byssal mat substrates for ol.l wl.Il
reduce the analytl.cal costs consl.derably, and wl.ll perml.t large
numbers of samples from many Sl.tes to be analyzed GC/MS analyses
wl.II determl.ne the relatl.onshl.p between ol.l contaml.natl.on l.n
mussels wl.th substrates and wl.Il perml.t an evaluatl.on of the degree
of weatherl.ng of the sample along wl.th absolute concentratl.ons of
specl.fl.c compounds.

Oblectl.Ve Z. Determl.ne varl.atl.on and correlatl.on of HC concentra
tl.ons l.n mussels wl.th substrate HCs wl.thl.n ol.led mussel bed Sl.tes

Justl.fl.catl.on - Thl.s study wl.ll probably confl.rm the hypothesl.s
that severely contaml.nated mussels are restrl.cted to heavl.ly
contaml.nated underlyl.ng substrates, and that mussels adJacent to
the ol.led beds are not l.mpacted and probably do not need any
treatment. All 10gl.stl.CS are wl.thl.n the prl.mary obJectl.ve to
determl.ne geographl.c extent of ol.led mussel beds

Oblectl.Ve d. Determl.ne the cheml.cal and bl.ologl.cal recovery of
mussels and ol.led mussel beds wl.thout treatment (natural recovery)
and wl.th treatment (treatment proposed l.S partl.al removal of
mussels and substrate to enhance natural flushl.ng of hydrocarbons
from contaml.nated beds)

Justl.fl.catl.on - Thl.s part of the study wl.ll probably confl.rm that
ol.led mussel beds are slow to recover from HC contaml.natl.on, by
comparl.ng data from ol.led mussel beds l.n 1991 and 1992, and wl.ll
explore the possl.bl.ll.ty of enhanced recovery by removl.ng small
strl.ps of mussels wl.thl.n a bed.

Oblectl.Ve ~ and 2

Oblectl.Ves Q and Z.

Oblectl.Ves ~ to 12

See R103B

See R103C

See R103D

METHODS - R103A

Oblectl.Ve 1. Mussels, byssal substrates and sedl.ments from 30-50
sl.tes wl.thl.n Prl.nce Wl.Ill.am Sound wl.II be sampled. Potentl.al sl.tes
wl.th ol.led mussel beds wl.ll be l.dentl.fl.ed durl.ng the sprl.ng
shorell.ne survey and by studl.es assocl.ated wl.th harlequl.n ducks,
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oystercatchers, and sea otters. Sampllng wll1 be repeated at Sltes
that showed hlgh HC In 1991.

UV analyses of approxlmately 200 byssal mat substrates from 30-50
sltes wll1 determlne the geographlc extent of olled mussel beds and
relatlve lntensltles of contamlnatl0n. The GC/MS analyses of
selected samples of mussels, byssal mat substrates, and sedlments
from 10-15 sltes wll1 be analyzed after screenlng by UV, and wll1
determlne absolute concentratl0ns of HC, and the relatlonshlp of HC
contamlnatl0n levels between each medlum The GC/MS analyses of 18
samples from 3 control sltes wll1 be sampled for comparlson, and
can be related to hlstorlc HC contamlnatlon changes Slxty-flve
samples collected In 1991 from olled mussel beds remaln to be
analyzed by GC/MS.

ObJectlve 2. Varlatlon and correlatl0n of HC concentratlons wlthln
two mussel beds wll1 be determlned by randomly sampllng mussels,
substrates, and sedlments wlthln each bed and adJacent to olled
mussel beds. The ultravlolet screenlng of samples wll1 be valuable
here because of the hlgh number of samples requlred for slte
dlstrlbutlon of HCs.

ObJectlve d. The treatment wll1 strlp one area In three heavlly
olled mussel beds and one control mussel bed Strlpped~areas (~30

cm wlde) wll1 be perpendlcular to the water 11ne. Strlpplng wll1
remove the mussels and lmmedlate underlylng byssal
thread/substrates. Excess mussels and substrates wll1 be dlsposed
of In an acceptable and legal manner.

A. Chemlcal Recovery Mussels and sUbstrates wlll be sampled 30
days later and at the end of the season at varylng dlstances from
the strlpplng. Changes In HC concentratlons wll1 be compared wlth
samples taken between the lnltlal sampllng and an untreated olled
mussel bed. All substrates wll1 be screened for hydrocarbons by
UV, and selected samples wll1 be analyzed by GC/MS. These strlpped
areas wll1 also be examlned to determlne the stablllty of mussels
at edges of strlps, the movement of adults onto strlpped areas, and
the settllng of' Juvenlles on the strlps The lnltlal edges of the
strlps and/or mussels at strlp edge wll1 be marked; marked mussels
wll1 be checked at 30 days and at the end of the season

B. Bl0loglcal Recovery. Bl0loglcal parameters to measure recovery
In mussels can lnclude byssal thread productlon, general condltl0n,
and reproductlve condltl0n. Samples for hlstologlcal examlnatl0n
wll1 be taken, but no hlstologlcal processlng wll1 start In the
flrst year.

Recovery of byssal productlon In lmpacted mussels from contamlnated
substrates wll1 be tested by collectlng mussels from the three
heavlly lmpacted beds (the strlpped beds) and three non-lmpacted
mussel beds. All mussels wll1 be collected and transported to Auke
Bay Laboratory In one day. Mussels wll1 be glued to plates and
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suspended 1n clean seawater on the second day, and t1me zero w1ll
beg1n on day 3 (48 hours post collect10n) Byssal thread produc
t10n w1ll be measured at 24 hours, 7 days and 30 days to determ1ne
rates of recovery. If there are s1gn1f1cant d1fferences 1n byssal
product10n between mussels from heav1ly 01led mussel beds and
non-01led beds, a second ser1es of byssal tr1als w1ll be conducted
to determ1ne 1f recovery of byssal product10n capab1l1ty occurs
follow1ng str1pp1ng.

C. General Cond1t10n. Cond1t10n 1nd1ces of mussels sampled for
hydrocarbons and reproduct1ve cond1t10n w1ll be determ1ned uS1ng
methods developed for mussels by NRDA stud1es Subt1dal 3 and CH1B
(dry t1ssue we1ght/shell volume)

D. Reproduct1ve Cond1t10n Mussels w1ll be collected at the S1X
byssal s1tes 1n March, May, June, July, and August (three 01led
mussel beds, three non-01led mussel beds) A rough gonadal 1ndex
w1ll be calculated for each mussel by determ1n1ng mantle dry
we1ghts and total dry we1ghts Some samples from each s1te may be
exam1ned h1stolog1cally to determ1ne gonadal developmental stage

DELIVERABLES - R103A

The follow1ng reports are ant1c1pated

1. Inter1m report: Geograph1c extent of 01led mussel beds 1n Pr1nce
W1ll1am Sound based on UV screen1ng • Nov 1, 1992

2. H1gh concentrat10ns of hydrocarbons 1n mussels and underly1ng
substrates two and three years after the Exxon Valdez 011
sp1ll......... •• •..... Apr1l 1993

3 Relat10nsh1p of HC 1n mussels from contam1nated substrate types
three years after the 011 sp1ll . Apr1l 1993

4. Contam1nat10n recovery of mussels from 01led mussel beds where
contam1nated mussels and underly1ng substrates were removed 1n
str1ps to 1ncrease natural flush1ng of the beds .Apr1l 1994

5 B10log1cal 1mpacts of 01led substrates on mussels three and four
years after the 011 sp1ll.... . •..•Apr1l 1994

6. Tech Memo. 011 contam1nat10n 1n mussels from 01led mussel beds
1n Pr1nce W1ll1am Sound and the Kena1 Pen1nsula, a geograph1c look
w1th relat1ve 1ntens1t1es October 1994

7 F1nal Report· 6 months after HC analyses are completed
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SCHEDULES & PLANNING - Rl03A

A. Data and Report Subm1ss10n Schedule

ACTIVITY

F1eld Sampl1ng
Reproduct1ve
Str1pp1ng

Byssal tr1als (ABL)
Data Comp1lat1on
B1olog1cal
Hydrocarbon
Data Ana1yses
Report Preparat10n
Status
F1nal

B. Sample and Data Arch1val

TIME FRAME

March - August 192
March, May, June, July, August 192
1n1t1al May, checks June,
August l 92
May-July 192
March 192-fall 193
March - August 192
May 192-fall 193
Apr11 192 - w1nter 193

Nov 192
Spr1ng 194

Samples, f1eld notes, data and reports w111 be reta1ned at Auke Bay
Lab by the pr1nc1pal 1nvest1gators. Samples w111 be collected,
handled and held under protocol establ1shed by the NRDA process

C. Management Plan

Overall Manager, Report Preparat10n ..•. . ..•.
F1eld LOg1St1CS, study des1gn, Report Preparat10n

F1eld Work, Study des1gn.......... . .•..
F1eld Work... . . . . . . . . . . . . . . . . . .. . ..

D. Log1St1CS

GS-14
.GS-12
GS-9
GS-ll
GS-7

F1eld log1st1cs 1n Pr1nce W1111am Sound are a maJor cost of th1s
study, and cooperat10n w1th the spr1ng beach survey w111 contr1bute
to reduced costs. A ADEC vessel w111 be used dur1ng the 1n1t1al
str1pp1ng. The 1n1t1al sampl1ng of 30-50 s1tes w111 consume
approx1mately 80% of the log1st1cs costs About 20% of the
log1st1cs cost w111 be consumed 1n re-v1s1t1ng heav1ly 1mpacted
s1tes, w1th and w1thout treatment, to get a t1me course 1n sampl1ng
Wh1Ch w111 perm1t exam1nat10n of chem1cal and b1olog1cal recovery
There w111 be two short tr1ps to 6 s1tes after the 1n1t1al
str1pp1ng (30 day, end of summer) Add1t1onal reproduct1ve samples
from 6 s1tes w111 be collected and mussel beds surveyed for
str1pp1ng dur1ng the March 92 NRDA crU1se to p1ck up mussels and
sed1ment traps (Subt1dal 3). A sk1ff w111 be used 1n Auke Bay to
serV1ce the byssal tr1al s1te
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E. Analyt1cal LOg1St1cS

Screen1ng substrates by UV w1ll cost about one tenth the cost of a
sample analyzed by GC-MS. US1ng UV screen1ng procedures w1ll
perm1t many analyses of substrates from a large number of s1tes,
w1th follow-up GC-MS analyses on "selected" samples The relat1ve
UV determ1nat10ns w1ll be ca11brated relat1ve to the GC-MS. The
cost for analyses of approx1mately 250 GC-MS samples to be analyzed
(1nclud1ng samples from 1991), and about 400 - 500 samples screened
by UV 1S about $250 K.
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RESTORATZON PROJECT 103B

study T~tle:

Lead Agency:

Recovery Mon~tor~ng of Intert~dal O~led Mussel
Beds ~n the Gulf of Alaska Impacted by the Exxon
Valdez O~l Sp~ll

NPS

Cooperat~ng Agency: NOAA

INTRODUCTION - R103B

The presence of contam~nated mussel beds along the outer Kena~

Pen~nsula and the ~mpl~cat~on of the~r presence (through the
cont~nual o~l~ng of mussels and l~nkage to h~gher b~rds and
mammals) ~s of concern to several governmental agenc~es W~th the
cooperat~on of the NPS,' ADEC, and ADNR, NOAA w~ll survey the
geograph~cal extent and ~ntens~ty of o~l~ng at mussel beds at s~tes

along the Kena~ Pen~nsula.

In concert w~th the exam~nat~on of contam~natedmussel beds outslde
of Pr~nce W~ll~am Sound, the perslstence and fate of Exxon Valdez
o~l at selected Sltes along Natlonal Park coastl~ne w~ll be
examlned, s~nce the cont~nued presence of the 011 affects the
sc~ent~f~c and recreatlonal values and wllderness characterlstlcs
of Nat~onal Park lands These values and characterlst~cs are
clearly stated ~n both Alaska Natlonal Interest Land Conservatlon
Act (1980) and the Wllderness Act (1964) Surveys conducted ~n

1991 ~nd~cate that 011 contlnued to perslst In the Kenal FJords and
Katma~ Nat~onal Parks, and that fresh-look~ng mousse and sheenlng
were observed ~n many locat~ons, desp~te the predlctlons that thlS
would not occur beyond the f~rst year after the 011 splll The
presence of o~l may further contamlnate blologlcal resources,
~nclud~ng mussel beds ObJect~ve 5 wlll address these concerns

The two parts of R103B are Ilnked by addresslng the contlnued
presence of 011 outslde the Prlnce Wllllam Sound area and lmpllca
tlons for further contamlnatlon to hlgher order consumers Also,
mussel beds and boulder areas that are assoclated wlth the
perslstence of 011 are slmllar because they both provlde a
structural heterogenelty that has allowed for the entrapment of 011
and has apparently slowed the weatherlng of that 011

OBJECTIVES - R103B

Oblectlve ~ Determlne the geographlcal extent and lntenslty of
petroleum hydrocarbon contamlnatlon of mussel beds at Sltes outslde
of Pr~nce W~lllam Sound, along the Kenal and Alaska Penlnsula and
In the Kodlak reg~on.

278



ObJect1ve h Document, quant1tat1vely and qua11tat1vely, the
10cat10n, pers1stence and fate of 011 from the Exxon Valdez along
the Kena1 FJords and Katma1 Nat10nal Park coast11nes.

LOGISTICS and ANALYTICAL COSTS - RI03B

All f1eld support and 10g1st1cs w111 be m1n1m1zed by close
coord1nat10n between NPS and NOAA/ABL ABL costs for RI03B cons1st
of labor and travel costs assoc1ated w1th collect10n, and analyt1
cal costs. The NPS port10n cons1sts of extended 10g1st1cs, vessel
charter, samp11ng and add1t10nal analyt1cal costs

The analyt1cal costs w111 be m1n1m1zed by uS1ng UV screen1ng of
sed1ments and substrates, then selected mussels, substrates, and
sed1ments w111 be analyzed by GC/MS.
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RESTORATION PROJECT 103C

study T1tle: Potent1al Impacts of 01led Mussel Beds On H1gher
Organ1sms· Harlequ1n Ducks and Black Oystercatchers

Lead Agency: USFWS

Cooperat1ng Agency: NOAA, ADF&G

INTRODUCTION - R103C

The h1gh concentrat10ns of unweathered crude 011 found 1n some
mussel beds 1n Pr1nce W1ll1am Sound dur1ng 1991 has ra1sed
quest10ns regard1ng the 1mpact of th1S 011 on h1gher organ1sms
The spec1es of concern 1nclude black oystercatchers, harlequ1n
ducks and Juven11e sea otters, all of Wh1Ch are known to 1nclude
mussels as a relat1vely large port10n of the1r d1et Harlequ1n
ducks are apparently not reproduc1ng 1n Western Pr1nce W1111am
Sound, and wean1ng Juven11e sea otters are suffer1ng h1gher
morta11ty as well It 1S poss1ble that these 1nJur1es are the
result of exposure to petroleum hydrocarbons 1n 011ed mussel beds.
The goal of th1s study 1S to document exposure to and 1ngest10n of
contam1nated mussels by d1rect observat10n of forag1ng act1v1t1es,
and by analys1s of blood and feces of black oystercatchers

G1ven the relat1vely large feed1ng range of sea otters and
harlequ1n ducks, develop1ng f1eld stud1es that can prov1de useful
1nformat10n regard1ng exposure of these spec1es to 01led mussel
beds 1S d1ff1cult and would be very expens1ve In contrast,
breed1ng black oystercatchers estab11sh a l1m1ted forag1ng
terr1tory 1n Wh1Ch they can be stud1ed w1th relat1ve ease The
researchers w1ll study black oystercatchers 1n areas w1th 011ed
mussel beds to determ1ne the extent to Wh1Ch these b1rds use 011ed
beds and are constantly exposed to 011 Blood and fecal samples
w1ll be collected from oystercatcher Ch1Cks Wh1Ch consume mussels
collected by the adult b1rds In add1t10n, 1n cooperat10n w1th the
Alaska Department of F1Sh and Game, blood and fecal samples w111 be
collected from harlequ1n ducks captured 1n Western Pr1nce W1l11am
Sound.

The data from these stud1es w1l1 prov1de an 1nd1cat10n of potent1al
exposure of black oystercatchers and harlequ1n ducks to 011 from
mussel beds 1n Pr1nce W1ll1am Sound G1ven the methods and
f1nanc1al resources ava11able to address th1s quest1on, however, 1t
w1ll not be poss1ble to determ1ne W1th certa1nty the degree to
Wh1Ch 011ed mussel beds are 1nJur1ng h1gher organ1sms
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OBJECTIVES - R103C

6. Ident1fy potent1al for exposure of h1gher organ1sms to
petroleum due to forag1ng 1n or around 01led mussel beds by
reV1ew of relevant NRDA stud1es, sC1ent1f1c l1terature, and
GIS data.

7. Document exposure to and 1ngest10n of contam1nated mussels
by d1rect observat10n of forag1ng act1v1t1es and by analys1s
of blood and feces.

METHODS - R103C

Oblect1ve 6: Ident1fy potent1al for exposure of h1gher organ1sms

The f1rst step 1n assess1ng the 1mpact of 01led mussel beds on
h1gher organ1sms 1S to determ1ne the potent1al for key h1gher
spec1es to be exposed to 01led mussel beds Th1S w1ll be accom
p11shed by rev1ew1ng eX1st1ng data from NRDA stud1es (1nclud1ng GIS
layers), and the sC1ent1f1c l1terature The f1rst goal of th1s
reV1ew 1S to document the spec1es that ut1l1ze mussel beds and
1dent1fy known forag1ng ranges for key spec1es 1n the Exxon Valdez
011 sp1ll area. These ranges can then be compared to known or
suspected 10cat10ns of 01led mussel beds to 1dent1fy the potent1al
for exposure. Add1t10nal eV1dence w1ll be sought from oth,er
ong01ng restorat10n SC1ence stud1es (e.g , harlequ1n duck: R71)
that 1nd1cate use of 01led mussel beds by key spec1es

An ad hoc reV1ew of eX1st1ng 1nforrnat10n has already been accom
p11shed 1n 1991 Th1S reV1ew has suggested the spec1es of concern
are black oystercatchers, harlequ1n ducks, and r1ver and sea
otters. The reV1ew of eX1st1ng 1nforrnat10n called for 1n th1s
study w1ll not dup11cate the ad hoc effort but w1ll complete and
document the reV1ew to make sure that all relevant 1nformat10n has
been 1dent1f1ed and analyzed.

The second part of th1s reV1ew 1S to gather 1nformat10n regard1ng
the 1mpact of the 011 sp1ll on mussel morta11ty, and mussel dens1ty
1n 01led and un01led 10cat10ns The results of the Coastal Hab1tat
Study w1ll be among the sources rev1ewed for th1s 1nformat10n

Oblect1ve 7: Document exposure to and lngestl0n of contam1nated
mussels by d1rect observat10n of foraglng act1v1tles and by
analys1s of blood and feces.

The reV1ew of eX1st1ng data (Ob]ect1ve 6) wlll provlde 1nformatl0n
regard1ng potent1al f1eld s1tes for the forag1ng study Opt1mal
f1eld s1tes would conta1n 01led and unolled mussel beds, and the
forag1ng area for harlequ1n ducks, black oystercatchers and sea
otters. However, the relat1vely small populat10n of harlequln
ducks 1n Western Pr1nce W1ll1arn Sound, and the relat1vely large
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foraglng areas used by harlequln ducks when they are not reproduc
lng, wlll make It dlfflcult to locate sUltable fleld sltes to
conduct foraglng studles. Slmllarly, any attempts to study sea
otter foraglng wlll be exceedlngly dlfflcult because of the

\

moblllty of sea otters (A. Doroff, personal communlcatlon).

In contrast, breedlng black oystercatchers establlsh a llmlted
foraglng terrltory In WhlCh they can be studled wlth relatlve ease
Consequently, foraglng studles wlll be llmlted to black oystercatc
hers.

Black Oystercatcher Foraglng study

Sampllng Methods

The vast ma]Orlty of breedlng black oystercatchers arrlve In Prlnce
Wllllam Sound In Aprll The presence of breedlng palrs wlll be
noted durlng the May crUlse descrlbed under ObJectlve 1 of Part 1
of thls study. (One of the crlterla for selectlon of olled sltes
for fleld work wlll lnclude the locatl0n of sltes relatlve to known
or llkely foraglng areas of black oystercatchers) From these
observatlons, and In comblnatlon wlth reVlew of eXlstlng lnforma
tl0n, It should be posslble to develop a set of black oystercatcher
foraglng terrltorles that contaln olled mussel beds.

When a nestlng palr lS dlscovered, lts locatlon wlll be marked on
a map for sUbsequent V1Sltatl0n. SUbsequent V1S1ts wlll be used to
determlne the extent of the foraglng terrltory. Once the foraglng
terrltory lS dellneated, mussel densltles wlll be determlned and
samples wlll be collected for hydrocarbon analysls. Densltles of
mussels wlll be determlned by randomly placlng three 20x30 cm
quadrats In each meter of tldal fall In foraglng terrltory,
followlng the Standard Operatlng Procedures of the Coastal Habltat
Study. Denslty of prey can lnfluence the cholce of patches by
lntertldal predators (Marsh 1986) and may be an lmportant covarla
ble In dlscernlng effects due to 011 Slmllarly, prey dlverslty
may lnfluence the taklng of mussels (Morrell et al 1979)
Therefore, all lndlvldual lnve~tebrateswlll be counted and placed
lnto 5mm Slze classes Barnacles, Fucus and fllamentous algae
cover also wlll be estlmated for each quadrat.

Foraglng behavlor observatl0ns of adult oystercatchers wlll be
conducted on 10 terrltorles each on lmpacted and non-lmpacted
sltes. Observatlons perl0ds wlll begln 2 hours before low tlde and
end 2 hours after low tlde Observatl0ns wlll begln when a blrd
flrst arrlves at the foraglng slte. Tlme lntervals from the start
of the foraglng bout and between each successful prey attack wlll
be recorded. When the focal anlmal dlscovers a prey ltem, the
specles and Slze of the prey taken wlll be recorded. These
varlables wlll also be recorded for unsuccessful attacks. Slze
determlnatl0n of mussels taken by oystercatchers lS determlnable In
the fleld (Andres 1991, Cayford and Goss-Custard 1990). However,
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l.t may be necessary to tral.n observers and calculate observer
dl.fferences l.n estl.matl.ng Sl.ze l.f numerous observers are 1nvolved
Observer dl.fferences can be tested uS1ng oystercatchers models and
a varl.ety of prey Sl.zes ConverS10n of shell lengths to b10mass
can be accomp11shed uS1ng length-we1ght regress10ns prev10usly
calculated for oystercatcher prey 1tems (Andres 1991) Data on
cond1t10n 1ndex 1n 01led and un01led s1tes (from Part 1 of th1s
study) w1ll be exam1ned to determ1ne 1f separate length-we1ght
regress10ns are needed for 01led and un01led s1tes

A f~eld test w1ll be conducted to determ1ne 1f b1rds can d1SCrl.m1
nate between 01led and un01led mussels by present1ng a platter of
mussels (de-shelled, 35mm) to nest1ng adults Treatment mussels
w11l be taken from an 01led mussel bed, or soaked 1n weathered
crude 011 for 15 m1nutes. These mussels w1ll be presented to adult
oystercatchers along w1th s1m1lar-s1zed un01led mussels

The proport10nal use of prey s1tes 1n 01led and un01led s1tes w1ll
be determ1ned In 01led s1tes, w1ll b1rds sW1tch s1tes more
frequently or use more s1tes w1th1n the1r feed1ng terr1tory?
D1fference 1n d1et d1vers1ty w1ll also be exam1ned among s1tes
W1ll b1rds supplement contam1nated mussels W1th other foods? (Th1S
can be measured by d1rect observat10n and shell collect10n at nest
s1tes.) Answer1ng these quest10ns w1ll prov1de 1mportant 1nforma
t10n regard1ng the extent to whl.ch oystercatchers are dependent
upon mussel beds for food. Th1S knowledge w1ll help pred1ct the
1mpact on black oystercatchers of restorat10n strateg1es that
1nvolve d1sturb1ng or destroY1ng mussel beds

Analyt1cal Methods

These data can be used to test the d1fferences 1n the forag1ng rate
(1tems/t1me), forag1ng bout length, total forag1ng t1me, b10mass
1ntake and success rate between populat10ns forag1ng on 1mpacted
and non-1mpacted s1tes. Model-based and sample-based stat1st1cal
procedures can be used to determ1ne the l1ke11hood of the d1ffer
ences be1ng attr1buted to 011 effects. Sample-based procedures
(random1zatl.On, boot-strapp1ng) may be part1cularly appropr1ate
S1nce uSl.ng these procedures makes no assumpt10n about the b1rds
stud1ed be1ng a random sample If model-based procedures are used,
a covar1ance model 1ncorporat1ng prey dens1ty, shore11ne type and
prey assemblage d1vers1ty w1th 1mpact would probably be requ1red

Analys1s of Blood and Feces

It 1S poss1ble to document exposure of b1rds to petroleum hydrocar
bons by samp11ng blood and fecal matter. Le1ghton et al (1983)
detected He1nz-body hemolyt1c anem1.a 3-6 days after exposure of
herr1ng gull and Atlant1c puff1n nestl1.ngs to var10US crude 01ls
(1nclud1ng Prudhoe Bay crude 01.1) Ana1ys1.s of blood chem1.stry 1.n
b1rds (Hunt, 1987) exposed to crude 01.1 has been conducted
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Petroleum hydrocarbons Wl.ll also be present l.n fecal matter of
bl.rds that l.ngest crude ol.l (Fry, l.n preparatl.on).

Analysl.s of hydrocarbons l.n the blood of sea otters l.n Prl.nce
Wl.lll.am Sound has also been conducted on anl.mals brought to
rehabl.ll.tatl.on centers and anl.mals caught l.n the wl.ld. Heavl.ly
ol.led otters l.n the rehabl.ll.tatl.on centers exhl.bl.ted total
hydrocarbon concentratl.ons l.n the blood of 20-800 ppm (Wl.lll.am et
al., 1990), whereas the hl.ghest concentratl.ons l.n the blood of wl.ld
otters from western Prl.nce Wl.lll.am Sound was only 1 6 ppm (mean=O 3
ppm) (Bellachey et al., 1991) In addl.tl.on, there we:t"e no
sl.gnl.fl.cant dl.fferences l.n the concentratl.on of petroleum hydrocar
bons between otters l.n ol.led and unol.led areas of Prl.nce Wl.IIl.am
Sound. Gl.ven that the USFWS wl.II be collectl.ng blood samples l.n
the summer of '92 and wl.Il be contl.nul.ng thel.r analysl.s of blood
samples from prevl.ous years, l.t l.S unll.kely that a small amount of
addl.tl.ona1 blood sampll.ng from otters wl.ll be very valuable
Consequently, blood and scat analyses wl.II be ll.ml.ted to the two
key bl.rds specl.es, harlequl.n ducks and black oystercatchers

Sampll.ng Methods

Feces: Bl.rd Feces wl.ll be sampled accordl.ng to the method of Fry
(personal communl.catl.on). Bl.rds wl.II be placed l.n teflon-ll.ned
boxes on a Wl.re shelf untl.l they defecate Feces samples wl.Il be
collected l.n Whl.rlpak bags and kept cold untl.l return to the
laboratory.

The collectl.on of fecal samples from harlequl.n ducks for hydrocar
bon analysl.s wl.II be conducted by ADF&G as part of the harlequl.n
duck restoratl.on study. The best sub] ects for sampll.ng black
oystercatchers wl.ll be the chl.cks. They spend thel.r entl.re ll.fe l.n
the vl.cl.nl.ty of the nest-sl.te and are totally dependent upon food
brought by adults from the local foragl.ng terrl.tory A total of 25
samples from each bl.rd specl.es wl.II be collected for analysl.s

Blood: 10cc of blood wl.Il be taken from bl.rds uSl.ng a syrl.nge
The blood wl.ll be l.n]ected l.nto a contal.ner wl.th a cork stopper
contal.nl.ng a pre-measured quantl.ty of methylene chlorl.de, and kept
cold untl.l return to the laboratory. Blood samples from otters
wl.ll be collected l.n a sl.ml.lar fashl.on A total of 15 blood
samples from each specl.es wl.II be collected for analysl.s

Analytl.cal Methods

Whl.rlpak bags contal.nl.ng feces samples wl.II be emptl.ed l.n the
laboratory, and rl.nsed wl.th dl.stl.lled water Feces samples Wl.II be
extracted wl.th methylene chlorl.de. UV fluorescence analysl.s wl.II
be conducted to test for the presence of hydrocarbons l.n the blood
and feces samples. For selected samples showl.ng hl.gh UV fluores
cence, GC/MS analysl.s wl.II be conducted to l.dentl.fy the specl.fl.c
petroleum hydrocarbons l.n the sample.
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L1m1tat10ns of Methods

Determ1n1ng exposure to the hydrocarbons from blood and feces
requ1res samp11ng relat1vely soon after 1ngest10n. Fecal samples
w1ll only reflect hydrocarbon 1ngest10n for 24-48 hours, and b1rds
exh1b1t1ng He1nz-body anem1a beg1n to recover after 7 days
Consequently, 1t 1S poss1ble that analys1s of blood and feces may
not produce eV1dence of exposure 1f the an1mals sampled have not
recently 1ngested hydrocarbons Th1S 1S unfortunate, as small
amounts of weathered crude 011 (2ml) have been shown to cause
reproduct1ve effects 1n b1rds (Fry et al , 1986) Th1S year, blood
and feces samples w1ll be collected and kept frozen for future
analys1s at a later date 1f 1t 1S determ1ned to be appropr1ate.

It may not be poss1ble to determ1ne the preC1se source of any
hydrocarbons detected. GC/MS analys1s allows ,1dent1f1cat10n of
hydrocarbons as Prudhoe Bay crude 011 However, metabo11sm of
hydrocarbons may make determ1nat10ns d1ff1cult, part1cularly 1f a
relat1vely long t1me has elapsed between 1ngest10n and samp11ng
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PROJECT JUSTIFICATION - 1030

Rlver otters (Lutra canadensls) ln Prlnce Wllllam Sound have been
lmpacted as a result of the Exxon Valdez 011 splll (Faro et al
1991 status report on rlver otters) Mussels (Mytllus spp.) have
been recovered from scats of rlver otters (unpubllshed data) and
mussels reported ln the dlet of rlver otters (Solf, 1989). In 1991
the hlghest 011 concentratlons found ln Prlnce Wllllam Sound
anlmals or sedlments were from mussels and substrates underlylng
olled mussel beds (Babcock, 1991 status report on olled mussel
beds). Rlver otters are a specles wlth a documented sensltlvlty to
a number of aquatlc pollutants (Table 1) so a connectlon between
contamlnated mussels and documented sub-lethal lmpacts lS reason
able.

Table 1. Publlshed llterature lndlcatlng rlver otters are
especlally sensltlve to pollutants ln aquatlc systems

PESTICIDES

Clark et ale
1981

Halbrook et ale
1981

Henney et ale
1981

HEAVY METALS

Clark et al.
1981

O'Connor and
Nlelson 1981

Sheffy and
Amant 1982

Wren et al 1980

Wren 1984, 1985

CESIUM-137

Clark et al
1981

Halbrook et al.
1981

PCB'S

Clark et al
1981

Halbrook et
al 1981

Henney et al
1981

Rlver otters utlllze land for many of thelr llfe functlons but feed
excluslvely from aquatlc habltats, placlng them dlrectly at rlsk to
remalnlng Exxon Valdez 011 Although some feedlng may occur In
fresh water, ln Prlnce Wllllam Sound (Faro et al 1991 status
report on rlver otters) and Southeast Alaska (Larsen 1983,

287



Wool1ngton 1984), mar1ne populat10ns are dependent on a d1et of
f1sh, gastropods, and b1valves. Forag1ng occurs 1n shallow water
at depths typ1cally occup1ed by mussel beds The r1ver otter's
sens1t1v1ty to pollutants and the1r h1gh pos1t10n on the food cha1n
are factors that allow them to serve as an 1nd1cator spec1es for
the presence of hydrocarbon tOX1C1ty 1n the ecosystem Unl1ke
other spec1es that may d1rectly or secondar1ly acqu1re hydrocarbons
from mussels, r1ver otters have smaller home ranges and rema1n year
round 1n close prox1m1ty to contam1nated mussel beds.

Th1S study w1ll use nonlethal methods to obta1n data on the health
of r1ver otters and the1r d1et. R1ver otters w111 be 11ve captured
dur1ng the spr1ng breed1ng season when they are most vulnerable to
capture. Trapp1ng w1l1 occur 1n 011ed hab1tat 1n close prox1m1ty
to mussel beds prov1d1ng data for 1nterpretat10n w1th other
1nformat10n from the 01led mussel bed study The home range of
captured r1ver otters should 1nclude one or more contam1nated
mussel bed. For control data, some an1mals w111 also be caught 1n
an area w1th mussel beds present but not exposed to 011. Captured
an1mals w1ll be br1efly 1mmob111zed, measured and a blood sample
drawn. Procedures used w1l1 be approved by the An1mal Care and Use
comm1ttee under the author1ty of the Un1vers1ty of Alaska Fa1r
banks. R1ver otters w111 be released 1n the v1c1n1ty of the1r
capture s1te when recovered from the 1mmob111z1ng agent These
techn1ques were employed 1n 1991 w1th no known loss of an1mals

Blood samples w111 be analyzed from components that reflect
phys1010g1cal stress 1n 1nd1v1dual an1mals These data w111 be
compared to control data as well as to data obta1ned 1n 1990 and
1991. We1ghts and measurements w111 be compared between "control"
and "01led" data and between years

R1ver otter scats w1ll be collected 1n the two 1ntens1ve study
areas (Esther Passage control area and Herr1ng Bay/Lew1s Bay 011ed
area) establ1shed for the 1mpact assessment study These samples
w1ll be exam1ned to 1dent1fy the "spec1es" that are present Data
analys1s w111 compare the 1992 d1et 1n the two study areas and test
for d1fferences or s1m11ar1t1es to d1etary 1nformat10n from 1989
and 1990 on 01led and un011ed areas.

When gather1ng scat mater1als from the 1ntens1ve study areas,
1nformat10n on the current use of latr1ne s1tes by otters w111 be
recorded. S1te use data for 1991 and 1992 1n the 2 areas w111 be
compared.

OBJECTIVES - R103D

8 - To test for (a = 0 05) sub-lethal effects of hydrocarbon
tOX1C1ty on r1ver otters by exam1n1ng blood components.
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9 - To determ1ne 1f the body mass of adult r1ver otters 1S
s1gn1f1cantly d1fferent (ex = 0.05) 1n 011ed and un011ed
hab1tats and has changed through t1me

10 - To test (ex = 0.05) for d1fferences 1n food hab1ts of r1ver
otters before and after the 011 sp111 on the o11ed study
area.

11 - To test (ex = 0.05) for d1fferences 1n food hab1ts of r1ver
otters on 011ed and control study areas

12 - To determ1ne 1f latr1ne s1tes use by r1ver otters are
s1m11ar between o11ed and non-011ed study areas

METHODS - 1030

Methods developed dur1ng the three years of the 1mpact assessment
study w111 be employed 1n 1992 Trapp1ng areas w111 be keyed to
the presence of o11ed mussel beds under study by the 011ed mussel
bed study. The 1ntens1ve 011ed study area w111 have mussel beds
also under study. Results of the mussel bed study w111 be
1ncorporated 1nto evaluat10n of r1ver otter data.

Ob]. 8, 9 - R1ver otters w111 be captured 1n the v1c1n1ty of 011ed
mussel beds also under study. Proposed trapp1ng areas w1th
o11ed hab1tat are Kn1ght, Eleanor, and Naked Islands
Control an1mals w111 be captured at Unakw1k Inlet R1ver
otters w111 be 11ve captured at latr1ne s1tes located close
to the shore 11ne Mod1f1ed Hancock 11ve traps and drugg1ng
boxes to hold r1ver otters, as descr1bed by Melqu1st and
Hornocker (1979) w111 be used Weather perm1tt1ng, traps
w111 be checked at least morn1ngs and even1ngs Traps w111
be mon1tored w1th trap transm1tters that s1gnal when the
trap has sprung R1ver otters w111 be held only so long as
necessary to obta1n body measurements, draw blood, and
recover from the 1mmob111z1ng agent An1mals w111 then be
released at the1r or1g1nal capture s1te

Standard procedures w111 be used to collect and process
blood 1n the f1eld. An An1mal Care and Use document under
the 1ndependent author1ty of the Un1vers1ty of Alaska
Fa1rbanks w111 be 1n effect

Ob]. 10, 11 R1ver otter scats w111 be collected from
permanently marked latr1ne s1tes (113 s1tes 1n un011ed and
131 s1tes 1n 011ed) located 1n the 1ntens1ve study areas
S1tes w111 1n1t1ally cleared of scats 1n June and then
rev1s1ted and cleaned two or three t1mes dur1ng the summer
Collect10n procedures w111 be those estab11shed for the 011
1mpact assessment study. All scats from a s1te w111 be
placed 1n a s1ngle plast1c bag and labeled w1th the date,
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locat~on, and number of scats collected Samples w~ll then
be frozen unt~l they prepared for analys~s.

Scats (or subsamples from latr~ne s~tes) w~ll be placed ~n

nylon stock~ngs, placed ~n a mod~f~ed clothes washer, and
washed. Samples w~ll be a~r dr~ed and then sealed ~n

plast~c bags pr~or to analys~s.

Each sample w~ll be exam~ned under a d~ssect~ng scope and
food ~tems ~dent~f~ed to the lowest poss~ble taxonom~c

order. Random subsamples also w~ll be exam~ned to assure
that ~mportant spec~es are not overlooked Food ~tems w~ll

be from reference mater~als developed for the ~mpact study
Add~t~onally, keys to otol~th (Morrow 1979), scales (Lagler
1974), mammal ha~r (Ador]an and Kolenoskey 1969, Day 1966)
and b~rd rema~ns and feathers (Chandler 1916) w~ll be used
Ident~cal analys~s procedures w~ll be used for o~led and
control samples.

Ob]. 12 - All permanently marked latr~ne s~tes ~n the two ~ntense

study areas w~ll be v~s~ted ~n late summer and recent use by
r~ver otters recorded. A s~te w~ll be cons~dered abandoned
~f 1) No recent r~ver otter scats are found and 2) growth of
herbaceous vegetat~on or branch gall from the overstory that
would be eas~ly removed by r~ver otter use were prevalent on
tra~ls and ma~n s~te areas The s~tes w~ll be evaluated by
the same personnel who evaluated r~ver otter use ~n 1991
Add~t~onal observat~on on s~te use w~ll be made concurrent
to the 1992 capture program

DATA ANALYSIS - 103D

Ob]. 8, 9 - Values for r~ver otters exposed to o~l w~ll be compared
to those of nonexposed r~ver otters and to values obta~ned

~n 1990 and 1991 by the r~ver otter ~mpact assessment study
D~fferences ~n haptoglob~n levels w~ll be tested w~th mult~

response permutat~on procedures u~i'1ng "Blossom" stat~st~cal
software (B~ond~n~ et ale 1988, Z~mmerman et ale 1985).
D~fferences ~n r~ver otter length and body mass between
seasons w~ll be exam~ned w~th a Kruskal-Wall~s test (Zar
1984). Regress~on l~nes of length-mass relat~onsh~pw~ll be
compared accord~ng to Neter, et ale (1985)

Stat~st~cal analys~s of blood values and morphometr~cs of
r~ver otters w~ll ~nclude a mult~var~ate t-test (Hotell~ng's
T2) to exam~ne d~fference (a = 0.05) ~n an~mals between
o~led and uno~led areas. Bonferron~ tests for a poster~or~

compar~sons of ~nd~v~dual var~ables w~ll follow.
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Ob]. 10, 11 - Because of d1fferent1al d1gest1b1l1ty of prey and
var1able rates of passage through the gut, volumetr1c
measures of prey rema1ns 1n r1ver otter feces are mean1ng
less. consequently, analys1s w1ll be conf1ned to the
occurrence of prey "spec1es" 1n latr1nes samples. A
"spec1es" 1S def1ned as the lowest taxonom1C order that an
1tem can be ass1gned Data w1ll be compared between 01led
versus control area, and through t1me - 1989, 1990, and
1992. Results w1ll be expressed 1n terms of percent and
latr1nes w1th food 1tems, and percent of total food 1tems
(Bowyer et ale 1983)

Ob]. 12 - Latr1ne s1te abandonment w1ll be tested (a = 0 05) w1th
a log-l1kel1hood (G-test)
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RESTORATION PROJECT NUMBER l04A

study T~tle: Archaeolog~calResource Protect~on s~te Stewardsh~p

Lead Agency: USFWS

Cooperat~ng Agenc~es· ADNR, USFS

INTRODUCTION

The purpose of th~s proJect ~s to create an archaeolog~cal s~te

stewardsh~p program. The Exxon Valdez o~l sp~ll and assoc~ated

clean-up have resulted ~n an ~ncreased publ~c knowledge of archaeo
log~cal resources ~n the o~l sp~ll area The greater v~s~b~l~ty of
s~te locat~ons brought on by o~l sp~ll act~v~t~es has resulted ~n

h~gher rates of loot~ng and vandal~sm of these resources (Archaeol
ogy Resources Damage Assessment study Number 1). Local s~te

stewardsh~p w~ll be a powerful tool ~n deterr~ng such a trend.

S~te stewardsh~p ~s the recru~tment, tra~n~ng, coord~nat~on, and
ma~ntenance of a corps of local ~nterested c~t~zens to watch over
threatened archaeolog~cal s~tes located w~th~n the~r home d~s

tr~cts. Local c~t~zensl groups and Nat~ve Corporat~ons w~ll be
brought ~nto the proJect as cooperators to fac~l~tate commun~ca

t~ons and operat~ons Successful models for such programs already
ex~st.

Th~s proJect ~s techn~cally feas~ble The Ar~zona State H~stor~c

Preservat~on Off~ce has conducted a very successful s~te steward
sh~p program for years. The Kod~ak Area Nat~ve Assoc~at~on has
already demonstrated ~ts feas~b~l~ty ~n coastal Alaska.

Long-term s~te observat~on by local res~dents ~s a des~rable method
of ass~st~ng ~n the protect~on of threatened archaeolog1cal
resources. Change over t~me ~s a far stronger 1nd1cator of 1mpact
than can be obta~ned through one-t1me or even occas10nal observa
t~on. Lost ~nformat~on from ~nJured sltes lS essent~ally 1rre
tr~evable. Th~s proJect w~ll enable us to reduce the magn~tude of
the ongo~ng ~mpacts and helps restore slte 1ntegr1ty and protec
t~on.

OBJECTIVES

The obJect~ves are to reduce or el~m~nate archaeolog~cal s~te

loot~ng and vandal~sm through the follow1ng measures

1. Develop an ~nformat~on program for the general publ~c concern
~ng both the s~te stewardsh~p program and the ~mportance and
sens~t~v~ty of archaeolog~cal resources.
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2. Recru~t, educate, and l.nvolve local people to protect the
archaeolog~cal resources l.n thel.r areas.

METHODS

Data collect~on under thl.s proJect wl.II conSl.st of assembll.ng
narrat~ve reports from s~te stewards Informatl.on from these
reports w~ll ~nclude dates and tl.mes of observatl.on of sl.tes,
phys~cal descr~ptl.ons of the condl.tl.on of the sl.tes; photographs,
and spec~fl.cs of any apparent l.mpacts, l.ncludl.ng the presence of
persons ~nvolved l.n sl.te lootl.ng Photographl.c equl.pment wl.II be
gl.ven to Sl.te stewards to assl.st l.n the documentatl.on Sl.te
stewards wl.II be provl.ded Wl.th eXl.stl.ng documentatl.on of known
sl.tes l.n thel.r areas and wl.II also be asked to provl.de l.nformatl.on
about any other sl.tes known to them, or subsequently dl.scovered by
them, for add~tl.on to the data base

Routl.ne reports w~ll be routed to the proJect coordl.nator for
comp~latl.on and all data wl.II be mal.ntal.ned l.n the fl.les of the
proJect coordl.nator and be aval.lable to all partl.cl.patl.ng agencl.es
The proJect coordl.nator wl.II be responsl.ble for passl.ng thl.s
l.nformatl.on to landowners or managl.ng agencl.es Any observatl.ons
of current vandall.sm wl.II also be provl.ded l.mmedl.ately to agency
resource protectl.on personnel.

Current sl.tuatl.on reports Wl.II be provl.ded to l.nvolved agencl.es on
a regular bas~s throughout the year, thl.S Wl.II l.nclude notl.fl.catl.on
of law enforcement bod~es where approprl.ate.

The tra~n~ng program wl.II be developed by educatl.on personnel and
archaeolog~cal staff at the U S Fl.sh and Wl.ldll.fe SerVl.ce
Indl.vl.dual agency archaeologl.cal staff wl.II also assl.st the proJect
coord~nator l.n recrul.tment, tral.nl.ng, and quall.ty control of
volunteer stewards

Local s~te stewards' actl.vl.tl.es wl.II be prl.marl.ly confl.ned to those
areas l.n whl.ch they fl.nd themselves l.n the course of thel.r normal
actl.Vl.tl.es. Mechanl.sms wl.II be developed to provl.de transportatl.on
ass~stance (e.g , provl.dl.ng addl.tl.onal boat gas). Other assl.stance
or noml.nal compensat~onmay be consl.dered to l.mprove effectl.veness
Log~st~cal arrangements for the proJect coordl.nator and other
agency staff wl.ll be arranged through the agencl.es or on commercl.al
carrl.ers Log~stl.cal arrangements for Sl.te stewards attendl.ng
tra~nl.ng seSSl.ons Wl.II be coordl.nated by the proJect coordl.nator
Wherever possl.ble, local arrangements Wl.II be facl.Il.tated by Natl.ve
and/or local government groups l.n conJunctl.on Wl.th thl.s proJect

The proJect coordl.nator wl.II also oversee quall.ty control of
volunteer stewards' work. Quall.ty control wl.II be accompll.shed by
conduct~ng Jol.nt f~eld Vl.Sl.ts wl.th local sl.te stewards, archaeolog-
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1cal and/or resource protect1on staff, and a representat1ve of the
proJect coord1nator.

DATA ANALYSIS

The data analys1s requ1rements of th1s proJect component are qu1te
modest and w1ll 1nvolve s1mple stat1st1cal analyses. The proJect
coord1nator w1ll comp1le 1nformat1on from the var10US agency
sources, 1nclud1ng tabulat10n of results.

DELIVERABLES

In 1992, del1verables w1ll 1nclude the complete tra1n1ng program
and publ1C 1nformat10n program descr1bed under methods, 1nclud1ng
preparat10n of 1nformat1on packages for S1te stewards. RecrU1tment
of s1te stewards w1ll be completed as of March 1, 1993.

The proJect coord1nator w111 prepare a f1nal report

SCHEDULES AND PLANNING

1. (1992)
stewards,
package.

Develop and complete a tra1n1ng program for local s1te
1nclud1ng development of a comprehens1ve 1nformat1on

2. (1992) Develop an 1nformat1on program for the general publ1c
concern1ng both the s1te stewardsh1p program and the 1mportance and
sens1t1v1ty of archaeolog1cal resources; conduct a ser1es of local
meet1ngs to 1nform the publ1c about the s1te stewardsh1p process
and to sol1c1t publ1c 1nput 1nto the des1gn of the program.

3. (1992) Recru1t a corps of local s1te stewards 1n coastal
commun1t1es.

4. (February 1993) Complete f1nal report

PERSONNEL QUALIFICATIONS

Archaeolog1st GS-12
Charles D1ters - M.A. Anthropology Brown Un1vers1ty, spec1al1st
1n Alaska archaeology, has funct10ned as Reg10nal Archaeolog1st
w1th USFWS for the last ten years.

Archaeolog1st Range 18L
Charles Holmes - Ph.D. Anthropology, Wash1ngton State Un1vers1ty,
spec1al1st 1n the archaeology of southcentral Alaska, Spec1al
ProJects Archaeolog1st 1n ADNR Off1ce of H1story for the last
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flofteen years actlong as prlonclopal lonvestlogator for Natloonal
SCloence Foundatloon grants and archaeologlocal contracts

Educatloon Specloallost GS-11, to be determloned

Archaeologlost GS-9
Debra Corbett - MA Unloversloty of Alaska, Falorbanks, specloallost lon
Alaskan archaeology, partlocularly southwest Alaska and the
Aleutloans. (And/or substlotute to be determloned )

BUDGET ($K)

USFWS USFS ADNR TOTAL

Salarloes $ 30.1 2 4 47.2 79 7
Travel 8 2 2 0 5 2 15 4
Contracts 40 5 0 0 o 0 40 5
Supplloes 4 9 0 0 o 0 4.9
Equlopment 5 7 0 0 o 0 5 7

Subtotal $ 89.4 4 4 52 4 146.2
General Admlonlostratloon 5 4 0 5 7.1 13.0

Total $ 94 8 4 9 59.5 159 2
~
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RESTORATXON PROJECT NUMBER 106

study Tl.tle:

Lead Agency:

Technl.cal support study for the Restoratl.on of
Dolly Varden/Cutthroat Trout

ADF&G

PROJECT JUSTIFICATION

Thl.s closeout budget represents the cost for preparatl.on of a fl.nal
report for the data collected l.n thl.S proJect through 1991

Salarl.es
Travel
Contractual
Suppll.es
Equl.pment

Subtotal
General Adml.nl.stratl.on

Total

BUDGET ($K)

$27 6
0.0
2.0
1.0
~

$30.6
.1.......l

$34.9
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3. BUDGET



StJlIIIARy BUDGET TABLES
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III 1992 EXXON VALDEZ ANNUAL WORK PLAN BUDGETS

PROPOSED PROPOSED
PROJECT 3 MONTH COST' 2 12 MONTH COST' 2

A Damage Assessment Closeout

AW1 Surface 011 Maps 104 170
ARC1 Archaeological Survey 100 8 2488
82 80at Surveys 139 485

83 Murres 425 757
84 Eagles 326 606
86 Marbled Murrelets 162 248

87 Storm Petrels 75 75
88 Kittiwakes 75 75
89 Pigeon GUillemots 180 180

811 Harlequin Ducks 229 229
812 Shorebirds 132 207
CH1A Coastal Habitat 82853 2,35854

CH18 Hydrocarbons In Mussels 142 514
FS1 Spawning Area Injury 483 643
FS2 Pre-emergent Fry 227 293

FS3 Coded-Wire Tags 456 1267
FS4A Early Manne Salmon 560 1452
FS48 Juvenile Pinks 249 1194

FS5 Dolly Varden 21 2 222
FS11 Herring Injury 144 7 3036
FS13 Clams 301 40 85

FS28 Run Reconstruction 601 2506
MM1 Humpback Whales 00 173
MM2 Killer Whales 1 7 333

1 Cost In thousands of dollars
2 Starting March 1, 1992
3 Number IS approximate
4 A placeholder of $3,021,500 was Initially approved pendIng completion of project reView A

proposed project cost of $2,358,500 was developed upon completion of project reView
5 For analysIs of 1989 & 1990 growth data Approval for additional work at an additional cost of

$65,500 may be requested depending on the results of growth analysIs
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III 1992 EXXON VALDEZ ANNUAL WORK PLAN BUDGETS, CONTINUED

PROPOSED PROPOSED
PROJECT 3 MONTH COST 12 MONTH COST

MM6 Sea Otters 920 1997
TM3 River Otter & Mink 678 740
ST1A Subtidal Sediments 326 1035

ST1B Subtidal Microbial 128 171
ST2A Shallow Benthic 374 1098
ST2B Deep Water Benthos 11 8 1076

ST3A Caged Mussels 109 391
ST3B Sediment Traps 404 509
ST4 Fate and TOXICity 86 526

ST6 Rockfish 00 166
ST7 Demersal Fishes 168 604

SUBTOTAL 1,9146 4,8490

B Damage Assessment Continuation

FS27 Sockeye Overescapement 1548 5830
FS30 Database Management 475 2025
ST5 Shnmp 133 2277

ST8 Sediment Data SynthesIs 391 2056
TS1 Hydrocarbon AnalysIs 3888 1,0283
TS3 GIS Mapping & AnalysIs 1029 37528

SUBTOTAL 7464 2,4173

C Restoration Techmcal Support

R92 GIS Mapping & AnalysIs 294 12558

SUBTOTAL 294 1255

D Restoration Recovery Momtorlng

R11 Murres 1926 3167

e PI needs to resolve techmcal Issues raised by peer reviewers Approval for project completion, at
an additional cost of $76,900, may be requested pending resolution of Issues

7 Amount for final report Approval for additional field work, at an additional cost of $67,900, may be
requested depending on final report results

8 Placeholder Final number to be developed following program approval by the Trustee Council
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III 1992 EXXON VALDEZ ANNUAL WORK PLAN BUDGETS, CONTINUED

PROJECT
PROPOSED PROPOSED

3 MONTH COST 12 MONTH COST

R60C
R90
R102

Pink Salmon Egg/Fry
Dolly Varden
Coastal Habitat

SUBTOTAL

1871
91 5

16503

6362

3899
91 5

48569

1,2837

E Restoration Implementation Plannmg

R105 Instream Survey
SUBTOTAL

F Restoration Mampulatlon/Enhancement

746
746

3481
3481

R113 Red Lake Restoration --M
SUBTOTAL 00

G Restoration Habitat Protection Planmng

559
559

R15 Marbled Murrelets
R47 Stream Habitat Survey
R71 Harlequin Ducks

SUBTOTAL

H Restoration Management Actions

R53 Kenai Sockeye
R59 Genetic Stock 10
R60AB Pink Salmon

R73 Harbor Seals
R103 Oiled Mussels
R104A Site Stewardship

1850
764

1306
3920

662
1007
1541

250
2706
467

4193
3996
4245

1,243 4

6742
3209

1,4797

250
874010

1592

R106 Dolly Restoration 34 9
SUBTOTAL 6982

349
3,5679

TOTAL 4,491 4 13,8908

8 A placeholder of $604,100 was Initially approved pending completion of project reView A proposed
project cost of $485,600 was developed upon completion of project review

10 A placeholder of $825,000 was Initially approved pending completion of project reView A
proposed project cost of $874,000 was developed upon completion of project review
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4. ACRONYMS AND ABBREVIATIONS



ABL
ADEC
ADF&G
ADNR
ANOVA
CTD
CWT
DBMS
DEC
DNA
DNR
ESI
FRED

F/S
!'WS
FY
GC-MS
GIS
GPS
GSI
HC
HSRG
MOL
MFO
MM
mtDNA
NMFS
NOAA
NPS
NRDA
OSIAR
PCA
PHC
PI
PL
QA/QC
RNA
RT
SOP
ST
TS
UAF
UCI
USFS
usns
USGS
uv
WAN

oj. LIST OF ACROllYJlS MID ABBREVI:ATIOHS

Auke Bay Laboratory
Alaska Department of EnV1ronmental Conservat1on
Alaska Department of F1Sh and Game
Alaska Department of Natural Resources
Analys1s of Var1ance
conduct1v1ty/Temperature/Depth
Coded W1re Tag
Database Management System
Department of Env1ronmental Conservat10n (Alaska)
Deoxyr1bonucle1c AC1d
Department of Natural Resources (Alaska)
Env1ronmental Sens1t1v1ty Index
F1sher1es Rehab1l1tat1on, Enhancement, and Development
D1V1S1on
F1sh/Shellf1sh
F1Sh and W1ld11fe SerV1ce (US)
F1scal Year
Gas Chromatography - Mass Spectrometry
Geograph1c Informat10n system
Global Pos1t10n1ng system
Genet1c Stock Ident1f1cat1on
Hydrocarbon
Hab1tat Sp1ll Response Group
Method Detect10n L1m1ts
M1xed-funct1on OX1dase
Mar1ne Mammal
M1tochondr1al DNA
Nat10nal Mar1ne F1sher1es SerV1ce
Nat10nal Ocean1C and Atmospher1c Adm1n1strat1on
Nat10nal Park SerV1ce
Natural Resources Damage Assessment
011 Sp1ll Impact Assessment and Recovery Off1ce
Pr1nc1pal Components Analys1s
Petroleum Hydrocarbon(s)
Pr1nc1pal Invest1gator
ProJect Leader
Qua11ty Assurance/Qua11ty Control
R1bonucle1c AC1d
Restorat1on Team
Standard Operat1ng Procedure
Subt1dal
Techn1cal SerV1ces
Un1vers1ty of Alaska Fa1rbanks
Upper Cook Inlet
Un1ted States Forest Serv1ce
Un1ted States F1Sh and W1ld11fe SerV1ce
Un1ted States Geolog1cal Survey
Ultrav10let
W1de Area Network
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