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Fish/Shellfish Summary 4& by PG

Pink salmon:

Herring

Dolly Varden

Cutthroat Trout

Rockfish

Nearshore fish

- egg and alevin in spawning gravel (>50%
increase in mortality in oiled streams).

- stock work still inconclusive - decreased
returns for hatchery (AFK) - survival rate less
than 1/2 that for Ester Is. hatchery (usually
similar).

- reduced growth of juveniles in oiled areas.
- increased HC body burden in "89; not in 790
samples.

- increased MFO induction in fish from oiled
areas.

- significant fin erosion in ‘90 samples
(chum?)

- morphologic & cytogenetic effects shown from
eggs exposed to o0il, but raised in lab (effects
in 89 and ’90; more drastic in ’89).

- egg mortality surveys - survival decreased
in oiled area (89 and 790, less drastic in
r90) .

— heavy concentration HC in bile (highest of
any fish)
- >30% increase in mortality in oiled areas.

- >30% increase in mortality in oiled areas.
— significant difference in growth.

— first finfish to show mortality due to oil.
- increased HC in bile (showed up in other
bottom fish also — flatfish, halibut, pollock) .



— (field info available in 2 weeks)

- increased levels of blood parasites in fish
from oiled areas (153/ml vs 0.3/ml in control,
5/ml in lab exposed fish).

- increased rate of respiration in fish from
oiled areas.

— increased MFO levels in oiled areas (DEC
study, not NRDA).

Clam use

- highest level of HC in any organism
(subsistence use shut down in Windy Ray) .

Subsistence/Recreational uses

Probable Damage:

Ground fish
- some sublethal effects (data not vyet
available).

Clams

Shrimp
[o)

- increase in % spot shrimp with dead eggs in
oiled areas (in ’89; 790 data not in).

1991 Potential Projects:
Public Information (sport fish)
Habitat Rehabilitation
Identify multi-beneficial acquisition/protection
Access (sport fish)
Restoration survey (prioritization)

Continued exposure/sublethal effects monitoring




1990 Recommendations:
Salmon/herring escapement
Salmon/herring tagging
Port sampling
Otolith marking

Herring spawning area catalogue

Meeting Notes - October 26, 1990

B. Ross reviewed the factors to be considered in evaluating
projects and feasibilty studies.
- Wash. Policy Group (WPG) will make ultimate decisions
regarding projects. (MT, Peer Reviewers will look at package)
— Will proposals from the general public also be considered?
Any such proposals that are submitted as comments to the FR
notice will need to be addressed.
- B. Spies expressed concern that basic information on
exposure/ contamination effects necessary for the NRDA case
may be lost due to positics.
- RPWG will propose all projects that make sense
scientifically and meet the factors; if one does not qualify
under restoration, then RPWG will recommend to MT that they
are proposed/continued as NRDA studies.
— NRDA projects will be harder to Jjustify this year.
- C. Meacham expressed concern about stepping into this
process before clean-up is complete, damages are not fully
assessed yet; this expedited process for determining
restoration projects is inappropriate.

Proposed Projects

1. ADFG (FRED) proposal (10/25 memo, Allee to Ross) — Jeff Hartman,
Tom Kron:
— Six restoration project ideas (four had detailed proposals)
and eleven feasibility studies (six had detailed proposals)
were included in the memo and discussed at some length.
— Feasibility studies #3,4,5,and 6 on the list have problems
with NRDA link to the particular species.
- Coordination between Divisions is important.
- one study must assess which tools should be used.
- Is it more appropriate to do direct restoration than to
enhance another system (direct vs. replacement)? - In short
term (before settlement) the more directly related to an
injury, the more likely a project will be reimbursable. A
project that enhances a site beyond its original condition




must show that this is conpensating for something you can’t
correct somewhere else. (M. Fox).

- Sometimes in order to pursue things that make the most sense
you may need to move to a different system.

- If we move too fast with certain projects, might lose in
terms of cost effectiveness; i.e., must look at all damaged
streams before pick one is "best" to restore. (Peterson: this
type of study may be a good "feasibility" study)

- Restoration effort taken in the end must enhance something
in the long term; need to address the "rate of recovery
issue"; But there is a risk in waiting, esp. 1if ongoing
impacts are apparent. (Peterson).

~ One legal case: Although the regs "favor lost use value over
restoration', the court said that the statute does favor
restoration, but it must be a reasonable relationship between
resotration and what has been lost. (Fox)

- Can possibly use "local" groups to help with projects (i.e.,
stream rehabilitation) .

- FRED package seems to be a series of tools, nothing specific
in terms of what we’re trying to address.

— This meeting should be a first step bringing ideas together
and combining projects where appropriate.

- reference was made to the third paragraph of the 9/25/90
memo (Schmidt, Barrett to Senner) concerning using standard
enhancement practices to accelerate the restoration process.

2. ADFG (Commercial) - outline submitted:
S.Sharr presented ideas for salmon restoration (see
handwritten outline labeled salmon restoration studies). These

ideas included escapement enumeration (aerial and ground surveys),
stock identification (coded wire tags, otolith marking, adult
tagging) and run reconstruction. The following comments were made
in general about these ideas by Sharr:
- Referencing outline:
Stock Identification - The goal of the coded wire tag
program is to assess contribution of stocks to commercial
fishery; it will identify time and area distributions to
eventually alter management. Cost for this type of
program could run into the hundreds of thousands of
dollars. The recovery portion of the project would need
additional funds, approximately $500,000. The otolith
marking study will add greater precision. It could be
done as a feasibility study; it could run approx.
$500,000, and additional funds would be needed for the
recovery portion.
Run Reconstruction - historic data summaries would
include information on escapement runtime, adult tagging
(time and area densities), existing CWT data. It would
maximize the likelihood of predicting exploitation of
stocks in commercial harvest.
- The factors for consideration are addressed in the following
ways: addresses known damage, technical feasibility
established (most are extensions of ongoing programs), all




should be implemented rapidly, net environmental benefit
includes nearshore and upland portion of ecosystem, duration
of projects should include several generations of pink salmon,
the geographic scope is PWS.

- historic data exists for oil impacted streams.

- It was suggested that some could fall under monitoring to
determine recovery; however Sharr disagreed stating that these
types of projects were needed to improve management precision.
Without management precision, any enhancement may be futile
effort.

- Monitoring is the tool needed to assess any enhancement, it
is necessary to test whether direct restoration is effective.
Besides monitoring for natural recovery, it is necessary to
determine if restoration work is being effective.

— Another method of restoration is to implement conservation
management strategies, especially if it will take awhile to
address uncertainties.

— Otolith tagging could be proposed as a feasibility study,
but coded wire tagging i1s necessary to truth. This would
avoid gaps in the data base (Peterson).

- Since the o0il spill, there 1is now a need for better
management. (for example, when the quality of salmon declined,
fishermen were directed to non-contaminated areas,this force
a management situation which would not have occurred without
the Spill.

- These types of management projects make sense legally,
especially since they are also needed to monitor the
restoration effort. (Fox)

NOAA Projects - three proposals submitted (A. Wertheimer):

- all represented work that needs to be continued can be
catagorized under NRDA, specifically, if 1990 NRDA data (yet
to be analyzed) shows continued exposure in oiled areas.

— A question was raised regarding seperating out the effects
of o0il on salmon relative to the effects on abundance of prey
(less fish feeding on prey). In response, A. Wertheimer stated
that the herpacticoid trophic link is well established.

- B. Spies expressed the concern that projects that are
critical to establishing damages need to be highlighted by the
group; 1important arguments need to be plugged into any
decisions relative to the continuation of such projects.
Economics should also be factored in.

- Project costs should decrease if projects are combined with
other agencies.

4. E. Biggs (ADFG/Commercial) discussed restoration relative to the
herring fishery. She was in agreement with previous participants
that the biggest tool to rehabilitate a resource is management and
maintaining and improving accuracy results in good management. The
following were suggestions for improving management:

- Maintain spawn deposition studies - increase in sample size
provides increased accuracy.
- Continue 1990 egg loss study for two more years - this is




a direct multiplier in model (increasing biomass estimation

increases accuracy forcast).

- Improve forecast model - more time needed to study the

biometrics.

- Stock seperation studies needed to properly identify the

unit that is being forecasted and measured (this could be a

problem with herring). A tagging program would look at

immigration/emmigration.
Most of the above programs are in place; writing and rewriting
proposals impedes PI progress. Precision is needed to manage the
salmon/herring fishery in finer detail since the oil spill; need
to know what the damage is and how to predict. For example, the
harvest rate for the weakest stock has already been chosen for
salmon, harvest quota is based on forcasting. There is not much
latitude in herring; market is set ahead, industry driven.

The following are ideas for direct restoration:

- transplant kelp to boost productivity (egg survival) of an
area — hard to evaluate effectiveness, cost effectiveness.

- transplanting of stocks.

Restoration can also be accomplished through protection of the
ecosystem:

- development of marine sanctuaries.

— establish limits on sedimentation effects.

- prevent upland damage.

- eliminate in-water log storage.

Monitoring for bird and mammal work can be piggy-backed with
herring survey work.

5. ADFG (Sport fish) - Kelly Hepler discussed this proposal (10/3

memo, Roth to Meachem) :
- high incidental take of Dolly Varden and Cutthroat trout;
need greater resolution in PWS, need expansion of program.
- can piggyback on some of ADFG/Comm. projects, i.e., weir
location, port sampling, etc.
- passage problems can be identified and proposed to address
this year; preference over enhancement (question as to whether
sportfishing wants enhancement) .
- JSA doing study for J. Hartman - possibility for funding.
- Need to push sportfishing toward lesser impacted areas to
allow recovery of affected stocks - could be done through
alternative access, information brochures.
- Public information could be done in short-term, before all
data is known. (makes sense legally, since it is connected to
restoration)
- Specific impacts in Valdez & Cordova due to increased
population during Spill clean-up; increased impact to roads
and sanitation. (could have been Dingall-Johnson $ in past,
higher priority now)
- no management program existed before Spill for bottomfish
(rockfish) in PWS. Basic needs for more information include




port sampling (catch information, cohort analysis) - NRDA
studies designed for sublethal effects, not population
effects. Some restoration ideas include artificial reef
development to enhance sport fishing (may not actually
increase population, maybe just redistribution) - also may be
bringing fish back to impacted area (i.e., Bligh reef) - more
feasibility studies may be needed.

— charters going to non-oiled areas may be impacting these
areas; also increasing impact from gillnet and longline.

—-a proposal for shellfish (clam) and spotted shrimp was
discussed (9/25 memo, Donaldson to Senner). Use of clams
(subsistence) was damaged, even if population is surviving.

Summary:

C. Meacham summarized the day’s discussion with the following

chart:

Known Damage:

salmon

herring

Dolly Vardan

rockfish

cutthroat trout
subsistence/recreational uses
near—-shore fish

clam use

Known Exposure/Probable Damage:

1990

groundfish
clams
shrimp

Recommendations (from Tech. Wkshp. 4/90) - still applicable:
salmon/herring escapement

salmon/herring tagging

port sampling

otolith marking

herring spawning area catalogue

Potential Restoration Ideas for 1991:

public information (sport fish)

habitat rehabilitation

explore and identify multi-beneficial acquisition/protection
access (sport fish)

restoration survey

continued exposure/sublethal effects monitoring

Closing remarks:

- salmon/herring are key elements to ecosystem in PWS
(nutrient enrichment)




- more monitoring for natural recovery is needed.

— the above list should not be prioritized at this time, too
prliminary.

- state proposals must be to legislature by Nov. 15.

- RPWG will send (fax) a format to all participants.




/0 -26-7C
15//’7750"'1 BL%‘/

.
it anne /Er sS4 /S}mu.,a(.s;f /@,570}{/1—770«) //725/74/4
MM e _RePresexTIog o FAX
PR KosS EFA = RPuty, Aveck. 2 ~2461 23/-24E 7
Chavles H  Potersm UNC~Chge] Tl (renenr)  B14) - 7R0-68%1 (1) - 7R¢-34aL
RITA A MIRAGLIA SUBSISTENCE ADFY G 2¢7-2358
Daove &80 FoeesT Sewcace, SEC-§78< S5 ~-S5o8S
T Ssnd Woss [ WItFS 757~ GE4F- 757608
ﬂé §Pzzﬁ$ DS ) (ec LNt (4‘/‘7 ) B72-742 (948)313- 7534
(Ol Bav oy um.‘um({j L Aleske Jowtak  God grg-mmy
fﬂ[/ex wéﬂf'/xe,‘%b MOM/A/MFS 785604 O 7 3’0/ -6076
Mack Brodersen Fo&se. GbS— 2610
Mok Kuw ada ADF+( Z2.7-2277 249- 1722
Aot i Aorele e i
Rl Hegler  mOR G- AGT-a1AS"
Sam SAdaes DD E+E YX1y- 3202
Tom Keon ADFXG 367-2166
Tt far émz NOF & GL5=4/5p) VG55 gg
(e Meadhawr AoFE 3uY -5
Oaund LT AoFe 857 —E60) 7574 -4< oy
4 wik  [rows UWS7T s 78e- 237«
{;\ Toode VSFLWS 86 -345 |
londe Cormenci_ USELA K7/~ 246/ 2-dFE 7
Moy SBx ERG -Seerte 2o ddz- 14977
Sheglel Bughec. EPA —Ruolong  278- 8000
71744 Poiteso Coostel Proswrce Mse (6/5)43F-65T5
T BacEl ﬁDF‘;'f’} 26F-2240

Liza Mccracktn

Pepl. Law 276~ 27718 278-7022,
—



- Mﬁ b arop—
AD/Z5”
USAus

YrY-33/3 Y2595 S



4

&t s

WM.J,M/:(AW) .
i Bt
o Sﬁm«/‘« A C/W;//‘/ | S
) wa aSSuree sl fotow 4@6{ evtersd 7 &Wv?zzo So oo e ”:75(

&

= see——— ‘%Mwﬁ e pol _an Owe/na/a, /tfé’/?’n //LcM

Yoty ~ %A/L p‘/tf-?/au/s e mem»tz;wwf/ bt wthoo /A
Lo 20 pcted (Masu;;w’) ot end ;Q
o \? gl o — 4 por fer,
ach wz ! 7
oL M u /O//ZUJ,((V'S) fmo\ W’j ’

bodtn.  Seo bl be umwj-,, nate. /’gc/m,o)/ ,
e Cane etz Ju- botie - o — S -
9 o’am b have P adltiess A2 Aol problesn £ el
. R _ den/ femew I et

e  wbhole __Scgpe ?ﬁ@
esssiie § Darroger = Gpucede

T Q&’%Q’/(A_.f&(ﬁca/ub/ b/‘%o/g/(,;\% /(/H/o %a //Locea/o Z/f\&
- hean A B = VERCE S

B &p&f /\%—/‘&&7 ferg o dgmfaﬂ'—“-‘ /‘% M?Z S

el

& UVLW;ﬁC @%C/Vﬁu/(« /?/?OCZA_,o : ﬂ\/”/ﬂ”W



/Msa_,é IE— I

D(// T/@,ufj’, : S ———— S ————

249 e,

g e (;}o e S g MM7,,,,,5fbcﬂ_a, e beca ﬂﬁ-@k —L/Vjif&
OGN  w paks in Sw P My Sueriiad
s @Z\@Mﬁ.» ‘l&> —D o adaess  Aefrean~—r [

Cme > o i M (P Sefuar)

b o0 el ) ry prod Lewel (50200 el L

Y 770 S L S <XY N — CZsz: boun. <-¢f
.

s ,,,_ﬁ,_,,,,,,,,,,,,‘)f,ﬂsﬂsj,,éﬂ’/,7, ,&9’,\_9,(/,,«,,,,&&473423(0\,\, 6 Qctj _M,,,_,’LOQ S e—

(alle



W /b J/l/du ha?m&é—7

e, s, scun g difite, Bali = Sut g ilie
/\Q/Cﬂ) (A /ZK’VLX’X/ dena {4’ N—@%{

- ba//V/‘\ S —

'7% S 57’? \/ e N - e ey gl = - o B -
)(V'“@.??&%%JS' W Sk pibenns were(bota S /@Wx) e
: , Ao MC:VLQ}, e ol

i i o /tjm\e_g& E p\.e/)(f gﬂhr W:”_l’&'\ w L&

il ol e S

- - ijw/{] T ey

gz Gasast S NeaXa A0

M«(r

g/uw\_u(
@L}Ké/ CWC/@ e (f’ / C?W / pg A b ~a ﬂ’/fl(/ e
O —> petav. v et oud ] ﬂa‘{/

b . |
S %W;U L wae d«_/%e/vud . M;&V@

R - o (C’(/‘/VIM% WW{ {/-. a2 -
/' il P padrbolr C«fﬂ&ﬂL /RS AV S

ol /\M/ Xbow%\_ 2 ggsL(f,, P T B A (/)O(n‘:/q

A /)/uurom? ) %5 //u V_s ) %f‘/wq/oi_ollﬁ_ = g%Mu),,, _
o o , i~ Corriden / WN«eﬁ,}_@oﬁgl;L‘Vl,_,,,fi, L
- eé  ADFG T codewone /kj i sk Aleo c,ﬂ/«,_ , EW\@G”“’_O&?Q

S RN Zﬁ/‘ﬁ/‘/ W/V\ Aokt arC. tn Q_D,/



/UMFS 7 H’C boo‘7 29-4/\(.\[//»\ MED o il anoo
. _— /L(—C‘,/OLO?_&L Sz e okhed Loc_

. abrritos Cc//»(%/ocfi — ne

7 = yy\/j,’a S M e
()v?,a f/wj‘taw 51‘7)(,4.0

b‘/* SW 7e W/o&tﬁ\

w"’{ s fose goa-peh sheke e} = emleed

"'%#\JV,J"" e -
- 7‘/’10,/; Z sl =2 gycw% ned — ,(/o&c,h

/7 ) /mmm/? Z Svvolier Z !&/\W )

//m7 @\,fyuf S Chem 54 o
e e ) /’/C OQ‘Z/Z“—’

- o Boiad asts
I "/Zzﬂbuj T e Dnend %va/\\ﬂ/

. poan  Sheie fce_d - e e A 7;/‘;,,“
e WW\ (Q/H/Z/m I~ ,,Lz_ﬂ//« /«QWM@

- (/MAW GFM Chitpn  (u JM’MW //dé

) i ‘//L—GK (@¢§¢,\y s ie. AO /%L ) Oujf*ﬁ ZAé
gwdw_wl«wof Y Sea. %_R_(,j‘g Py /{‘\‘%’/ %
, : s G === R -
Cé'jM /Oafﬂ S(/},z/ =S
) — z>caf%j Cnirenat s . -

o . L pzws?:ié M J/M 0%7704 SHD S—



PP chen an  rdect f’;;

Oézuv@

- gaae Sirnoa LA

@(_éf Siumy Ko po/ o g WM

J% P cone Jpo (@ 5%,4/&

L bud e e Gt ﬁju@z%%&%w@&
o ("”‘ﬂ”’ﬁjwu——, Sctrre %ac/"s et Jhrnde

A &7 burdeon parihe i Ot g ) T
,x/. . /[?O &%/@éa)o — éﬂd’l7 éu/\o/ /s e
e L gt
Y,J‘ \Oo‘v\ gy, f{» @‘)70 w2y .
- ,ﬂ\(/\ﬂd I _L/JOVM/L/L{/ /\,Z/VV\M /wf éﬁo‘\ V)if
&7\%{ Condman ) o Ol - 07;,,,,,, I
WM qcn LA oS (e (//?o) —~ e LA

e Ranl 7 _@}f A0S W/ o CW

rMES. M/\Fz rot Shous —2

5-1734'4/"’\-* W A?“"e AT T A’Q 7@@/“7 e e
| ,__9 St rat 3&2—}/'47 ég/f‘d%#}fj/w/(C//i
SEURNPG | . - S R— j Nt . OCiind) F adulp o
Wslé I j"ww\viz%,,,,ﬁ,‘:@,,,/:fl@),,,,,jf,mp@ IS o fraa

kMt o, Sedwmen. >
D A A

. - IS Awukn KW
L L/JSFW‘* 2, z
va;,\v% S e Loes

Y e— SOWX& _Sa l . OV‘QA/Q/)CP e 5)‘169 U;Z{‘ )LW SP’ZM—S _$, :,,,,,,.W
,,,WWQf at W({ _§7<, el




Custhroa st

- Aw/)-z 5/149!«7
ZL)C&'J /%00&

 \ooked 2 ¢

g,jhz(Jx_SU{pw, mode L

i

=g SAﬁ ﬁﬁ /n

AT

A J
= i Ak
" —!/'/‘

v

o

/@ ,LZVUJ survivede  bfwon o4 € oo L
- JI%SS/Q) e aecov. 1970

- . ] e Survibal Ly

A

- - éogé’tﬁ\ )
- — yuafel. ),.3,070, et Qﬁarboﬂ\[ ol vs flf“_?,.‘,’“{bj,

protin b Cltet, pot
- D.\/ ,010’\,&3 Jp ,[,/\.eou/y _Conc. 'Z, ,HL 1~ w—"v

— Wuw&w e MEQ)‘_ etpadty .

B8 (o Bnieo k- ?0:7,/ .

,7.‘»/40&,?, o

'0/7\/(01,4_/0

_ obviows ﬁj less 55““7’“‘“”‘“4;7%# ) A Hennt-
7

om0 e Stvehgs (Cm«s(aa:c@/f _

= W

- Since ,ww,cw,,m,,f/a,a.,. - Ceote~ ng}ﬂO AL

,po,ol«, St l e
T (MP‘/%J Yf\ﬂwg;e-) i SO sl 5 1 X,pop,},\-, o
e el awf.:(samf/u zm)

i B = TR

st~ mem-enevst-

D pedd o }u‘ .W@%zga%,/{/ﬂ?\a S

b U%W Y, e



U}}J] —) géV\«A%\ oo WMX% oL
| — CWLJ =¥ ol B ﬁwm ol  comnFrum .

’1/176’6)[ is, ol & .
Z‘\'(, C,M&\ b éh S S ) ~
s ,&y/g@w s Be= P HE o bolls Cawa‘fd/)

(j/wfpft b Linee crete ol C‘,Idéﬂ,mjl_in}u/(,)
”J‘NLWL SurJLuXa —7 N SRS ,
 0ttwr s Houa d{g& /QIC//'\L,} Vp Hc /L'&Le

A Opm% o ——
g ) swbHldh %&/3
H"bo ‘

S

£ . , S ———
(Dﬂ/v_q-/u{ Often SPP -

gﬂ(zuf',/)yﬁ\ : Solo Wu—f/ ,ﬁa(/(.a,c/\« A —

(/(§¢ 52 &4‘\&/\_)
Mcm,eflué{s/t ﬁss@ P — -
S et ettt

(/-}C/) S . -

B [ 72 VAN /06&/:% -4 Shvess cbwch e~ dd‘z‘//ozl\.,
M-Swﬁ@ or (1<~

S p&(/(,m/t, — A/: .S Kowg_ - ,
—— ] o= jﬁ/, {g  newe oLet . 4 7’«61%64@’ a2 deo aé) J—“"‘L,
L S spuleflal .%AJ - pe wod Jo Jeogirca.

hatis. = wo men n 1987 (T HC b bt
- . (T70 ool peoscoreed ot

bQ/I(/CUd — pe e loo ,Zcuueﬂcfigﬂrﬂ(_. W%O% ]

3%’%@ s WJ,;;‘?"‘ T o smoliys et
¢7u % —_— T e — I E——



o = P T T
JW‘J B e i Beanmomais
de% ( 3 weeks f4f b(m,z,\)

NOQ e ho MW%M 04—2//c£ ’ B -  ,
yord

o 7/&74;04/\&%&&;5% - - yv_au/ﬁwijgﬁ ff’/ﬁ};ﬂ/“‘}”
ek Shdeg 2 bloed  penastie - S & et 7

— W %:/1 o /P/m&

d%@aJ . ) LIy a7
T A eldo e T

«

7‘6 /Lw/pmod" L yrat pees
> genel ¢S -
= Congdrol ﬁw\ , e RV

s N é/J/o(ms /m,ﬁ
Vsep. ¥

ngi}&/(/z/ﬁt -ﬁm " /\-‘»ﬁ(’/\:./ (Z\c/é& P

S -~ DR VS b e beachao

Sco/ ho

TN e 190
- %&/ 4‘MFO Rowels . poon Shee ﬁc/ (bec ;}»@7) J/voumm> ,

S e *M—Lbj" 3 fveact ”/U%% e -
S Yi-is , R

,% ,@/X/"Oa&-ﬂ’ b ool '\(,S//tm/f f?a—@ e/y/OOSa/pL) »

S g o
,‘,, e

N W?,/ﬁh(y?

i ﬁW.? i f | l
(P (/7 R ,%@Cﬁ e (5)7,, 90
- S T ——— — QWLW{%,\—*/N 5‘7 B —




gy ettty (e 53 L)

- \5(//"«//1«4';,2/ 7\ A 64/\_,/‘/0( SRS S

. S e ‘Z LA 0‘.-1 a~Ra _‘%. Wﬁz\,i,
S a2k Z onertz L @ /‘Za/g/z/ et
S - ol S

Cs07. o)

i |25 -

S . SO0 T. et ok yn onlaes )"cgt,,:g' ALS g

—— %co/% Jéw 3 grs. e /T%Z)%:

G T : : /Le/;roc/- o d ,;,/ . %
F &/?'(/,T’NZ 2554 T in olle o mfsh ﬁ37fs I

o (D/f(%{“ - - ne (\/M/wwby_, aasen propeds g chotnfabonsd

— Tg98

W W N L




MM/ 5 @/ijnﬂztwc&_

) IVL“W"? ;be”t""a,fmwﬁ

(Suu n b/w/au)

E ,,fw Jag e J/vw\%% paimtJo f

- SO : - ( W ‘iLD b)dw@
e : I v— = . )(\(,Q/Vﬂé’/uiilm"“z——) :

Ut Mmm P el i ok szets )

Mty
Sn ; / Spodl. 3
LM WC] SOumpler 7 )1/)/1,”“'\.?0 ) ) ) St >‘-a ,
- 7\ Do (2 ghrwuf@ w.o/% (o~ ou@ea B e
. L 490 —2  atoudts pot ne ) .
P — M e e 7 \gfuungf - = CP V10 . /\z‘h/%/’/ gu.oﬁg_,,,,
5(’ v 2S0%00,000 [bs.

Q,QO’VM,* — (,4//./.1«. 28 OUA/ oda pV}J,—S, — =
N /5 7 L5 0"0"(’0 avail i .
. \o\iﬁﬁ/ %#C ,/Z%O = (/ZW (a«mw‘(f wa o o, Ho

- 7 - /f.(g/nwx‘“ Conc—. M
MWCA’?AC,—»

< ( Yoo hide Os , (wr 75
. : uod



Dassal=”"  Dlae Gubss I

J\o//_x_@] /e /7?0 -  Ona A L/w/f—'e/’% L 91,0{4,,

Gle ctac) i 00?

- == - v D‘)»(/L/l/\%~ Z/\ﬁ/&i e CEET R g 7 o -
7?/5/?{‘1;2} - ouBide ed. PAS

P —— ,,,,,,,,,,,,,,,,5,03/25&,),,,,m,éz‘:u,ﬂO«A,f}) )aLaJa e

= Gw/é ¢
91 oo iyl

Qtfzfcm? /CZM»d abous _f%:m/“ﬁwzuw*” Mﬂm cut. R

- —— R

”,777””7‘5@7@34\”, Sz AR e fu{f-cw - -

7 7Ww prepesats Pon pollic  fx solioitny in FRrobe >
 Broon > /10 thro cnvmmtnts e %Q}#Wv/

- : e AL foe & addnzp s Shoo . ,
o ,/vwwmfj .
- . chfs Can be /4o,oopd e Y
- SW’ concarm, Fhod ’"Za% o % o ,,,/CWW %@é
— q/; —— ol be lost e ) Pl k.
B o Nauk ,00(/(07 j’f‘wf AL -

S —— AZPUJ& WU ot propos ol /qu/@f ¢Awf
e mwehe seuse pelld scond L £
o S /)é\d?M Ang  polhenad [ 1 E mo%?‘«,,,,, .

. pﬂogué — Mo (onh e by /ouS/\
S ——— nden MM] S

M@M:K B f /Jﬁdr»,ﬁ/)/wychs VONIR

o - p//o,oa mmuz‘mrj o See o | ‘

memriwwww/twﬁﬂmﬁM;M L gt
preoveny =2 ol Jy et




X )
i s WS o U%d,/\ M,SJ’
/\Jﬁl}n ne XLV/ cjj/\;jd C/, j;\;j(?ws)ﬁ v qufﬂ/‘/\/h X
(M’”ﬂ 4 r

//\O V V .

e Lt L A =
//@A Levatoes & MW Frr ol (ad/éa M/O%

P/O/)o;w’ Pfcyfc@‘% = - .

. S ) — e Shoby st  aceedd
Lohidhtp ol shovld e ez

- @“M 7\4?77§’ Syt menr av,ﬂ//LO//z aj oo frae " ,?{7—" e Je

({Di((’d vs, Re &”)a t,e,w‘ur\al)

7 in Shat tun (%% ﬁ) T2 pme Ja\icfﬁ7 /uJ f/a ,
p i 7% A
= = me«:/’ ﬁ 7. < Mma} (/)/\Q/ : — WWST )Aoﬂ -
) ———— C_OWVA/ASM»\S b~ SGVV\&ij._-,(%og44aa4\%
S 27, YV PS Jawf/mc,z abee, .
R W\A,[C, B S ,WW o pursee -///u%c Mbed W%éz, %9 Mojvz
o wnse —2 M w A
éﬂ( s> 1w ' — ~ o A o ‘
BT e agprspn S GJ,«? \aF V. med,ocuda,

e G I/WM\—W’ST,, Sovre Ao

M Bt o -
W A ,7 o we _move oo 7Q53\ Wué/f\f (o,uL A~ 7/M%o
mued. look ad aek cﬁyj

f@j\\;:}'} l;'jvucz’ o S— ? C(')ci’/ %%V&W j(/s{mj %N\L /_7/6/\, ene.
» fgﬂ%&b =~ _ _Jlopk ;754‘;'/1/% wide. fru best pw/ds I

VV}N;) ,9/0}/(/15 ux)[q:(/h Cdn MCJM s /”fadl,/a,uu\_ .
new  (dear = phew oo e - Km/%>



(09"~ jdh it rhen an pnd  paad rhamer__
jmw/ﬂumf . /@%}J ferim—
/L_NEQ Zg /uww A SN ] o
Y V77", SR NP PV 5 JqC o /
VMW% S cpee rﬂa’*«s“ééw;;\ ﬂ(v)jﬁwzz U(/)EN:\S W;P jd‘f«
_ Coand 5 0_@‘_’,‘?('_,{({’,9? P shxtnir glocs [ VA
A aspmatle sl . éﬁvr) festi &
T — WWS /osf- —

%(ﬂ\%((jg/b = 4&971 M/ku/ /@ @&W\fﬁ— u}df),,wwgm(- o
W&g /2 Jvﬂ/u/\,u A jusﬁo&/

zvtn o, cdan. [ook I prdirect /m,n,

M% ) | T = Bs 4 W )

.//ogk o‘”” QW W 7

e ,

- Brie~ = poswj A ase ocad '’ S/VOUPS ”6 /\e/@.a
e p/wyo/:s (c,z Sy easn /\e/\,sz/é)

‘ WL};}Z7647<7;7 - Afiﬂé") - S I - -
s o ooc—c WWJZ) /zﬂf,ﬁsmg(/%d/s ,”»

o M[c/ 7 %MM - WiaA ouc,/‘v\, 5
7?%7( é’»ﬁ/‘/&w X

(o —= s viead.g AL be o




smpntant  foo He fofed ) Pos

- szn%ﬁtwhj// 7‘V£/(/<§¢njf f B %&?/ﬁiﬂ&

/z,og/%mc/ Catda oSt ﬁ gk /wo/)ao&/) 5574@M«5

. /’A"W wa Seastey SH sl (M«Oj% e Oij/Vg__)

s Cauéf/ éj_ //MVV/-(«W 2 —;ﬂﬂ/ﬁg\’ /“’t C)“j ’5;:}/ ﬂ
a%o\/ch he thw,, y~ _ Rohinodt un o al,,

) : o /L,(?(O(/%/V‘] e
/ 5';\;««’( S n/oxu//s . .
| = ,,7&4%) S e o ole al ‘7‘{:) v g dee WW,P\.@M

I/M..%/U/’ éc v cost- —7/ ecTrina A - au’v% (o a(_/?l fo 2o fancg,

ow  prob shoogan .

B S/&xew« 2 V’W) ,e/;«/w./howxj %&— M%

ggl/lfw%%j /S /767Z pron ok o) /? dsdoa2d (i/m_7 WQ&_
W pitd b feat SpTthu~ dnoct— edln, 28

b -
A4 AMAM ;«pjf Aéco U\é«? o e \__)0 /\K.Qé‘“L b

, % Aest n worh s o %Cjw\e__ o

WW a/uS\/-ﬂ/\?/— —_— o
o’v‘-lm }ﬁéM (Uzsolmf W“},A a/l/tﬁ)/“éw/k wkv 5 /o S——
Sty &2 (,qurhl -

w/m'wm Lol - A/"-&vj | :&@7 ,
. 2 4.0 et



T

e = @;/ﬁ/o%/d())/ﬂ

V\M /ép? q ’V,o"’ ,J( /
/ - )ZS (-

WVK,Q OMWW /7/e_. zwuf//?

WWQW - - - 4 - S— - S - N D D —— ) - NS S——
=S oblbdh v Scaleo St ol Y 04%0)  Coddad —cuina
R /n? —  Sha# ,z%o s pesdad fh dvore

(042D wire ﬁj/ Hotta Oﬁétz(/z:’/l/w]j /Oﬂd/"’/%
S a leng

N

N— - &MM\« = 1S Segen.d.. /’fw/f'q;ésé,(a,,,m ,fe\a_,/,,, Y —

L D = e = ohlai Sl @) QL7 4o afw@ o
\?U(Pl%—/-t[‘ }O/LOd;m_/p'7\—f. 5 one Shad Iwro é&éxpg uv(mcécd Aécﬂm)o /é/&\{",

not

= /es c.ﬂ/\7%u(, o ke Oefpisen OAL Iy
_Baea =S5 uad puntly  can ol T gptd  prok —=> put flans
IS Nows a sraad [lr Ao rtea. ’V’ﬁfn -

—g60c)_gewnse; pap. cost affectieresy

T heed Lo Hpe f bt propect oo

0“"‘%‘3? - SlhaAe ,,,M,//@u~ad£//,s«;@( B W’C?O/*”W'WJ'
E— it ol p Ul — ke ref possibra
R —— , ﬁ’ f"/ odﬂf‘m o ﬁ Mo
[ not 0l Certrianin 3 bet — dﬂiﬁé/\- . S
- ,,,,,,7,7,,,775&) LEIW-J\:U\‘)OO(&W~ o- - &WW@WW ’
e EN 2 »fvx;o)( MU’“ N

ke S/aw/\e/wf
S — — UQ,f,,G} === — =



WM/W. /?.7 ch,/\, vi NP8t Clg ANQ,

R o cééWV\aij/)‘ M def oy ATEA

0P e s _gas semesie o b s Qolt e
. Saklem . / ¢ ects en  dbusd. g g

R ‘%? /\E/(/)m]lC ocd Fopuic pimt 1S oedl W@d}

,((,‘M, , \ e P
7‘, é\fw@CWC?Z/IVb/ Nleds /D he oo é‘%gf/ﬂot/,eg/s%d R __

o et col 7> /«Lef STO//’S Cor Fre coec

— .(w‘ %-(cfs o g/v/»afa/uz,)
- Aeovwornaccs Mool d  corma /.k\.é,_,_,a_@,«/ T —
T e T |
— PA )/L L G éo,,,,‘?,i‘i'f}f st ,,ﬂd.())ﬂ_rjﬁ.,,,é{/}e, Cortoceo o ,,@, _—

, WM/{\ & w79./ca%e_ A Ccuru 7 >

SR S

o —— S . 7\50./44/»%3/62. FiSe, == /t.ucm% e — e

L (190 shef dor Qmes ges
vacj nawlhploin  tn prodadl it 2o

R WA A S S ot IO
b apeian (reihny



@ %CA S{%LM.{% 5/7/47 !
ﬂr% Aty et MW ol 25 o —AZCMT

) S ) S (o i VWM
S ———— % A /u /ZOO/L ag L ¢
Siviiittas. ﬁ/Lo,, S e /e /Cﬁ\a&_ el
, dojs ~ Shewud ,ﬂl)"’é A(V/\ 5&5 ﬁflo/cu‘m@ -
I RiwE A MW %Q.WVL. j/t o[ M ,
- JE it s Keat n < URDA

R / § V.7 ¢ 71 /NM,MS /Q/Lopoca-«@o 74&907 /7 RO pnsaD

BT e stk (,454%7 srshks At salmen floiy.
M ke e in A L
@997@;11 fao W/%fa%éuémf)
(A.Mu,/ e Ao goue Wt o ofe /'%}g,cw\,)
% Mot %;«p\_ , - -
e e JWWV - v
I R \ b7 oA _L«/éot/te,d’jﬁc/v)A R
NnL nwcn Sethtuda tho wng deo agant plan s et
, MW 7“6(2& (s Set bancd on fepc Mﬁb&)
S ) T mehet s et qheod Foma_s 2
- . Mﬂ?b"‘)"«j(/oc_wam_s oli/mae 44/ M g
T Devet Rootn (o cost gpect cn grnns) 7
= oot p/loa’ 5 d o /9/) 74/«4«5/ ZZfo
Y 3 wMﬂ&lw~<7 Cost %J
%YM?/@‘%{}V&) e Steckg MGLM\D) g e




4

M g i g i
B | 7,_, sed h. //gc,;/s (,ou%/zmx:/s) o
S o 774/&;/@\,/ /f/w&/p}m

/ rossd
: (\\Zﬁﬁ%ﬁ) N WWW u,o/mmo’ deramarg

= /05 Jf'mﬁ_%/L<lva/zﬁ—>
OS5 s o%a/a:i S , 4‘37 LnveSeonofio

Aog
Cou JM\E!«\) stound

B i S B
— *"—‘b M/Z(/an %ou/g é/Q /plﬁ <7 féac/\aaz, Sapda.

- ! WSO/ sc(,ﬂu’\u/ ; -
W@ Jef,/& WW M e :‘SWW ?? CO;D/ %e(%,,«wﬂa

- A‘/‘ﬁ/‘\ t/wc,u»’ M TS Cj”b\/ -

e - J/L,uz;&/\_ AaSo (- /Nﬂds

Cde Aier
‘3/058/95 el gt Shunsi’ 3/2« <
-yt Locat ( <85 shruck. >

e — e P ,,,?}»}?" M»ﬁu N—— B —

M/‘%U‘gf ?A‘/C{, W 7% '&lw o m)/\oj‘s Aaf/éw\:;p}
=% l//"l Stad auen . u)‘v? vl Lo whad ,,79;2 e Qéxxu,/¢7

N N— O‘o . I_SVLA"LC/Q-QMM —
% ym/ﬁsxfu\.f o/o<v/_> ~oT waﬂ Mx//\a/u\c/f%j

va....#“‘ - (éomz iJ/w(stcd Muw@ Can he dere ) _4:,;%4%
S f&h fasw



@ %%L«%w f/w//im o coton podioal Shch Carene
, - _ - Lo Aztc e
- X L WI v, W Mw (s o~ fouvan_

- e dransnd o oy "y

S/’%’) /’uy—» ,/4,@0/0&&, /poua/ug )ZAZM?—-/ &V%F‘,C/@ Al A

iw\ﬁ At Cenceq o o

e L Some aefloto g la ct@a(;mu/ -
. - sef)- Fo o Q/,L oo A o,&f?
,,,,, e s _,__A,,,J'KCLW -
P /M%MM é/LtChow -
Grinm~ = Pollic infio = cam bo  clome i~ Shout te oy
S 57/(/\2, ael Aot s ,é/mw,r\. .
o S b cengid . andene (L@Ozf&, I

J\W‘/t@ Kaw 20 tomanp—seed o F s 7N
- | oahas semce o, Had s comr h et
o D pccens - L mpachs g /[’\Zd’j/w&(//\« —
. ,,fif\, ”MM{/ wenbepe - P /wpeact /% /Lacu:ia

409&‘% - {{QWWW A, R ,,,,,,,,"L,S,a, e

47154/14 ¥ /ﬂ% E—

*Mﬁx w0 ,aﬂorrm, ﬁ/wsa‘s n | bOﬁ’W\A e fﬂVVS o
E (bl OUgoet)
o épue) 0/;"1 e rj (M o M) et




J for

N
5(\41 /Zo/’W %(O@)

- fmf St/m%éb"r} - ~ Co//waL(

g B ’”"*\’”3

- o Atrach \_S kg 2 i g C/M/S o
S Y V2Y/%,Y 2 u/qpmf/{séhj Pt 2
WA‘S /O/LOCM’J = L//uc/a__o) fo i o) /o‘)k//ga .
_ , o 7£Doo/ (LS 0t en écad‘_mﬁéoql, v
o \gv\ﬁ S \3) E
, S/hﬁ FJ -t Olvwmylmu é,ou/ fc&cu\o’ MVV()/S W W .
ﬁ - - L nhew pgpin e ém ey
. Al /N ' ’ |
chi Blip o .= cackobin. pop. e a«mwm% (16 bree Bsh 2 2 8o
. XLL«CLM //IAF(,L(JL [[&vzum) NOD Nl e W@UJU;GO/?f b
@Ww) 50 \S ./‘D AN~ OLK.e,e) I, - X 4 .gShgh.“"O‘éﬂCA,d
B W ,. s 4 = //L '17 M’J
/YN 2.2 /W\f 7 S S N—— s "% Sﬁ(fé%m_z,

AN .

,//‘twpmcf qﬁm,n W{WW i /0%7,0”;«0\,

b (o) i

{ \M’LM /77(/ /L@,od%" = IS ceerenT g pﬂ/(CﬂL b
S— //LQ)WA)V‘W‘ 7o /wa’/« e e B

gobd

et 9 posschoty,




' Kna o n_ &pom

(OU + X £fuu2./1\.a Aor)ﬂ:\

| W - . ,Qo/zd?(z Da% — 77/970 &C(MV}:/&JL

\ ' - ! : A (S
- ;L&WLM/ . 2’\,0(_&1&/64'&/\— - ﬂé{“{’ b Sﬂx—é/mm L\; S ch‘/’

kg ltama |

AW Fanspland

fhddbepd _ , m cwfd e

Sub Rt ol e

fuean. = Stz hsp ) N A,é»u/zv?"
= T——— o o - Zxolm_z., C occaff/ﬂ,nre
Z&W gy — _ . I= /4€QM W’V/'r-Sh>
- {“' Krodriadt Svaa7
(et
B o ol £ PPN} M/X)S/ %KC,///”W‘@

don ’UC’M prople (Whose ,ZAWA&@IJL\’”‘ 5""“74‘% Conamercal tota
SMMM/M —7 Z,a_7 ooty é(av7>f In (TS [ I;VMV
= S0mae ek pvaypa . pj vlv;/ Ao~ 80 COveng IS 44-&_‘*9_&:

) “%/uwrz wm/ﬁ" ﬁ /OVIOf ﬁéﬂ-»%»o I D ,‘_ o0 W*f’

an\w

)J’W&;L‘,a/lcﬂcﬁm/@ | et /»a hé@@ 417 Mo (§ | - 4 orduil,



fa(/(ﬂ&t

S ) /MM cb/é/wéd%\/ Su ‘/zuaué [ sn Pssece,
e )’/V‘““"’S, 4/%7 W Leweds bQ A . '=/75>0LQ

! s —_ e - W“"j)"d ULl (/L,ao\.um‘ szm‘) WS 7’ :
e fz_ﬁda tfpan IS S V/U/aj = R— S—




: ég:;-j@@% ek /%/M@Z}f /
WJV e

9%%& M/W . P werd aﬁrw@%v
W'

M M§@7WW
SR Jv—r%—« Wmé A it f/ﬂ.f

»J/;d‘,.._) ,
;/w PVJSW %
(7‘4/2_ Mmﬂzfg,z;gy@ «Z«/MW

Z;‘T\Jm@ szfwm,.i

H'{?g‘i / m%%%%nfmé/
/

’/V/)O??F5Mm</ %W aﬁjm
4= /@ L frendlan o ( ,éj“z:;,g AO—
=7y G 77T

(Ol sabnm gy Five baon. Gpor— 2V 57 2 T fom, 222 - )



5 56 g
L LL&(?L‘EM ? "'ﬂ. -
Mj — gt
c( 3, /
L ity
; z Vo don
Kaon /
Nz p :
W
Kelly tiph ~ 45

Tma
a?lf-;ﬂnsf- Cz{::-
#9- 1,00 |
730% S oo P
53

y‘— {2y

/4
— 5 | ’?»Z;’
| quj -
“w

M
Hot (g — “‘Z"""e% M e
ZH R
(Herrt 4&2:,
~<lilz,
Feers
W
‘ g
/T@i -
B n
-;a
20
At el



'/Q*W'?a /{W/}KZ%/ z
@?CM acr 503 KM?W%W

- w/a.f%r %Mﬁﬂm/
WFM Dl Boder— Fill yblod- 92l s
g

| ‘ , :.—,’{/:.,za—"::-»:-’- == /‘(éy W s
“ 77;4/%&2 ﬁ//,/,; nZ,qu %ﬂ@ ey

e cu\mé/m (/bﬁ}iq/»mg Twﬁwégmo:':/hﬂ)
Kewpinalloh, Cacly w] The. (7 a//W
WWWW W




Dt g~ Forgge Pk plid, — A Fany 57 o sk,
; = ORDA 5% o Freage po R
il el R >
e J%%%MWWW
VP ol %WW ‘ _
S L A R N s
Me%‘

— ki n.

7 9 o WRDA popoll .
% - M”f@j—w (remnilg FTel
& v S (5o e 7 4(?’( /3 4"')/
dap - akny )
W*wﬂ% veowleds  Puis. L‘%”%‘”W

HC At | chops st Aghact’ 208 rppnescs 2.
Hiheel o ML%@»? el ke "Z’Z”‘r’é") —=




10-26 -%0 fm\:ﬂ/ g -
ot~ Detforsne siad Tl 950 — Hpoud PYS ’%Ohyo-é (A5t %)

“W e e boper R wode . DEE sl
W/W Zéu 2V 2l avail — ro T
prospecB ) b il ofofr Sl =D
prbatl VRDA . i : WW%%WMW; 82, &
s

J= Sndrzn — /_lj_@)//hMi{/a—Lf-fa/ 42&/,8‘72@9)
KAam — —ad 5:'!#{/4»\ §-25 70 i, 506”‘—‘2/@%% 3 Se g
/’//R@ Roclpeels: Mf%p: éMa_«7L‘Z$ vL///QA,/. »&;
 Bee Hado

(2hee Ta~ Aarc - B edbier crdirtad
W/W 19”W4%

/M— |
mwf«V‘ 7"2:/2 W%.

M'W y M B raras wliaf. |
Mm%fﬁéz:;,%?;ﬁ% con be i
Wﬂéf'%ﬂ Con Lasd be

%R?Am MW—- g"’&“,& &

.



AP "z M@
agjﬁ@ Py
~230z9/< (@,Wﬁm>

fjo -S0 k

f00\5 KM




ﬁo(%*%ur»{ /"fW/W@

| @ Corlmag (> S%%

() topere shacir MW>

B 0K wipmntor w24 - (Flax. STl ~Lppes B
G @ W/Mi

%wﬂ?%m
WD A- %w‘fﬁﬁ: AV 4 28l 37 2 Fbm -
ﬁ“ffW/L&th Z

[ I ?MW
Mﬂw@ﬁ(&% conTl Gygying —n0 &y

5 %/ wTge AL )

CnaflZ
K 1 [P G [~ HanddiF ([ Seme <

4 Dol > Tt & JH taphis £
For DV VCT— m?%ﬁ% Sond - . W Fag
fwm%W W?W%ﬁ

aﬁwﬁw/w %«z«)







Known Damage:

Salmon -

Confidential

Fish/Shellfish Summary

Pink salmon:

Herring

Dolly Varden

Cutthroat Trout

- egg and alevin in spawning gravel (>50%
increase in mortality in oiled streams).

- stock work still inconclusive - decreased
returns for hatchery (AFK) -~ survival rate less
than 1/2 that for Ester Is. hatchery (usually
similar).

- reduced growth of juveniles in oiled areas.
- increased HC body burden in ’89; not in ‘90
samples.

- increased MFO induction in fish from oiled
areas.

- significant fin erosion in ‘90 samples
(chum?)

- morphologic & cytogenetic effects shown from
eggs exposed to o0il, but raised in lab (effects
in 89 and '90; more drastic in 789).

- egg mortality surveys - survival decreased
in oiled area (/89 and 790, less drastic in
r90).

- heavy concentration HC in bile (highest of
any fish)
- >30% increase in mortality in oiled areas.

- >30% increase in mortality in oiled areas.
- significant difference in growth.




Rockfish
- first finfish to show mortality due to oil.
~ increased HC in bile (showed up in other
bottom fish also - flatfish, halibut, pollock).

Nearshore fish
- (field info available in 2 weeks)
- increased levels of blood parasites in fish
from oiled areas (153/ml vs 0.3/ml in control,
5/ml in lab exposed fish).
- increased rate of respiration in fish from
oiled areas.
- 1increased MFO levels in oiled areas (DEC
study, not NRDA).

Clam use
- highest 1level of HC in any organism
(subsistence use shut down in Windy Bay) .

Subsistence/Recreational uses

Probable Damage:

Ground fish
-~ some sublethal effects (data not vyet
available).

Clams

Shrimp

- increase in % spot shrimp with dead eggs in
oiled areas {(in ’89; 90 data not in).




1991 Potential Projects:

Public Information (sport fish)

Habitat Rehabilitation

Identify multi-beneficial acquisition/protection

Access (sport fish)

Restoration survey (prioritization)

Continued exposure/sublethal effects monitoring

1990 Recommendations:

Salmon/herring escapement

Salmon/herring tagging

Port sampling

Otolith marking

Herring spawning area catalogue
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MEMORANDUM STATE OF ALASKA
Department of Fish and Game

Brian Ross
U.S. EPA
Restoration Planning Team Leader
Oil Spill Restoration
Planning Office
Anchorage

October 25, 1990

465-4160

Restoration Meeting
Submission from FRED

/ A Z %/ Division
Brian J. Allee Ph.D., /1 E

Director
Division of FRED

Thank you for inviting staff from the Fisheries Rehabilitation Enhancement and Development
Division to the Fish/Shellfish Restoration Work Session. Tom Kron, Regional Program
Manager, and Jeff Hartman, Economist, will be attending. To the extent possible, we have
responded to your cover letter and provided some restoration concepts as well as feasibility study
concepts for you review.

FRED Division has a broad range of Fish stocking and fisheries rehabilitation tools and other
fisheries analytical tools that could be applied to restoration. If you need to utilize these tools
in the process of restoring fisheries we would be happy to assist you.

Included in this letter is (1) a list of proposed restoration projects and a Brief Project Proposal
for selected projects and (2) a list of proposed feasibility studies and brief Project Proposals for
selected studies. A few of the feasibility studies also occur in the list of restoration projects,
since portions of the work would immediately serve to restore affected fishery resources.

I would like to emphasize that the restoration ideas that we have listed are strictly suggestions
to give you some concept of the type of projects that FRED Division would be capable of
participating in. Any number of projects identified in this submission could be intertwined with
projects proposed by other agencies, and we are willing and interested in becoming cooperators
with other agencies.

We are equipped to respond quickly to application of fishery enhancement and rehabilitation
technologies should there be a compelling need to do so. The FRED Division’s statutes under
State of Alaska Title 16 allow us to apply a wide variety of enhancement and rehabilitation
activities on virtually on all species of fin fish and shellfish in Alaska waters. No other state
agency has this charge. With a number of State owned enhancement facilities in place, the
additional costs of projects related to salmonid restoration will be very small compared to
starting a new stock rehabilitation program from scratch.

FRED Division also oversees the regulatory process for transport of live fish and eggs, in state
waters. Again, no other state agency has this authority, and we would be willing to discuss an
expedited process for the restoration activities (that may require re-seeding or stocking of fish
and shellfish), within Title 16 constraints. The state’s fishery enhancement program includes a



mult1—d1501phne rehabilitation staff consisting of genetics, fish health and pathology, limnology,
esturine ecology, engineering and design, fish culture, fish tagging, planmng and economics. We
have the experience of building the largest ocean ranching program in North America and know
how to apply these technologies as quickly or as methodically as you require.

If we may be of further assistance, or if more detail is needed in these projects please contact
me at 465-4160, Tom Kron at 267-2158 or Jeff Hartman at 465-4160.

Attachments

cc: Bob Burkett
Jim Cochran
Nick Dudiak
Jeff Hartman
Johnny Holland
Jeff Koenings
Tom Kron
Jerry Madden
Larry Peltz
Keith Pratt
Lonnie White
Jim Hasbrouck




DRAFT
LIST OF FRED DIVISION
PROPOSED RESTORATION PROJECTS

October 25, 1990

The following is a list of proposed projects for restoration of damages from the Exxon Valdez
oil spill. It is being submitted to Brian Ross, U.S. EPA Restoration Planning Team Leader, Oil
Spill Restoration Planning Office, by Director Brian J. Allee of the Division of Fisheries
Rehabilitation, Enhancement and Development (FRED).

This preliminary submission will undergo further revision in the future and is intended to be a
working document for formulation of more detailed plans. Project order on this list has not been
based on predetermined priorities.

The projects that are listed with an asterisk (*) have more detailed project proposals attached.

1.*  Sockeye Rehabilitation through fertilization of lake systems in Prince William Sound and
Cook Inlet.

Principal Project Coordinator: Dr. Jeff Koenings (FRED Division, Soldotna)
2.*  Increasing juvenile salmonid and trout growth using inorganic nutrient additions to rivers.
Principal Project Coordinators: Dr. Jeff Koenings (FRED Division, Soldotna)

3.*  Improving environmental yield of salmon and harvests by Evaluation and Modeling of
Wild Pink Salmon Stock Population Size in Prince William Sound, Including Potential
Interactions with Enhanced Stocks (Note: Same as Feasibiltly study #3).

Principal Project Coordinators: Larry Peltz (FRED Division, Cordova), Dr. Jim Hasbrouck,
(FRED Division Biometrician, Anchorage), Dr. Doug Eggers (Comm Fish Division, Juneau), Hal
Geiger (Comm Fish Division, Juneau).

4. Rebuilding of Pink Salmon Populations in Streams and Esturine Areas Impacted by the
Exxon Valdez Oil Spill

Principal Project Coordinators: Larry Peltz (FRED Division, Cordova), Nick Dudiak (FRED
Division, Cordova), Lonnie White (FRED Division, Kodiak)

5. Improving sustainable yield of coho and sockeye with Eyak Lake Spawning Channel for
coho and sockeye salmon

Principal Project Coordinator: Larry Peltz (FRED Division, Cordova)

6.*  Marine Fin Fish and Shellfish Development Center Serving Cook Inlet, PWS, Kodiak and
Ak. Peninsula. b
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Principal Project Coordinators: Tom Kron, Keith Pratt, (FRED Division, Anchorage, Dr. Don
amer, (University of Alaska, Seagrant, Anchorage)



DRAFT
LIST OF FRED DIVISION
PROPOSED RESTORATION FEASIBILITY STUDIES

October 25, 1990

Thé following is a list of proposed feasibility studies for restoration of damages from the Exxon
Valdez oil spill. It was requested by Brian D. Ross with the Oil Spill Impact, Assessment and
Restoration Planning Office and it is submitted by Dr. Brian J. Allee, Director of the Division
of Fisheries Rehabilitation, Enhancement and Development (FRED).

This preliminary submission will undergo further revision in the future and is intended to be a
working document for formulation of more detailed plans. Project order on this list has not been
based on predetermined priorities.

Studies are listed in 2 groups. The NRDA GROUP of Feasibility Studies consist of projects for
fish species that have preliminary study information on damages available or are suspected to
show signs of exposure to oil. The Feasibility studies aimed at Replacement of Services Lost
from Damages refer to projects for which there is no current evidence of damage to the target
fish species (known by FRED Division), but the study is aimed at replacing services lost to
fishermen from the oil spill.

The studies that are listed with an asterisk (*) have more detailed project proposals attached.
NRDA GROUP of Feasibility Studies

1.- Feasibility of Enriching Near-shore Environments with Either Organic or Inorganic
Fertilizer to Optimize Survival of Rearing Salmonids

Principal Investigator: Dr. Jeff Koenings (FRED Division, Soldotna) and University of Alaska-
Southeast

b Feasibility of Enriching Stream Environments with Organic Fertilizer to Optimize
Survival of Rearing Salmonids

Principal Investigator: Dr. Jeff Koenings (FRED Division, Soldotna)

3. Evaluation and Modeling of Wild Pink Salmon Stock Population Size in Prince William
Sound, Including Potential Interactions with Enhanced Stocks

Principal Investigators: Larry Peltz (FRED Division, Cordova), Dr. Jim Hasbrouck (FRED
Division Biometrician, Anchorage), Hal Geiger, (Division of Comm Fish, Juneau), Dr.
Doug Eggers (Division of Comm Fish, Juneau)

4. Rebuilding of Pink Salmon Populations in Streams and Esturine areas Impacted by the
Exxon Valdez Oil Spill

Principal Investigator: Larry Peltz (FRED Division, Cordova), Nick Dudiak (FRED Division,
Homer)

5%  Dolly Varden Rehabilitation Feasibility Study o777 '
“){d —



Principal Investigator: Larry Peltz (FRED Division, Cordova), Dave Parks (FRED Division,
Clear Hatchery), Staff (Sportfish Division, Anchorage)

6.* Cutthroat Trout Restoration Feasibility Study

Principal Investigator: Larry Peltz (FRED Division, Cordova), Staff (Sportfish Division,
Anchorage)

7. Black Cod (Sablefish) Larval Collection Techniques
Principal Investigator: Keith Pratt (FRED Division, Anchorage)
8. Black Cod Culture Techniques
Principal Investigator: Nick Dudiak (FRED Division, Homer)
9% Rehabilitation/Restoration  of Rockfish: Feasibility Study
Principal Investigator: Keith Pratt (FRED Division, Homer)
10. Herring Early Life Stage Rehabilitation
Principal Investigator: Nick Dudiak (FRED Division, Homer)
11. Clam and Mussel Collection, Culture, and Seeding Techniques

Principal Investigator: Jim Cochran (FRED Division, Juneau)




Feasibility Studies aimed at Replacement of Services Lost from Damages

1 Evaluation of the Enhancement Potential for Pink and Chum Salmon Populations on
Montague Island

Principal Investigator: Larry Peltz (FRED Division, Cordova)
2. King Crab Culture Techniques and Feeding Trials

Principal Investigators: Lonnie White (FRED Division, Kodiak) and Dr. Tom Shirley
(University of Alaska-Southeast)

o King Crab Rehabilitation: Gulf of Alaska Site Selection

Principal Investigators: Lonnie White (FRED Division, Kodiak) and Dr. Tom Shirley
(University of Alaska-Southeast)

S 4 King Crab Evaluation of Rehabilitation Success

Principal Investigators: Lonnie White (FRED Division, Kodiak) and Dr. Tom Shirley
(University of Alaska-Southeast)

7 3 Tanner and Dungeness Crab Rehabilitation Techniques

Principal Investigator: Jim Cochran (FRED Division, Juneau), Nick Dudiak (FRED Division,
Homer)

v 6. Halibut Egg-Collection Techniques
Principal Investigator: Keith Pratt (FRED Division, Anchorage)
' A Halibut Culture Techniques
Principal Investigator: Keith Pratt (FRED Division, Anchorage)
8. Shellfish and Finfish Artificial Habitat Investigation. This feasibility study will explore
the application of artificial reef design, site selection, and evaluation for several species

of finfish and shellfish.

Principal Investigator: Keith Pratt (FRED Division, Anchorage)

9 Replacement of Aquatic Plants =< pnullony & ref for SIEF """/‘"-'Q/-» ,
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Principal Investigator: Jim Cochran (FRED Division, Juneau) ik peeers 1 ‘(»u?xﬂi/— ‘

10. Scallop Enhancement Techniques

Principal Investigator: Jim Cochran (FRED Division, Juneau)
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FRED Restoration Project #1

Sockeye Rehabilitation through fertilization of lake systems in Prince William Sound and Cook
Inlet.

Principal Project Coordinators: Dr. Jeff Koenings (FRED Division, Soldotna), Nick Dudiak
(FRED Division, Homer)

Injury Documentation:link to NRDA

NRDA Studies are underway to determine if fishery closures following the Exxon Valdez Oil
Spill resulted in higher than desired escapement of sockeye salmon into spawning areas. High
densities of fish in certain sensitive spawning streams may lead to reduced survival of eggs or fry,
and a net loss in outmigration. If these studies reveal reduced population sizes of important
stocks of sockeye, restoration may be desired. If studies do not confirm that reductions of
sockeye salmon have occurred in the area’s studied this study may still be a least cost approach
for replacing lost services related to environmental damage that have affected salmon fishermen.

Methods
Restoration in this case would be aimed at replacing lost sockeye production by rehabilitating
systems that are nutrient limited, and capable of sustaining greater numbers of spawners.
The controlled additions of nitrogen and phosphorous to the surface of sockeye (O. nerka)
nursery lakes has substantially enhanced the survival of rearing juveniles, in Alaska. Sixteen
lakes throughout the State have received nutrient additions to increase the production of sockeye
and coho smolts. The increased numbers of smolts have in-turn increased numbers of adults
either for spawning or harvest by the common property fishery.

L
Several potential sites exist in Prince William Sound and in Cook Inlet where these methods =
could be applied. Since the technical feasibility of this approach is known this project could
begin in 1991, and should be carried out for 3 or more years.
\¢t _environmen
Models for estimating the change in the size of each stock of salmon must be applied to specific

systems and projects. Typical a typical fertilization project on a single lake system may increase
harvest from 10,000 to 100,000 salmon.

Cost of impl .

Costs of nutrient modification projects depend on many variables. Some may include additional
stocking. Costs of investigations, and applications for each lake vary between $15,000 and $50,000
annually.

e ———



FRED Restoration Project #2
Increasing juvenile salmonid and trout growth using inorganic nutrient additions to rivers.

Principal Project Coordinators: Dr. Jeff Koenings (FRED Division, Soldotna)
Injury Documentation:link to NRDA

While FRED Division is not aware of the existence of oil exposure data on rainbow trout, and
other stream rearing trout anglers may have avoided traditional recreational fishing sites for this
species through the fear of contamination or through expectation of poorer recreational
experience.

Similarly, oil exposure data on coho salmon (O. kisutch) is not available, however, coho are
highly amenable to rehabiltiation, and may serve as an excellent species of salmon to rehabilitate
for the purpose of replacing lost services related to environmental damage that have affected
commercial and sport salmon fishermen.

Methods
Restoration in this case would be aimed at replacing lost trout and salmon production or by
improving fishing opportunities through improving of other nearby trout fishing opportunities.

Improved in-river production of forage increases the survival of rearing trout, such as (O. mykiss)
and salmon (O. kisutch). The purpose of nutrient additions is to stimulate the natural food chain
to increase forage production and thereby enhance fish production. As the size of most fish
populations in freshwater are controlled by lack of adequate rearing, increased rearing capacity
will lead to an increase in the stocks of stream rearing fishes.

Several potential sites exist in Prince William S(;und and in Cook Inlet where these methods
could be applied. Since the technical feasibility of this approach is known this project could
begin in 1991, and should be carried out for 3 or more years.

L ]

Literature on improvements in rearing success of salmon and trout are available but not
sufficient to project the change in the size of each stock of salmon that would occur from a
specific stream system or projects.

Cost of implementation

Costs of nutrient modification projects depend on many variables. Some may include additional
stocking. Costs of investigations, and applications for each stream system will be determined by
the project coordinator.



FRED Restoration Project #6

Marine Fin Fish and Shellfish Development Center for Cook Inlet, Prince William Sound and
Kodiak/Alaska Peninsula.

Principal Project Coordinator: Tom Kron, Keith Pratt, Don Kramer
Injury Documentation:link to NRDA

NRDA study results suggest that several species of marine fin fish and shell fish may have been
damaged by the Exxon Valdez oil spill. Some of the finfish species mentioned include rockfish,
herring, sablefish, (possibly halibut, pollack, sole, pacific cod). Some of the shellfish species
mentioned include spot shrimp, clams, and mussels. As studies progress, other shellfish may
show signs of damage to populations from oil contamination.

With so many marine fish species showing signs of exposure or sensitivity oil, it is likely that
managers may be forced to respond with conservative management techniques where population
sizes are expected to be reduced. Slow growth to sexual maturity in the natural environment may
exacerbate these management efforts aimed at increasing populations by reducing or ceasing
common property harvests.

There is also a considerable risk that some of these species may not respond to conventional
management actions for decades (such as with Red King Crab in the Bering Sea). Many of the
species mentioned, however, are highly amenable to culture of one or more lifestages, and there
is a large potential for rehabilitating stocks damaged by this event or future events. However,
a large marine laboratory sufficient in size to aggressively develop cultural techniques for early
life stages does not presently exist in the areas of Alaska affected by the oil spill.

Methods

FRED Division proposes the construction of a Marine Fishes Cultural Development Center to
serve South Central Alaska, Kodiak, and Prince William Sound. This facility would house
university, state and federal studies for rehabilitation of marine fin fish and shellfish in Alaska
waters.

Suggested Site: Seldovia
Net environmental benefits expected

Creation of the methods for culturing and rehabilitating important marine species would
significantly reduce the risk of lost fishing income and fishing opportunities associated with
losses or dramatic population crashes of stocks of marine fish, and shellfish through catastrophic
environmental events, or long term damage from the Exxon Valdez Oil Spill. Application of
rehabilitation techniques to specific stocks of fin fish and shellfish, will provide population size
and growth information that would be difficult for managers to obtain in conventional surveys.

Cost of implementation

Rough costs for the repair and modification of an existing lab site in Seldovia for conducting
small scale work is approximately $500,000. A large scale lab, and cultural center could cost
several million dollars.



Brief Proposal #1 for Restoration Feasibility Studies

Feasibility of Enriching Near-shore Environments with Either Organic or Inorganic Fertilizer
to Optimize Survival of Rearing Salmonids

Principal Investigator: Dr. Jeff Koenings (FRED Division, Soldotna) and University of Alaska-
Southeast.

Iniury D — NRDA

Pink salmon populations in oil impacted areas of coastal Alaska demonstrate signs of physical
exposure to oil, and populations of some small stocks may have been damaged. As such, these
natural stocks may respond to rehabilitation. Local esturine rearing conditions may prove to be
a limiting factor to pink salmon stock rebuilding efforts through management or intensive
rehabilitation, in that food abundance can be ecologically constrained. These constraints in food
production may handicap efforts of managers to increase stocks of pink salmon or other near -
shore rearing salmonids through allowing for larger escapement.

Estuaries typically receive energy inputs from terrestrial detritus and from phytoplankton which
supports production of zooplankton. A lack of terrestrial decomposition in Alaska may limit the
amount of detritus exported from watersheds into the near-shore environment. Enrichment of
estuaries with a combination of inorganic and organic fertilizers may stimulate the seasonal
production of zooplankton (as has been shown for freshwater zooplankton), the principal forage
item for juvenile pink and chum salmon.

This study could also be a low cost approach for replacing services lost to fishermen related to
environmental damage that have affected other areas of the salmon fishery.

Methods

Restoration in this case would be aimed at replacing lost pink salmon production or production
of specific stocks known to rear in the near-shore areas receiving treatment.

This study would compare the effects of both controlled additions of nitrogen and phosphorous
inorganic fertilizers, with organic fertilizers to designated nearshore areas.
Tagging studies would be initiated to evaluate the comparative success of the two options.

Several potential areas in Prince William Sound and in Cook Inlet would be investigated to
conduct the trials.

Costs, are yet to be computed.



Brief Proposal #2 for Restoration Feasibility Studies

Feasibility of Enriching Stream Environments with Organic Fertilizer to Optimize Survival of
Rearing Salmonids

Principal Investigator: Dr. Jeff Koenings (FRED Division, Soldotna) and University of Alaska-
Southeast).

Injury Documentation:link to NRDA

While FRED Division is not aware of the existence of oil exposure data on rainbow trout, and
other stream rearing trout anglers may have avoided traditional recreational fishing sites for this
species through the fear of contamination or through expectation of poorer recreational
experience.

Similarly, oil exposure data on coho salmon (O. kisutch) is not available, however, coho are
highly amenable to rehabilitation, and may serve as an excellent species of salmon to rehabilitate
for the purpose of replacing lost services related to environmental damage that have affected
commercial and sport salmon fishermen.

Fish forage production in nutrient-poor coastal streams is heavily dependent on the amount of
detritus entering the system especially under a heavy streamside canopy.

Methods

Restoration in this case would be aimed at replacing lost trout and salmon production or by
improving fishing opportunities through improving of other nearby trout fishing opportunities.

The addition of organic fertilizers seeks to stimulate the detrital food chain in order to produce
more food items for stream rearing trout (e.g., O. mykiss) and salmon (O. kisutch). An increase
in the growth and survival of stream rearing fish will lead to an increase in the survival to adult
fish, and increase common property harvests.

Several potential sites exist in Prince William Sound and in Cook Inlet where these methods
could be applied.

Cost of feasibility study.

Costs, are yet to be computed.






Brief Proposals #3 for Restoration Feasibility Studies

Evaluation and Modeling of Wild Pink salmon Stock Population Size and fishery interactions
with enhanced fish in Prince William Sound.

Principal Investigators: Larry Peltz, FRED Division; Dr. Jim Hasbrouck, FRED Division; Karen
Crandall, FRED Division; Hal Geiger, Division of Comm Fisheries.

Injury Documentation:link to NRDA

Pink salmon populations in oil impacted areas of coastal Alaska demonstrate signs of physical
exposure to oil, and populations of some small stocks may have been damaged. As such, these
natural stocks may respond to rehabilitation. Managers propose to restore these stocks
population numbers by allowing for increased escapement to respective streams of origin. In the
process of reducing exploitation to small stocks of salmon that have been stressed, exploitation
may be reduced on larger and unimpacted populatlons This could create biological and
economic feedbacks. Biological feedbacks could occur, in that stronger stocks may overescape,
causing decreased production. Economic feedbacks could occur, in that the harvest of some
hatchery stocks may be reduced or restricted to terminal areas with reduced quality and
decreased value.

The ability to separate all discrete stock components is important for management of the Pink
Salmon fishery and for evaluating the consequences of specific restoration alternatives in Prince
William Sound, as well as Lower Cook Inlet and Kodiak.

Methods

Existing studies in the NRDA process intend to gain a better understanding pink salmon fishery
interactions. Some of the new studies proposed below could be combined with the tasks that
would be continuing under the existing pink salmon damage assessment studies.

The spacial and temporal distribution of enhanced, and wild stocks in oil impacted areas will be
determined through coded wire tagging. In addition, otolith marking and scale pattern analysis
will be tested as potential alternatives to coded-wire tagging.

1. Coded-wire tagging is assumed to continue at the same locations and levels of tag application
as in NRDA study #3. Additional wild stock sites may be added if deemed necessary.

2. Otolith marking will be attempted at one or more hatcheries. Catch contributions will be
compared to results obtained from coded-wire tagging. The presence of naturally occurring
otolith marks will be investigated at wild stock sites.

3. The use of scale pattern analysis to differentiate wild and hatchery stocks of fish will be
investigated. Investigations will concentrate on the same hatcheries and wild stock systems as
the coded wire tagging and otolith marking.

4. Modeling of the probable harvest outcomes of various management actions aimed at
increasing population size of stocks that are considered to be biologically weak and impacted
by the oil spill. The analysts will develop a time series of projected harvests of stocks
originating from major production systems of natural and enhanced fish in the Sound. These
efforts could be part of, or in addition to the run reconstruction modeling associated with



existing NRDA studies.

Application of management actions and rehabilitation actions aimed at restoring damaged pink
salmon populations are likely to occur since this is an extremely important fishery in Prince
William Sound. Improved tools for evaluating the success of those programs are likely to be
useful.

ili ful

Application of CWT’s and associated recovery programs to enhanced and selected wild stocks
will, on its own, provide new knowledge of stock composition of harvests. Thus, probability of
success is close to 100 %. New quantitative marking tools are promising, and may provide
reliable and affordable stock separation techniques. A breakthrough in this area is deemed likely,
because of the success with this identification technique in the enhancement of sockeye salmon.

Ecological im n f

Pink salmon are high in the food chain, and an important resource in the Sound. Hundreds of
individual pink salmon stocks exist in Prince William Sound, Lower Cook Inlet and Kodiak.
Some stocks, impacted by the spill may be small in population number and dramatically altered
or lost without rehabilitation.

men logi A f proj
Excellent
f feasibi
sdditional Spinoffs:

This study may aid in the evaluation of alternative forms of restoration of weak stocks through
rehabilitation and/or enhancement.



Brief Proposals #9 for Restoration Feasibility Studies

Rehabilitation/Restoration of Rockfish Feasibility Study

Injury D ion:in} NRDA

Tissue analysis of resident populations of rockfish in reef zones affected by the oil spill
demonstrate exposure to hydrocarbons. Populations of rockfish may have been reduced.
Recruitment may be dramatically reduced in populations of sexually mature fish and several age
classes could experience low fecundity, and low numbers of larval forms. It may take several
years before recruitment of rockfish are improved.

Methods

Culture techniques for rockfish are not developed in North America, however, appropriate food
organisms, and culture practices that have been applied to marine fishes with very small larval
lifestages are expected to be applicable to rockfish. This study would begin with a literature
search for rock fish culture experiences from Japan. Techniques for collecting fertilized females
from live bearing species would be tested at selected sites impacted by the oil spill.

Trial incubation of fertilized eggs would be tested at a selected State Hatchery in PWS or
Kodiak.

Investigators:
Keith Pratt, FRED Division; .



Brief Proposals #2 for Restoration Feasibility Studies

Red King Crab Rehabilitation Feasibility

[\
o
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DESCRIPTION

Title: Red King Crab Rehabilitation Feasibility Study
Goal: Test feasibility of culturing red king crab embryos to their first benthic stage,
evaluate settlement of the young crabs in two "seeded" and one control bay,
report and make recommendations based on findings.
Location: Kodiak
Team: Lonnie White, FB III, Leader. Cooperative effort with Commercial Fisheries
Division staff.
Schedule: Start March 1991; Three-year study.
Background: Red king crab populations were at a very low level prior to the Exxon
Valdez oil spill. If impacted, some stocks would be at increased risk, and
recovery could extend for many years: 50? Culture of crabs could be a
tool to accelerate recovery of stocks. Culture of red king crab has been
accomplished by the Japanese.
JUSTIFICATION

Need: Red king crab are a high-value product. Restoring populations to higher
numbers would restore earnings to the fishing fleet.

Benefits: This feasibility study would provide information needed to evaluate this
culture approach with red king crab in Alaska.

Criteria ,

A. Relationship to NRDA studies and injured natural resources.

B. Identified public concern: Item E. Mariculture in the fish and shelifish matrix
would encompass this approach.

C. Ability to implement the study in the near future: Study plan has been developed
and is ready to implement as soon as funds are available.

D. Reasonable likelihood of success: Team leader Lonnie White has a proven
track record in mariculture and fisheries project accomplishment. Staff
are available. Japanese success improves probability of success. It is
highly likely that a feasibility study will be completed and needed
information produced and reported.

E. Cost relative to funds available: Yearly cost of $111,330 for each of three years.

OBJECTIVES
Method: This project will test the feasibility of culturing red king crab from embryos

to the first benthic stage. Research will involve culturing of young crabs and
evaluation of the success of their settlement in two bays.
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Culture and Research
Evaluation of Settlement
Recommendations and Design for Expansion

Owp

The project involves cooperative work with the Commercial Fisheries Division.

Evaluation: Final evaluation will be based on successful settlement of crabs in the two
seeded bays, as compared to the control bay. Enumeration of crabs stocked and
crabs settled are an important part of the study. Of the budget, 35% or $39,000
is for the evaluation task.

APPROACH

Method: This is a three-year project. The first year will focus on establishing the crab
culture facilities and trial runs with proposed methods. The second year is when
major production numbers will be collected. The third year will be a replicate

of year two.
Evaluation: Enumeration of crab stocked and crab settled are key data.

BUDGET ESTIMATE

By Task: Culture: $72,330; Evaluation: $39,000. Total: $111,330/year.
Future Costs: Year Two: $111,330. Year Three: $111,330.

ABSTRACT

To restore red king crab through culture. Test feasibility of culturing red king crab embryos
to the first benthic stage, evaluate the settlement of young crabs in two seeded bays and one
control bay, and report with recommendations.






Brief Proposals #5 for Restoration Feasibility Studies

Dolly Varden Restoration Feasibility Study

Injury Documentation;link to NRDA

Populations of Dolly Varden in streams and shorelines have demonstrated signs of exposure to
oil. . Certain populations in impacted areas may have been reduced by this exposure. Some of
the affected Dolly Varden stocks are popular as recreational, subsistence or personal use fishery

Methods

Rehabilitation techniques for Dolly Varden are known and in practice in interior areas of Alaska.
Techniques for culture are likely to be transferrable to Prince William Sound. The site selection
work for PWS stocks that are culturally optimum for restoration has not been undertaken.

Site selection for potential stocks for restoration would occur with test lots being incubated and
reared at Clear Hatchery or another state facility.

Ability to ev men 1'-1v f proj

Costs, between $20,000 and $50,000 annually depending on number of stocks to be rehabilitated.
Investigators:

Larry Peltz, FRED Division; David Parks, FRED Division Clear Hatchery, other investigator,
Division of Sportfish.




Brief Proposals #6 for Restoration Feasibility Studies
Cutthroat Trout Restoration Feasibility Study
nj D ion:li NRDA

Populations of Cutthroat Trout in streams and shorelines have demonstrated signs of exposure
to 0il. Certain populations in impacted areas may have been reduced by this exposure. Some
of the affected Cutthroat stocks are popular as recreational, subsistence or personal use fisheries.

Methods

Rehabilitation techniques for Cutthroat are known and have been applied in several western
states. While not in practice in Alaska, culture techniques and stock selection methods that have
been applied to rainbow trout and dolly varden could be duplicated. Techniques for culture are
likely to be transferrable to Prince William Sound. The site selection work for PWS stocks that
are culturally optimum for restoration has not been undertaken.

Site selection for potential stocks for restoration would occur with test lots being incubated and
reared at Clear Hatchery or another state facility.
Likelihood of project ultimately being proposed as a full scale restoration measure

ility of

Excellent because of proven success with cutthroat enhancement in the Western U.S.

ili v n 1 v f pr
. f feasibili l
Costs between $20,000 and $50,000 annually depending on number of stocks to be rehabilitated.
Investigators:

Larry Peltz (FRED Division, Cordova), David Parks (FRED Division Clear Hatchery), Staff
(Sportfish Division, Anchorage).



TO: Stan Senner Date: September 25, 1990

FROM: Dana Schmidt and Bruce Barrett
Commercial Fisheries Division
Kodiak

SUBJECT: Restoration Program

We offer the following comments in response to your restoration matrix and request for
1991 restoration feasibility /research studies.

We can anticipate a reduced salmon harvest in the Kodiak Management Area (KMA) if the
overescapement that occurred from the EXXON Valdez spill in 1989 causes negative
impacts. The KMA salmon stocks are managed on escapement goals with harvest
opportunity permitted only when there are fish surplus to escapement requirements. Thus
we inherently have a restoration mechanism built into our salmon fisheries management
plan with the restoration accomplished at the expense of lost harvest opportunity to
ensure escapement.

Meeting escapement goals by decreasing fishing time would restore fish available for
‘non-marine wildlife to the same levels as non-impacted systems. Marine species which
feed on salmon would be affected but should be recovered in a single generation by
meeting escapement goals of returning fish. The above mechanism would not be true
only if impacts were of such a magnitude that escapement goals were not met. In that
case, multiple years may be necessary to restore runs to pre-spill levels. Standard
enhancement practices such as those used by the FRED Division could accelerate the
restoration process and mitigate potential future damages to commercial, subsistence,
and sport fisheries and wildlife dependent upon salmon.

Within the Kodiak Management Area there are several important salmon producing
systems which could be better managed for commercial, subsistence, and sport interests
with more precise monitoring of escapements. These include the Karluk, Ayakulik, and
Buskin Rivers. Currently the annual salmon escapements into these systems are counted
though rigid aluminum weirs which are operated by seasonal employees. These weirs
regularly do not withstand flood events and carcass buildups associated with massive pink
salmon escapements. Since the salmon runs to these systems are regulated on
escapement counts, management precision is compromised each time a weir washout
occurs which can often be several times a year. The installation and operation of floating
weirs on these systems would likely permit ADF&G to obtain complete escapement counts
through flood events and pink salmon carcass buildup periods. In turn this would permit
more precise fisheries management for ensuring that escapement requirements are met



Stan Senner
September 25, 1990
Page 2

and resource users are afforded an ample opportunity to harvest surplus fish. If
restoration research funds were made available this year, a floating weir design could be
tested on the Karluk, Ayakulik, and Buskin Rivers as early as 1991.

cc: L. Nicholson
C. Meachum



MEMORANDUM STATE OF ALASKA
Department of Fish and Game

Stan Senner

~ Restoration Program Manager
- Division of OSIAR

s Anchorage

September 28, 1990

465-4160

Restoration Feasibility
: Studies

Brian J. Alle
Director
Division of FRE

Thank you for the opportunity to submit restoration feasibility studies to the Oil Spill Restoration
Planning Office. Fisheries enhancement techniques represent an economically viable approach
to restoring damaged resources from this event. They also are an efficient tool for restoring
services lost from resources that may be difficult to restore to their former population levels.
There are also significant spinoffs in improving our knowledge for fishery management and
population dynamics information that can be gained from enhancement.

To the extent possible, I am making FRED Division technical staff available to you for the
purpose of providing assistance on application of fishery enhancement, rehabilitation, and
development techniques to restoration. The contact names for the proposed feasibility projects
are attached. Due to the short response time, we have elaborated on only one of the projects
in the attached Brief Restoration Feasibility Proposal. Some of the feasibility studies on the
list will be developed further by the end of the first week of October.

Formal economic information exists for many of the species so that it may be possible to provide
further insights into the costs and benefits of specific enhancement alternatives as they are
compared with other restoration options.

Please feel free to contact me if you need further details or have any questions.
Attachments

cc: Brian Allee
Bob Burkett
Jim Cochran
Nick Dudiak
Jeff Hartman
Johnny Holland
Jeff Koenings
Tom Kron
Jerry Madden
Larry Peltz
Keith Pratt
Lonnie White

‘f\\



DRAFT
AGGREGATE LIST OF FRED DIVISION
PROPOSED RESTORATION FEASIBILITY STUDIES

September 27, 1990

The following is a list of proposed feasibility studies for restoration of damages from the
Exxon Valdez oil spill. It is being submitted to Stan Senner, ADF&G representative with
the Oil Spill Impact, Assessment and Restoration Planning Office by Director Brian J. Allee
of the Division of Fisheries Rehabilitation, Enhancement and Development (FRED).

This preliminary submission will undergo further revision in the future and is intended to
be a working document for formulation of more detailed plans. Additional brief project
proposals are being prepared by FRED Division staff and will be available through the
identified project leader. Project order on this list has not been based on predetermined
priorities.

1.

Feasibility of Enriching Nearshore Environments with Either Organic or Inorganic
Fertilizer to Optimize Survival of Rearing Salmonids

Principal Investigator: Jeff Koenings (FRED Division, Soldotna) and University of

 Alaska-Southeast

Feasibility of Enriching Stream Environments with Either Organic or Inorganic
Fertilizer to Optimize Survival of Rearing Salmonids

Principal Investigator: Jeff Koenings (FRED Division, Soldotna)

Evaluation and Modeling of Wild Pink Salmon Stock Population Size in Prince
William Sound, Including Potential Interactions with Enhanced Stocks

Principal Investigators: Larry Peltz (FRED Division, Cordova) and FRED Division
Biometrician

King Crab Culture Techniques and Feeding Trials

Principal Investigators: Lonnie White (FRED Division, Kodiak) and Tom Shirley
(University of Alaska-Southeast)

King Crab Rehabilitation: Guif of Alaska Site Selection

.
Principal Investigators: Lonnie White (FRED Division, Kodiak) and Tom Shirley
(University of Alaska-Southeast)



10.

11.

12,

13.

14.

15.

16.

King Crab Evaluation of Rehabilitation Success

Principal Investigators: Lonnie White (FRED Division, Kodiak) and Tom Shirley
(University of Alaska-Southeast)

Tanner and Dungeness Crab Rehabilitation Techniques
Principal Investigator: Jim Cochran (FRED Division, Juneau)
Halibut Egg-Collection Techniques

Principal Investigator: Keith Pratt (FRED Division, Anchorage)
Halibut Culture Techniques

Principal Investigator: Keith Pratt (FRED Division, Anchorage)

Shellfish and Finfish Artificial Habitat Investigation. This feasibility study will
explore the application of artificial reef design, site selection, and evaluation for

' several species of finfish and shellfish.

Principal Investigator: Keith Pratt (FRED Division, Anchorage)
Replacement of Aquatic Plants

Principal Investigator: Jim Cochran (FRED Division, Juneau)
Scallop Enhancement Techniques

Principal Investigator: Jim Cochran (FRED Division, Juneau)
Black Cod Larval Collection Techniques

Principal Investigator: Keith Pratt (FRED Division, Anchorage)
Black Cod Culture Techniques

Principal Investigator: Nick Dudiak (FRED Division, Homer)
Herring Early Life Stage Rehabilitation

Principal Investigator: Nick Dudiak (FRED Division, Hom¢er).
Clam and Mussel Collection, Culture, and Seeding Techniques

Principal Investigator: Jim Cochran (FRED Division, Juneau)



17.

18.

19.

20.

Dolly Varden Rehabilitation Techniques

Principal Investigator: Larry Peltz (FRED Division, Cordova)
Cutthroat Trout Rehabilitation Techniques

Principal Investigator: Lamry Peltz (FRED Division, Cordova)

Evaluation of the Enhancement Potential for Pink and Chum Salmon Populations
on Montague Island

Principal Investigator: Larry Peltz (FRED Division, Cordova)

Rebuilding of Pink Salmon Populations in Streams Impacted by the Exxon Valdez
Qil Spill

Principal Investigator: Larmry Peltz (FRED Division, Cordova)

W



Brief Restoration Feasibility Proposal

1. DESCRIPTION

1. Title: Red King Crab Rehabilitation Feasibility Study
2. Goal: Test feasibility of culturing red king crab embryos to their first benthic
stage, evaluate settlement of the young crabs in two "seeded" and one

control bay, report and make recommendations based on findings.
3. Location: Kodiak

4. Team: Lonnie White, FB IIl, Leader. Cooperative effort with Commercial
Fisheries Division staff.
5. Schedule: Start March 1991; Three-year study. ' '
6. Background: Red king crab populations were at a very low level prior to the
Exxon Valdez oil spill. If impacted, some stocks would be at
increased risk, and recovery could extend for many years: 50?
Culture of crabs could be a tool to accelerate recovery of stocks.
Culture of red king crab has been accomplished by the Japanese.

II. JUSTIFICATION

1. Need: Red king crab are a high-value product. Restoring populations to
higher numbers would allow fisheries to occur.

2. Benefits: This feasibility study would provide information needed to evaluate
this culture approach with red king crab in Alaska.
3. Criteria

A Relationship to NRDA studies and injured natural resources.

B. Identified public concern: Item E. Mariculture in the fish and shellfish
matrix would encompass this approach.

C. Ability to implement the study in the near future: Study plan has been
developed and is ready to implement as soon as funds are
available.

D. Reasonable likelihood of success: Team leader Lonnie White has a
proven track record in mariculture and fisheries project
accomplishment. Staff are available. Japanese success improves
probability of success. It is highly likely that a feasibility study
will be completed and needed information produced and
reported.

E. Cost relative to funds available: Yearly cost of $111,330 for each of
three years. .

=
g~

I1I. OBJECTIVES

1. Method: This project will test the feasibility of culturing red king crab from
embryos to the first benthic stage. Research will involve culturing of
young crabs and evaluation of the success of their settlement in two
bays.

-1-




Iv.

Culture and Research
Evaluation of Settlement
Recommendations and Design for Expansion

Owp

The project involves cooperative work with the Commercial Fisheries
Division.

2. Evaluation: Final evaluation will be based on successful settlement of crabs
in the two seeded bays, as compared to the control bay. Enumeration
of crabs stocked and crabs settled are an important part of the study.
Of the budget, 35% or $39,000 is for the evaluation task.

APPROACH

1. Method: This is a three-year project. The first year will focus on establishing
the crab culture facilities and trial runs with proposed methods. The
second year is when major production numbers will be collected. The
third year will be a replicate of year two.

2. Evaluation: Enumeration of crab stocked and crab settled are key data.

BUDGET ESTIMATE

1. By Task: Culture: $72,330; Evaluation: $39,000. Total: $111,330/year.
2. Future Costs: Year Two: $111,330. Year Three: $111,330.

ABSTRACT

To restore red king crab through culture. Test feasibility of culturing red king crab
embryos to the first benthic stage, evaluate the settlement of young crabs in two
seeded bays and one control bay, and report with recommendations.

2N
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NOAA'S NATURAL RECOVERY MONITORING PROGRAM FOLLOWING THE
EXXON VALDEZ OIL SPILL #

RECOVERY OF EPIBENTHIC PREY POPULATIONS OF JUVENILE SALMON IN
OILED BAYS IN PRINCE WILLIAM SOUND

P.I.: Alex Wertheimer, NMFS, Auke Bay Laboratory

This project would monitor populations of epibenthic crustaceans
on heavily oiled and lightly oiled beaches within oiled
embayments in Prince William Sound. Epibenthic crustaceans,
especially harpacticoid copepods, produced in the intertidal and
upper sub-tidal regions of beaches are an important prey item for
juvenile pink and chum salmon, as well as other species of fish.
Because these organisms live in or near sediments, the .
contamination of beach sediments by the Exxon Valdez oil spill
may directly impact the epibenthic community. Perturbation of
harpacticoid copepod populations have been documented in other
0il spills; the direction of the perturbation can be either .
negative or positive. Damage to prey populations of salmon and
other fishes has been a concern identified by both the peer
reviewers and public commentaries to the NRDA process. NRDA
research has been directed at determining if there were acute
effects relative to the degree of sediment contamination to
harpacticoid copepod taxa that are important prey resources for
juvenile salmon. In 0il Year 1, comparisons of the abundance of
these animals showed no significant difference between oiled and
control sites, with a trend of higher abundance at oiled sites.
In Oil Year 2, research was directed at lightly and heavily
contaminated beaches within oiled embayments. If analysis of the
1990 data indicate that there are differences in the abundance of
these fish prey relative to the degree of o0il contamination, then
it is important to determine if such perturbation continues
following extensive clean-up activity in oiled areas, such as
mechanical removal and bioremediation.

This project falls under Restoration Approach V identified in the
Matrix of Potential Restoration Approaches: "Conduct long-term
research/ monitoring programs on populations and ecology". It is
directly related to the outcome of NRDA research, and would be
implemented only if a perturbation to the harpacticoid copepod
prey suite has been indicated. The feasibility for this type of
monitoring is well-established; the project can be readily
implemented for the 1991 field season. Proposed timeframe is for
one year, with re-evaluation of the need for continuance prior to
0il year 4. The benefit of the project will be to track
restoration of an important trophic component of near-shore
- ecosystems, which will provide managers information for
\ q0 determining the efficacy of on-going restoration efforts.
il . Estimated Costs: Sample collection: 70 K
Sample Processing: 90 K
Management/analysis/reporting: 30 K
v TOTAL: 190 K O
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NOAA'S NATURAL RECOVERY MONITORING PROGRAM FOLLOWING THE
EXXON VALDEZ OIL SPILL *

EXPOSURE OF JUVENILE SALMON TO HYDROCARBON CONTAMINATION IN
PRINCE WILLIAM SOUND

P.I.: Alex Wertheimer, NMFS, Auke Bay Laboratory

This project would monitor the exposure of juvenile pink and chum
salmon to hydrocarbons in oiled and non-oiled areas of Prince
William Sound. The potential impact of the o0il spill on juvenile
salmon was one of the greatest concerns expressed by both the
scientific community and the public commentaries to the NRDA
process. NRDA research has identified MFO-induction and
hydrocarbon body-burdens in juvenile pink salmon in Prince
William Sound in oil year 1. Preliminary analysis indicates
that the source of contamination is ingestion rather than or in
addition to exposure to water soluble fraction. Contamination
of juvenile pink salmon decreased in oil year 2 to the point that
hydrocarbon body-burdens were no longer detectable. Analysis of
enzyme induction indicating exposure to oil has not yet been
completed for 1990 samples of juvenile pink salmon or 1989 and
1990 samples of juvenile chum salmon. The MFO analyses are a
more sensitive measure of contamination than actual hydrocarbon
body-burden. If these analyses indicate that exposure to
hydrocarbons continues in areas polluted by the oil spill, then
it is important to determine if such exposure continues following
extensive clean-up activity in oiled areas, such as mechanical
removal and bioremediation.

This project falls under Restoration Approach V identified in the
Matrix of Potential Restoration Approaches: "Conduct long-term
research/ monitoring programs on populations and ecology". It is
directly related to the outcome of NRDA research, and would be
implemented only if contamination of juvenile salmon in 1990 is
identified by tests for MFO induction. The feasibility for
determining exposure is well-established; the project can be
readily implemented for the 1991 field season. Proposed
timeframe is for one year, with re-evaluation of the need for
continuance prior to oil year 4. The benefits of the project
will be to provide managers information for determining the
efficacy of on-going restoration efforts to the point at which
direct contamination of the most valuable fishery resource in
Prince William Sound is no longer detectable.

Estimated Costs: Sample collection: 60 K
MFO Analysis: 25 K
Management/analysis/reporting: 15 K
TOTAL: 100 K



NOAA'S NATURAL RECOVERY MONITORING PROGRAM v
for
SELECT MARINE FISHES

Information collected by NOAA NRDA programs has documented the
exposure  of several marine fish species to hydrocarbon
contamination. Analysis of bile samples from Dolly Varden char,
pollock, several species of flatfish and possibly other species has
shown elevated levels of hydrocarbon metabolites, even a year after
the spill.

NOAA proposes to continue monitoring the presence of fluorescent
aromatic compounds (FACs) in the bile of affected fish species
until an estimate of the timeframe of the recovery to baseline
conditions can be determined.

Liver samples from select species will be collected and analyzed
for aryl hydrocarbon hydroxylase (AHH) activity and
immunochemically quantitated IAl type cytochrome P-450, both of
which are known to be increased after exposure to a variety of
chemical contaminates.

Samples also will be taken and analyzed to measure
histopathological changes,. reproductive disorders and levels of DNA
adducts.,

The geographic extent of this sampling and the species that will be
targeted will be determined from information currently being
analyzed under NOAA NRDA studies.
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MEMORANDUM STATE OF ALASKA "
TO: Charles P. Meachanm DATE: October 3, 1990
Fishery Program Manager
OSTAR
Anchorage
FROM: Kent Roth’w SUBJECT: Restoration Ideas

Fishery Biologist
Sport Fish Division
Anchorage

Sport Fish/Osiar staff have prepared the following preliminary list of
restoration feasibility/research studies for consideration:

1) Access - Public Lands
a) Determination and mapping of land ownership in PWS
1) site specific recommendations for land acquisitions
for access or fisheries protection/development would
be made after review of the land ownership status
b) Development of access for sport anglers
1) Expansion of Cordova road system boat launches,
trails, parking and camping areas
2) Road to Whittier and expansion of Whittier area
roads, boat launches, trails, parking and camping
areas
3) Expansion of Valdez road system boat launches,
trails, parking and camping areas
c) Development of recreational and educational brochures and
manuals for PWS

2) Rockfish in PWS
a) Species distribution and relative abundance
1) Expand data base to prepare for future spills and to
compensate for uncertainty of Exxon Valdez spill
b) Historical and present sport and commercial exploitation
(harvest by species)
c) Monitor future exploitation
1) Commercial catch monitoring
2) Sport catch monitoring
a) Port sampling - cohort analysis
b) Sport charter logbook program
d) Production, maintenance, and evaluation of artificial
reefs

3) Cutthroat trout/Dolly Varden char data base
a) Update ADF&G anadromous stream catalog to include sites
with populations of anadromous trout and/or char
b) Stock status and evaluation of cutthroat trout in streams
and lakes along the Cordova road system




c) Evaluation of the commercial exploitation of anadromous

trout and char
d) Determination of natural mortality rates of trout and char

4) Area fisheries maintenance, development, and/or enhancement

cc:

a) construction of fish passes to PWS lakes and upper stream

reaches
b) maintenance of existing fish pass structures

Krasnowski
Whitmore
Hepler
Mills
Hoffmann
Hansen
McBride
Delaney
Rutz

L




To: Stan Senner

Restoration Program Manager
OSIAR Division

From: Wayne Donaldson [ s

Shellfish Biologist
Commercial Fisheries

Cordova September 25, 1990

Project ideas for restoration studies.

1)

2)

3

cc!

Two species of intertidal clams were affected by spilled o0il and cleanup
activities. The littleneck clam (Protothaca sgtaminea) and bucter clam
(Saxidomus giganteus) are native to the spill area and are utilized by
subsistence, personal use and sport fishermen. Various marine mammals, such
as sea otters also utilize clams. Recovery of the intertidal clam resource
can be enhanced by stocking intertidal areas with seed from indigenous clams.
This study would obtain adult clams from the spill area and send them to a
hatchery for spawning. The resultant seed would be stocked into the spill
area to enhance the natural recovery process.

There is insufficient knowledge about the habitat requirements of juvenile
spot shrimp (Pandalus platyceros) in Prince William Sound. The literature
suggests that juvenile spot shrimp rear in shallow water. Most of the impact
associated with the spill has occurred in shallow water areas. Identification
of the habitat(s) of juvenile spot shrimp will help enhance the shrimp stock.
Both state and federal zesource agencies will be able to assess impacts of
current cleanup activities. Habitat characteristics wili greatly aid the

evaluation of future clean up operations and future development in shallow
water areas of the Sound.

Continuation of reso abundance surveys for spot shrimp will improve the
management of this spj§§fs for commercial, subsistence, personal use and sport
fishing uses. A very limitéd data base of annual abundance should be
continued to provide resource managers information on juvenile, male and
female stock segments upon which to base future harvest rates.

Meacham
Hilsinger
Ackley

L/yrﬁwbridge
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Seattle, Washington 98115-0070
(206) 526-4045 FTS: 392=4045
October 2, 1990 F/AKC3:trl
MEMORANDUM FOR: RPWG -- John Strand
1O T
FROM: F/AKC3- Tom Lbughlin
SUBJECT: Restoration Feasibility Studies

Please find attached the matrices that you sent containing
possible restoration projects. My interests are with those
pertaining to marine mammals and I have checked the matrices in
those projects that I thought were possible and of high priority.
I noted in some cases those instances where the proposed study is
inappropriate or not possible to achieve.

I have an interest in the long-term monitoring of status and
trends of affected marine mammals in Prince William SOund and
adjoining waters and support your efforts in that direction. The
Long-Trem Ecological Research Site is appropriate for this area
and I encourage the establishment of such a site.

Thank you for the opportunity to comment and please let me know
if I can be of further assistance.

attach.




1990 Feaslibllity
Studles

Restoration Feaslibllity Study Number 1:

Reestablishment of Fucus in Rocky Intertidal
Ecosystems

Spedies of the marine alga Fucus are aitical structural components
of the intertidal ecosystem on rocky shores in the oil spill area.
Qualitative evidence indicates that Fucus was damaged by both the
spilled oil and cleanup efforts. If the natural recovery of Fucus
can be enhanced through the dispersal of spores or transplants, it
will benefit the associated flora and fauna on intertidal rocky
shores. This study will involve field tests to develop and demon-
strate the feasibility of a Fucus restoration project and will docu-
ment the natural recovery of Fucus under various conditions. The
US. Environmental Protection Agency is the lead agency.

Restoration Feaslbility Study Number 2:

- Reestablishment of Critical Fauna in Rocky Intertidal
Ecosystems

Certain faunal species are key components of intertidal rocky eco-
systems. Examples include grazers, such as limpets (e.g., Diodora),
. and predators, such as starfish (e.g., Leptasterias). Recolonization
rates for these organisms, and for the alga Fucus, may limit the
natural rates of recovery for entire communities. This feasibility
study will compare the rates of recovery in communities with and
without such spedies as limpets, and will evaluate techniques for
enhandng recolonization rates. The U.S. Forest Service is the lead
agency.

Restoration Feaslibility Study Number 3:
Identification of Potential Sites for Stabilization
and Restoration with Beach Wildrye

Beach wildrye (Elymus mollis) was affected by both spilled oil and
cleanup activities, and is extremely important in the prevention of
erosion in the coastal environment. Erosion can lead to the desta-
bilization and degradation of cultural and recreational sites and
wildlife habitats. There are well established techniques for restor-
ing rye grasses on coastal dune systems. This study will identify
sites at which damage has occurred and restoration activities ap-

pear to be feasible. The Alaska Department-of Natural Resources
is the lead agency.

Restoratlon Feaslbllity Study Number 4:

Identification of Upland Habitats Used by Wildlife Atfected
by the Qil Splll

A variety of marine birds, waterfowl and other bird and mamma-
lian species were killed by the spill or injured by contamination of
their prey and habitats. Many of these species are dependent on

34 August 1990 Progress Report



aquatic or intertidal habitats for such activities as feeding and rest-
ing, but they also use upland habitats in forests, along streams or
above the tree line. Through the public scoping process and tech-
nical consultations, many people have suggested that protection of
upland habitats from further degradation may be an important
way to help wildlife recover from the effects of the oil spill. This
study will explore the linkages between wildlife affected by the oil
spill and upland habitats, focusing in 1990 on marbled murrelets
(Brachyramphus marmoratus) and harlequin ducks (Histrionicus
tastrionicus). The US. Fish and Wildlife Service and the Alaska
Department of Fish and Game are the lead agendes.

Restoration Feaslibility Study Number 5:
Land Status, Uses, and Management Plans in Relation
to Natural Resources and Services

Through the scoping process, members of the public have sug-
gested a wide variety of projects to acquire the equivalent of in-
jured resources. Examples are the acquisition of timber or devel-
opment rights, conservation easements, recreational and cultural
sites, inholdings within state and federal areas and buffer strips

~along streams and coasts. Habitat protection may also be the best
means of providing for the long-term restoration of wildlife popu-
lations. To begin identifying and evaluating potential restoration
projects of this type, this study will summarize existing informa-
tion about the current status, uses and management plans of both
public and private lands. The Alaska Department of Natural Re-
sources is the lead agency.

W



DATE: September 25, 1990

MEMORANDUM FOR: John Strand

FROM: Alex Wertheimer

SUBJECT: Restoration Feasibility Studies For 1991

I appreciated seeing the list of feasibility studies and the matrix
of potential restoration approaches. I have no recommendations for
specific restoration feasibility studies, but I had some thoughts
on the restoration matrix in relation to salmon which I'll pass on
to you.

When the matrix was first created, the magnitude of the pink salmon
return to Prince William Sound in 1990 was an unknown. The matrix
and prioritization of restoration approaches/feasibility studies

must now be viewed in that context. The record returns to the
Sound do not by any means preclude actual and documentable damage
to the resource. Overall return rates are well within the

documented marine survival range for pink salmon. Impacts from the
spill could have occurred which reduced the aggregate production to
some degree, and particular wild stocks to a considerable extent.
The degree of damage may have even been compensated to some extent
by other effects of the spill, such as removal of avian predators.
The large catch and escapement is, however, clear evidence that
there was no catastrophic impact on the total productivity of the
Sound for salmon in the marine environment. Aggregate losses, if
any, are transient because escapements are, in general, adequate or
better. Long-term effects will be localized to particular stream
systems or littoral areas that were directly and severely impacted
by the spill.

If the preceding 1logic 1is valid, the restoration alternatives
should be considered in the context of localized impacts rather
than general production systems. All of the approaches directed at
increased productivity have potential application to restore
damaged production systems. For example, Protecting Upland Habitat
(1) is certainly a viable method to restore productivity to a
damaged system, where additional stress on the system could prevent
recovery. Applying the idea throughout Prince William Sound is
appealing to those of us concerned with long-term productivity of
the fish-producing habitat, but that is a concern that existed
prior to the o0il spill. - Without large-scale, long-term losses to
mitigate, it seems difficult to justify as a_,general approach.
Alternatives n and g are examples of att€émpts to use the
restoration process to justify action on management problems that
were neither caused not exacerbated by the spill. Again,
catastrophic loss of the resource may have justified action on such
general issues. Without catastrophic damage, this type of approach
would be inappropriate.

Alternative j 1is at first read simply a bad idea. I may be
misinterpreting the intent of the alternative, but I understand it



to mean that depleted natural stocks would be "restored" by
transplants from other abundant stocks. This would be counter to
the ADFG Genetics Policy. I interpret the alternative in this way
because there is a separate alternative referencing preservation of
wild gene pools and local populations(h). This latter alternative,
if it included transplants from the local population back into the
impacted watershed (the "honest thief'" technique), would be an
excellent approach to "jump start" depleted stocks.

Alternative v is an interesting one. Where does damage assessment
end and restoration begin in monitoring populations and conducting
long-term ecological research? For many species, including pink
salmon, the current damage assessment projects are in a real sense
the start point for such research. Which process is responsible?
Let me know when you figure it out!




v . e I m v ebveT . Vel eMNSVLwwIN &
s we = -

72) OWQQM%V 277144

¢ AN <:, VVKQﬁLCQAJd/L*“”*“~\=

T0: Stan Senner ?L25“7°DATE: September 28, 1990
Restoration Program Manager

OSIAR Division

TELEPHONE: 465-4210

FROM: David Ackley SUBJECT: Restoration
Marine Fisheries Biometrician Suggestions
Division of Commercial Fisheries

Stan, below are s8oma suggestions for potential restoration
projects. Please contact me if you have any questlons.

Distribution and abundance of littleneck clams (Protothaca
staminea) and butter clams (Saxidomus giganteus) within Prince
william Sound (PWS)

A current NRDA impact assessment project has collected
data on c¢lams at specific sites within Prince William
Sound and 1is in the process ¢f 1investigating the
potential effects of the o4l spill on clam growth.
Although necessary for restoratlion considerations, little
is currently known about the distribution and density of
clams within PWS. Thisg study would inventory clam
populaticns acrxoss various habitat types within PWg,
expand the impact assessment results to ¢lam populations
thoughout PWS, and identify suitable habitats for clam
population enhancements through rastorative transplantes.
The Alaska Department of Fish and Game is the lead
agency.

Transplant of clams from healthy habitats to areas affected by
the o1l spill or cleaning etforts.

Clam populations within PWS were damaged by the oil
'8pill, by beach cleanup efforte, and by removals due to
oil spill impact assessment studies. This study will
transplant adult <c¢lams into the .epill area from
unaffected locations to restore populations to healthy
levels throughout PWS, A transplant experiment was
succesgfully conducted as part of an NRDA impact
assessment study. The Alaska Department of Fish and Game
is the lead agency.



R O R e 4

RISNICIVEVIAVACE Ul S&45L22% D

Seeding of areas in PWS affected by the oil spill by juvenile
clams grown undor controllod conditions.

Assuming a demonstrable impact cn clam populations within
the path of tho oil spill, it 18 possible that affected
populations may be restored through a seeding project.
Under this study, clams would be taken from healthy areas
and spawned undoer controlled laboratory conditiong. Clams
grown to the juvenile stage under controlled conditions
would be introduced into substrate which had been haavily
impacted by oil or by cleaning efforts. The advantages ot
gpawning and rearing clams to a juvenile stage in a
controlled environment are twofold. First, adult clams
can be inducoed to spawn several times during a growing
season, and second, survival of the larval stage 1=
greatly enhanced vnder protected conditions. The Alaszkea
Department of Fish and Game 1s the lead agency.

Investigation of juvenile spot shrimp (Pandalug platyceros)
abundance and habitat.

An NRDA impact assessment study has samplec adult gpot
shrimp habitat in order to determine the possible impacts
of the PWS cil spill on the adult spot shrlimp population.
Although adult spot shrimp inhabit deep waters, it is
believed that 3ijuvenile shrimp inhablt gheallower waters
likely to have been impacted by the spilll. Little is
known about the abundance, nursery areas or vertical
distribution of juvenile (under 30 mm) spot shrimp. This
study would sampla pctontial nursery areas and depth
strata for juvenile shrimp and provide information about
areas which should be protected or enhanced to
rehabilitate shrimp stocks which are already at 1low
levels due in part to commercial exploitation. The Alaska
Department of Fish and Game is the lead agency.

Investigation of reef habitat distrxibutlon within PWS and
estimation of associated species.

Reef structures comprise an dimportant habltat to many
epecies, including rockfish, and prgvide a protective
area for the juvenile stages of several species. Because
this habltat 1is nocessary to many species, 1t 18
important to determine whether habitat availability 18 &
limiting factor in species diversity and abundance. Thig
study would determine the extent of roef habitat within
PWS, catalog the sgpecics present at a represontative
sample of reef sites, and determine areas of PWS
deficient in reef structures. The Alaska Department of
Fish and Game ie the lead agency.
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Colonization of artificial reefs by varlous species within

Reef structures comprise é&en iaportant habitat o many
specles, 1including rockfish, and provide a protective
area for the juvenile stages of 8everal speclas. An
increase in the avaellakility of this habitat typs may
lead to & subseguant increase in associcted speclies and
further enhance commarclal and SPort fiashing
opportunitlieés withdn PWS. This study would introduce
artificlal reef atructures into selected areas within PWS
and monitor colonizstion rate, specles diverslty and
affactiveness of material use and placement. The Alaska
Department of Fish and Game 1s the lsac agency.

Gordon Kruse
Chuck Meacham
John Hilsinger
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UNITED STATES DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Marine Fisheries Service

Office of Oil Spill Damage

Assessment and Restoration

P.0. Box 210029

Auke Bay, Alaska 99821

DATE: October 24, 1990
MEMORANDUM FOR: Distribution
FROM: Br? oss
J rand
SUBJECT: Agenda for Restoration Work Sesslon-Fish and
Shellfish, October 26, 1990
GENDA
TIME _ ACTIVITY RESPONSIBILITY
0830-0900 Introductions and opening remarks, Ross/Group
purpose and scope of meeting, de-
liverables
0900-1000 Brief overview of injury/exposure Meacham/
e Ldwlifelbislllioll cSouul WED DaLacl /f
Others
1000-1015 Break
1015-1030 Review of 1990 restoration-feasibil- Irons
project-"Distribution of Forage Fish
in Relation to Marine Mammals and
Birds"
1030-1100 Review of factors to be considered Strand
in proposing restoration-feasibility
and restoration projects
1100-1200 Presentation/discussien of candidate (qyROSS
1991 restoration-feasibility projects
USFWS
ADF&G
NOAA
1200-1300 Lunch -
1300-1500 Presentation/discussion og)candidate Strand
1991 restoration projects
USFWS
ADF&G

NOAA
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1500-1600 Summary and assigrments to write or Ross/
modify submitted project descript- Strand
ions

1600 Adjourn
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(1) Participants are encouraged to bring to the meeting 20 coples
of a l-page abstract of proposed-restoration-feasibility or
restoration projects they intend to discuss,

abstract of




