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Scope - Presentation of a map set and table representing a first
attempt to determine the relationship between oiled mussel beds
and species potentially at risk from the persistent o0il within

these beds

The following materials were distributed:

Mussel Bed Study Draft GIS Product

Maps of Prince William Sound sites sampled

Bob Spies - stated that Art would give the background and the
potential problem of ciled mussel beds

Art - hopefully we can take this forward as a study plan on

whether there is a linkage of the oiled mussel beds and other
species; last spring found considerable amounts of oil in the
mussel beds in Kenai Peninsula and PWS; these areas were spared
from cleanup purposefully because it was believed by the techni-
cal advisory group that more harm would be done; o0il tended to
persist; located in protected locations, the body of the mussel
tends to slow down the energy in an area and create a deposition-
al environment and create anaerobic conditions; physical setting
is creating this oiling condition; most important condition is

what it is doing;

the relation between the mussel bed and other

species came up in discussing birds and reproductive problems;
these species feed on oiled mussels; maybe there is a connection
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with the injured species; NOAA led the charge and reviewed a
great number of reports and went out and selected a number of
sediments and mussels; analytical results are now available so
that we can determine whether or not we have a problem; there are
a number of sites that we know have o0il; have analytical data
that there are residues in the tissue and sediment

Bob - will now discuss the affects on different species

Sam - (Harleguin Ducks) - started from a scratch point and ran
across blue mussels as a potential agent for transmission of
pollutants; went out and started collecting birds and examined
them for the presence of chemicals; using clean techniques, we
took food samples from the ducks and noted where the ducks were
feeding; Theoretic approach led to where the sea ducks feed;
affects progressively went up the shoreline to the Harlequin
Duck; in the upper intertidal was where the maximum affects
existed; we were told to stop collecting and had to use a differ-
ent research technique; later we began to see no Harlequin broods
and went to an unexposed area; results are guite graphic with
evidence of complete reproduction failure; located breeding :
hands-on nests in East PWS; we were delighted Dr. Fry had done a 5
paper; there was a conference about the middle of June discussing |
that we were looking at a reproductive shutdown in Harlequin
Ducks; the common food item is blue mussels for Harlequin Ducks;
the birds that came up with most evidence of exposure were the
Harlequin Ducks; the common denominator is blue mussels; we
looked at the mussels beds; there is raw unweathered oil in them;
we are trying to make rapid progress in this relationship of
mussels

Art - do birds eat the entire animal?

Sam - there is a difference in the feeding behavior; Oystercatc-
hers open up mussel and feed; Harlequins remove the mussel and
swallow the whole thing which passes through the intestinal
track; they are exposed to not only what is in the mussel shell
but what is on the mussel shell

Bob - is there anyone from Fish and Game who can speak on the
oystercatcher?

Mike Fray ~ hasn’t seen any 1991 data; there appears to be a
reduced number of Oystercatchers in 1990; contact is Brad Andrews
for information on Oystercatchers

Bob - what information is there on Sea Otters?
Jim - mussels play an important role in Sea Otter’s diet;

mussels make up 30% of Sea Otter’s diet; more tendency for young
Sea Otters than adults to rely on mussels in their diet
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Art - are they feeding subtidally or intertidally?

Bob - where were most observations?

Comment - on Squirrel Island

Bob - juveniles aren’t surviving quite as well

Michael - diets of juveniles is good to look at

Bob - Dave Doudna will discuss coastal habitat studies

Dave - sites in PWS do not allow going directly to mussel beds;
the information collected isn’t as conclusive as we would like;
the mussels analyzed for toxicology are showing a delayed spawn-
ing period; samples taken were taken later in summer; some sites
in June, July, August and September show the mussels putting more
of their energy toward spawning and are showing a difference in
size class between the year right after the spill;

Kuwada - how long do exposed mussels retain the 0il?

Dave - can’t answer as most data is not back

Comment - can retain those hydrocarbon for a long, long time
Comment - was there any marked growth?

Dave - not to my knowledge

Bob - need to discuss GIS information by Jim Slocomb

Jim - took existing data from various agencies of segments where
oiled mussels existed and the feeding habitat of Harlequin Duck
by the stream catalog; used the collection of data layers from
the various agencies where they apply

Comment - what is the geographic scope?

Jim - have coverage for western PWS and most of the Kenai Penin-
sula; could use the same for Kodiak but have not been asked toj;

this is the data we have from DNR and DEC

BOb - does anyone have information regarding degree outside the
PWS?

Sandy - what happened to the information I provided?

Mark - tried to get out there but trip was weathered out three
times

Jim - most of the information came from DEC in terms of segment
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sighting, and coastal habitat provided some

Mark - the initial list was made up of many, many sources;
managed to check 30 sites with 17 hits that showed fairly exten-
sive oiling '
Reviewed maps provided of Prince William Sound, Alaska sites
sampled in June, August, and September 1991, during oiled mussel
bed surveys

Bob - so you are picking up mussels that are indirectly oiled?
Jeep - there are some sites remaining that have not been examined

Mark - we still don’t know what are the effects of the o0il being
out there

Bob - nothing in the data contradicts that we don’t have a
problem; what about subsistence?

Kuwada - don’t make too much of subsistence data; people in
Chenega harvest very few mussels

Comment - is there a problem with oiling and subsistence?
Kuwada - very low problem with people eating oiled mussels

Ken - Chenega study showed a low incidence of people eating oiled
mussels

Art - the mussel bed contains so much that birds rooting around
can get on oil on their feathers and during preening can get oil
in their system

Bob - are you doing scat analysis? Mike, what do we know about
doses? is this within the range

Mike Fry - wild bird studies show there is a very complex stress;
altering the palatability of food affects reproduction

Bob - can’t shoot ducks, so we have to work more indirectly and
fall back on the literature on what is known about birds and
ingestion of oil

Mike - there are less than 10 or 15 papers that document this
Bob - as a PI, can you put together this literature for us

Mike - yes

Comment - what percentage of mussels is so heavily fouled?
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Mark Brodersen - less than 10%; pretty expensive to figure out
what is oiled

Mark Fraker - a great deal of attention is being paid to Harle-
gquins; understands the sensitivity of collecting birds, but
aren’t we to a critical point; is it a critical test to conclude

that existing hydrocarbons are the reason for reproductive
failure?

Mike Fry -~ what about fecal samples?

Sam - couldn’t even catch them; biggest problem is there is no
baseline; would take a lot of effort to catch them

Bob - are there other places in U.S. to collect Harlequins?

Sam - did some work in Juneau; have been exploring a relative
extensive hypothesis regarding disturbance; Harlegquin are one of
the least studied species; have quantified by beach segments the
amount of disturbance associated with cleanup

Comments - lot of helicopter disturbance

Sam - a lot of the streams were surveyed by helicopter;
only quantified the disturbances we could and not Exxon’s

Art - would anyone be able to comment on disturbance with respect
to Oystercatchers?

Sam - have been bogged down with Harlequin

Comment - is this just a Harlequin or Oystercatcher problem?

Jim - did quite a bit of survey work, and there was no noticeable
lack of sea otters; have distributional and abundance data;
caution about the use of abundance data as it is a random sample;

Bob - could you coordinate this data sharing with Jim or Art?

Comment - for subsistence usage, are you comfortable with areas
outside the sound?

Kuwada - no, doesn’t have any of that data; have some recreation
use data

Mark Fraker - all maps should be stamped litigation sensitive

Bob - could you pull together literature on ingestion of oil and
effects of disturbance?

Michael Fry - ves
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Bob - how do we proceed; can look into areas of cause and effect
and characterization; principal investigators have been requested
to discuss hydrocarbon samples

Sam - samples will only tell the birds are eating oiled food

Art - there are guite a few more potential oiled beds than 30,
but potential sites may, in fact, not have oil; there are 70
additional sites

Comment - there is a big difference in what is in DEC files and
Coast Guard files

Art - offer to identify other problem areas and go out and visit
the sites; need to know what is out there

Sam - all of this documentation will come out in their report

Bob - how do we stop the response activities so we can get some
undisturbed areas?

Sam - has anyone done an analysis of whole mussels?
Brodersen - would be expensive

Sam - could take 1991 observations and go back into literature
and look up the mussel beds

Jim - there may be one small area around Chenega that has a
higher male population

Bob - getting back to geographic problems, Jeep, is there a
practical way to survey Herring Bay?

Comment - could sniff and look

Art - Dave knows Herring Bay

Brodersen - will find this is a very discrete problem
Sam - birds can preen and ingest the oil

Comment - need to irncorporate some serial measure that we are
getting a good sample of the natural recovery

Art - doesn’t think the state would be happy to leave oil in
mussel beds; recommends we treat it

Bob - need to Xnow the consegquences

Comment - what is the concern for doing lifting and cleaning?
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Art - may lose settlement surface of mussel

Fraker -~ there is an economic consideration; what would comprise
the cleanup operation?

Art - may use hand equipment

Bob - need more natural history from resource biologist; need a
principal investigator to go forward

Art - in the interim, the otter people can get Jim site segments

and could get the ball rolling on more sites for the spring
survey

Jim - removal of large quantities could have an effect on sea
otters; if we remove mussels, we could add mussels

Bob -~ consider how many beds will be removed?

Meeting adjourned at 5:00.
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Scope - Presentation of a map set and table representing a first

attempt to determine the relationship between oiled mussel beds
and species potentially at risk from the persistent oil within

these beds

The following materials were distributed:

Mussel Bed Study Draft GIS Product

Maps of Prince William Sound sites sampled

Bob Spies -~ stated that Art would give the background and the
potential problem of ociled mussel beds

Art - hopefully we can take this forward as a study plan on
whether there is a linkage of the ociled mussel beds and other
species; last spring found considerable amounts of oil in the
mussel beds in Kenai Peninsula and PWS; these areas were spared

from cleanup purposefully because it was believed by the techni-

cal advisory group that more harm would be done; oil tended to
persist; located in protected locations, the body of the mussel

tends to slow down the enerqgy in an area and create a deposition-
al environment and create anaerobic conditions; physical setting

is creating this oiling condition; most important condition is
the relation between the mussel bed and other
species came up in discussing birds and reproductive problems;

what it is doing;

these species feed on oiled mussels; maybe there is a connection
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with the injured species; NOAA led the charge and reviewed a
great number of reports and went out and selected a number of
sediments and mussels; analytical results are now available so
that we can determine whether or not we have a problem; there are
a number of sites that we know have o0il; have analytical data
that there are residues in the tissue and sediment

Bob - will now discuss the affects on different species

Sam - (Harlequin Ducks) - started from a scratch point and ran
across blue mussels as a potential agent for transmission of
pollutants; went out and started collecting birds and examined
them for the presence of chemicals; using clean techniques, we
took food samples from the ducks and noted where the ducks were
feeding; Theoretic approach led to where the sea ducks feed;
affects progressively went up the shoreline to the Harlequin
Duck; in the upper intertidal was where the maximum affects
existed; we were told to stop collecting and had to use a differ-
ent research technique; later we began to see no Harlequin broods
and went to an unexposed area; results are guite graphic with
evidence of complete reproduction failure; located breeding
hands-on nests in East PWS; we were delighted Dr. Fry had done a
paper; there was a conference about the middle of June discussing
that we were looking at a reproductive shutdown in Harlequin
Ducks; the common food item is blue mussels for Harlequin Ducks;
the birds that came up with most evidence of exposure were the
Harlequin Ducks; the common denominator is blue mussels; we
looked at the mussels beds; there is raw unweathered o0il in them;
we are trying to make rapid progress in this relationship of
nussels

Art - do birds eat the entire animal?

Sam - there is a difference in the feeding behavior; Oystercatc-
hers open up mussel and feed; Harlequins remove the mussel and
swallow the whole thing which passes through the intestinal
track; they are exposed to not only what is in the mussel shell
but what is on the mussel shell

Bob - is there anyone from Fish and Game who can speak on the
Oystercatcher?

Mike Fray - hasn’t seen any 1991 data; there appears to be a
reduced number of Oystercatchers in 1990; contact is Brad Andrews
for information on Oystercatchers

Bob - what information is there on Sea Otters?
Jim - mussels play an important role in Sea Otter’s diet;

mussels make up 30% of Sea Otter’s diet; more tendency for young
Sea Otters than adults to rely on mussels in their diet



Art - are they feeding subtidally or intertidally?

Bob - where were most observations?

Comment - on Sguirrel Island

Bob - juveniles aren’t surviving gquite as well

Michael - diets of juveniles is good to look at

Bob - Dave Doudna will discuss coastal habitat studies

Dave - sites in PWS do not allow going directly to mussel beds;
the information collected isn’t as conclusive as we would like;
the mussels analyzed for toxicology are showing a delayed spawn-
ing period; samples taken were taken later in summer; some sites
in June, July, August and September show the mussels putting more
of their energy toward spawning and are showing a difference in
size class between the year right after the spill;

Kuwada - how long do exposed mussels retain the o0il?

Dave - can’t answer as most data is not back

Comment - can retain those hydrocarbon for a long, long time
Comment - was there any marked growth?

Dave - not to my knowledge

Bob - need to discuss GIS information by Jim Slocomb

Jim - took existing data from various agencies of segments where
oiled mussels existed and the feeding habitat of Harlequin Duck
by the stream catalog; used the collection of data layers from
the various agencies where they apply

Comment - what is the geographic scope?

Jim - have coverage for western PWS and most of the Kenai Penin-
sula; could use the same for Kodiak but have not been asked to;

this is the data we have from DNR and DEC

BOb - does anyone have information regarding degree outside the
PWS?

Sandy - what happened to the information I provided?

Mark - tried to get out there but trip was weathered out three
times

Jim - most of the information came from DEC in terms of segment

3
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sighting, and coastal habitat provided some

Mark - the initial list was made up of many, many sources;
managed to check 30 sites with 17 hits that showed fairly exten-
sive o0iling

Reviewed maps provided of Prince William Sound, Alaska sites
sampled in June, August, and September 1991, during oiled mussel
bed surveys

Bob - so you are picking up mussels that are indirectly oiled?
Jeep - there are some sites remaining that have not been examined

Mark - we still don’t know what are the effects of the oil being
out there

Bob - nothing in the data contradicts that we don’t have a
problem; what about subsistence?

Kuwada - don’t make too much of subsistence data; people in
Chenega harvest very few mussels

Comment - is there a problem with oiling and subsistence?
Kuwada - very low problem with people eating oiled mussels

Ken ~ Chenega study showed a low incidence of people eating oiled
nussels

Art - the mussel bed contains so much that birds rooting around
can get on 0il on their feathers and during preening can get oil
in their system

Bob -~ are you doing scat analysis? Mike, what do we know about
doses? is this within the range

Mike Fry - wild bird studies show there is a very complex stress;
altering the palatability of food affects reproduction

Bob - can’t shoot ducks, so we have to work more indirectly and
fall back on the literature on what is known about birds and
ingestion of oil

Mike - there are less than 10 or 15 papers that document this
Bob - as a PI, can you put together this literature for us
Mike - yes

Comment - what percentage of mussels is so heavily fouled?



SENSITIVE ATTURNLY v/URR
PRCOUCT
Mark Brodersen - less than 10%; pretty expensive to figure out
what is oiled
Mark Fraker - a great deal of attention is being paid to Harle-
guins; understands the sensitivity of collecting birds, but
aren’‘t we to a critical peoint; is it a critical test to conclude
that existing hydrocarbons are the reason for reproductive
failure?
Mike Fry - what about fecal samples?

Sam - couldn’t even catch them; biggest problem is there is no
baseline; would take a lot of effort to catch thenm

Bob - are there other places in U.S. to collect Harlequins?

Sam - did some work in Juneau; have been exploring a relative
extensive hypothesis regarding disturbance; Harlequin are one of
the least studied species; have quantified by beach segments the
amount of disturbance associated with cleanup

Comments - lot of helicopter disturbance

Sam - a lot of the streams were surveyed by helicopter;
only quantified the disturbances we could and not Exxon’s

Art - would anyone be able to comment on disturbance with respect
to Oystercatchers?

Sam - have been bogged down with Harlequin

Comment - is this just a Harlequin or Oystercatcher problem?

Jim - did quite a bit of survey work, and there was no noticeable
lack of sea otters; have distributional and abundance data;
caution about the use of abundance data as it is a random sample;

Bob - could you coordinate this data sharing with Jim or Art?

Comment - for subsistence usage, are you comfortable with areas
outside the sound?

Kuwada - no, doesn’t have any of that data; have some recreation
use data

Mark Fraker - all maps should be stamped litigation sensitive

Bob - could you pull together literature on ingestion of oil and
effects of disturbance?

Michael Fry - ves
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Bob - how do we proceed; can look into areas of cause and effect
and characterization; principal investigators have been requested
to discuss hydrocarbon samples

Sam - samples will only tell the birds are eating oiled food

Art - there are quite a few more potential ociled beds than 30,
but potential sites may, in fact, not have oil; there are 70
additional sites

Comment - there is a big difference in what is in DEC files and
Coast Guard files

Art - offer to identify other problem areas and go out and visit
the sites; need to know what is out there

Sam - all of this documentation will come out in their report

Bob - how do we stop the response activities so we can get some
undisturbed areas?

Sam - has anyone done an analysis of whole mussels?
Brodersen - would be expensive

Sam - could take 1991 observations and go back into literature
and look up the mussel beds

Jim - there may be one small area around Chenega that has a
higher male population

Bob - getting back to geographic problems, Jeep, is there a
practical way to survey Herring Bay?

Comment - could sniff and look

Art - Dave knows Herring Bay

Brodersen - will find this is a very discrete problenm
Sam - birds can preen and ingest the oil

Comment -~ need to incorporate some serial measure that we are
getting a good sample of the natural recovery

Art - doesn’t think the state would be happy to leave o0il in
mussel beds; recommends we treat it

Bob - need to know the consegquences

Comment - what is the concern for doing lifting and cleaning?
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>Art - may lose settlement surface of mussel

Fraker - there is an economic consideration; what would comprise
the cleanup operation?

Art - may use hand equipment

Bob - need more natural history from resource biologist; need a
principal investigator to go forward

Art - in the interim, the otter people can get Jim site segments
and could get the ball rolling on more sites for the spring
survey

Jim - removal of large quantities could have an effect on sea
otters; if we remove mussels, we could add mussels

Bob - consider how many beds will be removed?

Meeting adjourned at 5:00.
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MEMORANDUM | o State of Alaska

DEPARTMENT OF NATURAL RESOURCES DIVISION OF LAND
OIL SPILL PHOJECT OFFICE

, DATE: October 9, 1991
TO: Distribution ’

FROM: Art Weiner At/
SUBJECT Mussel Bed Study: Draﬂ GIS Product

The attached map set and table represent a first attempt to determine the relationship between oiled
mussel beds and species potentially at risk from the persistent oil within these beds.

The first column in the table includes all those segments that were identified by ADEC and ADNR
staff as possibly containing moderate to heavy levels of EVOS oil within or immediately adjacent to
a mussel bed. The second column reflects the findings of the summer field surveys conducted by
the NOAA team. Analytical results for the third and fourth columns are not now available. Habitat
“information listed for the harlequin duck and black oystercatcher comes from reports, maps and
discussions with NRDA study investigators and peer reviewers. Subsistence use data was
extracted from ADF&G maps.

| discussed the probability of sea otter impacts with the USFWS experts and was told that it was
unlikely that either adults or pups would come into direct contact with this oil. | have not explored
the possibilty of river otters nor any other species being at risk. :

The maps were prepared by Jim Slocomb [ADNR/OSPO] by combining existing digital data sets
and data from the attached table. The colored portion of the shoreline represents the entire segment
that either contains or potentially contains an oiled mussel bed. As more precise location
information becomes available, it will be incorporated into the maps It is also possible to add other .
data layers, such as segment numbers, as needed. ;

Since both the Management Team and NRDA science group has shown considerable interest and
support for this project, | suggest that we convene a meeting this fall to discuss the existing
information and plans for the future. Please let me know if there is a convenient date when you
might be in Anchorage so that we can dovetail a meeting onto your schedule.

Dlstnbutlon.

Malin Babcock ,

Mark Broderson Pete Peterson
Dave Gibbons Stan Senner
John Karinen Bob Spies

Sam Patten ’ John Strand

Privileged and Confidential
- Attorney Work Product -
Attorney-Client Communication



MUSSEL BED STUDY SEGMENT LIST

Segment
Number?

Ground
Survey
Date?

[OILED |

Sediment {

Sample
{ppm)

lissue
Sample
{ppm)

HDQ
Stream

Site3

BLOY
Feeding
Site?

Subsistence
Site

AEQC1A

AEOO5A

AGOO1A

AGOO5A

AGO09A

8/12/91

NO

BA0O0O6C

6729791 ]

YES

BLOG3A

BL064B

CHO010B

9/4/91

YES

CHO12A

[/aret ]

YES

CRO04A

CR004C

DEQO1

DI063A

DI064B

DIO67A

6/30/91

YES

EBO11A

ELO11A

ELO13A

6/28/91

YES

ELO13B

ELO15A

YES

ELO52B

YES

ELO54A

ELO57

EL107B

EL108

ER020B

6/29/91

YES

EVO17A

[6/29/91 |

NO

EV036A

EV0O70H

YES(G)

YES

EVO00A

Sept.

NO

FLOO4A

5/29/91

YES

GROO7A

NO ?

GROOSA

NO ?

GR101

1 Containing a potentially oiled mussel bed.

2 Mussel bed survey.
3 Hariequin Duck
4 Black Oystercatcher

10/8/91

Privileged and Confidential

Attorney Work Product
Attorney-Client Communication




MUSSEL BED STUDY SEGMENT LIST

Attorney Work Product
Attorney-Client Communication

roun Sediment [f| Tissue HDQ BLOY |||Subsistence
| R e il il e
GR103 YES
INO21A
INO22A
INO31A
INO31B YES
KNOO4E YES
KNQOO05B YES
KNOO7A
KNO11A
KNO12 NO
KN013B NO
KN113B ||9/6791 ||YES NO ?
KN117A NO
KN119A NO
KN132C YES(B){INO
KN132D YES(B) {INO
KN136A ||6/28/91 ||[YES YES ?
KN141A YES ?
KN141B YES ?
KN300A |{9/6/91 ||YES NO
KN500A YES NO
KN500B YES NO
KN505A NO
KN701B NO
LAO15E ||6/30/91 |IYES
LAO18
LAO35
IMAQOQ2A |[8/7/91 ||YES NO
MAOQO09 '
MNOO2A |[8/2/91 |INO
NAOQO6 YES
NAO0O9
NYOO1A YES
PLOO7A
SEOQ41A
SI001C ||8/12/91 |INO
SQ001D
TBO04A
10/8/91 Privileged and Confidential 2




Alaska Department of
Natural Resources

Oil Spill Project Office
3601 C st. $222
Anchorage, Alaska
985107005

5907; 762-2515

807) 762-2290 FAX

PWS Mussel Project
Scale: 1=400000

/mussel/pws.dwg/xref

Drawn By: JWS
10/8/91

Potentially Oiled
Surveyed Oiled
Subsist. Areg
Harlequin Duck
Feeding Habitat
Black Oyster Catcher
Feeding Habitat
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Alaska Department of
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Figure 1. Prince Willilam Sound, Alaska sites sampled, June, August and

September; 199 1, during ciled musssel bed surveys.
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Figure 2. Total aromatics hydrocarbons and selected hydrocarbon
groups in mussels sampled in Prince William Sound, June, 1881,

Sums of aromatic hydrocarbon groups in Prudhoe Bay crude oil.
¥ = avy. 2 samp!es; T = total; 8 = sum.
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Figure 3. Total aromatics hydrocarbons and selected hydrocarbon
groups in substrates sampled in Prince William Sound, June, 1991,

¥ = avy. 2 samples; T = total; § = sum.

BAY ISLES*

LATOUCHE#*

ELRINGTON¥*

FLEMING

ELEANOR*

DISK

BAINBRIDGE

EVANS

o 4000 8000 12000

ng/g dry wt



MNOY PR 91 18158 00SDAR H.15/15
"CONFIDENTIAL LITIGATION
. SENSITIVE ATTORNEY WORK
PRODUCT

Figure 4. Total alkanes and phytane in mussels and substrates from
Prince William Sound, June, 1899 1. Alkane fraction from several sites
(substrates only) lost during processing. * avg. 2 samples.
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RESTORATION PLANNING WORK GROUP - f
PROGRAM REVIEW

November 6, 1991

Meeting began at 10:00.
The following materials were distributed:

CERCLA definitions
Excerpts from John Boland’s report
Copies of the sign up sheet

Stan opened discussion with: What guidance is in current NRDA
regulations and the law? What is natural recovery? How do we
determine the adequacy of natural recovery? Important to note
that in the discussion of biological resources, the damage
assessment was to measure the difference from baseline. The
recovery period means either the longest length of time required
to return to baseline or the lesser period of time. Alex Swider-
ski will give any other context that he puts on the above. Must
evaluate the no action alternative. Before we can justify
spending significant restoration dollars, we will need to argue
that it will be of some benefit or at least prevent further harm.
Need an understanding of natural recovery.

Alex - The Trustees have never given a mandate on whether to
remain within NRDA guidelines. Settlement agreement specifically
states Trustees are not bound by the guidelines. It is appropri-
ate to deviate from the guidelines. If we take baseline as a
definition and consider the meaning of enhancement, that may be
one avenue of determining how to proceed.

Definition of restoration from MOA: any action, in addition to
response and cleanup activities required or authorized by state
or federal law, which endeavors to restore to their pre-spill
condition any natural resource injured, lost or destroyed as a
result of the 0il Spill and the services provided by that re-
source or which replaces or substitutes for the injured, lost or
destroyed resource and affected services. Restoration includes
all phases of injury assessment, restoration, replacement, and
enhancement of natural resources, and acquisition of equivalent
resources and services.

We are not bound by NRDA guidelines but it is appropriate to use
them where applicable.

The following definitions are from current CERCLA-NRDA regula-
tions:

Recovery period means either the longest length of time required
to return the services of the injured resource to their baseline
condition, or a lesser period of time... [43 CFR Subtitle A 11.14
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(g99) 1]

Restoration or rehabilitation means actions undertaken to return
an injured resource to its baseline condition, as measured in
terms of the injured resource’s physical, chemical, or biological
properties or the services it previously provided... [43 CFR
Subtitle A 11.14 (11)]

Baseline means the condition or conditions that would have
existed at the assessment area had the discharge of oil or
release of the hazardous substance under investigation not
occurred." [43 CFR Subtitle A 11.14 (e)]

Biological resources - (1) The extent to which the injured
biological resource differs from baseline should be determined by
analysis of the population or the habitat or ecosystem levels.
[43 CFR Subtitle A 11.71 (1)]

In all cases, the amount of time needed for recovery if no
restoration efforts are undertaken beyond response actions
performed or anticipated shall be estimated. This time period
shall be used as the "No Action - Natural Recovery" period... [43
CFR Subtitle A 11.73 (a)(1)].

Stan - need to talk about what these terms and definitions mean
and if they provide functional guidance. How do we determine if
recovery has been achieved?

Comments:
You can never get resource back to where it was.
There is a good argument to do more than recovery.

The infrastructure of cooperation has been established between
federal and state agencies, and they will all look at restoration
and recovery. The shared interest is how PWS ecosystem func-
tions. The o0il spill has been a big experiment. There is an
opportunity to put together a good interdisciplinary program and
enable much wiser management of resources in the future. Need to
expand knowledge base. Unigque opportunity to combine talents and
make management in Alaska improved for generations to come.

Stan - there is considerable sympathy for that view point that
will be hammered out on this issue. Need to focus on recovery
gquestion.

Nadav. Nur - Recovery may not be able to get back to what was and
you don’t know what would have been. 1In bird species, things
don’t go back to where they were.

Art - as a restoration group, we need to know if a population is

2




on the way to recovery.

Comments:

Need to consider the risk involved in active restoration; a lot
of it is disturbance; comes down to assessing risk in interven-
tion.

Alex - You have described a biological need. There is also a
legal need to determine when and if natural recovery will occur.
Trustees are required to engage in cost benefit analysis to
determine what is appropriate. Would be incumbent to compare
restoration. Regulations give Trustees a great deal of discre-
tion;

Stan - Need to look at John Boland’s excerpt.

Comments:

Need to examine all definitions of restoration

Some uncertainty of what system would have looked like

Stan - Exxon argued that recovery has occurred

Comments:

John Boland gave the following definitions of recovery:

American Heritage Dictionary - return to a normal condition; the
getting back of something lost.

Ganning et al. - the restoration to original functional and
structural conditions with original species present in original
numbers.

Ganning et al. - returning the ecosystem to within the limits of
natural variability.

Lewis - complete recovery (has occurred when) there are no
discernable aftereffects.

Boesch et al - complete recovery is the time required for a
disturbed community to exhibit variation that is within the
bounds of variation seen in undisturbed, control areas.

Conan - a new stable age distribution and equilibrium species
assemblages attained.

National Research Council - complete recovery means that (1) the
faunal and floral constituents that were present before the o0il
spill are again present and (2) they have their full complement

3



of constituent age classes.

Committee on Restoration of Aquatic Ecosystems, National Research
Council - the return of an ecosystem to a close approximation of
its condition prior to disturbance.

Boland’s definition of complete recovery - complete recovery
after an o0il spill occurs when (1) all the species that were
present before the o0il spill are again present, (2) each of these
species has reached their original abundances and biomasses, (3)
each of these species has reached their original age distribu-
tions, and (4) all individuals are as healthy (as measured by
growth rates) and productive (as measured by reproductive condi-
tion) as the individuals that were present at the time of the o0il
spill.

Stan - which definition comes closest to capturing what recovery
is?

Comments:

#2 comes closest: Ganning et al. (1984) "the restoration to
original functional and structural conditions with original
species present in original numbers."

John has brought out an important element in #4 in health and
productivity which should be incorporated into the definition.

Stan - Will list some attributes that might be included in
definition:

Healthy and productive - organismic - ecosystem
Abundance
Species composition
Age structure
Distribution -
colony numbers
Natural variability

Contamination -
services degraded
biological effects
surrogate

Comments:

May want to put more weight on things that were visually appar-
ent.

Stan - with subsistence users, the level of contaminants was
acceptable as far as health but their level of perception was
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different and they went elsewhere for their subsistence needs.
Comments:

Weighing is quite different from one resource to another.
Could we still be missing the ecosystem level?

Stan - Will be forced to look at individual species and the
larger picture.

Art - Have to look at structure and function. May work hard to
recreate structure but if we don’t work hard to recreate the
function, we have nothing.

Comments:
Navissi - Need to add the level of contaminants.

Mark Fraker - Need to come to som oint of operational defini-

tion. Has used the VEC - valued ecosystem component. You

can’t measure everything; so you have to settle on some things. (ii:>
=

David - May need to delist some species.

Stan - Talked about pre-spill and baseline. How do we bring
around functionally the question of is natural recovery adequate?
How does that translate into making a recommendation to the
Trustees? One thing that might help is a section in the regs
stating:

These estimates are to be based on the best available informa-
tion: published studies, other data sources, experience of
managers or resource specialist with experience with the injured
resource, managers who have dealt with similar situations such
as:

ecological succession patterns
biocumulation

dispersion dilution
biological degradation

local climatic conditions

The regs basically say do your best and rely on all available
sources of information. How do we make use of the information?

Comments:
Who will make the decision of time period for recovery?

No one has said but a decision will be made some time in the
future.



Stan - One functional definition is if you have a technique that
will speed up natural recovery, then by definition natural recov-
ery is inadequate.

Comments:

Charles Simenstad - Need to use our literature search to form
indicators for recovery.

Is there information out there that would enable us to generate
these models as indicators? Need to watch out for situations
that can take a downturn and may not see something taking off
until another indicator is taking off. It is a way to structure
indicators of when and how accurate you can be about when a
system is approaching recovery.

John Strand - Hopefully this will come out in the Coastal Habitat
plans.

Comments:
Would be desirable to extrapolate from models and combine with
the data you have so far. Need to come up with good estimates of

recovery.

Dan - How intrusive are we getting about restoration? Are you
going to do whatever it takes?

Stan - May be worth the money to experiment. May trim some time.
Comments:

Should make an effort to understand the system so that something
isn’t done that wouldn’t have been done if you had more informa-

tion.

John Strand - Need to get a multi-agency task force together to
study prey base.

Comments:



This study could evolve into a major indicator.
Stan -~ How did VEC’s approach work?

Mark Fraker = VEC apbroach. looks at normal opesations_.arfiz mini-

mizes imterferemCe AAithngtmal furicPion; wa€ @ pa of A paTtidi-
scipTinary greup. ould/ hawe beeyf ipk€rdisdipTinarve-Didn’
ave the Apforma¥tidn needed; had ¢etdatively little understanding

from the Hottom up.
Comments:
That is a science management issue that is achievable.

Most valuable thing is to have it driven or guided from the top
down.

Stan - We don’t know what all the rules are and there is a high
level of concern about money.

Comments:

Need to get some major policies established and some ground
rules.

Alex - There is a danger of passing the buck. Decisions at the
top are based on proposals from here. Needs justification that
comes from the scientists so that policy makers can make deci-
sions. Need to be confronted with what are the options and what
will work.

Mark Brodersen - Will take about a year to come up with a pack-
age. Must come from this level up.

Comments:

Need a larger scale study but need to lay the ground work for
logic behind it.

Mark Brodersen - Will be a question of breaking some people loose
to write package.

Stan - There are a lot of things that drive this project.
Susan - Thinks these little pieces will fit in.

Stan - Need to develop an understanding of the research that
needs to be done and look at the best tactic for achieving the

goals. Information is now available for peer reviewers. RPWG
and peer reviewers need to meet at 1:00.
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Meeting began at 10:00.

The following materials were distributed:

CERCLA definitions

Excerpts from John Boland’s report
Copies of the sign up sheet
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(907)
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(415)
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(907)
(907)
(919)
(206)
(916)
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(907)
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553-1368
257-2653
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868-1221
868-1221
278-8012
267-2213
278-8012
789-6601
726-6841
543-7185
752-1201
278-8012
543-4259
257-2529
536-7766
267-2136
269-5274
789-6020
465-2610
278-8012
257-2532
594-7422

Stan opened discussion with: what guidance is in current NRDA
regulations and the law? what is natural recovery? how do we
determine the adeguacy of natural recovery? important to note
that in the discussion of biological resources, the damage
assessment was to measure the difference from baseline; the
recovery period means either the longest length of time required
to return to baseline or the lesser period of time; Alex Swider-
ski will give any other context that he puts on the above; must
evaluate the no action alternative; before we can justify spend-
ing significant restoration dollars, we will need to argue that
it will be of some benefit or at least prevent further harm; need
an understanding of natural recovery

Alex - the Trustees have never given a mandate on whether to
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remain within NRDA guidelines; settlement agreement specifically
states Trustees are not bound by the guidelines; it is appropri-
ate to deviate from the guidelines; if we take baseline as a
definition and consider the meaning of enhancement, that may be
one avenue of determining how to proceed

Definition of restoration from MOA: any action, in addition to
response and cleanup activities required or authorized by state
or federal law, which endeavors to restore to their pre-spill
condition any natural resource injured, lost or destroyed as a
result of the 0il Spill and the services provided by that re-
source or which replaces or substitutes for the injured, lost or
destroyed resource and affected services. Restoration includes
all phases of injury assessment, restoration, replacement, and
enhancement of natural resources, and acquisition of equivalent
resources and services.

we are not bound by NRDA guidelines but it is appropriate to use
them where applicable

The following definitions are from current CERCLA-NRDA regula-
tions:

Recovery period means either the longest length of time required
to return the services of the injured resource to their baseline
condition, or a lesser period of time... [43 CFR Subtitle A 11.14
(g9) ]

Restoration or rehabilitation means actions undertaken to return
an injured resource to its baseline condition, as measured in
terms of the injured resource’s physical, chemical, or biological
properties or the services it previously provided... [43 CFR
Subtitle 2 11.14 (11)]

Baseline means the condition or conditions that would have
existed at the assessment area had the discharge of o0il or
release of the hazardous substance under investigation not
occurred.”™ [43 CFR Subtitle A 11.14 (e)]

Biological resources - (1) The extent to which the injured
biological resource differs from baseline should be determined by
analysis of the population or the habitat or ecosystem levels.
[43 CFR Subtitle A 11.71 (1)]

In all cases, the amount of time needed for recovery if no
restoration efforts are undertaken beyond response actions
performed or anticipated shall be estimated. This time period
shall be used as the "No Action - Natural Recovery" period... [43
CFR Subtitle A 11.73 (a)(1)].

Stan - need to talk about what these terms and definitions mean
and if they provide functional guidance; how do we determine if

2




recovery has been achieved?

Comments:

you can never get resource back to where it was;
there is a good argument to do more than recovery

the infrastructure of cooperation has been established between
federal and state agencies, and they will all look at restoration
and recovery; the shared interest is how PWS ecosystem functions;
the o0il spill has been a big experiment; there is an opportunity
to put together a good inter-disciplinary program and enable much
wiser management of resources in the future; need to expand
knowledge base; unique opportunity to combine talents and make
management in Alaska improved for generations to come

Stan - there is considerable sympathy for that view point that
will be hammered out on this issue; need to focus on recovery
question;

Nadav Nur - recovery may not be able to get back to what was and
you don’t know what would have been; in bird species, things
don’t go back to where they were

Art - as a restoration group, we need to know if a population is
on the way to recovery

Comments:

need to consider the risk involved in active restoration; a lot
of it is disturbance; comes down to assessing risk in interven-
tion

Alex - you have described a biological need; there is also a
legal need to determine when and if natural recovery will occur;
Trustees are required to engage in cost benefit analysis to
determine what is appropriate; would be incumbent to compare
restoration; regulations give Trustees a great deal of discretion
Stan - need to lcook at John Boland’s excerpt

Comments:

need to examine all definitions of restoration

some uncertainty of what system would have looked like

Stan - Exxon argued that recovery has occcurred

Comments:

John Boland gave the following definitions of recovery:
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American Heritage Dictionary - return to a normal condition; the
getting back of something lost.

Ganning et al. - the restoration to original functional and
structural conditions with original species present in original
numbers.

Ganning et al. = returning the ecosystem to within the limits of
natural variability.

lewis - complete recovery (has occurred when) there are no
discernable aftereffects.

Boesch et al - complete recovery is the time required for a
disturbed community to exhibit variation that is within the
bounds of variation seen in undisturbed, control areas.

Conan - a new stable age distribution and equilibrium species
assemblages attained.

National Research Council - complete recovery means that (1) the
faunal and floral constituents that were present before the oil

spill are again present and (2) they have their full complement

of constituent age classes.

Committee on Restoration of Aquatic Ecosystems, National Research
Council - the return of an ecosystem to a close approximation of
its condition prior to disturbance.

Boland’s definition of complete recovery - complete recovery
after an o0il spill occurs when (1) all the species that were
present before the o0il spill are again present, (2) each of these
species has reached their original abundances and biomasses, (3)
each of these species has reached their original age distribu-
tions, and (4) all individuals are as healthy (as measured by
growth rates) and productive (as measured by reproductive condi-
tion) as the individuals that were present at the time of the o0il
spill.

Stan - which definition comes closest to capturing what recovery
is?

Comments:
#2 comes closest: Ganning et al. (1984) "the restoration to
original functional and structural conditions with original

species present in original numbers."

John has brought out an important element in #4 in health and
productivity which should be incorporated into the definition.

Stan - we will list some attributes that might be included in
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definition:

Healthy and productive - organismic - ecosystem
Abundance
Species composition
Age structure
Distribution -
colony numbers
Natural wvariability

Contamination -
services degraded
biclogical effects
surrogate

Comments:

may want to put more weight on things that were visually apparent
Stan - with subsistence users, the level of contaminants was
acceptable as far as health but their level of perception was
different and they went elsewhere for their subsistence needs
Comments:

weighing is guite different from one resource to another

could we still be missing the ecosystem level?

Stan - we will be forced to look at individual species and the
larger picture

Art - have to look at structure and function; may work hard to
recreate structure but if we don’t work hard to recreate the
function, we have nothing

Navissi - need to add the level of contaminants

Mark Fraker - need to come to some point of operational defini-
tion; has used the VEC -~ valued ecosystem component; you can’t
measure everything; so you have to settle on some things; VEC’s
are those things that someone puts a value on; they may be
species that taste good, are critical ecologically, or are cute
and furry and are liked by many people in the public

David - may need to delist some species

Stan - talked about pre-spill and baseline; how do we bring
around functionally the question of is natural recovery adequate?
how does that translate into making a recommendation to the
Trustees? one thing that might help is a section in the regs
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stating:

these estimates are to be based on the best available informa-
tion: published studies, other data sources, experience of
managers or resource specialist with experience with the injured
resource, and managers who have dealt with similar situations !
such as: i

ecological succession patterns
biocumulation

dispersion dilution
biological degradation

local climatic conditions

the regs basically say do your best and rely on all available !
sources of information; how do we make use of the information? g

Comments:
who will make the decision of time period for recovery?

no one has said but a decision will be made some time in the
future

Stan - one functional definition is if you have a technique that
will speed up natural recovery, then by definition natural recov-
ery is inadequate

Charles Simenstad - need to use our literature search to form
indicators for recovery; Simenstad diagramed the following:

time
Comments:
is there information out there that would enable us to generate
these models as indicators? need to watch out for situations
that can take a downturn and may not see something taking off
until another indicator is taking off; it is a way to structure

indicators of when and how accurate you can be about when a
system is approaching recovery

John Strand - hopefully this will come out in the Coastal Habitat
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plans
Comments:

would be desirable to extrapolate from models and combine with
the data you have so far; need to come up with good estimates of
recovery

Dan - how intrusive are we getting about restoration? are you
going to do whatever it takes?

Stan - may be worth the money to experiment; may trim some time

Comments:

should make an effort to understand the system so that something
isn’t done that wouldn’t have been done if you had more informa-
tion

John Strand - need to get a multi-agency task force together to
study prey base

Comments:
this study could evolve into a major indicator
Stan - how did VEC’s approach work?

Mark Fraker - VEC’s are those things that are deemed to be
important for some reason; they provide a focus for research and
management; without them, effort is likely to be dissipated in
unproductive ways; the Beaufort Sea Project in Canada was multi-
disciplinary - everybody went out and did their own thing;
however, there was no integration, and the stuff that the zoo-
plankton biologists learned didn’t help those of us who were
studying bowhead whales; later, we got an inter-disciplinary
group together and studied the oceanographic features and zoo-
plankton ecology that helped us to understand how bowhead whales
did what they did; it worked a lot better to start from the top
and work down rather than the other way; it was also important
that conceptual models were developed to help guide us in under-
standing what was most important to study

Comments:
that is a science management issue that is achievable

most valuable thing is to have it driven or guided from the top
down

Stan - we don‘t know what all the rules are and there is a high
level of concern about money



Comments:
need to get some major policies established and some ground rules

Alex - there is a danger of passing the buck; decisions at the
top are based on proposals from here; needs justification that
comes from the scientists so that policy makers can make deci-
sions; need to be confronted with what are the options and what
will work

Mark Brodersen - will take about a year to come up with a package
must come from this level up

Comments:

need a larger scale study but need to lay the ground work for
logic behind it

Mark Brodersen - will be a guestion of breaking some people loose
to write package

Stan - there are a lot of things that drive this project
Susan - thinks these little pieces will fit in

Stan - need to develop an understanding of the research that
needs to be done and look at the best tactic for achieving the
goals information is now available for peer reviewers; RPWG and
peer reviewers need to meet at 1:00

Meeting continued at 1:00.
Attendees were:

Stan Senner
John Strand

Art Weiner

Ken Rice

Karen Klinge
Susan MacMullin
Mark Brodersen
Sandy Rabinowitch
Tim Steele
Barbara Iseah
Bob Spies

The following Peer Reviewers attended:

Dan Roby

Michael Fry
Charles Simenstad
Charles Petersen



Note: missed first 30 minutes of the meeting preparing the
minutes for the first half of the day for incorporation in
discussions this afternoon

Note: add to Agenda for next RPWG meeting suggestion of litera-
ture search on recovery of sediments

Stan - what contaminants are in sediment?

John - if he did another RFP, maybe Si and Pete could think of
any concepts to put in RFP

Ken -~ what is the restoration endpoint?
Mark - oiled fisheries; suspects there are others
Bob - may want to link it to studies being done on pink salmon

Stan - need to discuss further, scope out and make some deci-
sions; this is one to persuade Trustee Council on; Tom Campbkell
has said if there is no biological effect, don’t spend one penny
on it; This is the kind of thinking we have to deal with; is
November 18th and 19th still on schedule for next RPWG meeting?

Mark - There is a Management Team meeting on the 21s o
9 Bh T2 W&Cgaaﬁr/ﬂaw&y MW
Ken - need to get comments bacgﬁby thagﬁgriday

Stan - meeting will be the 18th and 19th; another topic to
discuss is the idea of natural recovery and what we need to do
next; need to put together a monitoring and research program for
longer term implementation of the settlement

Definition of Natural Resource

Develop a:Monitoring Plan

Adequacy of Natural Recovery

.

Restoration Actions

»
.

Estimates of Natural Resources

have judgments to be made about adequacy and restoration plans;
it is matter of looking at what is in NRDA regulations and
settlement document and also the contamination and services; need
to take a stab at what we think natural recovery is all about
Susan - thought we made progress on the different perimeters, but
did not say how we should measure it for each species
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Stan - that is important but it is on a longer term track; don’t
have the luxury of talking about measurement for some of our
nearer term decisions

Susan - we have experts that can do these things

Stan - the difficulty is don’t see the Trustees sitting around
waiting for us to make a rigorous determination on recovery
before they make decisions on restoration

Susan ~ there are more than the Trustees to talk to; there is
also the public to consider

Stan - the public’s test will be even more common sense than the
Trustees

Tim - public will expect some action

Susan - should discuss how we present this

Stan - sees the definition as a statement of ideal, recognizing
that application comes from common sense and not science

Ken - we will have to defend our actions

Stan - goal can’t be so high and lofty that it can’t be attain-
able

Mark - no matter what we do, someone will think we should have
done something else

Stan - on the common sense question, we need to come up with a
definition and apply our best decision; common sense takes
precedence over science; however, common sense and science don’t
have to be inconsistent

Peer Reviewer - we would probably have a more realistic goal, if
through literature we came up with some type of indicators

Stan - ultimately the manager goes with the best information;
what do we need to do; Art, do we know enough to articulate a
definition of natural recovery?

Art - shouldn’t put up some type of nebulous concept of recovery
and can’t reach your goal

Stan - some of our restoration actions don’t lend themselves to
measurement of their success

Tim - need to consider the costs of measurement
Mark - strive to measure that which you can measure at a reason-
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able cost

Stan - have two statements: 1) definition and 2) how that defini-
tion will be used; possibly have a committee to come up with
something or have individuals come up with something for later
comparison

Peer reviewer - a definition like the National Research Council’s
includes endpoints that are measurable

Art: looking at a two-tiered definition; do all of those pieces
come together as a whole?

Bob - need to interject dimensions regarding timing - need to get
something to the Trustee Council pretty quickly

Stan - need an analogous statement of what constitutes injury;
our working phrase is select species which there is sufficient
evidence of consequential injury and the natural recovery

Art - is looking for a functional definition

Tim - what people expect and will want to do will change over the
next few years

Susan - needs some intrinsic value of how the ecosystem works as
a whole system

Stan - the goal is the natural recovery of the affected ecosystem
and the restoration of the services provided

Peer reviewer - if we come to definition of recovery, then there
are two processes

Stan - do we need a definition of recovery or a goal of recovery?
Peer reviewer - we do need a definition of recovery

Stan - before we talk about recovery, we still need a definition
of natural recovery; we are explicitly required to; we need to
get what constitutes recovery; Pete, could you take a stab at a
definition; would invite anyone to do the same; need to put on
agenda for next meeting and at that point should be open for
comments and then put them together in final form

John - do we need a definition of enhancement? hears it used
differently here

Stan - need to see things develop more with the Trustees before
we put down what enhancement is

Ken - need a range of definitions
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Stan - should strive for a definition with some alternatives
Ken - afraid they won’t like whatever we bring to them

Stan - Bob is assigned a lead role in what constitutes injury;
our goal is the end of next week to have it capsulized in half a
dozen sentences; need to work in the word services

Peer Reviewer - define services

Stan - services are what is provided by the natural resources;
your frame of reference is to the human users such as subsis-
tence, recreation, aesthetic, archeology, and commercial enter-
prises; as long as we can say we are enhancing the natural
resource that provides the service, that is our goal

Art - functional integrity is the key phrase

Stan - Bob, can you take a stab at defining what constitutes
injury and what is the application?

Peer Reviewer - definition of recovery - complete recovery to a
functional ecosystem means that (1) the faunal and floral consti-
tuents that were present before the o0il spill are again present
and healthy and (2) they have their full complement of constitu-
ent members, age classes, and productivity; a fully recovered
ecosystem will provide the same functions and services as the
undamaged systems

Meeting adjourned at 2:45.
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*CONFIDENTIAL LITIGATION

SENSITIVE ATTORNEY WORK
PRODUCT
RESTORATION PLANNING WORK GROUP
PROGRAM REVIEW
November 6, 1991

Attendees:

Susan MacMullin EPA (202) 260-6412
John Armstrong EPA (206) 553-~1368
Sandy Rabinowitch DOI /RPWG (907) 257-2653
Barbara Iseah CACTI/RPWG (907) 278-8012
David Ainley Pt. Reyes Bird Observatory (415) 868-1221
Nadav Nur Pt. Reyes Bird Observatory (415) 868-1221
Stan Senner ADF&G/RPWG (907) 278-8012
Joe Sullivan ADF&G (907) 267-2213
Art Weiner ADNR (907) 278-8012
John Strand NMFS/RPWG (907) 789-6601
Charles Peterson Univ. N. Carolina (PR) (919) 726-6841
Charles Simenstad Univ. of Washington (206) 543-7185
D. Michael Fry Univ. California-Davis (916) 752-1201
Karen Klinge USFS/RPWG (907) 278-8012
Ahmad Nevissi ‘Univ. of Washington (206) 543-4259
Gail Irvine National Park Service (907) 257-2529
Daniel D. Roby Coop. Wildl. Res. Lab. (618) 536-7766
Mark Fraker ADF&G (907) 267-2136
Alex Swiderski AG’s Office (907) 269-5274
Jeep Rice NMFS/Auke Bay Lab. (907) 789-6020
Mark Brodersen ADEC (907) 465-2610
Ken Rice USFS/RPWG (907) 278-8012
Valerie Payne National Park Service (907) 257-2532
John Boland San Diego State University (619) 594-~7422

Meeting began at 10:00.

The following materials were distributed:

CERCLA definitions

Excerpts from John Boland’s report
Copies of the sign up sheet

Stan opened discussion with: what guidance is in current NRDA
regulations and the law? what is natural recovery? how do we
determine the adequacy of natural recovery? important to note
that in the discussion of biological resources, the damage
assessment was to measure the difference from baseline; the

recovery period means either the longest length of time required
to return to baseline or the lesser period of time; Alex Swider-
ski will give any other context that he puts on the above; must
evaluate the no action alternative; before we can justify spend-
ing significant restoration dollars, we will need to argue that
it will be of some benefit or at least prevent further harm; need
an understanding of natural recovery

Alex - the Trustees have never given a mandate on whether to
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remain within NRDA guidelines; settlement agreement specifically
states Trustees are not bound by the guidelines; it is appropri-
ate to deviate from the guidelines; if we take baseline as a
definition and consider the meaning of enhancement, that may be
one avenue of determining how to proceed

Definition of restoration from MOA: any action, in addition to
response and cleanup activities required or authorized by state
or federal law, which endeavors to restore to their pre-spill
condition any natural resource injured, lost or destroyed as a
result of the 0il Spill and the services provided by that re-
source or which replaces or substitutes for the injured, lost or
destroyed resource and affected services. Restoration includes
all phases of injury assessment, restoration, replacement, and
enhancement of natural resources, and acquisition of equivalent
resources and services.

we are not bound by NRDA guidelines but it is appropriate to use
them where applicable

The following definitions are from current CERCLA-NRDA regula-
tions:

Recovery period means either the longest length of time required
to return the services of the injured resource to their baseline
condition, or a lesser period of time... [43 CFR Subtitle A 11.14

(99) ]

Restoration or rehabilitation means actions undertaken to return
an injured resource to its baseline condition, as measured in
terms of the injured resource’s physical, chemical, or biological
properties or the services it previously provided... [43 CFR
Subtitle A 11.14 (11)]

Baseline means the condition or conditions that would have
existed at the assessment area had the discharge of oil or
release of the hazardous substance under investigation not
occurred." [43 CFR Subtitle A 11.14 (e)]

Biological resources - (1) The extent to which the injured
biological resource differs from baseline should be determined by
analysis of the population or the habitat or ecosystem levels.
[43 CFR Subtitle A 11.71 (1)]

In all cases, the amount of time needed for recovery if no
restoration efforts are undertaken beyond response actions
performed or anticipated shall be estimated. This time period
shall be used as the "No Action - Natural Recovery" period... [43
CFR Subtitle A 11.73 (a)(1)].

Stan - need to talk about what these terms and definitions mean
and if they provide functional guidance; how do we determine if
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recovery has been achieved?

Comments:

you can never get resource back to where it was;
there is a good argument to do more than recovery

the infrastructure of cooperation has been established between
federal and state agencies, and they will all look at restoration
and recovery; the shared interest is how PWS ecosystem functions;
the oil spill has been a big experiment; there is an opportunity
to put together a good inter-disciplinary program and enable much
wiser management of resources in the future; need to expand
knowledge base; unigque opportunity to combine talents and make
management in Alaska improved for generations to come

Stan - there is considerable sympathy for that view point that
will be hammered out on this issue; need to focus on recovery
question;

Nadav Nur - recovery may not be able to get back to what was and
you don‘t know what would have been; 1in bird species, things
don’t go back to where they were

Art - as a restoration group, we need to know if a population is
on the way to recovery

Comments:

need to consider the risk involved in active restoration; a lot
of it is disturbance; comes down to assessing risk in interven-
tion

Alex - you have described a biological need; there is also a
legal need to determine when and if natural recovery will occur;
Trustees are reguired to engage in cost benefit analysis to
determine what is appropriate; would be incumbent to compare
restoration; regulations give Trustees a great deal of discretion
Stan - need to look at John Boland’s excerpt

Comments:

need to examine all definitions of restoration

some uncertainty of what system would have looked like

Stan - Exxon argued that recovery has occurred

Comments:

John Boland gave the following definitions of recovery:
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American Heritage Dictionary - return to a normal condition; the
getting back of something lost.

Ganning et al. - the restoration to original functional and
structural conditions with original species present in original
nunmbers.

Ganning et al. - returning the ecosystem to within the limits of
natural wvariability.

Lewis - complete recovery (has occurred when) there are no
discernable aftereffects.

Boesch et al - complete recovery is the time required for a
disturbed community to exhibit variation that is within the
bounds of variation seen in undisturbed, control areas.

Conan - a new stable age distribution and equilibrium species
assemblages attained.

National Research Council - complete recovery means that (1) the
faunal and floral constituents that were present before the o0il

spill are again present and (2) they have their full complement

of constituent age classes.

Committee on Restoration of Aquatic Ecosystems, National Research
Council - the return of an ecosystem to a close approximation of
its condition prior to disturbance.

Boland’s definition of complete recovery - complete recovery
after an oil spill occurs when (1) all the species that were
present before the o0il spill are again present, (2) each of these
species has reached their original abundances and biomasses, (3)
each of these species has reached their original age distribu-
tions, and (4) all individuals are as healthy (as measured by
growth rates) and productive (as measured by reproductive condi-
tion) as the individuals that were present at the time of the oil
spill.

Stan - which definition comes closest to capturing what recovery
is?

Comments:
#2 comes closest: Ganning et al. (1984) "the restoration to
original functional and structural conditions with original

species present in original numbers."

John has brought ocut an important element in #4 in health and
productivity which should be incorporated into the definition

Stan - we will list some attributes that might be included in
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definition:

Healthy and productive - organismic - ecosystem
Abundance
Species composition
Age structure
Distribution -
colony numbers
Natural variability

Contamination -
services degraded
biological effects
surrogate

Comments:

may want to put more weight on things that were visually apparent
Stan - with subsistence users, the level of contaminants was
acceptable as far as health but their level of perception was
different and they went elsewhere for their subsistence needs
Comments:

weighing is quite different from one resource to another

could we still be missing the ecosystem level?

Stan - we will be forced to look at individual species and the
larger picture

Art - have to look at structure and function; may work hard to
recreate structure but if we don’t work hard to recreate the
function, we have nothing

Navissi - need to add the level of contaminants

Mark Fraker -~ need to come to some point of operational defini-
tion; has used the VEC - valued ecosystem component; you can’t
measure everything; so you have to settle on some things; VEC’s
are those things that someone puts a value on; they may be
species that taste good, are critical ecologically, or are cute
and furry and are liked by many people in the public

David - may need to delist some species

Stan - talked about pre-spill and baseline; how do we bring
around functionally the question of is natural recovery adequate?
how does that translate into making a recommendation to the
Trustees? one thing that might help is a section in the regs
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stating:

these estimates are to be based on the best available informa-
tion: published studies, other data sources, experience of
managers or resource specialist with experience with the injured
resource, and managers who have dealt with similar situations
such as:

ecological succession patterns
biocumulation

dispersion dilution
biological degradation

local climatic conditions

the regs basically say do your best and rely on all available
sources of information; how do we make use of the information?

Comments:
who will make the decision of time period for recovery?

no one has said but a decision will be made some time in the
future

Stan - one functional definition is if you have a technique that
will speed up natural recovery, then by definition natural recov-
ery is inadequate

Charles Simenstad -~ need to use our literature search to form
indicators for recovery; Simenstad diagramed the following:

Comments:

is there information out there that would enable us to generate
these models as indicators? need to watch out for situations
that can take a downturn and may not see something taking off
until another indicator is taking off; it is a way to structure
indicators of when and how accurate you can be about when a
system is approaching recovery

John Strand - hopefully this will come out in the Coastal Habitat
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plans
Comments:

would be desirable to extrapolate from models and combine with
the data you have so far; need to come up with good estimates of
recovery

Dan - how intrusive are we getting about restoration? are you
going to do whatever it takes?

Stan - may be worth the money to experiment; may trim some time
Comments:

should make an effort to understand the system so that something
isn’t done that wouldn’t have been done if you had more informa-
tion

John Strand - need to get a multi-agency task force together to
study prey base

Comments:
this study could evolve into a major indicator
Stan - how did VEC’s approach work?

Mark Fraker - VEC’s are those things that are deemed to be
important for some reason; they provide a focus for research and
management; without them, effort is likely to be dissipated in
unproductive ways; the Beaufort Sea Project in Canada was multi-
disciplinary - everybody went out and did their own thing;
however, there was no integration, and the stuff that the zoo-
plankton biclogists learned didn’t help those of us who were
studying bowhead whales; later, we got an inter-disciplinary
group together and studied the oceanographic features and zoo-
plankton ecology that helped us to understand how bowhead whales
did what they did; it worked a lot better to start from the top
and work down rather than the other way; it was also important
that conceptual models were developed to help guide us in under-
standing what was most important to study

Comments:
that is a science management issue that is achievable

most valuable thing is to have it driven or guided from the top
down

Stan - we don’t know what all the rules are and there is a high
level of concern about money
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Comments:
need to get some major policies established and some ground rules

Alex - there is a danger of passing the buck; decisions at the
top are based on proposals from here; needs justification that
comes from the scientists so that policy makers can make deci-
sions; need to be confronted with what are the options and what
will work

Mark Brodersen - will take about a year to come up with a package
must come from this level up

Comments:

need a larger scale study but need toc lay the ground work for
logic behind it

Mark Brodersen - will be a gquestion of breaking some people loose
to write package

Stan - there are a lot of things that drive this project
Susan - thinks these little pieces will fit in

Stan - need to develop an understanding of the research that
needs to be done and look at the best tactic for achieving the
goals information is now available for peer reviewers; RPWG and
peer reviewers need to meet at 1:00

Meeting continued at 1:00.
Attendees were:

Stan Senner
John Strand

Art Weiner

Ken Rice

Karen Klinge
Susan MacMullin
Mark Brodersen
Sandy Rabinowitch
Tim Steele
Barbara Iseah
Bob Spies

The following Peer Reviewers attended:

Dan Roby

Michael Fry
Charles Simenstad
Charles Petersen
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Note: missed first 30 minutes of the meeting preparing the
minutes for the first half of the day for incorporation in
discussions this afternoon

Note: add to Agenda for next RPWG meeting suggestion of litera-
ture search on recovery of sediments

Stan - what contaminants are in sediment?

John - if he did another RFP, maybe Si and Pete could think of
any concepts to put in RFP

Ken - what is the restoration endpoint?
Mark - oiled fisheries; suspects there are others
Bob - may want to link it to studies being done on pink salmon

Stan - need to discuss further, scope out and make some deci-
sions; this is one to persuade Trustee Council on; Tom Campbell
has said if there is no biological effect, don’t spend one penny
on it; This is the kind of thinking we have to deal with; is
November 18th and 19th still on schedule for next RPWG meeting?

Mark - There is a Management Team meeting on the 21st

Ken - need to get comments back on the TNC contract by that
Friday

Stan - meeting will be the 18th and 19th; another topic to
discuss is the idea of natural recovery and what we need to do
next; need to put together a monitoring and research program for
longer term implementation of the settlement

Definition of Natural Resource

Develop a Monitoring Plan

Adequacy of Natural Recovery

.

Restoration Actions

Estimates of Natural Resources

have judgments to be made about adequacy and restoration plans;
it is matter of looking at what is in NRDA regulations and
settlement document and also the contamination and services; need
to take a stab at what we think natural recovery is all about
Susan - thought we made progress on the different perimeters, but
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did not say how we should measure it for each species PRODUCT
Stan - that is important but it is on a longer term .track; don’t
have the luxury of talking about measurement for some of our
nearer term decisions

Susan - we have experts that can do these things

Stan - the difficulty is don’t see the Trustees sitting arocund
waiting for us to make a rigorous determination on recovery
before they make decisions on restoration

Susan - there are more than the Trustees to talk to; there is
also the public to consider

Stan -~ the public’s test will be even more common sense than the
Trustees

Tim - public will expect some action
Susan - should discuss how we present this

Stan - sees the definition as a statement of ideal, recognizing
that application comes from common sense and not science

Ken - we will have to defend our actions

Stan - goal can’t be so high and lofty that it can’t be attain-
able

Mark - no matter what we do, someone will think we should have
done something else

Stan - on the common sense question, we need to come up with a
definition and apply our best decision; common sense takes
precedence over science; however, common sense and science don’t
have to be inconsistent

Peer Reviewer - we would probably have a more realistic goal, if
through literature we came up with some type of indicators

Stan - ultimately the manager goes with the best information;
what do we need to do; Art, do we know enough to articulate a
definition of natural recovery?

Art - shouldn’t put up some type of nebulous concept of recoVery
and can’t reach your goal

Stan - some of our restoration actions don’t lend themselves to
measurement of their success

Tim - need to consider the costs of measurement
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Mark - strive to measure that which you can measure at a reason-
able cost

Stan - have two statements: 1) definition and 2) how that defini-
tion will be used; possibly have a committee to come up with
something or have individuals come up with something for later
comparison

Peer reviewer - a definition like the National Research Council’s
includes endpoints that are measurable

Art: 1looking at a two-tiered definition; do all of those pieces
come together as a whole?

Bob - need to interject dimensions regarding timing - need to get
something to the Trustee Council pretty quickly

Stan - need an analogous statement of what constitutes injury;
our working phrase is select species which there is sufficient
evidence of consequential injury and the natural recovery

Art - is looking for a functional definition

Tim - what people expect and will want to do will change over the
next few years

Susan - needs some intrinsic value of how the ecosystem works as
a whole system

Stan - the goal is the natural recovery of the affected ecosystenm
and the restoration of the services provided

Peer reviewer - if we come to definition of recovery, then there
are two processes

Stan - do we need a definition of recovery or a goal of recovery?
Peer reviewer - we do need a definition of recovery

Stan - before we talk about recovery, we still need a definition
of natural recovery; we are explicitly required to; we need to
get what constitutes recovery; Pete, could you take a stab at a
definition; would invite anyone to do the same; need to put on
agenda for next meeting and at that point should be open for
comments and then put them together in final form

John - do we need a definition of enhancement? hears it used
differently here

Stan - need to see things develop more with the Trustees before
we put down what enhancement is
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Ken - need a range of definitions
Stan - should strive for a definition with some alternatives

Ken - afraid they won’t like whatever we bring to them

Stan - Bob is assigned a lead role in what constitutes injury;
our goal is the end of next week to have it capsulized in half a
dozen sentences; need to work in the word services

Peer Reviewer - define services

Stan - services are what is provided by the natural resources;
your frame of reference is to the human users such as subsis-
tence, recreation, aesthetic, archeology, and commercial enter-
prises; as long as we can say we are enhancing the natural
resource that provides the service, that is our goal

Art - functional integrity is the key phrase

Stan - Bob, can you take a stab at defining what constitutes
injury and what is the application?

Peer Reviewer - definition of recovery - complete recovery to a
functional ecosystem means that (1) the faunal and floral consti-
tuents that were present before the o0il spill are again present
and healthy and (2) they have their full complement of constitu-
ent members, age classes, and productivity; a fully recovered
ecosystem will provide the same functions and services as the
undamaged systems

Meeting adjourned at 2:45.
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Restoration Planning Work Group

Program Review:

COMPREHENSIVE REVIEW AND CRITICAL SYNTHESIS
OF THE LITERATURE ON RECOVERY OF ECOSYSTEMS FOLLOWING
MAN-INDUCED AND NATURAL PHENOMENA-RELATED DISTURBANCES

Agenda, 5-6 November 1991

Tuesday, 5 November

Meeting Overview

0830-0900 Introductions, Meeting Objectives, and Status of
Restoration Planning - Senner

0900-0930 Use of Information Derived from Literature -
John Strand ‘

0930~-1000 Break

Review of Studies

1000-1200 Marine Birds -

Nadav Nur, Point Reyes Bird Observatory
1200-1300 Lunch
1300-1500 Intertidal Invertebrates -

John Boland, San Diego State University
1500-1515 Break
1515-1715 Fish and Shellfish -

Ahmad Nevissi, University of Washington




Agenda, 5-6 November, continued

Wednesday, 6 November

Review of Studies, continued

0830-0930 Wrap-up review of studies, final reports, etc.
John Strand and Stan Senner

0930-0945 Break

Natural Recovery Workshop

0945-1030 Legal and Scientific Definitions of "Natural
Recovery" - RPWG/Legal Team
1030-1200 Determining the Adequacy of Natural Recovery -

RPWG/Legal Team

1200-1300 Lunch

Executive Session

1300-1500 Discussion of Progress
- RPWG and Peer Reviewers only




experimental phase so that the success rates of different methods can be evaluated. This
will help rule out techniques that don't work and will help identify promising approaches
that can be developed further (see PERL 1990). This research will provide valuable
information on restoration techniques (a subject about which little is known) as well as
further our knowledge of the Alaskan ecosystems. All major projects should be continually
evaluated with a long-term monitoring program that will allow managers to take advantage
of unforeseen benefits and to address unexpected problems quickly.

4.0 EXTRAPOLATION TO THE INJURED ALASKAN ECOSYSTEM

4.1 Identification of Most Practical and Cost Effective Indicators of
Recovery to Measure

Indicator species have been used extensively in pollution studies. Indicator species
are those species which, by their presence and abundance, provide some indication of the
prevailiag environmental conditions. The best indicator species are those that have narrow
and specific environmental tolerances, because they will show a marked response to quite
small changes in environmental quality (Abel 1989).

However, indicator species provide only a general overview of the approximate
position of the community in the successional process, 1.e., whether the community is
generally in the early or the late successional stage. What is needed to determine whether
recovery has occurred is an extensive study that includes all of the macroinvertebrate
species. Only then can one be sure of one's conclusions. See below for details.

4.2 Recommended Approach to Determine When Recovery has
Occurred

4.2.1 Definition of recovery

It is important that in a study of recovery that one state one's objectives clearly and
define what one will or will not accept as a fully recovered ecosystem. The objectives will
guide the entire project, including the sampling design, statistical tests and conclusions.
Without clear objectives, the work will end up with a poorly directed sampling design and
weak conclusions.

If one's objective is to determine whether an area has fully recovered from an oil
spill then one must define what one will accept as recovered. Most of the researchers in
Table 1 did not explicitly define recovery but their implicit definition was:

® "the return of all population densities to pre-disturbance levels or undisturbed levels."

However, there are many other possible definitions of recovery.

® American Heritage Dictionary (1973): "return to a normal condition; the getting back of
something lost.”

® Ganning et al. (1984): "the restoration to original functional and structural conditions
with original species present in original numbers."
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® Ganning et al. (1984): "returning the ecosystem to within the limits of natural
variability."

® Lewis (1982): "complete recovery (has occurred when) there are no discernable after-
effects.” "

® Boesch et al. (1987): "complete recovery is the time required for a disturbed
community to exhibit variation that is within the bounds of variation seen in undisturbed,
control areas.”

® Conan (1982): "a new stable age distribution and equilibrium species assemblages
attained".

® National Research Council (1975; page 91): "Complete recovery means that (1) the

faunal and floral constituents that were present before the oil spill are again present and (2)
they have their full complement of constituent age classes.”

® Committee on Restoration of Aquatic Ecosystems, National Research Council (in

press) " the return of an ecosytem to a close approximation of its condition prior to
disturbance."

None of these definitions is completely satisfactory. They give a general
description of the term but few specifics. I suggest the following definition of recovery
-- it is a combination of the definitions:

® Boland (this report): "Complete recovery after an oil spill occurs when (1) all the

species that were present before the oil spill are again present; (2) each of these species has
reached their original abundances and biomasses, (3) each of these species has reached
their original age distributions, and (4) all individuals are as healthy (as measured by
growth rates) and productive (as measured by reproductive condition) as the individuals
that were present at the time of the oil spill.” In the absence of pre-spill data, original
conditions should be estimated from several unoiled communities in similar
physical/chemical environments.

Prespill data on species abundances, biomasses, age distributions, growth rates and
- reproductive conditions are necessary for determining when recovery has occurred,
however these data are usually unavailable. In these cases, studies of many unoiled sites
must be conducted instead. These unoiled sites should be chosen carefully and should
include all the habitats that were oiled. All the appropriate data should be collected in the
unoiled sites soon after the oil spill and used as the baseline data representing the prespill
conditions in the oiled sites.

Therefore, when one is testing for recovery one is testing the hypotheses that there
are no significant differences in (1) the species that are present in oiled and unoiled areas;
(2) the abundances and biomasses of the species in oiled and unoiled areas; (3) the age
distributions of the species in oiled and unoiled areas; and (4) the growth rates and
reproductive condition of individuals in oiled and unoiled areas.
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Notice that our definition, like those above, focuses on the structure of the
community rather than its functioning. Too little is known about the functioning of marine
communities to include it in the definition. One hopes that when the structure returns the
functioning will return too. However, also notice that the recovered community does not
have to be identical to the undisturbed community, only not statistically different from the
undisturbed community.

Our definition of recovery is based upon that used by many researchers and the
dictionary definition. However, the biologists working for The Exxon Corporation have
recently proposed a different definition of recovery and this is:

® Baker et al. (1990): "the re-establishment of a healthy biological community in which

the plants and animals characteristic of that community are present and functioning
normally. It may not have the same composition or age structure as that which was present
before the damage, and will continue to show further change and development." This
definition is very different to all the others outlined above in that it will consider a
community recovered when it is only on the road to recovery. This is unacceptable. For
instance, using this definition one may consider a mussel bed to have recovered if the rocks
are completely covered with healthy opportunistic species such as green algae.

The difference between the definitions of Baker et al. (1990) and the others can be
illustrated in an analogy. Say a train jumped the tracks and destroyed my house. The
railroad company apologized and agreed to rebuild the house. After six months, the rubble
has been removed, the new foundations have been laid and the workmen are starting to
erect the wooden frame. Someone using Baker et-al.'s definition would be impressed with
the progress and probably state that "recovery has occurred!” But a house on the road to
being built cannot be lived in; it is neither structurally nor functionally the same asa
completed house. The other definitions of recovery require that further work be done on
the house and only when it is completed will it be considered to have “recovered." In the
same way, a community is recovered not when it is on the road to recovery but when it is
fully recovered, i.e., structurally and functionally the same as it was before the disturbance.

The defintion of recovery of Baker et al. (1990) leads them to estimate recovery
times that are relatively fast. "Rocky shores usually recover in 2 to 3 years. Other
shorelines show substantial recovery in 1 to 5 years with the exception of sheltered, highly
productive shores (e.g., salt marshes), which may take 10 years or more to recover.” In
subtidal sand and mud systems “recovery times are 1 to 5 years, but they can be 10 years
or longer in exceptional cases” (Baker et al. 1990). Our literature survey suggests that
recovery times are longer than these, and in general, these numbers should be doubled to
obtain true estimates of recovery times (Section 3.1.1).

In conclusion, the definition of recovery is an extremely important part of the study.

4.2.2. Methods

We are testing the hypotheses that there is no significant difference in (1) the
species that are present in oiled and unoiled areas; (2) the abundances and biomasses of the
species in oiled and unoiled areas; (3) the age distributions of the species in oiled and
unoiled areas; and (4) the growth rates and reproductive condition of individuals in oiled
and unoiled areas.



from current CERCLA-NRDA requlations

"Recovery period" means either the longest length of time
required to return the services of the injured resource to their
baseline condition, or a lesser period of time... [43 CFR
Subtitle A 11.14 (gg9)]

YRestoration" or "rehabilitation" means actions undertaken to
return an injured resource to its baseline condition, as measured
in terms of the injured resource's physical, chemical, or
biological properties or the services it previously provided...
[43 CFR Subtitle A 11.14 (11)]

"Baseline" means the condition or conditions that would have
existed at the assessment area had the discharge of oil or
release of the hazardous substance under investigation not
occurred." [43 CFR Substitle A 11.14 (e)]

Biological resources. (1) The extent to which the injured
biological resource differs from baseline should be determined by
analysis of the population or the habitat or ecosystem levels.
(43 CFR Subtitle A 11.71 (1)]

In all cases, the amount of time needed for recovery if no
restoration efforts are undertaken beyond response actions
performed or anticipated shall be estimated. This time period
shall be used as the "No Action-Natural Recovery" period... [43
CFR Subtitle A 11.73 (a)(1)].
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