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INTRODUCTION

The Natural Resources Defense Council, Inc. (NRDC) submits
the following comments on the Public Review Draft of the
State/Federal Natural Resource Damage Assessment Plan for the
Exxon Valdez 0il Spill (August 1589} (hereafter "Draft Plan" or
"Draft Assessment"), NRDC has more than 120,000 members and
supporters nationwide many of whom use and enjoy areas affected
by the Exxon Valdez oil spill.

The overriding concern of NRDC and its members is that the
environment of Prince William Sound and other areas of Alaska
affected by the spill be restored to the maximum extent possible
to the highly pristine, productive state that existed before the
accident, and that to the extent this is not possible,
replacement habitat be acquired to compensate the American public
for these losses. This goal requires an adequate damage
assessment plan and restoration plan; yet neither are provided
here. By arbitrarily limiting the assessment plan toc one year of
studies, and by otherwise limiting severely the scope of the
assessment plan, the Trustees may seriously underestimate the
nature and extent of damage caused by the spill. Moreover, there
has been almost no serious planning on ways to restore the long-
term productivity of the areas affected by the spill, or to
acquire replacement habitats where full restoration is not
possible,

NRDC appreciates this opportunity to comment on the draft
plan. The opportunity provided, however, is only of extremely

limited value. NRDC and other environmental groups have



distributed the plan to a large number of experts around the
country qualified to comment on all aspects of the plan. The
initial responses of those experts has been virtually unanimous:
The Draft Plan is so vague that it is not amenable to serious
review by outside experts. The Draft Plan omits important
details on all of the proposed studies, making it difficult or
impossible ‘to comment intelligently on the merits of the studies.

NRDC'S comments on the Draft Pién_fall into two classes.
Qur initial comments address broad legal and policy concerns
related to the Draft Assessment. In addition, we summarize some
of the major points raised by our outside experts. Attached to
these comments are specific critiqﬁes prepared by nine outside
exper£s~on particular aspects of the Draft Plan. Resumes are
included for each of these experts. These critiques should not
be considered an "appendix", but rather constitute the heart of
NRDC's comments on the technical merits of the proposed
assessment plan. In order to ensure that the scientists and
economists conducting the studies have the benefit of these
‘comments, we ask that all the technical critiques be circulated
to each of then.

NRDC's experts focused on broad, ecosystem-wide studies
proposed in the Draft Plan, such as the Coastal Resources and Air
and Water Pollution Studies. Studies designed to evaluate the
effects on individual species are evaluated as they relate to
these broad concerns. Where we do not comment specifically on

individual assessment proposals, this implies neither agreement



S

nor disagreement with the proposal. oOther environmental groups
are working with experts on other specific aspects of the Draft
Plan (such as birds, marine mammals and.terrestrial mammals) .
I. THE ASSESSMENT LACKS ADEQUATE DETAIL TO ENABLE MEANINGFUL
TECHNICAIL REVIEW
All the technical reviewers that NRDC consulted stated that
there was not enocugh detail provided in the draft plan toc permit
adequate peer review.1 Dr. McElroy says that: "The level of
detail in the study plan, methods and anaiyses given and budgets
presented would be completely unacceptable in any kind of peer-
reviewed grant or contract application." Dr. Lane states:
"Although it is clear that many of the main environmental

components have been identified for study, it is not so clear

that the studies are designed well enough to provide the needed

information to quantify damages rigorously. In particular; there
is very little information given on sampling design and methods
of data analysis and interpretation during the post-collection
phase." Dr. Liljestrand noted that the level of detail provided
in the Draft Plan would not suffice to pass scrutiny had this
plan been submitted by a private party for government agency
approval. Dr. Kavanaugh and our other experts reached the same
conclusion with respect to other scientific and economic studies.
We appreciate the haste with which the study plan was put

together and the tremendous pressures the Trustees and their

1

Obviously more detailed information on most of these studies
could have been provided since when the Draft Plan was made
available most of the studies were already underwav.
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staffs were under. However, we believe it is in the Trustees’
interests, énd ultimately in the public's interest, to ensure the
most rigorous and effective study regime is adopted, particularly
in light of the scrutiny to which the results will be subject in
any litigation that will eventually result. Thorough scientific
and technical peer review of the study plan in advance is one of
the best ways to ensure that the study results are sound and
stand up in court.

Ironically, we understand that at the same time that
comments on this extremely vague plan are due, far more detailed
research proposals are being prepared for circulation to peer-
review scientistg around the country. If true, in essence the
public is being excluded from participation in the more important
and meaningful opportunities to comment on the assessment.

To this end, we urge the Tru;tees to provide the opportunity
for further peer and public review of the studies proposed to be
performed this next spring and thereafter. We formally request
that the following steps be taken to ensure proper public input
to this process:

1. Copies of these comments, including the specific
attached comments of outside experts, should be circulated to all
government scientists and economists (including contractors) who
are developing and conducting the actual studies;

2. Meetings should be scheduled to allow our outside

experts an opportunity to discuss their concerns directly with
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the government (or contractor) scientists and economists who are
actually developing and conducting those studies:;

3. Information on the results of studies to date and
detailed proposals for additional research should be circulated
to the experts who helped NRDC and other groups review the Draft
Plan at the same time they are circulated to other outside

2 and

experts;

4. As explained in detail below, the public should be
given an opportunity to participate formally in future decisions
to continue or discontinue damage assessment studies, and in the
development of the restoration plan.

II. THE RESTRICTION OF ASSESSMENT STUDIES TO ONE YEAR IS
ARBITRARY AND NOT IN ACCORDANCE WITH LAW.

A, The One-Year Limitation on Assessment Studies Is a
Viclation of the Trustees' Duty to Recover Restoration

‘Costs

The federal and state trustees for natural resources
affected by the Exxon Valdez oil spill are under an obligation to
recover costs for the restoration of damaged natural resources in
and around Prince William Sound. Section 311(f)(5) of the Clean
Water Act provides that designated federal and state officials
"shall act on behalf of the public as trustee of the natural
resources to recover for the costs of replacing or restoring such
resources." 33 U.S.C. §1321(f) (5) (emphasis added). Section

107(f) (1) of CERCLA states that sums recovered be used to

2 1In essence, we ask that our experts be incorporated in the
scientific peer review process that the Trustees apparently are
conducting anyway.



restore, replace or acquire the equivalent of the damaged
resources. 42 U.S8.C. §9607(f)(1); To recover such costs and
restore the environment, the Trustees first must assess the full
extent of injury. An underestimation of injury will lead to an
underestimation of restoration or replacement costs, an
inadequate recovery from Exxon, and an inadequate restoration of
the environment.

The Trustees violate their statutory duties by arbitrarily
restricting assessment studies to a period of less than one year.
The Executive Summary states: "The damage assessment document is
essenéially a one-year plan. No further studies will be
conducted after February 28, 1990, except those approved by the
Trustees upon recommendation of the Trustee Council and
scientific and legal review groups as being necessary to promote
restoration and to support assessment of legally recoverable
natural resource damages.” (p. i}. However, as the Draft Plan
itself states the spill will have long-term effects not
discernible within one year. The Draft Plan recognizes that "oil
and its complex breakdown products are expected to linger in some
areas for many years," (Draft Plan at 1), acknowledges the
"possibility of delayed population effects in some species," id.
at 15, and states with respect to at least one species that the
"full effect of the spill may not become evident this year." Id.

at 15.3 As the comments of Drs. McElroy, Lane, Sanders,

3 Elsewhere, the Plan states: "Qil and its complex breakdown
products will persist for a long time; .the nature and degree of
(continued...)
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Kavanaugh, Vogel, Wright, Hayes and Button (attached) attest, a
responsible damage assessment cannot be done in one year.

Due to the magnitude of the Valdez spill, the unique
properties of the affected ecosystem and the virtually certain
possibility of long~term and delayed biological injury, a study
of at least several years duration is necessary to adequately
ascertain the extent of injury and the costs of restoration. The
planned termination of data analysis on February 28, 1990,
requiring the termination of data gathering in September of this
year, bears no rational relationship to the duration of study
required to assess damages from the spill and will prevent full
recovery of restoration costs.

We understand that all prior drafts of the plan were for 5
years of study and that it was only at the last minute that
federal officials in Wéshington, D.C. ordered that the government
commit to only one year of study. That decision is an arbitrary
one, driven by political coﬁcerns, rather thag one justified by

science or the public interest.

B. The One=Year Limit On Assessment Studies Is a Violation
of the Trusteesg' Duty to Assess Long-Term Effects

Subordinate to the Trustees' duty to recover restoration

costs” is an explicit statutory duty to assess natural resource
damages. Section 107(f) (2) (A) of the Comprehensive Environmental

Response and Liability Act (CERCLA), states that natural resource

-

3(...continued)

toxicity of that oil will vary over time, and will require
considerable study to determine its ultimate fate and effects."
Id4. at 237.
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trustees "ghall assess damages for injury to, destruction of, or
loss of natural resources" for purposes of recovering restoration
costs, 42 U.S.C. §9607(£)(2)(A). This provision is made
expressly applicable to the oil spill liability section of the
Clean Water Act. Id. The duty to assess natural resource
damages is violated by the Trusﬁees when they restrict studies in
a manner that will result in a failure to ascertain long-term
injury.

CERCLA specifically provides that long-term injuries are to
be studied. In a section requiring the Department of Interior to
draft regulations governing natural resource damage assessment,
CERCILA mandates that such regqulations include provisions designed
to "determine the type'and extent of short- and long~-term
injury." 42 U.S.C. §9651(c)(2). The legislative history of
CERCLA demonstrétes that Congress was aware of the problem of
long=~term injury and intended such injury to be addressed. A
report by the Senate Committee on Environment and Public Works
indicates that the committee received testimony that injuries of
long duration do result from spills of oil and other hazardous
materials. See S. Rep. No. 848, 96th Cong., 2d Sess. at 84
(1580), and acknowledges that damage assessment includes
"evaluation of long~term or delayed impacts on biologica;“
systems." Id. at 87. Moreover, in addressing assessment
regulations, the report reiterates that provisions governing

large or "unusually damaging" spills are to contain "protocols
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for field assessment of the type and extent of short- and long-
e damage." Id. at 86 (emphasis added).

The requlations ultimately promulgated by the Department of
Interior for natural resource damage assessment reflect the
statute's focus on the long-term. First, the regulations direct
trustees to consider, inter alia, the "duration, frequency,
season and time of the discharge or release." Natural Resource
Damage Assessments, 43 C.F.R. §11.64(a)(4)(ii) (emphasis added}.
Second, "injury" is defined as a "measurable adverse change,
either long-term or short-term, in the chemical or physical
quality" of a natural resource resulting "directly or indirectly"
from exposure to oil or hazardous materials. 43 C.F.R.
§il.14(v). Finally, the regulations specify various methods for
determining injury to biological resources that cannot be
performed effectively in a data~gathering period of less than one
year. The regulations recognize inter alia, "cancer," "genetic
mutations”" and "physiological malfunctions (including ‘
malfunctions in reproduction)ﬁ as categories of injury,
§11.62(£) (1) (i). In order for injuries of this nature to be
statistically observed, more than one year of study is necessary.
For example, for reproductive malfunctions, a growth period of at
least one reproductive cycle is essential.

The February 28 termination date For studies restricts field
data gathering to a period of six months, since field studies
must end before the onset of the Alaskan winter. In this period

of time researchers will be unable to obtain statistical data on-



delayed population effects and many types of indirect injury that
will occur.

As discussed in the comménts of Drs. Lane, McElroy, Sanders,
Vogel, Wright, Hayes and Button, there are many significant long;
term impacts that will not become evident in the first year.
Through proceéses such as bicaccumulation and biomagnification
and through the successional stages in benthic infauna described
by Dr. Sanders, population impacts will be felt years after the
original contaminant release. Dr. Button describes the potential
for long-term changes in water chemistry that will persist for
long periods, referring t§ the decade to century life times of
hydrocarbons and their products.4

'By cutting off studies after the first year, it will also be
impossible to analyze two related factors that could not possibly
be addressed in the initial year. First, it is not ﬁossible to
study natural resource damages caused by the wvarious responses to
the o0il spill, including first year cleanup aﬁa assessment
activities. Given the massive deployment of resources and the
tremendous potential for environmental disruption caused by this
presence, these effects may be quite draﬁatic. Exxon and other
PRPs are liable .for these impacts as well as those caused by the
spill itself., Relatedly, failure to continue studies in

subsequent years will render it impossible to determine the

actual effectiveness of activities conducted in year one.

4 Drs. Vogel, Wright and Hayes agree that one-year studies
cannot examine water quality phenomena that have longer time
scales. :

10



To ignore such impacts and to have decisions about which
studies to continue based solely on whether there have been
observed effects in the first year would lead to a serious
underestimate of the spill's impacts. To cut off studies
prematurely not only will preclude full recovery from Exxon in
this case, but will prevent a full scientific understanding of
both the short-~ and long-term effects of a major oil spill, an
understanding which has been seriously lacking to date and which
would help inform future public policy debates. By failing to
provide studies to adequately assess such injuries, the Trustees
violate both the statute and regulations governing natural

resource damage assessment.

c. The Trustees' Violation of Their Statutory Duty To
Adequately Assess Damages Is Not Cured By the Provision

in the Assessment Plan Allowing for An Extension_of
Studijes.

The need for assessment studies of longer than one year's

duration is evident now. Thus while the. Assessment Plan proposed
by the Trustees provides for an extension of studies after

February 28 if "approved by the Trustees upon recommendation of

. the Trustee Council and scientific and legal review groups as

being necessary to promote restoration and to support assessment
of legally fecoverable natural resource damages," (Draft Plan at
26), this provision does not satisfy the Trustees' duty to ensure
that damages are properly assessed and the full costs of
restoration are recovered. This extension provision does not
obligate the trustees to formally consider extension in any
manner and isclates any such consideration froﬁ public notice and

11



review. It thus gives no guarantee that necessary studies will
be performed. The recovery provisions of the Clean Water Act

and the assessment provisions of CERCLA mandate that the Trustees
adopt a reasonable duration for assessment studies before the
assessment plan is approved. Piecemeal decisions to extend a
particular study here or there cannot replace the function served

by a comprehensive, coordinated long-term assessment plan.

III. THE TRUSTEES MUST PROVIDE PUBLIC NOTICE AND COMMENT ON ANY
DECISION TO TERMINATE OR EXTEND ASSESSMENT STUDIES AFTER
FEBRUARY, 1990.

If the Trustees retain the February, 1990 deadline for
assessment of natural resource damages resulting from the Exxon
Valdez 0il Spill, they must provide an opportunity for public
participation at the time this deadline is reviewed. The Draft

Plan currently provides that the Trustees may extend studies

beyond the deadline after consultation with "legal and scientific

-review groups" and upon a determination by the Trustees that

extensions are "necessary to promote restoration and to support
assessment of legally recoverable natural resource damages"
(Draft Plan at 26). No opportunity for public participation is
included in this review process.

However, public participation in the development and
amendment of the Draft Plan is required under both the

Administrative Procedure Act (APA) and the Department of Interior

12
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(DOI) regulations governing damage assessment.5 The APA requires
federal agencies to give public notice and solicit public comment
in connection with any "rule making." 5 U.S.C. §553. "Rule
making" is defined as the process of "formulating, amending, or
repealing any rule," 5 U.S.C. §551(4), while "rule" is broadly
defined to include any- "agency statement of general or particular
applicability ... designed to implement, interpret, or prescribe
law or policy." 5 U.S.C. §551(5) (emphasis added). The Draft
Plan is a "statement of particular applicability designed to
implement law" that has substantive impact on the rights and
duties of affected parties and thus is subject to the APA notice -
and comment procedures.

The Draft Plan is'subject to requlatory notice and comment
procedures under 43 C.F.R. §11.32. This section of the DOI
assessment regulations provides that any assessment plan or
significant modification of an assessment plan must be made
available for public comment for 30 days prior to the plan taking
effect. 43 C.F.R. §§11.32(c), 11.32(e)(2).

Any decision to terminate or extend assessment studies
beyond February 28, 1990 will constitute an amendment or
significant modification of the assessmenﬁ plan. The duration of
studies is a critical element of the plan, directly linked to the
type and extent of injury that will be detected and the amount of
damages that will be assessed. The final decision with respect

-

to termination or continuation of studies, therefore} will

5 Sections 101(e) of the Clean Water Act and 117 of CERCLA
also evidence a congressional concern for ensuring public
participation in the development of plans of this type.

13
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significantly affect the character of the plan. The public must
be involved in such an important decision at the time it is made.

To provide meaningful public review, the Trustees should do
three things:

1. Provide the public with information regarding the
results of studies performed this past summer since those results
bear upon the direction of further studies:

2. Provide greater detail on the studies proposed to be
performed: for upcoming seasons than does the draft plan (which,
as the experts state, provides inadequate information to enable
proper scientific review); and

3. Allow early enough opportunity for public input so that
the public comments can be useful in the design and conduct of
the studies that are performed (again in contrast to the process
followed in the draft plan where the field studies were completed
before there was any public comment).

IV. THE ASSESSMENT NEEDS TO HAVE MORE OF AN ECOSYSTEMS FOCUS.

One of the most serious criticisms noted by the scientists
who reviewed the draft plan was the lack of an ecosystems
approach to studying the effects of the spill. As Dr. Pat Lane
observed in her comments:

All natural populations exist in ecosystems and

although many key populations are of interest because

of their direct commercial value, studying them in

isolation usually will not produce a true

representation of total environmental deterioration.

Many populations are predators, competitors, or prey in

regard to their interactions with other species in the

terrestrial and marine foodwebs that .exist in and .

around Prince William Sound. Indirect changes will

come about not only from the sublethal and life history

changes in the individual populations that inhabit the

- ecosystems, but alsc from the altered ecological

interactions and foodwebs. A predator population can

14
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decline not only from the direct effects of oiled
feathers or ingested oil, but also from the lack of a
critical prey species that was killed previously by the

oil spill. There js no evidence that an ecosystem
approach will be taken to examine and quantify foodweb
effects related to the o0il spill. This is exceedingly

unfortunate for twe reasons. First, from an ecoclogical
point of view in the final analysis it is the long-term
persistence of the ecosystems of the planet that are of
main concern, not just the few species that are
.associated with direct monetary benefits today.
Secondly, focus on populations gives too narrow a
definition of damage and must a priori lead to further
underestimates in damage assessment.... Thus, if the
guilty party were made to pay only for the number of
birds or mammals directly killed by the oil spill, for
example based on a carcass count, the amount of true
damage could be underestimated by orders of magnitude.
(emphasis supplied).

Dr. Lane recommends the use of appropriate models at both the

population and ecosystem levels to predict multi-generational

effects and cites to work she has done previously (copies

attached) of both population and ecosystem level risk analyses.
Dr. McElroy also stated this same concern:

The plan focuses on assessing damage to each resource
.as an individual unit with emphasis placed on
quantification of exposure to o0il components, stock
size, and in some cases reproductive fitness. Very
little effort has been placed on assessing impact on
systenm wide, or interactive processes. For example,
how oiling may effect productivity in a given area
which in turn may affect species composition and or
food resources. Investigation of each resource species
as an individual component is extremely costly and may
miss subtle _effects caused by interactions between
species. If species A is severely affected, its former
prey may become more abundant which may deplete food
resources of species B. In this case the two species
don't interact directly, but effects on one can lead to
significant effects on the other. In order to get a
complete picture of damage to the ecosystem, a
comprehensive damage assessment plan should focus on
individual species as well as their interactions and
functioning of the ecosystem as a whole.

The ﬁersistence of hydrocarbons in the sediments and the

resulting alterations in benthic communities also are crucial

15



areas of study. Dr. Howard Sanders, who did pathbreaking work on
this issue in connection with the Florjda barge spill off West
Falmouth, comments on the importance of studying these effects
and understanding the threats to fish and shellfish populations
dependent on these communities. He recommends methods of study
that will allow proper understanding of these effects.

Drs. Liljestrand and Button raise similar concerns regarding
the effects of hydrocarbons in the air and water. For example,
Dr. Liljestrand comments that the effects of air contaminants
must inglude-the dry flux of organic air pollutants onto
vegetation (which may affect the plants and result in subsequent
intake by plant foragers). Dr. Button notes that the studies
seem to ignore long-term chemical changes induced by the
hydrocarbons introduced by the spill, and their effect on global
as well as regional watef chemistry.

All these comments point to the need for an expanded
ecosystems scope which will provide a fuller and more complete
assessment of injury than the draft plan proposes.

V. EXXON SHOULD NOT PLAY A MAJOR ROLE IN THE DAMAGE ASSESSMENT
AND RESTORATION PLAN DEVELOPMENT OR IMPLEMENTATION. :

The Draft Assessment leaves open the question of the role of
Exxon and other potentially responsible parties (PRPs) in
conducting the damage assessment, and in developing and
implementing the restoration plan. In particular, the Trustees
"have not decided whether, or to what extent, potentially
responsible parties should participate in the damage assessment."

Draft Assessment at iii. We object strongly to the possibility

16
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that Exxon and other PRPs will be given a significant role in
these tasks.

We do not, of course, object to any requirement that Exxon
fund damage assessment and restoration efforts by the Trustees or
their agents, as we believe is required by CERCLA and the Clean
Water Act, so long as Exxon has no control (outside of the normal

public process) over how the funds are spent and how the studies

and restoration are conducted. In fact, because it is apparent

that many of the problems identified in these comments relate

_directly to inadequate Trustee resources to conduct the

assessment,6 the Trustees should strongly consider filing a cost
recovery action immediately against Exxon and the other PRPs as a
means of financing immediate, ongoing damage assessment costs.

However, as explained below, we object on both policy and
legal grounds to further involvement by Exxon in the damage

assessment and restoration processes.

A. It is Bad Policy to Allow Exxon to Participate in the
Damage Assessment and Restoration

Given the potential liability and other consequences faced
by Exxon and other PRPs (and the o0il industry as a whole) as a

result of this oil spill, it is completely unrealistic to expect

® For example, we hear disturbing reports that numbers of
samples may be cut back drastically due to financial constraints.
This could severely undercut the validity of data and conclusicns
drawn from those data. Similarly, due to the high cost of
fractionizing water samples, only a very small percentage of the
samples is being taken for specific fractions; the rest are
analyzed for total hydrocarbons. This limits severely the
Trustees' ability to determine concentrations of individual
hydrocarbon fractions, such as benzene, ethylbenzene, toluene,
xylene and other constituents.

17
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that these parties can participate in the assessment and
restoration from an objective perspective.

Allowing PRPs to participaﬁe in the assessment process is
akin to asking the fox how many chickens it ate. Because Exxon
is financially liable for any natural resources destroyed or
damaged due to the spill or the spill cleanup, it clearly has
little incentive to document the full magnitude and severity of
those damages. In fact, Exxon has a direct pecuniary incentive
to minimize any proof of the damages caused by the spill.7

This conflict of interest is far from purely theoretical.
Exxon now has been sued by a large number of parties, including
NRDC and other environmental groups, commercial interests, and by

8

at least ocne of the Trustees.” Thus, a direct adversarial

interest already exists related to the specific issues that will

2 1t

be addressed by the damage assessment and restoration plan.
is completely untenable to give Exxon direct control over matters
that are likely to be contested in court between Exxon and the

Trustees.

7 Information collected by NRDC and other groups demonstrates
that where PRPs participated in Superfund remedial _
investigations, treatment options (as opposed to containment or
other less permanent remedies) were chosen only 38% of the time,
compared to 61% where EPA or states took the lead in remedy
selection. This demonstrates the high potential for PRP bias in
this type of activity.

8 we fully expect that suits will be filed by the.federal
Trustees as well, if the Trustees are to fulfill their public
trust responsibilities under CERCLA and the Clean Water Act.

% This adversarial relationship was exacerbated by Exxon's
recent lawsuit against the State of Alaska. Conceivably, Exxon
could use information collected during the damage assessment in
its case against one of the Trustees.

18
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Even aside from the formal conflict of interest related to
Exxon's potential financial liability, Exxon clearly has an
interest in minimizing the public's awareness of the actual
extent of the damages caused by the spill. From the outset,
Exxon seems to have been concerned first and foremost about the
public relations implications of the spill. We expect that this
will continue to guide Exxon's activities. These concerns could
jeopardize the objectivity and adequacy of the assessment and
restqration. One major factor driving Exxon's behavior, we
suspect, is the desire of the oil industry to drill in the Arctic
National Wildlife Refuge and other frontier areas of Alaska and
the Outer Continental Shelf. It is in the long-term interests of
the industry as a whole to attempt to minimize the public's view
of the damage caused by this highly visible event.

One might argue that while the concerns discussed above
apply to the damage assessment process, they should have little
bearing on Exxon's ability to develop and to conduct the
restoration plan. Here too, however, Exxon has a direct conflict
of interest that may jeopardize the conduct of an adequate
restoration effort. Exxon has an interest in deciding whether or
how to conduct any given portion of the restoration based purely
on whether it will reduce their ultimate liability by a
sufficient amount.® Indeed, since as confirmed by the State of

Ohio decision restoration cost is one measure of Exxon's

Exxon's possible attitude in this regard may be anticipated
based on the company's callous refusal .to commit teo return next
summer to continue the cleanup effort. '
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liability, Exxon has a direct incentive to minimize restoration
costs.

While this type of cost balancing may be appropriate for a
private corporation, it is completely inappropriate for purposes
of the public decision on the appropriate restoration of Prince
WIlliam Sound. This critical public decision should be based
entirely on biological factors. All feasible efforts should be
made to restore the environment of the-Sound to as close an
approximation of pre-spill conditions as poss.i};)le!.]1

Allowing the responsible parties to participate in the
damage assessment and restoration would be particularly ironic
and inappropriate in this case, where the malfeasance or
nonfeasance of Exxon, Alyeska and other responsible parties was
so directly responsible for the accident, the almost complete
‘failure to contain the accident, and the extremely ineffective
cleanup to date. Exxon's poor response to date, which has
focused on public relations to the detriment of sound
environmental response, renders them completely inappropriate for
a significant role iﬁ the damagé assessment and restoration.

Finally, it may be trueithat Exxon (and its consultants)
have more persorinel than the Trustees to devote to the damage
assessment and restoration. This does not mean, however, that
Exxon should participate directly in these efforts. As explained

" above, Exxon can and should be required to pay the Trustees, in

1 As discussed elsewhere in these comments, the Clean Water Act
establishes a preferred hierarchy of restoration, rehabilitation
and acquisition of replacement resources. While Exxon might
decide that acquisition of replacement resources is cheaper than
restoration, the Trustees are not free to make this choice. If
restoration is feasible, it must be the preferred approach.
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advance where necessary, to retain the necessary consultants and
other personnel to conduct a completely independent assessment
and restoration.

B. It Would Be Illeqgal to Allow Exwxon to Participate

Extensively in the Assessment Plan and Restoration

These policy arguments clearly suggest that Exxon should be
given no major substantive role in the assessment and
restoration. We also believe, however, that even after State of
Ohio, assigning Exxon this role under these circumstances would
be illegal.

The Clean Water Act imposes a specific trust duty on the
Trustees to conduct the damage assessment and restoration. CwWa
section 311(f) (5) provides:

The President, or the authorized representative of any

State, shall act on beha of the public as trustee of the

natural resources to recover.for the costs of replacing or

restoring such resources. Sums recovered shall be used to
restore, rehabilitate, or acquire the equivalent of such

natural resocurces by the appropriate agqencies of the Federal
Government, or the State Government.

(emphasis added). This language indicates that the Trustees have
the responsibility to conduct the damage assessment and
restoration effort, and prohibits the delegation of this trust
duty to an outside pa..‘:ty,]2 particularly outside parties with a

direct adverse interest.n

2 e do not suggest that specific portions of the assessment or
restoration cannot be performed by independent outside
contractors, who have no interest in the outcome, and who are
under the direct supervision of the Trustees.

B with respect to restoration, the Conference Report on the 1977
Clean Water Act Amendments, which added sections 311(f) (4) and
(5), confirms that the "measure of liability is the reasonable
costs actually incurred by Federal or State authorities in
replacing the resources or otherwise mitigating the damages." H.
' : (continued...)
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Similarly, section 107(f) (1) of CERCLA provides:

The President, or the authorized representative of any
State, shall act on behalf of the public as trustee of such
natural resources to recover for such damages. Sums

recovered by the United States Government shall be retained
by the trustee ... for use only to restore, replace, or

acquire the equivalent of such natural resources. Sums

recovered by a State as trustee under this subsection shall

be available for use only to restore, replace, or acguire

the equivalent of such natural resources by the State.
(emphasis added). CERCILA section 107(f) (2) (A) and (B) proceed to
elaborate that the assessment of natural resource damages must be
performed by federal and state officials, respectively,
designated by the President and the Governor of the affected
state.

Section 104 of CERCLA does authorize the President to allow
a PRP. to conduct emovai or remedial action, when the President
determines that such action will be done properly and promptly.
The definitions of "'rémove' or 'removal'" and "lremedy' or
‘remedial action'" (CERCLA sections 101(23) and (24)) describe
cleanup tasks, as distinct from naturallresource damage
assessment or restoration activities. By contrast, the natural
resource damage assessment and restoration provision (section
107(f), uses the terms "restore, replace, or acquire the
equivalent of such natural resources." Thus, even if Congress
intended to allow the PRP to conduct a cleanup, it did not intend
to allow PRPs to conduct the damage assessment or restoration.

This distinction makes perfect sense. The PRP may have a

direct interest in conducting a prompt and adequate cleanup, so

I3(...continued)

Conf. Rep. 830, 95th Cong. 1lst Sess. 92 (December 6, 1977)

(emphasis added).
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whole or in part.

as to minimize potential liability for natural resource and other
damages. But as explained aboée, the PRP has a direct conflict
of interest with respect to the natural resource damage
assessment and restoration.

Despite this statutory distinction, the State of Ohio
decision (we believe incorrectly) allows the Trustees flexibility
to delegate purely ministerjal duties related to the damage
assessment to PRPs. The Court made it clear, however, that such
duties must be supervised closely by the Trustees, and only
consistent with a lawfully-developed assessment plan. For the

policy reasons discussed above, we do not believe that the

1 Exxon

Trustees should exercise this flexibility in this case.
has not proven itself sufficiently reliable and objective to
serve the public interest in these taské.

Equally imﬁortant, because of the eéxtremely vague nature of
the assessment plan, implementation of all or any part of the
plan by Exxon would be more than purely ministerial. The plan
gives little or no guidance on such critical issues as location
of sampling, size and numbers of samples, analytical techniques,
data preservation methods, quality control procedures, and other
issues which severely affect the results of the studies. To
delegate such decisions to Exxon would seriously compromise the
study effort and give them major rather than ministerial

responsibilities in conducting the assessment. Given the

magﬁitude and complexity of this damage assessment, we doubt

U The Trustees note repeatedly that no decisions have been made
on whether to follow the Interior Department assessment rules, in
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whether sufficient guidance can be provided to render Exxon's
role purely ministerial.

Also because of the extremely vague nature of this
assessment plan, allowing Exxon or other PRPs to participate
directly in the damage assessment and restoration would violate
the due process and public participation rights of NRDC and other
parties who have a strong interest in the adequacy of these
processes. The Trustees' decisions on appropriate remedial
action, the monetary value of the resources lost or damaged due
to the accident, and on the appropriate restoration, replacement
or acquisition actions, are formal administrative decisions
subjgct to the Administrative Procedure Act, section 101(e) of
the Clean Water Act, section 117 of CERCLA, and relevant

provisions of state law. Particularly if the plan remains as

“vague as it is now, the parties who actually conduct the

assessment and restoration will end up making important
decisions, without public input, on how the assessment and
restoration will be conducted. Allowing Exxon or other PRPs such
a direct role in decisions related to the conduct of the damage
assessment and restoration gives one set of interested parties a
clear preference and advantage in this public process. This
would violate fundamental tenets of due process and public

participation in agency decisions.

VI. THE TRUSTEES SHOULD PROCEED QUICKLY WITH THE DEVELOPMENT OF
A COMPLETE RESTORATION PLAN.

Although the cover letter to the draft plan indicates that

the deocument includes both a draft natural resource damage
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assessment plan and a draft restoration strategy, no actual
proposed restoration strategy is included in the éocument.ﬁ
Instead, the document includes only an extremely brief discussion
of how the proposed restoration plan will be developed in the
future. This brief discussion provides no information on the
direction the Trustee Council is considering for a restoration
plan, or even possible options. Nor does the discussion even
include a precise schedule for the development of such a plan.

The draft plan should have included a far more detailed
discussion of this issue. In particular, as required by the
State of Chio decision, the total damages assessed against Exxon
must include the cost of restoration or replacement, to the
extent possible, and to the extent restoration or replacement is
not possible,_t?e cost of acquiring replacemeﬁt resources or
habitat. Thus, the réstoration plan has a direct relatiocnship
to, and therefore should be prepared as a part of, the natural
resource damage assessment plan.

But given that the plan announces an intent to seek
substantial additional public comment as it proceeds with the
development of a restoration plan (we agree this additional
oppoftunity for comment is legally necessary), we urge the
Trustees to proceed with the development of the restoration plan
as quickly as possible. While we recognize that some elements of
the restoration plan require a'more detailed assessment of what

resources were lost or damaged due to the spill, development of

B We use the term "restoration" to include restoration,
replacement, and acquisition of replacement resources and
habitat. As discussed extensively below, the Trustees should
ensure similar inclusive terminology.
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the restoration plan does not have to be put comﬁletely on hold
while this information is collected. With respect to some types
of resources, sufficient information is available now to prepare
at least an initial draft of a restoration plan. This plan can
be revised as more complete information becomes available.®
Moreover, given that an entire year of data collection has
already occurred for most of the studies included in the draft
restoration plan, it is unclear why certain aspects of the
restoration cannot begin next summer. We recognize that the
Trustees must balance the goals of conducting a detailed damage
assessment and conducting resteoration activities that may obscure
the damage assessment process. We also understand that, in some
cases, initiation of restoration work may have £o await
additional information on the nature and extent of damage.
~ The overriding objective, however, must be to restore the
affected environment as quickly and completely as possible.
Therefore, well-considered restoration work should begin next
year wherever possible, particularly where success will be
improved if restoration begins more quicklyfﬂ As a corollary,
since the public must have a fair opportunity to comment on

proposed restoration activities, a proposed restoration plan nmust

¥ yitn respect to resources for which even less information is
available, the Trustees could at least scope out the components
of the restoration plan that need to be developed.

T This is not to say that the Trustees should rush to implement
restoration procedures that may be ineffective or
counterproductive. See comment 4 below.
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be prepared this winter, at least with respect to those
activities that may begin next fear.n

When the restoration plan is developed, it should
incorporate the following concepts, at a minimum:

1. The restoration plan must include full consideration of
restoration, replacement, and acquisition of replacement
resources and habitat. Currently, for example, the draft plan
includes pno reference to acquisition of replacement resources or
habitat. See Draft Plan at 27-28.%

Proper consideration of all of these strategies is essential
for a number of reasons. First, as noted by many of the experts
who commented on the draft plan, complete restoration of the
environment of Southcentral Alaska is not possible. Therefore,
reﬁlacement or acquisition will be necessary to compensate the
American public and the environment fully for the damage caused
by the spill.

Second, currently the studies identified in the damage
assessment plan do not focus on the full range of restoration,
replacement or acquisition strategies. For example, no study
specifically aims to identify the types of habitat that may be

priorities for additional acquisitioﬁ, and to identify potential

B our concern that an opportunity to comment might postdate the
actual work is well-founded, since this is precisely what
occurred with respect to the first year of fleld data collection
on the damage assessment studies.

B as discussed above, cleanup, which involves removal of oil and
other contaminants, should not be confused with restoration,
which focuses on the biological functioning of the affected
environment. Thus, "bioremediation" techniques, while
potentially desirable cleanup methods, do not constltute
restoration.
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target acquisition areas not currently under public ownership, or
that are not currently protected. Similarly, no studies address
specifically such issues as the feasibility of restocking
populations, or the feasibility of restoring polluted benthic
habitat. The draft restoration plan must address these issues.

Third; the restoration plan should identify replacement and,
in particular, acquisition opportunities that might be time-
limited. For example, the Trustees may elect to protect
additional habitat in Prince William Sound by repurchasing timber
leases or by cancelling pending timber sales in the Chugach
National Forest, and by recommending more areas 6f the forest
with important fish and wildlife habitat for wilderness
designation D |

Similarly, should.the Trustees decide that additional marine
habitat should be protected to compensate for habitat lost due to
the spill, opportunities for acquisition must be identified
quickly. Viable opportunities include repurchasing existing oil
and gas leases in Bristol Bay or other areas of Alaska, which
would protect critical habitat for many of the species affected
by the spill, or the creation of a Prince William Sound Memorial
Marine Sanctuary in areas that are currently subject to logging,
oil and gas or ¢ther development pressures.

2. The restoration plan must consider all aspects of the
environment of the affected area, and not just commercially

important or other commonly-recognized species. Instead, the

D pecisions on some pending timber sales have been postponed due
to the spill. Obviously, these sales must be reconsidered in any
event to account for the major new biological stresses caused by
the spill.
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restoration plan must be designed to restore, replace, or acquire
replacement ﬁabitat for all affected species, and all affected
environmental qualities. In short, the goal is restoration or
replacement of the total environment, and the environmental
productivity and diversity that existed before the spill.

3. The restoration plan should focus on qualitative as
well as quantitative environmental measures. For example, a
restoration plan that focuses only on numbers of species and
numbers of organisms might supplant the affected environment with
a somewhat modified ecosystem, in lieu of true restoration.

Thus, the plan should consider not only numbers of species, but
the specific types and distributions of species in the region
before the spill. Similarly, the plan should focus not only on
populatian size, but also on the relative size of various
populations that interact in the environment. This will ensure
that the affected environment is returned to as close a condition
as possible as existed before the spill.

In addition, the restoration must focus on wilderness and
other aesthetic values, in addition to purely biological factors.
Prince William Sound, Kenai Fiords National Park, Katmai National -
Park and Preserve, Kodiak National Wildlife Refuge and other
affected areas are recreational resources for thousands of
people, and were intended to be preserved in their pristine,
natural state for future generations. National parks and other

conservation system units in particular were created by law
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specifically for wilderness and other recreational purposes.;21

These purposes, as set forth in relevant organic legislation,
land use and conservation plans, and other documents should be
reviewed as part of the restoration planning process. For
example, to the extent that the full wilderness values of an
affected national park cannot be "restored", these values should
be replaced through acquisition of other areas.Z
4. Extreme care should be taken with artificial
"restoration"® and "rehabilitation" techniques.2 While we
encourage the Trustees to consider the full range of restoration
and replacement options, and t6 employ options that are
promising, some "restoration" techniques may do more harm than
good, depeﬂding on the circumstances, location, and intensity of
use. . For example, salmon hatcheries may increase the local
salmon population and harvest, at the expense of the integrity of
wild salmon stock. Other efforts, such as restocking of wild
populations, may require considerable time and resources, with
limited success. The same resources may be spent more
effectiveiy by acquiring replacement habitat to support remaining
local populations while the affected regions recover naturally.

While we do not intend to choose particular options at this time,

4 For example, the entire coast of Katmai National Park, much of
which was affected by the spill, is designated wilderness.

2 Obviously, this determination is relevant to the final damage
assessment to the extent that funds are needed to acquire
additional land resources.

2 we do not consider techniques such as "bioremediation", which
uses nutrients to encourage bacteria growth as a means of
removing oil, to constitute "restoration". These techniques are
properly considered cleanup activities.
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we urge the Trustees to consider the full costs and effects of

all possible restoration strategies before particular strategies

are selected.

5. As with the damage assessment, the restoration plan must
provide, to the maximum extent possible, for the renewal of the
long~-term productivity and diversity of the affected environment,
and not just for the elimination of short-term, chronic effects.
For example, it is not sufficient simply to eliminate acute
toxicity in the environment and to replace the most cbvious
species to their original numbers. Efforts must be made to
ensure that the structure, function and productivity of the food
chain and other aspects of ecosystem function are restored to the
greatest extent possible. Similarly, attention must be given to
sublethal effects, such as the reproductive success, growth )
potential, and overall health of-individuals, as welllas direct
mortality.

6. The restoration plan must address damages caused by the
cleanup and other response activities conducted this summer, as
well as damage caused by the spill itself.

VII. THE TRUSTEES HﬁST DECIDE WHAT ASSESSMENT SfAHDARDS AND
PROCEDURES WILL BE USED IN THE ASSESSMENT, AND ALIOW PUBLIC
INPUT INTO THOSE DECISIONS. .

The Draft Assessment repeatedly notes that no decisions have
been made on such critical decisions as whether the Interior
Department damage assessment rules will be used, in whole or in
part, and what measures of damage will be used in the process.

These statements ignore two critical factors. First, the

State of Ohjo decision set forth critical guidance on what
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aspects of the rules may or may not be used, and on what basicr
economic valuation principles must be used in the assessment
process.z’ For example, the decision makes clear that the
Trustees may not employ the "lesser of" concept in Interior's.
rules, or any variant on that principle. Rather, restoration
cost must be considered the preferred approach unless restoration
is technically impossible or grossly disproportionate to the
value of the resources. Conversely, the decision makes clear
that the measure of damages must exceed restoration costs; the
lost use and nonuse values also must be assessed in order to make
the public énd the environment whole. In such cases, the Court
explained that additional damages should be used to acquire
replacement resources or habitat. Finally, the Court noted that
lost use values should not be based exclusively on "market
factors." 2all reliable means of calculating the value of the

P2

resource must be employed.

The draft assessment must be revised in light of the

. decision in State of Ohio to expand the economic studies to

evaluate the costs of restoring, replacing or, where neither is
possible, acquiring equivalent resources elsewhere. The economic
studies described in the draft plan, however, emphasize lost use
values to the exclusion of restoration. The commenté of

economist Mike Kavanaugh (attached) make clear the need to expand

# Economic issues are addressed in greater detail in the
attached comments of Michael Kavanaugh.

5 The Draft Assessment continues to obfuscate this issue by
indicating that lost use values will be considered in the
assessment, without defining the types of uses that will be
considered and the methods of valuing those uses.
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the scope of analysis; in addition, he suggests ways to improve
the proposed studies assessing lost use values.

Second, the standards and procedures that will be used in
the damage assessment will have a critical effect on the results
of the analysis. As such, the public has an absolute right to
comment on these decisions. Moreover, since the procedures and
economic methods that will be used to value the resources lost or
damaged due to the spill may affect the types of scientific
studies that are conducted, or vice versa, it is not sufficient
to allow public participation on this issue after all of the
scientific studies are completed. Public input into these

decisions should be allowed, therefore, as soon as possible.

VIII. THE TRUSTEES SHOULD INCORPORATE THE VIEWS OF A BROADER
SCOPE OF. EXPERTS AND RESEARCHERS

As noted above, we reguest that NRDC's experts play a role
in the formal peer review process being used by the Trustees. We
also believe, however, that other legitimate views may be
excluded from the ongoing damage assessment process.

For example, the role of the National Park Service is not
spelled out in the Draft Plan; leaving it unclear whether their:
views are properly being considered. Extremely important
national park lands were affected by the spill, yet only the U.S.
Fish and Wildlife Service (FWS) is listed as the Interior
Department's Trustee representative. This role should be shared
between FWS and NPS, to ensure that the interests of valuable
park lands are protected, and to take full advantage of the data

collected by NPS during and after the accident.
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Similarly, the Draft Plan appears to ignore entirely the
fact that much independent research and information collection is
being conducted in the areas affected by the spill. This ranges
from formal scientific research by independent scientists, to
coordinated or anecdotal efforts by citizens to identify
carcasses, oiled beaches and other readily-identified effects of
the spill. The assessment plan should discuss a formal effort to
collect and use, as appropriate, this information colleqted by’
outside sources. .

CONC ON
The Draft Assessmenp Plan fails to provide sufficient detail

to allow serious public comment on the conduct of the Exxon

Valdez damage assessment and restoration planning processes.
Nevertheless, it is apparent from the information provided

that the plan contains serious flaws that may jeopardize both the

.damage assessment and the restoration plan. Most notably, the

general proposal to limit the plan to one year of studies will
seriously underestimate the natural resource damages caused by
the spill. Moreover, the Trustees' failure to initiate serious
restoration planning calls into question their commitment to a
comprehensive, long-term restoration of the affected environment,
or to purchase replacement resources and habitat where full
restoration is not possible.

We urge the Trustees to correct the violation of ocur public
comment rights by allowing additional opportunities to comment on
all future key decisions related to the damage assessment and
restoration. More_important, the Trustees should broaden the
scope and duration of the damage asséssment plan, and initiate
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fj) careful restoration planning immediately, consistent with these

ST,

comments and the attached comments of our experts.

ATTACHMENTS - COMMENTS OF EXPERT REVIEWERS
Comments of Dr. Anne McElroy
Comments of Dr. Patricia A. Lane
Comments of Dr. Howard L. Sanders
Comments of Dr. Michael Kavanaugh
Comments of Dr. Howard Liljestrand
Comments of Dr. D.X. Button
Comments of Drs. Steven Wright, Kim Hayes and Timothy Vogel

APPENDIX (Studies referred to in the comments of Dr. Patricia A.
Lane) )

Crowell, M.J. and P.A. Lane. The Effects of Crude 0il and
the Dispersant COREXIT 9527 on the Vegetation of a Nova
<:) " Scotia Saltmarsh: Impacts After Two Growing Seasons.

Lane, P.A., 198%. Environmental Effects Monitoring: Pitfalls
and Possibilities in Relation to Offshore 0il Development.

Lane, P.A., 1989. Synopsis for Environmental Effects
Monitoring: Pitfalls and Possibilities in Relation to
Offshore 0il Development.

Lane, P.A., 1988. Reference Guide to Cumulative Effects
Assessment in Canada, vol. I.

Lane, P.A., M.J. Crowell, D.G. Patriquin and I. Buist, 1987.
Use of chemical dispersants in salt marshes. Environmental
Studies Research Funds Report No. 070. Ottawa. 100 p.

Lane, P.A., 1985. Ecological Risk Analysis in-Regard to
Offshore Oil Development at Hibernia.
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COMMENTS ON THE DRAFT STATE/FEDERAL NATURAL RESQURCE DAMAGE ASSESSMENT PLAN
FOR THE EXXON VALDEZ OIL SPILL RELEASED IN AUGUST 1989, PREPARED SEPTEMBER,
1989

Anne McElroy

Assistant Professor

Environmental Sciences Program
University of Massachusetts-Boston

Scope of Review:

As stated in the Federal Register, public comments are being requested to
ensure that:

1) important resource concerns are not omitted,

2) the methodologies receive independent review,

3) that appropriate methodologies are chosen for assessment, and
4) that the costs of the assessment are reasonable.

The Register notice also states that additional work will only be done if such
study is required to support legal recovery of damages for harm to natural
resources if such studies are justified scientifically and are consistent with
the objective of restoration of the ecology of the effected area.

As noted in the Register, to expedite damage assessment, all studies were
begun prior to publication of the Assessment Plan. Indeed, according to the
plan all data collection should be finished by mid September 1989, prior to
the receipt date for comments. Data analysis will continue until February 28,
1989. Comments at this point can only serve to criticize the Draft Plan and
make suggestions for additional work in the future. Without any preliminary
data, suggestions will be speculative. Considering the huge expenditure of
funds (35 million) committed to this plan, independent review prior to
commencement of study should have been obtained.

To purpose of the plan is to determine the extent and magnitude of injury to
natural resources of Prince William Sound and the adjacent Gulf of Alaska in
support of the development of a restoration plan to promote the long-term
recovery of natural resources and to support damages to be claimed for the
loss of services.

The plan focusses on assessing damage to each resource as an individual unit
with emphasis placed on quantification of exposure to oil components, stock
size, and in some cases reproductive fitness. Very little effort has been
placed on assessing impact on system wide, or interactive processes. For
exampie, how oiling may effect productivity in a given area which in tern may
affect species composition and or food resources. Investigation of each
resource species as an individual component is extremely costly and may miss
subtle effects caused by interactions between species. If species A is
severely affected, its former prey may become more abundant which may deplete
the food resources of species B. In this case the two species don’t interact
directly, but effects on one can lead to significant affects on the other. In
order to get a complete picture of damage to the ecosystem, a comprehensive
damage assessment plan should focus on individual species as well as their
interactions and functioning of the ecosystem as a whole.
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The goals of the major sections of the plan are summarized below:
Part I: Injury Determination/Quantification:

Coastal Habitat: to measure spill-related changes in supra-, inter- and
subtidal zones.

Air/Water: to determine the distribution and composition of petroleum
hydrocarbons in water, sediments, and l1iving resources (ie. determine the
dose). '

Fish/Shel1fish:  to 'quantify numbers and effects in major fisheries
species.

Marine Mammals: quantify deaths, patholegy and toxicology as well as
number and distribution.

Terrestrial Mammals: quantify damage to coastal species which would
consume contaminated aquatic species and run Tlaboratory experiments to
assess effects on mink as a modei.

Migratory birds: quantify mortality, population census, reproductive
success. ,

Technical Services: Provide the expertise and coordination to ensure
accurate and verifiable measurements of hydrocarbons in all samples,
histopathological measurements in tissue samples, and mapping of results
obtained.

Part II: Development of the Restoration Plan and Implementation Plan:
Part III; Damage Determination: Economic Value of Resource Use

In the summary statement at the beginning of the plan, the following c¢riteria
were given for choice of the studies included into the plan:

1) 1ikely validity of impact hypothesis,
2) soundness of scientific approach,

3} cost-effectiveness, and

4) coordination with related work.

From the information presented in the plan, it is very difficuit to assess how
well each study met these criteria. Considering the extent of the spill, it
is likely that all of the resources under investigation would be affected in
some way. Therefore the hypothesis of impact is a moot point. The individual
studies only justified the importance of the specific resource under
investigation, not the soundness of the scientific approach. In many cases an
adequate description of what will actually be measured is absent. Details of
sampling and analysis are also sparse, making analysis of the approach and
particularly the cost-effectiveness impossible.

I have gone through the details of the Coastal Habitat, Air/Water,



Fish/Shel1fish, and Technical Services portions of the proposal, have made
specific comments on each, and prepared a brief overall summary statement.

GENERAL COMMENTS ON THE PORTIONS OF THE PLAN REVIEWED

In all cases it is impossible to tell if the budgets are appropriate because
no details are given on sample size, number of man-hours needed, specific
equipment, or anything else. The Tevel of detail in the study plan, methods
and analyses given and budgets presented would be completely unacceptable in
any kind of peer-reviewed grant or contract application.

In most of these studies, it is also impossible to tell if the methods to be
used are appropriate, again due to lack of information presented. The QA/QC
plans given in Appendix A and B for chemical analysis and histopathology
analysis indicate field sample collectors and analysts will all be properly
trained and that appropriate blanks and standards will be run, and that
periodic inspection and intercalibrations will be conducted. No similar
description of QA/QC is given for the other measurements described. in the
plan. A large concern is the speed at which this study was undertaken, and
the early date at which it is to be completed (2/28/90). Judging by the dates
attached to the signatures on the QA/AC plans, much of this work was already
in progress before this document, or standard analytical procedures were
agreed upon.

Considering the magnitude of the task, it is impossible to believe that these
analyses will be completed by March, 1990. If not, when will the information
be available. No time-lines for interim reports or data coordination are
given. This will be essential to damage assessment and making informed
decision on what portions of this study, or addition work may need to be done
in subsequent years. Almost no information is given about coordination,
specifically when each of these studies will be done, if different portions
will be coordinated temporally, who will be responsible for coordinating
sampling, analysis, and data transfer. Formation of the Analytical Chemistry
Group and the Histology Technical Group to oversee all QA/QC, and I hope
coordinate data evaluation, is a step in the right direction.  Similar
coordination and oversight groups should be developed for the other types of
data to be generated.

The studies as presented appear to be mostly descriptive, in some cases
grossly over-sampling specific habitats or species. There is a tremendous
amount of information available about the effects of oil on organisms (NRC,
1985). Information obtained from other similar spills should also be utilized
(e.g. the Amoco Cadiz which grounded near a rocky coast in temperate waters).
This work should not be repeated, rather the information from these studies
should be wutilized, Short-term efforts should be focused on clearly
documenting the extent of o0iling and effects on key resource species. This is
adequately, and in some cases excessively covered in the plan. However,
additional study should focus and measuring and predicting the reservoirs,
movement and availability of oil which remains in the system, and in
quantifying Tong-term effects on rescurce populatijons and community function
and structure. Possibly monetary damages could be assessed in two phases,
immediate and continuing.



Assessment of short-term effects on these species will generate data needed to
calculate immediate monetary damages. In addition, provisions must be made to
assess the economic values of long-term, more subtle damages. For example,
persistent changes in benthic community structure or productivity might
represent a significant enough change in food resources to cease to support a
given commercial species in a given area. If the coupling between community
productivity and decomposition is significantly disturbed, anoxic conditions
could develope which would render the area unsuitable for many species.
Determination of the movement, persistance and availability of oil in the
benthos is essential tec the prediction of long-term effects. Information of
this type will be more useful to understand the fates and effects of oil in
this system and predict future fates and effects of the o0il from the Exxon

" Valdez as well as other spills which will undoubtedly occur in the area.

Ecosystem function parameters have been largely left out of this study.
Community structure will be evaluated in the Coastal Habitat Study, and in
some of the fish studies the age/size distribution of individual species will
be documented, but 1ittle effort has been made to access the functioning of
the ecosystem. Particulary in the near-shore estuarine habitats primary and
secondary productivity as well as system respiration and organic mater
decomposition should be assessed in selected areas. In the Amoco Cadiz
petroleum degradation by microbes was significant, and researchers felt that
the relative decrease in abundance of hydrocarbon metabolizing bacteria with
time was a good indicator of recovery. Investigation of o0il degrading
microbes is absent from the plan of study. Simitarly, structural and
functional analysis of micro and macro plant and algal communities appears to
be left out of the study plan. Coastal and submerged plants and algae should
be included in the study, as these species can be important habitat "in
themselves and form the basis of the food chain.

Another aspect that could be better addressed concerns the fate of persistent
01l components. Analysis of hydrocarbons in the sediment and pore waters
should be documented for years. Twenty years after the oil spill near West
Falmouth in Buzzards Bay, MA; oil was found in marsh sediments (John
Farrington, pers. comm.}. In the Amoco Cadiz spill oil migrated down through
beach sands and cobble to the beach/water table interface. Movement through
subsurface waters has not been addressed here. 0il buried in beach sediments
may be quite persistent and would be re-released during winter storm events.
The magnitude of this annual re-infusion of relatively unweathered oil should
be assessed. As mentioned above, the air-sea interface also seems to have
been neglected. '

Study of the Amoco Cadiz oil spill for 20 months demonstrated the persistance
of 0il in nearshore sediments, and the persistance of alterations in benthic
community and coastal marsh habitats. Indeed these later two parameters
should 1ittle evidence of recovery during this period. Considering the colder
waters of the arctic, recovery may be much slower. Clearly portions of these
studies must be continued for at least several years, with some analyses
continued even longer. The damage assessment plan presented, if conducted
properly, should be able to support calculation of the immediate monetary
damages associated with the Exxon Valdez spill, but some provisions must be
made for careful study to assess long-term damages.




COASTAL HABITAT INJURY ASSESSMENT
Overall goals are to determine:

1) abundance of intertidal and subtidal organisms used as food by
resource species,

2) contamination of these food resources by oil,

3) quantification of injury over the entire 600 mile affected area, and
4) recovery of various habitat types after clean-up treatments.

Although not specifically stated in goals, attempts will also be made to
assess potential impacts of clean-up efforts on the above. This portion is
mostly aimed at looking at food chain effects, both for lack to food items and
food chain transfer of oil.

Study 1: Comprehensive Assessment of Injury to Coastal Habitats
Description:

Phase 1: categorize coastline into 5 representative coastal habitat types,
with representatives of each with low, med, and high oiling. Selection of
sites will be ‘"statistically wvalid® and ground-truthed through a
reconnaissance survey. Study design will allow extrapolation to entire 600
mile affected area. Initial selection will be based on exiting coastal
morphology scheme and shoreline impact survey maps prepared by Technical
Services Study 3#. Ground-truthing will establish approx. 150 study sites.

Phase 2: assess changes in critical trophic levels and interactions, and
assess changes in terms of quantity (biomass, productivity) and quality (vigor
and utility to other trophic levels) and composition (community composition,
diversity and standing crop of key species).

These data will be used to:

1) assess injury to beach sediment and soils,

2) establish response of these parameters to oiling and clean-up,
3) estimate rate of recovery and potential for restoration, and
4) provide linkages to other studies.

Methods:

Phase 1: using GIS pick 3 rep. sites, for each of 45 categories (3 regions x 5
habitat types x 3 degrees of oiling) plus extras = 150. Visit to check and
photograph sites, establish boundaries, and describe sites.

Phase 2: study 4 vertical transects through ail 3 tidal zones at each site.
Chemical analysis of sediment will include hydrocarbon composition as well as
determination of volatile organic compounds. The percent of sediment covered
with 011, depth of oiled sediment, salinity and soil/sediment texture will
also be determined. Biological apalyses will include community composition,
cover, and standing stock for each trophic level measured. Dominant producing
and prey organisms will be designated as key species and estimates of quantity
and quality made to assess their contribution to energy flow in the habitat.
Amphipod LC50 bioassays will be done to assess sediment toxicity. Samples of
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key species will be analyzed for hydrocarbon content.  Additional species may
be investigated to support other projects. It appears that some of these
parameters will be followed over time, as changes over time are mentioned.

Comments:

As described, this study could provide extremely valuable information as to
the effect of o0il on benthic community structure, the extent of contamination
by various oil components in the coastal zone of the entire effected area, and
some estimate of how the oiling of benthic communities may affect species
feeding on these organisms either due to lack to food (due to death of prey
organisms) or food chain transfer of hydrecarbon contaminants (based on the
hydrocarbon content in key prey items observed).

It is impossible to tell from the information given how well these objectives
will be realized. Measurements will be made along 4 transects at each of 150
sites. No information is given about how many of each type of measurement
will be made along these transects, or what methods will be used. No mention
of the time scale for sampling is given. Will some of these be visited just
post spill, and others only at the end of the summer? The only.way to really
assess damage to these habitats and predict recovery or plan recovery
strategies would be to revisit a representative number of sites on an annual
basis for at least several years, with less frequent sampling at multi-year
intervals for a least a decade. On the recent 20 year anniversary of the West
Falmouth oil spill in MA signs of o0il were still present in subsurface
sediments.

Although alluded to, no specifics are given on how ‘the success of the beach
steam cleaning operations will be assessed. Paired measurements between
beaches that were manually cleaned and those which were left alone could
determine whether or not these efforts had any long-term effect on the removal
of o0il and toxicity to organisms. It is quite likely, in my opinion, that
steam cleaning may have done more harm than good. This would be a perfect
opportunity to assess this before any more "steaming” is done next year.

In principle this study, if adequately carried out and scaled down to a
manageable number of sites, would be a good start to assess coastal habitat
damage. In addition to the chemical analysis of sediment and biota, species
abundance and composition analysis, and sediment toxicity bioassays proposed,
plants and algae should be included ir the abundance censuses and be analyzed
for hydrocarbon content. As the basis of the food web and important habitats
in themselves, the effects of o0il on these species should definitely be
quantified.

It would be helpful to get an estimate of community function in coastal
habitats. Primary and secondary productivity should be assessed in the
intertidal and nearshore water column and benthos. This will mean analysis of
phytoplankton, submerged vegetation and macroalgae as well as determination of
organic carbon and hydrocarbon turnover by microbes. Benthic community
respiration rates might also yield useful relative information about impacted
and control habitat function.
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AIR/WATER RESQURCES INJURY ASSESSMENT
WATER RESOURCES
Overall goals are to:

1) map the extent and persistance of floating o0il (slick, mouse, tar
balis) over the study area, and verify that this material came from the
Exxon Valdez,

2) quantify the geographic and temporal distribution of dissolved and
particulate oil in the water column, and

3) document levels of petroleum hydrocarbons in subtidal and deep water
sediments and biota

Study #1: Geographiéa1 Extent and Temporal Persistence of Floating 0i1 from
the Exxon Valdez -

Summary: This is primarily.a mapping project which will utilize exiting aerial
photographs following the progression of the spill, and apply mathematical
models to predict coastal impact, and amount of flecating oil. Satellite
imagery will also be employed. Samples of floating 0il will be analyzed for
hydrocarbon content and distribution to "fingerprint" the oil in the hope of
assigning it to that carried by the Exxon Valdez.

Comments: Use of aerial and satellite images over time should be very useful
to map surface oil movement, and document all shore areas impacted.
Fingerprinting the oil (particularly before had weathered significantly should
help to implicate the Exxon VYaldez).

Study #2: Petroleum Hydrocarbon-Induced Injury to Subtidal Marine Sediment
Resources

Summary: This study will analyze total petroleum hydrocarbons (TPH). by gas
chromatography (GC) and polycyclic aromatic hydrocarbons (PNA) by GC-mass
spectrometry with selective ion monitoring (SIM) in subtidal and deep
sediments as well as sediment grain size and organic carbon content in
offshore areas known or expected to have been oiled and nearshore sites in
coordination with the intertidal sampiing sites estabiished by the Coastal
Habitat study. Site selection will be based on areas likely to have received
0il, sensitive areas (hatcheries and estuaries), and areas near to oiled
coastal habitats. Sampling will be done in Prince William Sound, Kenai
Fiords, the Kodiak Island area and additional locations extending to the
Aleutian Chain. In Prince William Sound a manned submersible wiil be used to
visually check areas for the presence of o0il. Hydrocarbon analysis will be
done on the top 2 cm of the sediment. If preliminary screening indicates the
absence of o0il, GC-MS will be omitted.

Comments: This study should give an accurate picture of how much and what
components of the oil are contaminating surface sediments in deep and
nearshore areas. The analytical methods should be appropriate, but again, no
indication is given of exactly how many samples will be analyzed. If these
data are to support the coastal habitat study, the same sampling and chemical
methods must be used. Since hydrocarbon concentrations in the sediments of
some of these areas should be high, it would be very useful to also measure



these compounds in pore waters;, as this will allow better estimates of what
may be available to biota, and what may be easily remobilized from the
sediment. Another informative exercise would be to bring representative
samples of these sediments into the laboratory. Relatively simple microcosm
experiments would generate data on the actual flux of hydrocarbons out of the
sediment and its bioavailability to marine organisms. This information would
greatly assist modeling the long-term fate of these compounds in subt1da1
sediments.

Study #3: Geographic and Temporal Distribution of Dissolved and Particulate
Petroleum Hydrocarbons in the Water Column

Summary: This project will analyze volatile aromatic hydrocarbons, TPH by GC
and PNA by SIM in water samples already collected at 1,3,5, and 9 depths by a
number of groups at "numerous" stations in Prince William Sound, Kenai Fiords
and Katmai National Parks. In addition, mussel cages will be deployed at 12
sites in the sound and 18 sites outside the sound to serve as sentinels of
water column concentrations of these compounds. Tissue burdens of petroleum
compounds will be analyzed in mussels. Additional water samples (including
bottom water ) will be collected and analyzed as described above at a selected
number of sites.

Comments: These parameters need toc be measured in water column samples.
However, no mention is given in the methods of how or what size of water
samples were collected. Due to the low concentrations which would be found in
most samplies except those taken in the immediate vicinity of the slick, these
measurements are very difficult. In order to get really accurate numbers (ie.
detectable levels), extremely Targe volumes (up to many gallons) of water must
be collected using clean techniques. In the summary, they speak of
determining dissolved and particulate concentrations, yet no mention of this
is given in the methods. Due to the high partition coefficients of some of
these compounds, it is very important to analyze dissolved and particulate
fractions separately. Unless it was clearly specified that ail groups had
collected water samples in exactly the same way, I would also worry about
results being comparable.

Another portion of the water column which seems to have been ignored is the
sea surface microlayer. This interface is well known to be a Jocation for
locally high concentrations of hydrocarbons. It is also the home of floating
eggs and larvae, and a location of photochemical reactions which are likely to
alter the chemistry and toxicity of petroleum compounds in this layer.

Use of caged mussels as sentinel organisms is a good idea, but again,:
evaluation of this portion of the project is hampered by lack of information.
How long will the cages be deployed, and at what depths?  Hydrocarbon
concentrations in mussel tissues tend to be lowest in the late summer just
after spawning. Will the same compounds be quantified and mussel tissue and
water column samples? How many replicate mussels per cage, and cages per
area? There is a large amount of data in the literature on accumulation and
depuration of hydrocarbons from caged mussels. Placing caged mussels at so
many stations may be unnecessary.

Project #4: Injury to Deep Water (>20 meters) Benthic Infaunal Resources from
Petroleum Hydrocarbons



Summary: This study- plans to coliect benthic samples by Van Veen grab for
analysis of community structure at sites (and at the same time) of deep water
sediment sampling. Samples will be archived waiting results of sediment
analyses, and some undetermined subset would eventually ba analyzed for
infaunal species composition, abundance, and biomass. Sediments will also be
analyzed using "microbial techniques."

Comments: This study stands out for the Tack of information presented. No
specifics are given as to the number of grabs per station, nor the level of
enumeration to be achieved. The statement about "microbial techniques" is
meaningless by itself. Since no information is given about the frequency of
sampling it is impossible to say how the results of this study would determine
the persistence of injury to benthic resources studied. One of the
Jjustifications for this study is that is these species serve as food sources
to resource species, and that this study will quantify the extent of
contamination of these food resources. Monitoring species composition and
biomass will determine if these dietary resources have been destroyed, but
unless samples of these organisms are evaluated for hydrocarbon content, it
will not be possible to determine the potential for food chain transfer of
hydrocarbons from benthic infauna to marine resources.

Once water column concentrations of oil have dissipated. The sediments and
infaunal organisms will serve as the long-term source of hydrocarbons to the
water column and species resident or migrating through the entire area.
Investigation of these processes should not be omitted.

Study #5: Injury to the Air Resource from the Release of 0il-Generated
Volatile Organic Compounds

Summary: This study will measure the volatile organic compounds (VOC)
concentrations coming off fresh and weathered o0il, and model these data into
existing air dispersion models and wind vector data to predict what
concentrations of VOC would have been over time and space and model toxic
exposure probabilities to organisms encountering contaminated air.

Comments: I don’t know much about this area, but if the modeis are accurate
they could predict the extent of toxic concentrations in the atmosphere which
may have caused injury to any birds and marine mammals which were there at the
time. The need for this study to access resource damage does not seem
compelling to me. This study would have more utility in predicting
atmospheric toxic exposures from future events.

Overall Comments Coastal Habitat Assessment:

Despite the Tlack of detail in the study descriptions, components of all of
these studies are essential to document the extent of o0il in the water column
and benthos (sediment and organisms) and any immediate changes if populations
observed. I would strongly suggest that the number of sites visited could be
reduced in favor of more detailed analyses at some of the sites. Continuation
of sampling in subsequent years will be essential to determine the long-term
jmpacts, plan remediation strategies, and document recovery. In my opinion,
the additional measurements and experiments suggested would help to better
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document effects of 0il on the habitats and provide information that could be
used to model and predict the fate and effects of o0il in these areas.

FISH/SHELLFISH INJURY ASSESSMENT
Overall goals:

Each species was evaluated as a separate resource with species selection based
on value as an.indicator organism or role in major fisheries. For each
resource evaluated, abundance and mortality of larvae, juveniles, and adults
in oiled and non-oiled areas was assessed. Through the use of the Technical
Services Program, tissue concentrations of petroleum hydrocarbons in resource
species in some of these studies will also be evaluated.

These studies will be reviewed in groups containing all studies related to a
particular species, or studies related to similar species. Each study in the
group will be briefly described, followed by comments on the entire group.

Study #1: Injury to Saimon Spawning Areas ih Prince William Sound

This portion will visually inspect all known spawning streams in the Sound
directly affected by oil, photograph each area and document the extent of
0iling including penetration of oil into the substrate. Approximately 100
streams will be surveyed by counting numbers of live and dead salmon by
species, location in river, stage of spawning, evidence of prespawning
mortality, tide stage and visibility.

Study #2: Injury to Salmon Eggs and Preemergent Fry in Prince William Sound

Forty-six of the streams studied in #1 will be selected for preemergent fry
studies. Historical data is available on approximately half of these streams.
In each stream 4 zones upstream will be samples for numbers of Tive and dead
eggs and live and dead preemergent fry by species. This will be done 2 times
in April and once in autumn.

Study #3: Salmon Coded-Wire Tag Studies in Prince William Sound

Salmon fry or smolt will be tagged prior to release from five hatcheries in
the Sound. Two of which received heavy oiling. Marine abundance, survival
and harvest of tagged fish will be assessed, as well as the extent of straying
of returning salmon into outlying areas.

Study #4: Early Marine Salmon Injury Assessment in Prince William Sound

This study will evaluate some of the tagged fish from Study #3 collected at
various points as they migrate through oiled areas for tissue hydrocarbon
content and histopathology. Abundance, growth, feeding habits, and behavior
of Jjuvenile salmon from both oiled and un-oiled areas will also be assessed.
Any fish kills observed will be documented. Pairwise comparison between oiled
and control areas will be made for all parameters measured.

10
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Study #7:Injury to Pink/Chum Salmon Spawning Areas Outside Prince William

Numbers and Tocations and species of live and dead spawning salmon will be
determined in at least 4 Tocations in 109 streams outside Prince William Sound
where historical informatien on fry density is available.

Study #8: Injury to Pink and Chum Saimon Egg and Preemergent Fry in Areas
Outside Prince William Sound

Preemergent fry and egg sampling will be done in the fall and spring (Spring,
1990?). Counts of 1ive and dead eggs and fry by species will be done at each
of 10 digs at 4 locations in each stream studied. All1 109 streams will be
assessed for preemergent fry and approximately 80 steams examined for eggs.

Study #9: Early Marine Salmon Injury Assessment for the Kenai Peninsula and
Kodiak/Shelikof Strait

This study will repeat many of the measurements made in Study 4 on juvenile’

salmon in locations more distant from the site of the oil spill, but which
were impacted by the slick at a later date.

Comments Studies #1-4:

Together these studies will generate a picture of the how badly the salmon
spawning habitat was affected by oil, the impact on eggs and fry, and the
success and relative health of this year’s crop of released fry and smolt as
well as their exposure to petroleum hydrocarbons. Portions of the study
should be continued to document re-capture of tagged fish returning from the
ocean in subsequent years to quantify any long-term effects of the spiil on
these species. Again, the number of sites to be studied seems excessive.
Certainly a good picture of the effect of oil on spawning salmon and their
eggs and fry could be documented with many fewer sites.

Comments Studies #7-9:

These studies repeat in lesser detail some of the work done on salmon species
within Prince William Sound. As these fisheries probably were exposed to oil
of different concentration and composition from that experienced in the Sound,
their study seems justified in the complete assessment of the effects of the
spill to fisheries™in the area. Once again, the number of sites seems
excessive, and to really document effects on these fisheries, some areas
should be revisited in subsequent years.

Study #5: Injury to Dolly Varden Char and Cutthroat Trout in Prince William
Sound

This study will investigate the effects df the spill on twoe recreational
fisheries species with fairly pnarrow habitat ranges utilizing streams and
lakes which communicate with the Sound. These species migrate annually in and
out of overwintering lakes down streams into the estuary to feed, and then
migrate back again. Weirs will be placed on four streams to catch and tag
individuals from the spring emigration. A1l fish caught will be counted.
Weirs will be placed on two additional oiled and un-oiled rivers to count all
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smolting, overwintering and spawning Dolly Varden char and cutthroat trout.
Two of these streams have oiled estuaries, two do not. Survival of the
tagged fish will be assessed through the capture of tagged fish in the
recreational fishery described in Study #6 and recapture in this study {no
date given).

Study #10:Injury to Dolly Varden Char and Sockeye Salmon in the Lower Kenai
Peninsula

This study basically expands the work done on Dolly Varden char in the Sound
as part of Study #5 to four areas in the Lower Kenai Peninsula (2 oiled and 2
control). Sockeye saimon are also found at two of these sites.

Comments: Compared to the salmon studies, this one seems much more
manageable. Pairwise comparisons will be made between repliicate oiled and un-
oiled stream/estuary systems. Although the fate of some of the tagged fish
will be assessed as part of the Sport Fishery Harvest Effort (Study #6), it
would alsc make sense to place weirs on the river to document the number of
fish (both tagged and untagged) returning to the lakes to overwinter. These

. fish will have spent the summer feeding in areas impacted by oil, and

therefore should best demonstrate any effects. Samples of fish on both the
downstream and upstream migration would be taken for hydrocarbon analysis and
histopathology. Measurements should also be taken of length and weight to
document any sublethal effects of o0il on growth during the summer feeding
period.

Study #6: Prince William Sound and Gulf of Alaska Sport Fishery Harvest and
Effort

This study will survey the sport fishery harvest of salmon, rockfish, halibut,
cutthroat trout, and Dolly Varden char by interviewing anglers from 7
locations from May 1 through September 15. Information on the sport catch
from anglers using sea planes will be obtained through logbooks maintained by
fishing guides. Some fish caught will be examined for (visual I presume}
signs of o0il contamination. Although not stated, ] would assume the study
would document the location of capture of tagged fish.

Comments: By comparison with historical data on the sport fishery catch, this
information should determine whether or not in the first season post spill
sport fisheries have been affected. This project should generate information
directly applicable to the impact of the spill on sport fisheries, should
relatively cheaply gather information on fish abundance independent to that
collected directly as part of this study, and by involving the sport fishing
populace should generate public enthusiasm for the restoration efforts.

Study #11: Injury to Prince William Sound Herring

Spawn deposition surveys will be conducted in up to 160 randomly selected
transects through areas of herring spawn by divers and non-size selective
harvesting of spawning adults. This information will be used to estimate
herring abundance, egg densities, spawning bed dimensions and fecundity. The
ratio of live to dead herring eggs in oiled and non-oiled areas will be
assessed every four days until hatching. Eggs will be collected for
hydrocarbon analysis. 180 batches of spawn collected from oiled and non-oiled
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areas will be reared in the Taboratory where survival of eggs, larvae, size,
weight and presence of visible abnormalities will be assessed. Data will be
compared with historical information.

Study #12: Injury Assessment to Kodiak and Alaska Peninsula Herring

This study appears to repeat some of the work done in Study #12 in two other
areas. Laboratory exposures will be conducted to experimentally determine the
lethal and sublethal effects of oil on herring eggs, larvae and adults. Data
collected from the field will be compared with historical information.

Comments on Studies #11 & 12: Studies #11 & 12 are aimed primarily at
determining the effect of o0il on fecundity and survival of herring in and
outside of the Sound. Study #11 appears to be a comprehensive approach to
assessing abundance and reproductive success in this species. 160 transects
seems excessive, but no information js given on the size of the area to be
surveyed. Study #12 is extremely vague about what will actually be done, but
it appears that different kinds of laboratory investigations will be conducted
in these two studies. Better integration is clearly warranted. The effects of
water soluble fractions of o0il on fish larvae have been well studied by
others. Repeating these as part of this study does not seem appropriate.

Study #17: Injury to Prince William Sound Rockfish

This study will assess rockfish populations at 10 reefs in the Sound (6 oiled,
4 non-oiled). Fish will be collected with long-line gear in May and again in
August and tissues from fish collected for hydrocarbon analysis. Live fish
collected with hook and tine. Dead fish on the surface will also be
collected. Dead fish will be necropsied, and live fish sampled for
hydrocarbon content. The number and distribution of rockfish collected will
be compared with historical surveys.

Study #23: Injury to Rockfish, Halibut, and Lingcod Along the Lower Kenai
Peninsula .

This study will essentially repeat that described in study #17 at several
locations in oiled and non-oiled water in and near Resurrection Bay. The
species 1ist investigated will be expanded to include halibut and lingcod.
Sites selection will be based on areas known to have supported sport fisheries
in these species in 1988.

Comments Studies #17 & 23: These fish occupy a habitat not previously well
studied, so their examination is justified. Although not specified, I would
assume numbers caught during a standardized fishing effort as well as size and
size will be quantified. Fish should also be examined for parasites, oiled
stomach contents, and general condition. Efforts should be made to determine
the age of the fish caught (otolith analysis). This will determine what
proportion of the population is being counted and demonstrate if any age-
dependant effects are being observed. Organoleptic testing (taste tests for
tainting) for hydrocarbons is proposed in this study. This makes sense as
these fish are consumed by humans, and oily taste would lessen their value.
Why has organoleptic testing been omitted from the other studies? Regardless,
standard hydrocarbon analysis should also be done on these fish. Hydrocarbon
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analysis methods used on tissues taken in any of these studies should be
comparable.

Study #13: Injury to Prince William Sound Clams

This study will assess populations of clams (cockle, littleneck, clam, and
butter clam) at three sites each which received no, moderate and heavy oil
contamination. At each site three transects will be set up and clams sampled
at seven tidal heights along each transect. Live and recently dead specimens
will be collected, identified and counted. At each site an additional
transect will be set up to determine numbers of dead shells deposited on the
shore. For each species three samples will be collected per transect for
hydrocarbon analysis and histopathology. Growth and age estimations will be
made on 100 Tittlenecks collected from each transect at each site. One of the
heavily oiled sites will be monitored biweekly from May through September. If
sudden changes in the proportion of dead clams appear, all other sites will be
revisited at that time.” If this does not occur, all sites will be revisited
once during the fall. The repeat sampling will be used to monitor growth and

_relative abundance in young-of-the-year clams.

Study #21: Injury to Clams Outside Prince William Sound

This study repeats the analyses in Study #13 at ten locations in Resurrection
Bay,” lower Cook Inlet, Kodiak Island/Shelikof Strait, and the Alaska
Peninsula. At each location an oiled and a nearby non-oiled beach will be
selected. In addition to the species enumerated above, the razor clam will
also be investigated. Five of the Tocations (which ones is not clear) will be

revisited to document changes in growth rates and recruitment between oiled

and non-ciled beaches.
Study #16: Prince William Sound Oysters

Mortality, growth, condition and hydrocarbon content will be followed monthly
from April-September in marked- individuals from three oyster farms in the
Sound. One was in the-spill, one near it, and [ presume one was relatively
unaffected. Parameters measured will be evaluated with respect to degree of
0iling received and historical data from pre-spill years.

Study #25: Injury to Scallop Resources in Kodiak Waters

Mortality, growth, and condition factors of wild pink, spiny, and weathervane
scallops at one oiled and one non-oiled site in the Kodiak area will be
monitored monthly. Tissue samples for hydrocarbon analysis will be collected
every over month following the spill through October.

Comments on Studies #13,21,16,25: The clam studies (#13 & 21) appear to be
well designed and should unambiguously document the short-term effects of oil
on mortality and growth in 4 different bivalve populations. However, it is
not clear from the project description how growth will be documented, nor how
examination of growth parameters and the abundance of bivalves two to four
years old will give information about temporal changes in growth rates and
recruitment between oiled and non-oiled beaches. Condition (although not
stated I assume they are referring to a body condition index(volume of soft
tissue to total volume of organism)) should also be measured on a subset of
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individuals from the clam studies to provide information comparable to that
obtained in the other bivalve studies.

~Will the bivalves be allowed to depurate (void) their gqut contents prior to

analysis for hydrocarbons? The presence of hydrocarbons in material in the
gut can dramatically aiter whole body levels analyzed. There are good
arguments for and against depuration. However, the same approach should be
used in all studies if comparabie information is to be obtained.

Using marked individual the oyster study (#16) should give better information
about growth and age dependent mortality. However, care should be taken to
adequately assess effects on oysters of different ages (younger ones may be
more sensitive). The scallop study (#25) is very poorly defined. One of the
Justifications for conducting this work 1is the cooperative mariculture

‘feasibility and demonstration project at Kodiak, yet no further mention is

given of assessing scallops from the projects. Following only one oiled and
non-oiled site monthly over time seems insufficient. A better design would
utilize multiple oiled and non-oiled sites visited less frequently if
necessary. Also no mention is given as to how the scallops will be sampled to
ensure adequate representation of the area. How will age-dependent mortality
be assessed? Considering the relatively large budget assigned to this
particular project ($2.2 millien), a better study design is certainly
warranted.

Study #14: Injury to Prince William Sound Crabs

Levels of hydrocarbons will be measured in Dungeness crab samples collected
immediately after the spill and again in the autumn prior to egg hatch at
eight sites (4 each oiled and control). Fecundity and egg condition will be
determined from examination of the adults. Ovigerous crabs will be held in
the laboratory until larval release for estimation of larval production.
Similar measurements will be made on brown king crab collected in Auqust.
Samples of both species will alsc be taken for histopathology. Observations
will be correlated with leveled of hydrocarbons in the sediments at the
location of crab collection as determined in the air-water studies. Incidence
of ]eg(ﬂoss and abnormalities in shells of newly molted crabs will also be
assessed.

Study #22: Injury to Crabs Qutside Prince William Sound

This study will repeat the fall sampling on Dungeness crab described in Study
#14 at some number of oiled and non-oiled sites in Cook Inlet and near Kodiak
IsTand.

Comments on Studies #14 & 22: Study #14 is very well designed. Comparing
hydrocarbon levels in these crabs just post-spill and just prior to spawning
will give information about speed of depuration from this species as well as
short term effects on the adult and on reproductive success. Since female
crabs carry eggs on their pleiopods, adults, eggs and larvae can be examined
relatively easily in this species. I would suggest that hydrocarbon content
of eggs and larvae also be determined. At relatively little additional cost,
this will provide useful information to estimate impacts on larvae (the
effects of o0il on a number of crab larvae have been well documented) as well
as provide more information on potential food chain transfer of hydrocarbons.
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Study #22 is very poorly described. Although investigating effects on crab
outside the Sound is important, from the description provided in study #22
it’s impossible to tell what they are going to do. Since crabs live in
intimate content with the sediment and scavenge for food, they should be good
long-term indicators of o0il1 remaining in the sediments of these areas.
Components of this study should definitely be continued in subsequent years.

Study #15: Injury to Prince William Sound Spot Shrimp

Spot shrimp will be collected from oiled (Unakwik Inlet, Port Wells, Culross
Passage) and non-oiled (adjacent to Eleanor, Knight, and Green Island) areas.
Catch (in up to 264 pots) will be enumerated by number, weight, size, sexual
stage, and fecundity for each species. Samples will be taken for hydrocarbon
analysis. A stratified sampling pilan by depth and location within ociled
areas will allow statistical comparisons ~between relative abundance,
fecundity, stage of egg development, size fregquency distribution, sex ratios,
species catch composition, and hydrocarbon content to be made.

Comments: This study appears to be well designed. From the information given
it’s impossible to tell if the sample size is appropriate., If possible, egg
hydrocarbon content and survival should be assessed.

Study #18: Prince William Sound Trawl Assessment

This study will assess the bottom fishery within the Sound. Surveys will be
conducted from Mid-May to mid-June and again in August enumerating species
abundance and collecting otoliths for age determination in primary groundfish
species. ° These surveys will document the abundance of all species of
groundfish caught and age class composition for primary species. At eight
locations (4 oiled, 4 clean), tissue and organ samples of fish and shellfish
will be coilected for hydrocarbon analysis and physical injuries, and stomach
analysis for tar balls in ground fish.

Study #24: Shellfish and Groundfish Trawl Assessment Outside Prince William
Sound

This study will conduct parallel surveys to those conducted in Study #18 in
June and August in lower Cook Inlet (Kachemak and Kamishak Bays), bays along
the Alaska Peninsula, and coastal waters of the Aleutian Islands. Species
abundance and age composition will be determined as described above. Stomach,

.muscle, liver, and Bile samples will be collected and analyzed for indication

of exposure to oil and potential reproductive damage.

Comments on Studies #18 & 24: The post-spill survey should determine any
immediate impacts of o0il on the fisheries of all these species. The fall
survey should provide information on missing year classes, and provide a
baseline for future impairment of these stocks due to longer-termed effects of
the 0il. Hydrocarbon levels in tissue would indicate any human risk from
consuming these species. There appears to be some discrepancies between the
methodology to be used between the two studies. Stomach contents will be
analyzed in #18, but not in #24. Study 24 states that it will analyze bile
for the presence of PAH metabolites. This is an excellent idea because these
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levels of unmetabolized PNA would not be appreciable unless the fish were



still being exposed to hydrocarbons. No mention of bile analysis is given in
study #18. "Biochemical analyses" will be used to assess reproductive damage
in the fish caught in study #24. These methods should be clarified. Due to
my Kknowledge there are no "standard" biochemical analyses to assess
reproductive damage. Regardless, the same methodologies should be utilized in
all fish studies.

Study #19: Injury to Larval Fish in Prince William Sound

Potential damage to larvae in the water column will be assessed in this
study. According the draft report, there is virtually no historical data on
larval distribution or abundance in Prince William Sound. Larvae will be
collected using Tucker trawl nets with 0.5 and 1.0 mm mesh sizes and the
MOCKNESS muitiple open and closing net system once per month from March
through October. Larval densities will be recorded. Although not explicitly
mentioned, it appears that for some species, larval size and weight will be
recorded. )

Comments: This study should generate very useful information about larval
resources in the Sound. However, several important factors were either not
mentioned or were left out. No specifics are given as to the number of trawls
in 011 and un-oiled areas or the depths at which larval collections will be
made. Abundant or important Tlarvae should be examined for physical
deformities, and hydrocarbon content. Nowhere in the entire plan of study
have [ seen any reference to enumeration of phytoplankton or zooplankton
abundance or species distribution. In addition to fish larvae, zooplankton
caught in these nets should be enumerated. These species serve are food for
many of the larvae, and. have been shown to be sensitive to 0il. Running small
meshed next behind the nets already being towed in this study would also ailow
enumeration of phytoplankton. Again, for 1little additional cost another
component of the food chain could be assessed in this study.

Study #20: Undersea Observations

Remotely operated vehicles (ROVs) will be used to visually assess the extent
of submerged sediment oiling in up to 1,500 m depth in Prince William Sound
and the northwestern Gulf of Alaska. These observations will support
designation of paired oiled and un-oiled areas for the trawl surveys.

Comments: The utility of using ROVs to locate oiled and un-oiled deep water
sites in support of the fisheries surveys is well justified. Actual proof of
oiled sediments will be based on the sediment surveys conducted in other
sections. Sixty days of ROV time are requested. This seems excessive if they
are really being used primarily to support these other studies and not merely
to photograph the entire seafloor in Prince William Sound and the northwestern
Gulf of Alaska. Documentation of how ROV use will be coordinated with the
other studies it is to support should be presented.

Study #26: Injury to Impacts on Sea Urchins off Kodiak Island

Urchins from four oiled and four non-ciled areas off Kodiak Island will be
examined. At each site five transects will be surveyed at high tide in
September and November during the egg maturation period. Transects will be
picked so that at least three traverse kelp beds (prime urchin habitat). At
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gne meter intervals from mean high water to a depth of 20 m and out to a
distance of 3 m of either side of the transect, data will be collected on the
numbers of Tlive vs. dead and oiled vs non-oiled kelp. Every urchin
encountered will be assessed for viability, sex, diameter and position. Along
each transect a random sample of ten mature females will be assessed for roe
weight as a proportion of total weight and size. At each sample location, roe
from ten random individuals will be taken for histological examination and
three random composite samples of ovaries collected for hydrocarbon analysis.
In addition, twenty Tive urchins will be shipped to the laboratory for
bioassay of toxicity of oil to urchin larvae.

Comments: Compared to most others, this study was very clearly described. The
data collected should give valuable information on direct mortality of adults,
reproductive effects on adults, eggs pathology, viability of larvae, and
success of young of the year urchins. The hydrocarbon analysis of roe will
also help to quantify exposure and help to assess risk of human consumption.
Noting the presence of alive and dead and oil and un-oiled kelp will not along
help to assess exposure to the urchins, but document direct impact on another

.important resource, the kelp itself. Assessment of effects on coastal and

submerged vegetation and micro- and macroalgae is largely absent from the
study plan. In addition to visually noting the presence of o¢il, samples of
kelp should be taken for hydrocarbon analysis.

TECHNICAL SERVICES

Study #1: Hydrocarbon Analytical Support Services and Analysis of Distribution
and Weathering of Spilled 011l

This section and the details presented in Appendix A describe the framework
under which hydrocarbon analysis will be conducted.

Comments: This component is the most critical of the entire study, as accurate
and comparable determination of the quantity and composition of petroleum
hydrocarbons in all samples is essential to tying any effects measured to the
spill, predicting future effects on biota, and monitoring restoration of the
environment through either natural processes or human intervention. This
section and the supporting documents in Appendix A indicate that the
hydrocarbon analysis will be conducted in an appropriate manner. However,
since the QA/QC plan was signed in many cases after many of the samples were
collected for this study, one has to wonder whether or not all the steps to
ensure the quality and comparability of the analytical measurements will or
has been adequately carried out. Results from intercalibration exercises and
data on field and analytical blanks should be reported in the documents
resulting from this study. The formation of the Analytical Chemistry Group
to oversee all these efforts is an excellent idea.

Chemical analysis should be comparable between the different studies. Some
studies neglected to mention what chemistry -would be done, some indicated
analyses not mentioned in others. Only in one investigation was the analysis
of PNA metabolites discussed. Metabolites should be assessed in all fish
sampled for routine hydrocarbon analyses. In the Amoco Cadiz oil spill
dibenzothiophenes (sulfur containing aromatic hydrocarbons) were found to be a
persistent indicator of oil contamination whereas levels of PNAs were
sometimes high even in control samples due to the widespread distribution of
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these compounds in the biosphere. Analysis for dibenzothiophenes should be
included in the study plan.

Study #2: Histopathology: Examination of Abnormalities in Tissues from Birds,
Mammals, Finfish, and Shellfish Exposed to the Spilled 0i1 '

This section and the details presented in Appendix B describe the framework
under which examine of tissue samples for histopathology will be conducted.

Comments: Histopathological analysis can give very clear and comparable
evidence of the effects of oil on aquatic organisms. The description of the
methods and the QA/AC plans sounds adequate, although this is not my area of
expertise. However, no mention of exactly how preserved tissues will be
sampled is given. More effort should be placed on documenting
histopathological responses which may lead to long-term affects such as
genetic abnormalities. I would 1ike to note that lack to overt histopathology
should not necessarily be taken to mean that the organisms were unaffected.

Study #3: Mapping of Damage Assessment Data and Information

A1l data will be computerized and maps will be prepared to document the extent
of 0iling in the area, upon which effects noted can be superimposed.

Comments: The initial maps documenting the extent of oiling of water and
shoreline over the entire region will be prepared by June 19, 1989. These
will be useful to 1in development of the Coastal Habitat, and fish and
Shellfish assessment studies. Adapting a computerized format to collate and
display the information generated by this study is critical to proper
evaluation of results and the early identification of trends and areas which
will require further study. The initial maps should have been included in the
Study Plan. Furthermore, a time-table for generation of subsequent maps and
their distribution should be included in the plan.

PART I1 DEVELOPMENT OF THE RESTORATION PLANS
Comments: Basically all this section says is that a restoration plan will be
developed for $500,000. No information is given about the types of strategies

which may be considered. It appears that little though has been given to how
to approach restoration.

References:

0il _in the Sea, Inputs. Fates and Effects National Research Council, National
Academy Press, Washington, D.C. 1985, 601 pp.

Amoco Cadiz, Fates and Effects of the Qi1 Spill Proceedings of the
International Symposium at the Centre Oceanogologique de Bretagne, Brest
November 19-22, 1989, Published by the National Center for the Exploration of
the Sea, Paris, 1981 881 pp. in France with English abstracts.

The Amoco Cadijz 0il Spill a Preliminary Scientific Report NOAA/EPA Special
Report, Edited by Wilmot Hess, August 1978.
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STATE/FEDERAL NATURAL RESOURCE DAMAGE ASSESSMENT P
LAN FO
VALDEZ OII SPILL AUGUST 1989-FUBLIC REVIEW DRA;;THE o

PLA RESPONSE TO FOUR MAIN POINTS
October 13, 1989

1) ,;gogggig?ENOUGH INFORMATION PRESENTED TQ EVALUATE THE PROPOSED STUDIES
Generally, only brief overviews of each study or sub-study are given. Although
it i3 clear that many of the main envircnmental components have been identified
for gtudy, it is not so clear that the studies are designed well enough to
provide the needed information to quantify danages rigorously. In particular,
there i3 very little information given on sampling design and methods of data
analysis and interpretation during the post-data collection phase. In most
studies in which the quantitative details are not well spacified in advance for
both pre- and post-data collection study phases, there is a loss of usable
information and & waste of time and resources. In PLA'S report on environmental
effects monitoring (1989a,b), we point out many of these pitfalls and show
through an examination of world wide impacts of oil on environmental components,
how poor fleld sempling designs have greatly contributed to the failure to
document environmental effects attributable to a wide variety of 0il production
activities, including spills. These effects were undoubtedly far more significant
than those quantified and documented.

The text of the Damage Agsegsment Plan does not read as if it were written by
authors knowledgeable in these areas. This comment applies to both pre- and
post~sampling and statistical data analysis, as well as modelling on the
population and ecosystem levels. A few sentences are interspersed concerning
statistical analyses and modelling but few details are given as to what types
of data analyses ‘and scological models will be used and with what expected
results (prediction time frame, accuracy, confidence lavel, uncertainty level
etc.). ' The fact that the quantification aspects of the agsessment wére not given
more initial attention is extremely worrisome and is expected to affect the final
results. ’

A few generzl comments:

a) It might be wider to concentrate ¢n fewer components and use particular
. species as indicators of damage for a broader group of species than to try
to measure everything at such a gross level that all results are poor.
At the very least, quantification efforts have to be detailed and rigorous
for selected species representative of classes of damage., The existing
baseline data for each component were not specified. Had this information
baen fully specified, it would have been clearer which componsnts would
be more useful than others to quantify at the various pogsible levels of
detail. It was unclear if the authors themselves were fully cognizant of

the state of the background data sets.

b) There was almost no information on how the agsessors wers going to
tranglate environmental effects (aven i1if well measured) into economic
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c)

damages. This is part of the uantification pr
oblem but
complete lack of an appropriate logic brfdg'e f‘ronu tlaalsoeggfogical to

economic areas of concern, as well as the lack of

pPaper data collection exercises. Logic bridg: refe::s:gi:tzgtfiglgt:n:
that oqtline how one proceeds from the envirepmental zmeasyres in the fiefd
to estimating loss to a population or habitat, This estimate must take
into account not only the short term acute event (such as the death of X
nuatber of individuals) but alao the damage to the guccess (size) of the
future population because of the loss of reproductive contribution of these
individuals (and logically of their lost of Pepring) to future generations.
The logic bridge must then proceed to link the environmental loss to its
economic value. The assessment plan does not present a convincing logic
bridge, which indicates that the priority was given to obtaining field
meagurements., Too little attention was paid to whether or not the data
would be solid and maximally useful and whether the logic underlying the
final damags estimates would be convincing in a legal milieu.

Although the use of a Geographic Information System (GIS) to represent the
spatially-referenced impacts 1s commendable, it is only described as a tool
to map the valued resources and o¢iled areas. A GIS is designed to store
and manage large spatial data sets and to produce appropriate maps of these
data. These functions, however, represent only part of the usefulness of
thiz type of tool. In many caseg, these functions may not be cost
effective for a particular application. More importantly, if the GIS is
"intelligent", that is, can take the spatially-referenced information and
subject 1t to damage assessment functions, including ecological risk
analysis, then the GIS can be made into an invaluable tool for achieving
the damage assessment objectives. There was no evidence in the Damage
Asgsessment Plan that the GIS would be "intelligent" and fully utilized with
state of the art assessment methods. "Intelligence” here is used in the
sense of providing more than a map of existing conditions either by 1)
incorporating dynamic models of futurs conditions or by 2) integrating
different types of existing information into new types of information and
their habitats. For example, if bird populations were mapped in with a
GIS, it would be possible to model these populations qver time to produce
"future maps” of the digtribution and abundance of the species of interest
and then to estimate longer term damage by calculating change with and
without the oil spill to estimats longer term damage. In 2, other types
of information (toxicity, physiology, behaviour) could be added to that
of direct mortality of a species to illustrate future population gize, or
habitat damage could be modelled with recovery functions to illustrate
how the mapped habitat would change over time,

Esgentially, an "intelligent" GIS useg additional models to develop more
useful typss of information or to link future states to present gtates.
The logic bridge discussed above can also be at least partially, if not
wholly, incorporated inte the analysis. This typa of GIS is costly but
would become cost effective in the context of a long term damage assessment

- plan., For the particular type of damage in Prince Williliam Sound, a long
term damage assegsment capability is definitely needed.
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e)
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The virtual lack of any detail on the restoration part of the plan alse
did not inspire confidence. There should have been at least preliminary
categories of restoration activities and planning so that when the field
and laboratory studies were conducted, preliminary evaluations of
feasibility and priority c¢ould have been undertaken.

The problems identified above indicate to us the haste with which the
Damage Assessment Plan was probably assembled and the inherent difficulties
in coordinating such a large set of activities under less than ideal
conditions. While these comments cannot influence the data collection to
date, there are still some things that can be done to insure that the data
collected will be analyzed as appropriately as possible in the remaining
tine before results are generated. These "things" include taking stock
of the overall objectives of the program and the array of quantitative
techniques that are available to facilitate data analysis and
interpretation, including the development of appropriate models where none
presently exist. For example, if samples are pooled in particular ways
during laboratory analysis, this will preclude some types of statistical
analysis. Or if certain neasurements are not taken, this lack of
information may produce a logic bridge with a few key piers missing. As
much as possible, any part of ongoing procedures should be improved to
maximize the usefulness and reliability of the results to develop the long
term damage assessment capability. Specifically, it would be degirable
for all data to be placed in a central data analysis centre which could
be accessed by computer network (normal phone lines) by interested parties.
There should be a coordinated effort of the "datd analysus” to standardize
their "logic bridge or bridges" and formats of data collection, analysis
and reporting.

Available software (models, statistical methods, etc.) should be assembled
with one or more individuals to assist in thedir application and
interpretation of regults. In summary, it is ilmportant to ¢oordinate and
share resources and to communicate and integrate results among the
assessors, as was done during the spill. The degree this coordination is
possible and practical, gives a good indication as to how feasible 1t is
to measure community ecosystem response and cumulative effects.

Figure 7 in the Damage Assessment Plan lists the ugse of "Impact Hypotheses”
as ong of the key steps in the logic bridge. Hypothesis is a word that
is frequently used in science but i1t can have quite a different meaning
when employed in impact assessment, Often it is not possible to "test
hypotheses" in an impact assessment context, whereas thisg is possible in
a controlled laboratory experiment. It is important to understand the
differences and not to promote hypothesis testing when in fact that is not
possible., (See P. Lane and Associates Limited 1989a, b).

In summary, we do not believe that the studies are detailed sufficiently.

More worrisome than the actual description, which can best be portrayed
as a fairly superficial "meagsure everything" approach, is the lack of
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evidence as to how the data will be integrated and anal zed in a ¢t
quantitative way to provide definite estimates of dazage re;;niﬁ;;:ugé
whether or not & GIS is used., Most of the environmental studies are
organized on a per species bagis. Whereas much of the damage assessment
must focus on a per species basis, it will not be possible to simply add
up damage caused to many populations and obtain a measure of "ecosystem
damage on cumulative effects" for the Prince William Sound area.

In an ecological system, a change in one component can lead to changes in
other components. Analysis of single populations precludes a rigorous
delineation of indirect effects and effects of foodwebs. In addition,
several pathways of effect can exhibit feedback relationships to
populations of interest so that damage may be muyltiplicative, not simply
additive. For example, 8 x 10 = 80 units of damage not 8 + 10 = 18 units
of damage.

Methodologies given in Lane et al. (1988) for cumulative .lmpact analysis
give an overview of methods available to form an integrated cumulative
effects assessment process for extended space (longer than local ecosystem)
and time scales (longer than one year)., This process undoubtedly will be
the framework for understanding the damage to the soil and subsequent
recovery of Prince William Sound. A cumulative effects assessment and
management process should be an integral part of the management of Prince
William Sound for the next geveral years, if not the next several decades.

. 2) WILL THE PROPOSED STUDIES (BASED UPON A COMMITMENT TO FEBRUARY 1990} PROVIDE

A BASIS FOR PREDICTING LONG-TERM EFFECTS; IF NOT, WHAT STUDIES SHOULD BE
INCLUDED TO DO THIS?

As the attached Figure 1.1(PLA, 198%a) illustrates, a variety of sublethal,
subpopulation effects can impact a population months to years after the original
contaminant release. At the population lavel all of these types of changes would
be reflected in altered age-specific fecundity and gurvivorship schedules(Ses
P. Lane and Associates Limited, 1985). Such a release can also have inmediate
impact on population through direct mortality following contaminant release.
This direct mortality 18 quantifiable depending on the species, available field
data and. resources ete, However, the loss of those animals may well be more
important in terms of their reproductive contribution to future generations than
is the immediate loss of x individuals.

To be meaningful, long term effects much include both direct and indirect causes
of mortality from the death of individuals as well as from lowered fecundity
and survivorship of age classes. If this i1g not computed corrsctly, moritality
can be underestimatsd by many fold. For example, a study of direct mortality
might regult in the recording of the death of a single individual, whereas a
study that includes measures of indirect mortality could conclude that the loss
of this individual from the populaticon would result in the loss of 5 - 100
individuals in future generations. In addition, individuals living in very small
populations may have trouble finding mates ¢r receiving appropriate behavioral
cues and other learning experiences needed for reproduction and survival, Small
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populations are also more vulnersble to chance events and
; theref
higher probability of extinction. sfore have a much

All naguralrpopulations exist in ecosystems and although many key populations
ave of interest because of their direct commercial value, studying these
populations in isolation usually will not produce a true representation of total
environmental deterioration. Many populations are predators, competitors, or
prey in regard to their interactions with other species in the terrestrial and
marine foodwebs that exist in and around Prince William Sound. Indirect changes
will come about not only from the sublethal and life history changes in the
individual populations that inhabit the eccaystems, but also from the altered
ecological interactions and foodwebs. A predator population can decline not only
from the direct effects of ociled feathers or ingested oil, but also from the lack
of a critical prey species that was killed previously by the oil spill. There
is no evidence that an ecosystem approach will be taken to examine and quantify
foodweb effects related to the oil spill. This is exceedingly unfortunate for
two reasons. Firgt, from an ecological point of view, in the final anelysis 1t
is the long-term pergistence of the ecosystemg of the planet that are of main
concern, not jugt the few species that are associmted with direct monetary
benefits today. Secondly, focus on populstione gives tes narrew a Jelinition
of damage and must a priori lead to further underestimates in damage assessment.
See P. Lane and Associates(1985) for an i1llustration of both populaticn and
ecosystem level risk analysis. Thus, 1if the guilty party were made to pay only
for the number of birds or mammals directly killed by the oil spill, based for

" example upon a8 carcass count, the amount of true damage could be underestimated

by orders of magnitude.

Long term damage is undoubtedly the most important in terms of both total amcunt
of damage and in terms of ecosystem viability. The only way that long ternm
damage cAn he assessed iz thiough tho wise uge at beth the pupulallun and
ecosyslew levels of appropriate models that would predict possible levels of
effects over at least two~three generation periods of the longest-lived members
of the ecosystem. Such models are described in PLA (1985) and Lane et al.
(1988). Because of the uncertainty of long term predictions, the modelling tool
should be able to handle varicus levels of uncertainty and to be corrected, based
i1 further monitoring data. Thig particular oil spill will probably be visible
for decades., There is no humanly posgsible way to assess total or long term
demgge based on data c¢ollected within a one year period following the spill.
It i3 possible, however, within Lhis time pericd, to develop the monitoring
systems, the quantitative methodologies and other tools (GIS), the data baselines
and an overall plan of damage assessment. In Lane et al. (1987) and Crowell
and Lane (1988) we show how a ten minute spill of oil digpercant (Corexit 3527)
and oil plus dispersant (each approximately one millimetre thick) produced
environmental effects over two subsequent years. These effects included not only
ecological messures such as population abundances and distribution of the
dominant saltmarsh grasses, but also morphological, physioclogical and
reproductive effects. Plens are underway to study the effects aud dumage of
these miniature controlled spills in the fourth yesr of saltmarsh recovery.



It is unconscionable to terminate data collection and asses

premature point (one year) when perhaps less than 10-20% of theiﬁﬁgz.gzm;z;ﬂ;ﬂ:
heen obgervable or quantifiuble. There should permenent monitoring sites with
& variety of data gatherad, sgimilar to the gsaltmaprsh experigents but extended
?or a variety of ecosystems. A variety of measurements should be nndertaken se
illustraled lu Lane er al. (1987) and community recovery and recolonization of
selected biota should be measured on a continuing basis over a period of several
years,

/I)ARE THERE OTHER IMPORTANT GAPS LN IHE STUDIES PROPOSED?
Several important gaps in the studies have already been mentioned:
1) Lack of Quantitative Rigor

~both short and long term calculations

-field and laboratory designs

~gtatistical methods and validity of assumptions
-modelling methods, especially scological risk analysis
-turning environmental results into economic measures

2) Little Evidence of Strong Logic Bridges (necassary to document cause and
effect in pegard to the following):

~relaticnships between individuals and populations and between populations and
ecosystems
-rglationships between teprrestrial and marine ecosystems
=relationghips between Laboratory data (toxiclty tests) and population and
ecosystem effects
~relationships hetwean various tinme scaleg of effects in regard to generaliou
* times and time scales of other ecological events
-relationships bhetween sublethal and lethal effects
-role and significance of habitat versus pure biological damage of an
individual, population or ecosystem
-relation between envirenment and economy in a sustainable development context
-relationships between various spatial scales of effects in regard to the
spatial patterns of the habitat types (this could be partially resolved
with an intelligent GIS)

3} Cumulative Effects Agsessment and Management-Sustainable Development

Cunulative effects result in large scale, regional patterns of environmental
deterioration. Sometimes they come about from the "tyranny of small decisions”
of many different human activities, each small in itself, ¢ver an extended
ecogystem; sometimes cumulative effects arise from the multiple activities
related to & lurge development; or in the case of Prince William Sound,
cumulative effects arise from a catastrophic event, Examples of cumulative
effects include global warming and c¢limate change, acid deposition, habitat
fragmentation and alienation, pellution of receiving environments, losges in soil
quality and quantity, pollution of large aquifers, loss of biological diversity
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etc. Recently P, Lane and Associates Limited(1988) have defined and categorized
cumulative effects and methodologies for agsessing end Danaging them. If we fail
to have gustainable developmcnt on this plunst, 1t will be becauge we have not
Leen able to identify, prevent and reverse cumulative effects.

The Valdez oil spill has endangered the sustaingble naturs of Lhe Prince William
Sound ecosystems. subgstantially. To understand and quantify this endangerment
to gustainable development s cumulgtive cffests aualysis should be undertaken.
Nowhere in the Damage Assessment Plan was thig suggested. Unfortunately,
cunulative effects are not just additive; they may also be multiplicative. To
the depree that they arc multipliestive and ilnteracting, damage may again be
greatly underestimated. For this type of a cumulative effects problem, the
analysig should be based upon an "intelligent” GIS with appropriate environmenl-
economic models to predict endangerment to sustainable development indicators.



APPENDIX A:
Detailcd Notes on Sume of the Couponent Studies

Comments on &ach couponent area generally reflect (i) a lack of background
information that would ensble the "public" to determine if sufficient studies
were planned and carried out, and (ii) the inadequacy of a one year sampling
program for assessing environmental damage.

1) CNASTAL HABITATS Study #1, Phase 1: The affected coastline is to be
categorized into five "repprogeontative” habilal types. Whal are the
different types and hew were they chosen? We believe they used existing
coastal morphology schemes, bLut no references or details were given, Up
to 150 sampling sites are to be chosgen:

5 habitat types X 3 geographic regions X 3 degrees of oiling X 3 replicates
+ 15 more sites that were either lightly-, or mecderately to heavily-oiled.

The ctatigstical design 1is supposed to allow extrapolation of collected
information to the entirs affectad area. With s¢ many sites and the shart time
period available Por stndy. it {s very unlikely the data can be axtwapslaled Lu
a8ll olher locuations. Large and rapid seasonal changes in physical, chemical and
biological variables in the sub~Arctic place severe constraints on the sampling
program. Unless the data collection is carried ocut in a synoptic-fashion,
ceaparigons to sther sites, and between ciled and non-oiled sites are simply not
valid, Lacking pre-spill data on most of these sites, it's also unreslistic to
assess oiling-damage. Since there are some data available from the Valdez area
{refs not given), why not concentrate on the few (7} sites that have some
"higtory" and do lass-cnmprehsnsive studies on undesr-represented cuusbul habitat
types. :

Phase 2: This part of the study purports to assess changes in "critical" trophic
levels and interactions. Who decides what is "critical?"™ Secondly, how do they
expect to determine whether changas ia population biomass and productivity,
community diversity, vigour and utility to other trophic levels are due to oiling
without seascnal, wnual, or pre-spill data? Can rate of recovery of these
habitats be determined far short-terss duala collections? They also plan to "kill
more animals” by doing on-site amphipod LC;, biocassays = i1is this really
necessary?

2) AIR/WATER RESQURCES Study #1 - Floating 0il: This study ls useful in that
it actually confirms that oil slicks, etc., come from the EXXON VALDEZ, and
monitors the spread of floating oil over time. All the analyses will take some
time to completa and consequently this delay sets back other studies waiting for
this information to plan their sampling projects.

Study #2 - 0il in Subtidal Sediments: Again useful for other studies, but

lacking hard data from Study #1, any models projected for 0il spill movement will
really be guesses. A lot of sediment samples (and analysis time) may be taken

8



from sites where pr : e
no oil. projected l;kellhOOd of o1l contamination was high, but received

Study #3 - 0il in the Water Column: Necessary data, but time i i
all of the vertical profiles in relatively shallow (well-mixed)czzizi;?g gﬁgng
cages deployed at 12 sites in the Sound, and 18 cutside, should be usefyl for
long~term indicatione of water quality. However, the mussels are transplants
from control sites in southeast Alaska ~ unknown influence on- the pesults?

Study #4 - Injury to Benthic Infauna: As mentioned in the report, many of the
samples taken will be archived pending receipt of subtidal oil data (see Study
#2 and Technical Services Study #1), Time is an important constraint here.

Study_#5 = Volatile Orgenis Qarben Roloasct VOO to be weasured and along with

air dispersion models (wind data required) used to reconstruct ambient VOC
concentrations throughout the Sound over time. Prediction of "unheulthful”
conditions (te humans) may tell us if terrestrial and marine animals were in any
danger. Model loss rates also to be used in mags balance calculstiong on the
fate of spilled oil - utility ?7?

3) FISH/SHELLFISH We have reviewed the 26 Pigh/Shellfish studies (p. 48~
111) and, in general, canmot recommend Lhal the Feb 28, 1990 deadline is
sufficient to agsess the damage caused by the Exxon Valdez oil spill,

rne <8 studies proposed orc generslly inadequats [ur predicting long-term ertects
on figh/shellfigh populationg. 1t is our apinion that these studico Qre beetar
suited for estimating the short-term and acute effects of the spill.

we would suggest as 4 minimum requirement to agsess the long-term effects of the
spill that the time period be considerably extended for numerous studies., In
single speciag studics, the minimal time pericd we would recommend would be
aquarl £o the average loagevity af individuals ol thut specicg. This would allow
following affected age classes till their demise.

Major gaps exist in the assessment in our opinion. There is no investigaticen
into the sublathal and long-term effects (or delayed npanifestations) on
individuals or the duration of the damage by the oil spill., Behavioral avoidance
studies have been neglected, as have effects of early exposure to oil studies
and micro-habitat studies,

Furthermcre, the approach taken has been an instantanecus examination of
commercially important species only. Little, if any, attention has been focused
on a commupnity response approach. It is important to examine the food web that
commercially important species are part of, along with such processes as bio-
accupulation and hioc-retention. The proposcd short time frame precludes this.
Study or the tish foodweb sohould be undertaken backed by loop analysis, a
qualitative modelling tool. Foodweb structures hefors and after the spill could
be compared supported by toxicity and habitat studies over a period of several
years. It is also possible to determine a set of stability measures using loop
analysis. :
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Considering the vast area cnntaminated by ofl, koLl Lp the Souna

find th proposed study design too limited. Some studies sugges:nfé::y::gﬁ Tg
sampling sites for the whole area. We recommend a much greater amount of testing
bqth in the Sound and beyond, at numerous Sites with varying concentrations of
0il contemination (not just 'oiled' and “non-oiled').

Ee also pecommend that greater attentien bw glven to statigtical analyses,
Samples should be collected minimally in triplicate. This would allow for
estimation &of variance at gites.

Many of the proposed statistical analyses are dubiona due to the ovor uge of
ANUVA. Although surprisingly robust, the Analysis of Variance (ANOVA) is still
limited to the analysis of monotypic data and has frequently been revealed as
inappropriate for sigmoidal relationships nf toxicity curvee or the skewed bell
shape of habitat preference curves, Other statistical analyses might perform
thege sanalyoos better, sush as nou~pavmuellle and mulci-varigte statigtics.

Numerous studies make use of hydrocarbon testing. Methods suggested may result
in underestimating contamination. Sampling numerous individuals (15+)
representative of each age/size tlass would allow better regressions. Composite
gamples should be avoided.

Finally, we are uneasy with the use of such phrases as ‘standard methods' and
‘representative sample' that appear in some studies. Of even greater concern
is the lack of quoting sample sizes or number of sample sites by some studies
and .the absence of the rationale for deciding the sample size usad.

Notes on 26 Fish/Shellfish -Studies

Study #1 - What are "aerially surveyed index streams?”

If they are aerially surveyed streams for salmon abundance for how long have they
been surveyed? (how many years?)

Historical data must be corrected'for timing climate, harvest recruitment, and
water levels

Damage estimates of thea loss of habitat would have to be estimated anaually at
least until the progeny of 1989 spawners return, which would be approximately
autumn of 1994. This would help account, for changes in imprinting, degradation
of 0il, changes in microhabitat preference and unpredicted effects.

There is no mention of micrchabitat studies to determine if redd mating females
avoid lightly oiled areas or are less effective in making redds in oiled areas,

Suitable control sites may not exist in the Sound as salmon are highly mobile
with keen olfaction: avoidance may be for the general area.

10
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No mention was made of sublethal effects of oil on adult spawners such as:

1} confusion of olfactory senses
- needed for navigation to some degree
- needed for avoidance of mammalian predators such as bears

{supposedly)
2) less effective spawners because a decrease or loss of key reproductive
behaviours.
Study #2

- two replicates - two does not say much, 1f anything

First two weeks of April and last two weeks of April - depending on seasonal
timing, are not replicates when we are talking about preemergent fry

1 site/stream 4 zones/site, 1 transect/zone, 10 samples/transect

~ suggest numersus siteg/gtream - as dotermined by variabilily ol the data!
incredible potential for bias _

ghould be repeated at least each and every year including the year that progeny
of 1989 adults return and braed

i

Study #3 - loss in production - directly by exposure
- indirectly by food chain
- indirectly avoidance not just by exposure!

A. Marine survival and harvest of Pink Salmon
- the use of only three oiled streams and two non-oiled is not adequate -
inter-stream varinbility will be high, hence wlll need to use more ¢iled
" and non=-oiled streams
- should be repeated for two years (1990 and 1991) so both even-year and odd-
year runs are sampled

B. Sockeye
- proposed only twe ¢iled and one non-oiled watersheds
- why use streams for pink salmon and watersheds for sockeye?
-~ gockeye generally live for four years and migrate considersuble distancas,
Examination of available fish during one year is not a good estimate for
other 3 age groups.

C. Hatcheries
- as in natural studies such a short time frame will not adequately predict
the acticns of ungampled age groups

D. Smolts
- should be repeated for each age class (0+, 1+, (2+})

E. Straying
- why enly in outlying areas?.

11
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This is a multl year study - tagged as fry, recovered as adults ~ clearly beyond
Feb, 1990. Are all fishery projects exempt from this deadline?

Study #4
- may have to leave the Sound for representative samples

- hydro carbon testing study not adequately described; should comprise 15
individuals from each size category for each site

Studies 1-4 are about salmon - pink and sockeye, What about wild populations
of chum, chinock and coho?

Study #5

There 18 no incorporation of straying between streams. Increased amounts of
straying will bias results.

No estimate of reduced fecundity or viability due to ¢il exposure.

Are the trout in the area breeding after one sea summer? In some places they
breed after 2-3 gummers in the sea. I du aul know about these popins.

2 oiled weir siteg - statistically minimum number should be 3 per condition
2 non oiled weir sites

Study #6

There 1is no attempt outlined to determine pre-spill harvest, effort,
distribution, etc. (except opening statement),

Angler ‘“perception’ may he more important than accounted for.
Study #7

Objeet to produce catalog - no anelysis
Data base for other studies

Study #8 - Repeat of Study #2 but outside Sound - does this study also use oil
and non oiled areas '

Study #9 - Repeat of study #4 but outside Sound

Study #10 - Repeat of Study'#s but outside Sound - 1 oiled weir site and 1
contrel weilr site only! should be at least 3 and 3

Study #11

There are no studies on what effect exposure to oil at an early age has on later
development, fecundity, etc.

12
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This study should be repeated each year until 1989 spawn has an inszgnlflcant
contribution to the population {6-8 years?)

Study #12 - Same comments as #11
Laboratory work should be validated with a field study

Study #13
Cockle, Littleneck and Butter Clam

Number of quadrants should be determined by variasbility (currently 7/transect)

Hydrocerbon analysis

"3 gamples of specimens" - how many individuals?

Test individual! not as a composite,
Should test numerous individuals size per age class

Growth and Age - why only littleneck?

- monitoring of all sites should be done more often than once in
the spring and once in the fall - parhaps monthly

- should also include estimates of growth potential on temperature and
CONTIast wWitn real growtnh

- what happened to razor c¢lams? _

~ ANOVA not appropriate unlessg it can be demonstrated that the relationships
are at least monotypic and not either the typical bell shape, or sigmoid
that would be expected from these studies! _

Study #14 - CRABS
- miguge of ANOVA aggain
- no mention of long-term effects of exposure on young crabs

Study #15 - SHRIMP
- same comments as #14

Study #16 - OYSTERS
~ Hydro-carbon testing and all other aspects of the study should continue
for much longer than the six months proposed, especially if oysters are
the indicator species as eluded to in the study!! (perhaps 7 years)

Study #17 - ROCKFISH
- Would like to see an estimate of density, growth, age structure of popin -
all lacking from proposed study.

Study #18 - TRAWL
-~ should include growth
- unlikely that figh will live long if ingesting tarballg - result will be
an underestimate!?

13
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- the mid-May to wid-June and the August trawl will not identify missing age
groups less than recruitment age unless non-commercial gear is used
- suggest repeating the trawls yearly for “5 years

Study #19 - LARVAL PISH
-~ should not be rastricted just to the Sound

Study #20 - UNDERSEA OBSERVATIONS
- this is support for other studies and amounts to spot checks
- what is needed is a system or a grid that maps ¢il contamination and degree
of such for the whole area including beyond the Scund

Study #21 - CLAMS
= gimilar to study #13 except outside Sound - gsame comments
- why change of species from littleneck clams to razor clams?
- ghould be the same as that chosen in 13

Study #22 - CRABS A
- game as #14 except outside of Sound
- no mention of # of sites or sample sizes

Study #23 - ROCKFISH
- game asg #17 except outside of Sound

Study #24 - TRAUL
same 83 #18 except outside of Sound
this study includes historical data

Study #25 -~ SCALLOPS
- should be long-term to monitor recovery (continual damage)

Study #26 - SEA URCHIN

10 fomales per transect - veary small sauwple to determine abnormalities!
no statistical confidence

20 sea urchins for & biloassay? - should be 20 animals/cone, plus 20 for
control

reservations about ANQVA

[}

7) TECHNICAL SERVICES Study #1 - Hydrocarbon_Anglysis: With all of the
samples to be analyzed (air, water, sediment, and various biota samples and
tissues) by a number of laboratories, some deflined protocol for sampling,
preservation, labelling of the samples, analytical practises, and measures of
quality control/assurance must be agreed upon and followed., Coordination by an
"Analytical Chemistry Group" will speed up some work bhut slow down others by
adding yet another layer of bureaucracy. Hence it is highly unlikely that all
of the samples will be analyzed and checked for inter-lab comparability in the
time framec allotted. Only time wlll Lell if adequate precautions were taken and
if there were sufficient data to enable assesament of oiling damages.

14



Study #2 - Histopathology: Necessary, but very time consuming. One can only
hope sufficient "control" samples were taken to see the range in various
attributes of normal cells and tissues. '

Study #3 - Mapping: Supposedly by June 19, 1989, the first map showing oil
damage and movement was to be completed. This should have been sent along with
the Public Review Draft, along with locations of some of the field sites chosen
for the Coastal Habifat Study #1 and Air/Water Studiee, and eny sites with
historical data.
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October 26, 1989
COMMENTS OF DR. HOWARD SANDERS, WOODS HOLE QOCEANOGRAPHIC INSTITUTE,
ON THE DRAFT STATE/FEDERAL NATURAIL RESOURCE DAMAGE ASSESSMENT PLAN
FOR THE EXXON VAIDEZ OIL SPILL (AUGUST 1989)

Sediments serve as the ultimate sinks for oil spilled or leaked
into the water column. A not very extensive review of the literature
revealed more than 30 citations documenting this very general |
phenomenon for a wide variety of crude oils and refined products.
Findings from some of the more readily available papers are
summarized in Attachment A. Some.or all of these findings may well
be germane and critically important to an understanding of the EXXON
VALDEZ 0il Spill and spills generally. The incorporation of these
processes into the study program offers a unique opportunity to make
a highly appropriate and major contribution to the overall research
program.

The relatively enclosed Prince William Scund is not a high
energy, open ocean, coastal environment. The seafloor at depths of
20 or more meters in the Sound and fjords that project inland along
the periphery of the coastline,lto a major extent, are low energy,
depositional habitats or "sinks" of fine-grained sediment composed
primarily of silt- and clay-sized particles and an ample percentage
of organic carbon. Under normal conditions, such depositional
habitats have a lower oxygen content of water at the sediment-water
interface and within the interstitial water of the upper oxidized
sediment largely relative to higher energy sediment habitats. A
highly probable response to the unusually large and potentially

disastrous EXXON VALDEZ oil is that the "...0il is likely to move



@

O

deeper intc the fjords rather-than being flushed out. In general,
this results in the oiling of increasingly sensitive environments,
since the higher-risk, lower-energy environments are located deeper
in the fjords and bays..." [See page 13, second paragraph, Public
Review Draft.]

What, then, might‘we expect in regard to possible impacts to the
Prince William Sound seafloor and its associated marine life from the
massive spillage of Alaska North S;ope crude oil that poured from the
grounded tanker EXXON VALDEZ into Prince William Sound? Benthic
infauna and epifauna living in and on the seafloor sediments are the
most important accessible food resource available to commercially
important stocks of demersal, bottom-dwelling fish stocks and lérger
invertebrate crustaceans. 1In Prinée William Sound, this would
include among others, halibut, pollack, sablefish, Pacific cod, as
well as the Tanner crab, king crab, and the sidestripe shrimp that
are worth several million dollars annually. [See Fish/Shellfish
Study Number 18, pages 91 and 92 of the Public Draft Report.] If,
indeed, large concentrations of the highly- toxic North Slope crude
oil reaches the seafloor, particularly those extensive areas that are
composed of fine-grained, low-energy, organically Fich, depositional
habitats; then the deep-water benthic infauna and epifauna could well
be adversely or fatally-aﬁfected. [See Aif/Water Study Number 4,
page 44 of the Public Draft Report.] "... A manned submersible will

be used in Prince William Sound during the 1989 field season to

. visually check for oil in bottom sediment." which is now probably

over. [See Air/Water Study Numberlz, page 40 of Public Draft



Report.] The resulting information that has accrued of sites or
locations where North Slope crude oil has reached the Prince William
Sound seafloor and entered the sediment, can then be used to
establish vitally important sampling benthic stations that can
monitor changes in chemical toxicity and successional benthic faunal
changes over time at these oiled contaminated sites. The limited
published information available on the effects of the EXXON VALDEZ
spillage suggests that the Alaska North Slope crude o0il may have been
damaging or lethal to a significant and, possibly, a major fraction
of the marine benthic -fauna in the severely impacted western and
southwestern areas of Prince William Sound. North Slope crude oil is

highly toxic. Approximately 25 percent of the o0il is composed of

aromatics, "...which are generally considered the most toxic
hydrocarbon components."” The oil also "...contains significant
quantities of toxic metals." [See Page 235, bottom paragraph of the

Public Review Draft.] The massiveness of the oil spilled assures
that some and, perhaps, a considerable quantity of oil may reach the
seafloor and saturate the topmost centimeters of the sedimént. Yet,
because of the high toxicity of the North Slope crude oil and the
sheer magnitude of the oil spill -- a worst case scenario of a major
killoff or total eradication of the benthic invertebrates and
demersal fish at the more heavily oiled bottoms and a resulting
organically overloaded, contaminated, and anoxic seafloor -- may not
be an unrealistic possibility. Although, information has accrued ‘

"...about the distribution of spilled oil from the EXXON VALDEZ on

the water surface and in the intertidal areas of Prince William Sound
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and the Gulf of Alaska.... the extent, distribution, and patchiness
of oil and o0il byproducts on the seafloor is unknown." [See page 96

of the Public Review Draft. (emphasis added) ]

It may already be too late to obtain the crucial information on
the impacts of the short-lived, volatile, extremely toxic, single-
ringed, aromatic hydrocarbons such as benzene and toluene on the
flora and fauna in the water column and the depositional sediment
habitats that cover most of the Prince William Sound seafloor and its
peripheral fjords. Yet, if the pre-spill information on the
concentrations of molecular oxygen present in upper oxidized sediment
layer and the depth position of the Redox Potential Discontinuity
Layer in the sediments are absent or unavailﬁble, it will still be
possible to efféctively use a post-spill monitoring and assessment
program at selected oiled, depositional, sediment stations with
different degrees of oil concentrations and different benthic -
infaunal successional stages at any given period of time. Stations
at sediment sites that were not ciled or very minimally ociled in the
aftermath of the EXXON VALDEZ oil spill should serve as controls for
the o0il contaminated sediment stations. Indeed, it has become
vitally important to initiate as soon as possible such a monitoring
program over time and space with a particular emphasis on samples
collected at water depths greater than 15 meters. 1In addition to the
usual standard procedures normally used in taking bottom samples, the
processing of the samples, determining the number of species present
in a sample, the number of specimens that compose each species, and

the percent comﬁosition that each species contributes to the total



@

faunal density, such a program should include both measurements of
oxygen content at the sediment-water interface and in the
interstitial water of the sediment and determinations of the depth in
centimeters of the redox discontinuity layer in the sediment that
separates the upper oxygenated from the lower anoxic sulfide
sediment. Since the vast majority of the fauna present at the

initial stages of succession are small post-larval animals that would

. readily pass through the standard 1.0 mm screen apertures, screen

mesh sizes of .3 mm or less should be used in the processing.

- A severe kill of benthic invertebrates on and in the sediment
and a lesser kill of their predators, the much larger, more mobile
demersal fish associated with the seabottom by the spilt North Slope
crude oil haé and could bring about a significant organic enrichment
in these low-energy, depositional, sedimentary habitats. The
elevafed concentrations of éedimented organic matter would likely be .
further augmented by a slowly sinking pulse of enormous numbers of
dead, minute zooplankters, larvae of benthic invertebrates, and
larval fish that settle onto and then aré incorporated into the
sediment after these organisms were poisoned in the overlying water
column by the toxic crude oil. The much larger, heavier,
contaminated carcasses of orders of magnitude fewer pelagic fishes
would sink rapidly through the water column onto the bottom.

The organic matter in these depositional environments scavenge
the available oxygen molecules from the interstitial pore water

present in the upper centimeters of the sediment and at the sediment-

water interface. The oxygen uptake by the organic matter provides
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the necessary requisite for maintaining the resultant processes of
decomposition énd decay. After a period of time, the interstitial
water and the sediment-water interface, through excessive organic
overloading, become devoid or nearly devoid of molecular oxygen. The
Redox Potential Discontinuity and the underlying anoxic Sulfuric

Layers move upward and the RPDL reaches the sediment surface or may

~ even move entirely out of the sediment into the immediate overlying

water.* At that stage, in the absence of molecular oxygen and animal
life, the sediment goes totally anaerobic and azoic. At any given
time over subsequent periods of alternating upward and downward
migrations of the RPDL through the sediment, the depth position of
the RPDL serves as a remarkably good indicator both of the available
molecular oxygen present in the interstitial water in the uppermost
aerobic layer of the sediment and the successional stage of the
benthic fauna currently occupying the sediment. This'insightfdl
approach can be very effectively used for the ongoing EXXON VALDEZ
0il Spill study. Such an ongoing monitoring program would be most
valuable and central to the evaluation of whether the more severely
oiled areas of the seafloor have or will become long-term
repositories "for hydrocarbon, contributing to chronic toxicity

through mobilization of oil into the water column." (See Page 39 of

Public Review Draft.)
From the now available Public Review Draft of the State/Federal

Natural Resource Damage Assessment plan for the EXXON VALDEZ 0il

* 2 detailed discussion of the RPDL is included in Attachment B.
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Spill itself, it has become clearly evident that pollution impact

‘will almost certainly be long-term and severely damaging. Yet,

inexplicably, the Executive branch of the Federal Government has
recently decided to fund for only one year the largest and
potentially most damaging oil spill in the nation's history of one of
the most pristine, wild, and unspoiled ecosystems in North America.
Unless this unexplained dichotomy is quickly, effectively, and
constructively resolved, the fundamental objectives of the EXXON
VALDEZ oil spill studies may well be profoundly compromised. If,
indeed, such a scenario is realized, it will confound, distress,'
anger and antagonize the involved professionals dedicated to the
study, the environmental movement within the United States and
throughout the world, and a very significant percent of the informed,

concerned, and responsible citizenry here and abroad.
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Attachment A

In the area of the FLORIDA spill, off West Falmouth, Massachusetts,
in Buzzards Bay, the light #2 fuel oil adhered to particulate
organic matter and fine sedimentary particles in the water, and
rapidly settled to the bottom (Blumer and Sass 1972). There, the
0il degraded very slowly, and spread over the bottom, probably in

part, by resuspensions months and even years after the spill.

Crude oil from the blowout at the Santa Barbara Platform initially
reached the bottom sediments by the same mechanism operative off
West Falmouth, and later spread along the bottom to cover much of
the floor of the Santa Barbara Basin to water depths of 500 m
(Xolpack, 1971). In the aftermath of the spill of heavy Bunker Cil
C oil from the ARROW into Chedabucto Bay, Nova Scotia, the petroleunm
hydrocarbons dispersed widely throughout the water and in the
subtidal sediment (Scarratt and Zutko, 1972).

In the massive AMOCO CADIZ spill off Brittany, fine droplets of
light crude oil were absorbed by suspended sedimentary particles; a
large quantity of oil reached the seaflcor within two weeks
(Cabioch, Dauvin and Gentil, 1978). Once on the bottom, this oil
travelled along the seafloor with the silt (Spooner, 1978, p. 284).
Toxic effects of the o0il became manifest 90 km from the wreck five
days after the spill began.

In the study of the TSESIS spill in the northern Baltic Sea, off
Sweden, sediment traps were placed in the water column 20 m below
the surface, to measure tle quantity of heave #5 fuel oil absorbed
on settling organic and sedimentary particles (Johnson, 1979). The
#5 fuel oil composed as much as 0.7 percent of the sedimented matter
recovered from the traps in the two weeks following the spill.
Indeed, further very recent sediment samples collected from muddy,
intertidal, fine-grained, depositional study sites revealed the
presence of residues of Number 2 fuel oil 20 years after they were
heavily oiled in the immediate aftermath of the oil spillage from
the barge FLORIDA.

The FLORIDA and ARROW oil spill studies continued for several years.
0il residues from both accidents were still present in some of the
bottom sediments a decade after the initial spills.

Oppenheimer, Miget and Kator (GURC/OEI, 1974) found oil residues
present in each of eight zooplankton samples collected in the Gulf
of Mexico off Louisiana. During the ARROW spill study of Chedabucto
Bay, Nova Scotia, it was observed that the zooplankton ingested
small globules of oil in the water column. Conover (1971) found
that their faecal pellets contained as much as 7 percent Bunker C
0il. He calculated that about 20 percent of the o0il was sedimented
to the bottom as zooplankton feces.

Wiebe, Boyd, and Winget (1976) measured the rate of sinking of
zooplankton faecal pellets that sank at an average speed of 171
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meters per day at a water temperature of 22° C and 151 meters per
day at §5° C.

These three bits of information strongly suggest that zooplankton
faecal pellets provide a major and rapid route for transporting oil
through the water column to the seafloor at depths of 200 m and
shallower.
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ATTACHMENT B

An anaerobic sulfide system underlies a covering of oxidized sediment
in all aerobic marine subtidal soft-bottom environments [Fenchel and
Riedl, 1970]. Interposed between the oxygenated and reduced layers
is the narrow, transitional Redox Potential Discontinuity Layer
(RPDL) where small amounts of both oxygen and reduced compounds are
present. This three-~tiered layering pattern is the manifestation of
the one-way supply of free oxygen into the sediment at the sediment-
water interface. Once in the bottom, the concentration of free
oxygen present in the interstitial water of the sediment
progressively diminishes with depth until it disappears. The
absolute depth of this oxygenated zone is controlled by a number of
physical and biological conditions. However, there are two primary
conditions, the amount and rate of organic matter imported into the
sediment and the concentrations of free oxygen available for
degradation. A low rate of organic import and a high availability of
oxygen can extend the oxygenated layer as much as 25 or more
centimeters below the sediment surface. Alternatively, a high rate
of organic import and a low availability of oxygen can limit the
aerobic layer to the uppermost few millimeters of sediment or,
together with the Redox Potential Discontinuity Layer, it might be
entirely displaced as the anaerobic layer pushed upward to the
sediment surface.

Other conditions that move the RPDL upward or downward to narrow or
broaden, respectively, the aerobic zone include both physical factors
such as temperature, particle-size composition of the sediment and
storm~generated waves that reach the surficial seabed and biological
factors such as intensity of bioturbation and degree of mucus
secretion. Conditions that raise the RPDL towards the surface are
(1) high temperature; (2) low-energy depositional sediments, with
relatively high organic content and predominantly composed of fine-
grained silts and clays, that reduce sediment permeability and
scavenge available free oxygen; and (3) mucus secretions that bind
sediment particles and form a substrate for bacteria. Conversely,
conditions that move the RPDL deeper into the sediment are (1) low
temperature; (2) high energy, erosional sediment environments with
little organic content and largely composed of coarse-grained sands
and gravel, that enhance permeability and allow penetration of free
oxygen deeper into the porous substratum; (3) storm-generated waves
that reach and disturb the underlying seabed and oxygenate the
superficial sediments; and (4) bioturbation by benthic infauna
through burrowing activity and tube-~building that introduce free
oxygen into the deeper sediments.

There is now an abundant documentation in regard to organic
enrichment that related the depth of the Redox Potential
Discontinuity Layer in the sediment to the successional stages of the
benthic fauna. There is no attempt here to review the extensive
relevant literature. Instead, the reader is referred to the
important review article by Pearson and Rosenberg [1978] that
provides an excellent synthesis of the subject and some mostly more



recent papers [McCall, 1977; Rhoads, McCall, and Yingst, 1978; Yingst
and Rhoads, 1980; Sanders et. al., 1980; Aller, 1980¢; Rhoads and
Boyer, 1982; Larson and Rhoads, 1982] that have added further
insightful dimensions to our understanding of this relationship.
Benthic faunal succession remains remarkably similar independent of
whether it is manifested along a temporal or spatial gradient.
Temporal succession occurs in the aftermath of a severe disturbance
or perturbation that significantly reduces or eradicates the resident
benthic population. Examples include responses to 2 massive red tide
outbreak [Dauer and Simon, 1976; Simon and Dauer, 1977], a deluge
from a tropical storm that created near freshwater conditions in
shallow water and deoxygenation in deeper water beneath the sharp
halocline that was generated [Boesch, Diaz, and Virnstein, 19763,
anaercobiosis through accumulations of drifted macroalgae and a
covering of blue-green algae [Watling, 1975], dumping of dredge

"spoils [Rhoads et. al., 1978; Rhoads and Boyer, 1982] and an oil

spill [Grassle and Grassle, 1974; Sanders, 1978; Sanders et. al.,
1980]. Spatial succession is a response over distance to a chronic
source of pollution. Examples, among others, are pulp mill waste
[Pearson, 1975; Rosenberg, 1976] and sewage industrial waste [Reish,
1959 and 1971; Wade, Antecnio, and Mahon, 1972] discharges. There
are, of course, successional or regressional events that have both a
temporal and spatial component such as the chronic release of
petroleum at an oil rig complex from initiation of operations through
the next few years {Addy, Levell, and Hartley, 1978].

The patterns that have emerged as a result of organic enrichment
reveal faunal succession over time and space. At very high inputs of
organic matter into the seafloor, the anaerobic layer rises to the
sediment-water interface, the sediment is laminarly stratified,
devoid of a benthic fauna and undisturbed in the absence of
bioturbation. When the RPDL is limited within millimeters of the
sediment surface, the initial successional stage is present. Its
benthic fauna is usually characterized by small opportunistic
polychaetes that are either tubiculous or motile and barely infaunal
and are members, respectively, of the Families Spionidae and
Capitellidae. The vast majority of individuals belong to one or two
species (i.e., pronounced numerical dominance). The few pioneer
species typically found are confined to the very narrow oxygenated
surficial layer and exist under marginal and variable conditions that
include low to minimal levels of free oxygen, high concentrations of
sulfides and a Tow pH. These opportunistic species are eurytopic
(i.e., wide physiological tolerances) and have broad, zoogeographic
distributions. As products of the ephemeral nature of their
environment, these resilient opportunistic species are small and
rapidly achieve sexual maturity. Yet, this initial successional
stage typically has very high numerical abundances that exceed those
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that appear in any of the subsequent successional stages.* Because
its species are limited to and feed as deposit-feeders from the
surficial sediments or as suspension-feeders from the immediately
overlying water, the sediment surface becomes pronouncedly
pelletized. The fecal pellets, in turn, provide surfaces for
microbial activity. Although the benthic faunal biomass of this
primary successional stage is small compared to the relatively long-
lived, slow-growing, late-maturing and larger macrofauna present in
the late successional stages, their brief life spans and the rapid
turnover of multiple generations within the course of a single year
are indicative of very high rates of annual organic productivity
[TJ.F. Grassle and J.P. Grassle, 1974; Mccall, 1977; and Rhoads et.
al., 1978] that most likely will exceed production rates realized in
later stages. Rhoads et. al. [1978] conclude that the pioneer
species in Long Island Sound have individual and population growth
rates that are 10 to 100 times higher than the equilibrium species
that characterize the late successional stages. .

Related to this phenomenon is the remarkably high colonizing
potentials of these pioneer species as demonstrated with azoic
sediment tray experiments carried out by J.F. Grassle and J.P.
Grassle [1974] on an intertidal sediment of fine sand in the Wild
Harbor River estuary of Buzzards Bay, Massachusetts and by McCall
[1977] on a subtidal sandy silty sand bottom beneath 14 meters of
water in Long Island Sound off Connecticut. Grassle and Grassle's
study revealed that a density equivalent to more than 400,000
individuals per sgq. meter of the polychaete Capitella capitata sensu
lato were present after a one month interval. We now know that
Capitella capitata is, in reality, a complex of very similar sibling
species [J.P. Grassle and J.F. Grassle, 1976; J.F. Grassle and J.P.
Grassle, 1977]. More than a single Capitella species colonized the
Grassles' sediment trays. One species, Capitella type 1, grows from
settlement to maturity in about 30 to 40 days, an adult female
produces anywhere from one to several broods and breeding occurs at
the study site throughout the year at water temperatures that range

* Samples collected from this successional stage and then washed
through a screen with 1.0 mm-mesh aperture will retain about an order
of magnitude fewer specimens -- primarily mature, adult animals --
than would a screen with 0.3 mm-mesh apertures where the smaller
postlarval specimens comprise the vastly greater percentage of the
total fauna retained on the screen. Clearly the employment of
screens having 0.3 mm~-mesh apertures are decidedly more relevant and
germane for the first and, to a lesser degree, the second
successional stages of the benthic invertebrate infauna than for the
later successional stages. Yet, 0.3 mm-meshed screen do retain -
nearly all the postlarvae of most of the species present in the later
successional stages. The readily available postlarvae can be
effectively used to measure the dynamics of growth in length and dry
organic weight over time at selected stations that are sampled on a
monthly basis.



from -1.5°C in winter to more than 24°C in summer. 1In Mccall's
experimental bottom samples in Long Island Sound, the azoic sediments
were immediately colonized. Within ten days, densities of the
spionid polychaete Streblospio benedjcti and the capitellid
polychaete Capitella capitata sensu lato reached 418,315 and 36,120
per sg. meter, respectively [McCall, 1977]. Rhoads et. al. [1978]
estimate the Streblospigo preduces 3 to 4 generations per year in Long
Island Sound study site.

As products of the transient nature in time and space of their
pioneer stage habitat, the opportunistic species experience very high
mortalities as larvae in the plankton and throughout their postlarval
benthic life. Their confinement to the oxygenated surficial sediment
that may be only millimeters thick deprives them of the refugium of
depth. Thus, they are most susceptible to predation by fish, decapod
crustaceans, and other epifaunal carnivores.

Species that appear following a severe disturbance that defaunates
the benthos, and explosively increase to reach extreme abundances
during the first recovery stage and then go into an equally sharp
precipitous exponential decline as the initial pioneer stage
terminates, are few in number. Yet, most of the benthic fauna
present during the initial colonization stage are members of such
species. 1In North America and Europe where the vast majority of the
studies on benthic faunal succession have been done [see Table 1 in
Pearson and Rosenberg, 1978], this small group of opportunistic
species mostly belong to the polychaete families Spionidae and
Capitellidae. Species that best characterize this group are
Capitella capitata sensu lato, and the spionids, Polydora ligni and
Streblospig benedicti along both the Atlantic and Pacific coasts of
North America and Capitella capitata sensu lato and the spionids
Scolelepis fulginosa and Polydora ligni [=P. ciliata] in European
waters. Other species associated with these prime opportunists are
present at much lower densities and do not share their 'boom and
bust' life history patterns. Unlike the ephéemeral opportunists, they
display much less temporal variability and usually persist to become
members of some of the sequential successional stages where they are
often more abundant.

Spionid polychaetes are one of the key colonizers of the pioneer
successional stage. They form dense thicket$% or mattings of closely
spaced, small diameter, vertical tubes. Aller [1980] demonstrated
that the toxic compounds in the ambient pore water, that diffuse into
the tubes from the surrounding reduced subsurface sediment, are
flushed from the tubes into the overlying water where oxygenated
water from above the tubes is drawn in as replacements. By means of
these outflowing and inflowing fluid bioturbating activities and the
high density of closely arrayed tubes, the spionid worms collectively
are able to maintain adverse solutes such as NH,+ or H,8 within their
tubes at relatively low and constant levels. However, as a result of
these pumping activities, the oxygenated water within the tubes also
diffuses out into the surrounding subsurface sediment to stabilize
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and deepen the narrow surficial oxygenated layer and thus allow other
early successional species to colonize the sediments.

The later successional stages will be dealt with herein in a more
cursory and general manner. Yet, sufficient information will be
conveyed to provide the necessary frame of reference. For detailed
knowledge and information on the later successional stages, the
reader is referred to the papers and bibliographies of Pearson and
Rosenberg ([1976; 1978], Rhoads, McCall and Yingst [1978]; Yingst and
Rhoads [1980], Aller [1978; 1980], Aller and Yingst [1980] and Rhoads
and Boyer [1982]. '

Along the progression from the pioneer stage through the sequences of
later successional stages, certain general trends become clearly
evident. The RPDL migrates deeper into the seafloor, the sedimentary
depth occupied by the macrofauna similarly deepens, the feeding mode
gradually shifts from surface deposit-feeders and suspension-feeders
to preponderantly subsurface deposit-feeders, the maximum size of the
macrofauna, the degree of both fluid and particle bioturbation and
the structural and ecological complexity of the infaunal assemblage

. increase. All these trends are intimately interrelated,

interdependent, and highly correlated. If the progression of
sequential succession from pioneer to equilibrium stage is
undisturbed, which may or may not occur, changes in faunal
composition will be persistently gradual and nearly continuous rather
than disjunct and abrupt, with intervals of arrest and retrogression.

Bioturbation activities such as irrigation by sedentary or relatively
sedentary infauna living in tubes, shafts or often deep semi-
permanent burrows that connect directly to the sediment surface and
random burrowing by errant infauna increase the passage of free
oxygen and dissolved nutrients into the sediments and the flushing of
deleterious metabolites from the sediment that are orders of
magnitude greater than molecular diffusion rates. The manifestations
of such activities are the lowering of the RPDL and the enhancement
of microbial activity, particularly at the discontinuity layer
{Hylleberg, 1975; Aller, 1%78; Yingst and Rhoads, 1980; Rhoads and
Boyer, 15982].

Intense errant burrowing activity accelerates diffusion rates by
increasing water content and homogenizing finer-grained sediments
[Rhoads and Boyer, 1982]. Deposit-feeders void ingested sediments as
feces in the form of organic-mineral aggregates that may form as much
as 70% of the soft sediments [Johnson, 1974]. Such aggregations have
two important effects. They significantly increase sediment porosity
and thereby facilitate diffusion and the transfer and oxidation of
reduced chemicals. Secondly, they enlarge the environmental space
available for meio- and macrofauna and provide organic-rich surfaces
for bacterial flora.

The deep semi-permanent feeding burrows, characteristic features of
the later, mature, successional stages, are usually associated
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intimately with the RPDL. The rapid and immediate vertical transfer
of well-oxygenated, nutrient-rich water from above the seafloor to
the immediate proximity of the RPDL that lines the burrow deep into
the anaerobic, sulfidic sediment is brought about by the pumping
activity of the burrow occupant, usually a large invertebrate. Such
a behavioral strategy bypasses the route of slow diffusion downward
through the sediment and the gradual attenuation of oxygen tension
with depth. O©One variant of this pattern is the 'conveyocr-belt!
deposit-feeder that feeds head down in the sediment as exemplified by
maldanid polychaetes as, for example, Clymenella torguata [Rhoads and
Stanley, 1965]. 1In this position, the polychaete progressively
'mines' deeper into the seafloor and selectively ingests the fine
sediment patches which are processed in the gut and discharged as
unconsolidated feces at the surface. Highly irregular, three-
dimensional RPDL-lined water pockets are created by the intense
feeding activities of these worms. The pockets, themselves, may
protrude deep into the anaerocbic zone to form localized aercbic
areas. One of the ultimate results of such activities is the
markedly increased microbial activity.

An essentially identical feeding pattern exists for a very different
invertebrate, the infaunal holothurian echinocderm, Molpadia colitica
[Rhoads and Young, 1971]. Like Clymenella, this sea cucumber lives
head down vertically and feeds deep in the underlying sediment often
20 or more centimeters beneath the surface and deposits its
unconsclidated feces upward ontoc the seafloor. Molpadia ingests only
the fine-grained particles to create highly convoluted, three-
dimensional, RPDL-lined, aerobic voids or feeding pockets at depth
within the surrounding unperturbed anaerobic sediment that
considerably enhance microbial activity and chemosynthesis. Other
feeding strategies have been utilized by deep-dwelling infauna
occupying semi-permanent burrows. Hylleberg [1975] applied the term
'‘gardening' to describe the effects of feeding by the lugworm,
Abarenicola pacifica. This polychaete, like other members of the
Family Arenicolidae, lives in deep U-shaped burrows. By irrigating
its tube, the worm pumps oxygen and nutrients from the overlying
water into the feeding pocket. These, together with the animal's own
feces, provide the stimulus for microbial growth along the RPDL
lining the feeding pocket. The microbes so produced, as well as
meiofauna feeding on this rapidly growing flora, serve as the primary
food source for the lugworm.

Ancther example of 'gardening' has been demonstrated by Frey and
Howard [1975] for the burrowing shrimp, Upogebia litoralis. This
crustacean collects plant material on the sediment surface which it
packs along the inner walls of the burrow. Then after incubation it
'harvests' or ingests the bacteria that grow on the plant detritus.

Microbiologists, for more than 32 years have know the Redox Potential
Discontinuity Layer to be a site of significant microbial activity
[Vishniac and Santer, 1957]. This relationship has been shown both
in the water column [Sorokin, 1964; 1965; 1972] and in bottom
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sediments [Hayes, 1964; Fenchel and Riedl, 1970; Sorckin, 1'

Yingst and Rhoads, 1980]. Thiobacillus bacteria [Vishniac ..

Santer, 1957], oxidizers of reduced sulfur compounds, and other
chemosynthetic bacteria [Fenchel and Riedl, 1970] are especially
abundant there. Rhoads and Boyer [1982] observed in the deeply
oxygenated sediments of the late successional stages that both errant
and sedentary components of the benthic fauna were ".,. concentrated
at, but not limited to the RPDL. The RPDL is in fact related to the
feeding depth."

The strong implication that logically flows from these observations
is that wherever the RPDL is present, independent of sediment depth
or successional stage, it becomes the site of chemosynthetic primary
production. Thus chemosynthetic primary production must be an ever
present phenocmenon in the sediments of eutrophic marine environments
that include the shelves and, in part, the continental slopes
throughout the World Ocean except under the special conditions
discussed earlier that permit the anaerobic zone to rise to the
sediment-water interface and thus displace both the RPDL and the
upper aercbic layer. The studies cited above that infaunal deposit-

. feeders concentrate and feed at the RPDL indicate that

chemosynthesis, currently unevaluated, may be an important and
possibly dominant food source (as compared to photosynthesis) for the
infaunal benthos.
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Octcber 20, 1989

To: Sarah Chasis
From: M. Kavanaugh

Re: Review of State/Federal Natural Resource Assessment Plan
for the Exxon Valdez 0il Spill

This review of the State/Federal Natural Resource Assessment
Plan for the Exxon Valdez 0il Spill is limited to the restoration
plan and the natural resource damage determination on pages 185 to
202 of the public review draft. The stated purposes of the
studies are: (1) to support the development of restoration plans
to promote the long-term recovery of the natural resources; and
(2) to support the determination of damage claims presented to the
responsible parties. An assessment that fulfilled these purposes
could provide the trustees (and the public) with a statement of
the harm done to nature by this spill and what could be done about
it. Unfortunately, the purposes are unlikely to be fulfilled and
an opportunity will be missed to assess the spill‘’s damage and to
evaluate responses bhecause:

* There is a too much emphasis on studies to determine lost
use value over studies to develop restoration plans. Analysis of
restoring and purchasing equivalent resources elsewhere
(restoration) is likely to be as important if not more important
than studying lost use values. Determining how much polluters
must pay for the restoration of the damaged natural resources is
one of the purposes of the calculations. The calculation of use
values is relevant for determining that portion of the damage
claim to cover the diminution of use during the interim required
to achieve restoration. If restoration is impossible, then use
value studies take on added importance. But, it cannot be
determined in advance that restoration is impossible.

* Neither the development of a restoration plan nor the
conduct of a credible, professional assessment of the natural
resource damages caused by the spill can be completed by
February 28, 1990 (the deadline). The deadline may reflect lack
of funding (See The Exxon Valdez 0il Spill, A Report to the
President, Skinner, S.K. and W.K. Reilly, p.35). Nevertheless the
same report calls for long~term...broad gauge, carefully
structured...damage assessments (Executive Summary p. ES-2). The
deadline may also reflect a desire to complete the assessment
early, since the full extent of the damage will never be known
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with certainty. Nevertheless, the scope and complexity of. the
studies plus the need to sequence the studies makes it impossible
to complete all of the studies by this winter.

* The description of the process to develop a restoration
plan is too brief. At a minimum, the plan should contain both
restoration and replacement strategies. The restoration
strategies should provide estimates of how long the resources will
take to recover given alternative levels of clean-up, as well as
measures to promote long-term recovery such as requiring all
tanker traffic moving through the spill area during the
restoration period toc move only in daylight hours and be doubled-
hauled or have the cargo containerized. The replacement
strategies should consider replacement in-place (e.g., breed in
captivity) and establishment of an environmental permanent fund to
fund long-~run efforts to restore the damaged resources or purchase
equivalent resources (or the development rights) elsewhere (i.e.,
acquire and deed to the public resocurces such as land and
shoreline outside of the spill area).

* The descriptions of the economic use studies:

- are too brief to allow a thorough review. It is unusual
for the government to fund millions of dollars worth of research
on the strength of descriptions like those contained in the public
review draft. To complete the 9 proposed studies in 10 months
means spending on the order of $14,000 per day.” Surely, someone
has a better idea of how sums of this magnitude are being spent
then is revealed in this document. '

- show no appreciation of the problems that might be
encountered and the special analytical techniques needed to value
natural resource losses that:

-- involve ecological losses for which existing evaluation
methodologies are wanting;

-- may be irreversible;

-- may not be apparent for a year or more;

-- may be catastrophic if endangered species are
threatened or if there is loss of habitat; and

~- will be subject to considerable uncertainty.

- contain no discussion of the applicability of existing
literature and models. Most studies of tourism losses, for
example, count these losses as transfers because there are readily
available substitutes for a given polluted beach. There might not
be available substitutes for an Alaskan experience and the
existing literature and models may be misleading.
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- are silent about the choice of a discount rate. The spill
and its effects will last many years. This coupled with the
potential for irreversible (or extremely long-lasting) damage
implies that the spill has transferred resources from future
generations to current generations. The discount rate is the
analytical parameter that allows inter-temporal comparisons.
There is literature suggesting fair representation of future
generations requires use of a zero or near Zzero discount rate.
(See, Schulze and Kneese, Risk Analysis, 1981 and Schulze,
Brookshire and Sandler, Natural Resources Journal, 1981).

A. Economic uses studies:
1. price effects:
2. industry costs; and
3. bioceconomic meodels.

Taken as a group and reading between the lines, these studies
have the potential to estimate the damages caused by the spill to
the commercial fishing industry and their customers during the
interval necessary to restore the natural resources to their pre-
spill condition. The studies, however, will not measure any
degradation in the quality of life suffered by the fishing
communities. This degradation can take many forms inc: udlng
increased alcoholism and violence.

The correct measure of the loss to the commercial fishing
industry and its customers is loss is the discounted present value
of current and future reductions in consumers’ plus producers’
surplus plus the value of the resources made idle by the spill.
{The discount rate should be zero or near~zerc to account for the
long~term impact of the spill. Surplus refers to tne difference
between what people are willing-to-pay for a good or service and
the amount of resources they have to forego to have the gocod or
service. Analytically, it is the area above the supply curve and
beneath the demand curve. The resources made idle by the spill
are represented by the area under the supply curve. Measuring
surplus regquires, {(a) deflnlng demand curves for the products of
the commercial fisheries in terms of their elasticity of demand,
[presumably this is accomplished in #1], (b) describing the supply
curves [presumably #2], and (¢) estimating the shift in demand and
supply curves caused by the spill in current and future years
[parts of #2 and #3].)}

Since in the first year of the spill almost all of the catch

was lost, the measure of damage is the surplus loss plus the

opportunity cost of the idled fishing boats and unemployed labor.
This estimate is repeated for all subsequent years the spill
influences commercial fisheries. The subsequent influence of the
spill may take two forms. The first is a supply side effect. The
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spill may reduce significantly the fish population and require
more fishing effort (e.g., boats have to be cleaned more
frequently, travel farther to reach fishing grounds, and stay
longer to catch a load of fish). Analytically, this is an upward

" shift in the supply curve. The second is a demand side effect. A

stigma may attach to Prince William Sound product for years to
come such that wholesalers, retailers and the public will consume
Prince William Sound product only if they are offered a price
discount. (For example, Prince William Sound product may be
relegated to low value uses such as cat food.) Analytically, this
is a downward shift in the demand curve. It is likely that in
subsecquent vears the idled boats and fishermen will be re-
employed. This is taken into account by reducing the charge in
future years for the opportunity cost of idled resources.

Any claim the Trustees present to Exxon will be closely
examined. One concern I have is that the investigators in a rush
to meet the deadline will use approximations that would not be
needed if they took the time to make the estimates correctly. For
example, the investigators may assume that fish are fish and not
distinguish among different markets for and quality variations
among fish. Not only might these shortcuts produce biased
estimates of the loss, but the approximations may be so
unacceptable so as to provide Exxon with the opportunity teo render
the estimates useless. . |

A second concern that I have is that the work is spread out
over three studies and this may create additional problems such
as:

* duplication of effort;

* gaps in research as one investigator thinks ancther is
responsible;

* difficulty in integrating because the studies use varying
regional definitions or time-frames or otherwise lack
common denominators (groupings of fish, segmentation of the
industry); and

* unproductive effort as information is collected without a
purpose in mind.

The description of the method and analyses mention that
previous studies will be reviewed. What literature do they have
in mind? By what standards are the investigators going to judge
the literature? Who is going to integrate the studies? How are
they going to insure that the studies will be compatible?
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A third concern is the spill’s effects on the quality of life
in commercial fishing communities is not counted by surplus and
idled resource measures. There are reports that communities have
had their faith in the bounty of the environment shaken and their
livelihood threatened. Mental health professionals report (e.qg.,
J. Randal, Washington Post, 9/26/89) the spill has led to
increases in alcoholism and violence. The trustee should be aware
that the cost of community disintegration is not considered in
these studies.

A fourth concern, again, is the deadline. Even if there were
off-the-shelf, current models of the fishing industry that could
be identified and used, the use of the models would have to await
the completion of the injury determination studies (e.g., Fish/
shellfish studies #1-5; Marine mammal studies #4 & #5; and
others). Either these biological studies will be finished long
before the deadline or the economic study will not be completed by
the deadline.

B. Economic uses studies:
5. Economic damages to recreation; and
7. Study of loss of intrinsic values

These studies are likely to be the most important and
expensive studies conducted. The recreation study proposes to use
three methods to estimate the damage: travel-cost, contingent
value, and unit day. The intrinsic value study will also use the
contingent valuation method. The contingent valuation method may
turn out to be the most appropriate method to estimate the value
of the compensation for the damage. While the descriptions of
these studies are more complete than the descriptions of the other
studies, there are important topics that are not discussed.
Finally, it is impossible to conduct either study by the deadline.

The travel cost method will be one of three methods used in
the recreation study. It estimates demand curves (a relation
between price and quantity) by using travel costs and an imputed
value of time as proxies for price and recorded visits to the site
(region) as a proxy for the quantity wvariable. This relation
between price and quantity is estimated for the pre-spill and
post-spill case. The difference in surplus between the two cases
is estimated and used as a measure of damage. The problems the
investigators face are: selecting sites (travel to Alaska may be a
package and if part of the package is spoiled by the spill travel
to other parts of Alaska may be forgone; in this way the effects
of the spill. spread to all parts of Alaska) and valuing time.
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This o0il spill is on-going; it is not an event. The travel-
cost method uses pre-spill and post-spill data on recreation use,
tourism (prices and quantities) and hunting and fishing licensees.
But, post spill data cannot be collected until the spill is over.
The spill is not over. Data collected for the spring and summer
of 1989 is data representing recreation during the spill. This is
important to know. But it is equally important to know
participation in recreation in the future. There is no basis for
an assumption that tourism will return to normal in 1990. Unless
the investigators have a method for estimating participation in
1990 and subsequent years then the travel cost apprcach has a
potentially serious flaw.

The unit day approach relies on expert opinion to estimate
WTP. It should be used only if no other method can be used.

The third approach used in the recreation study is contingent
valuation (CV). CV solicits the willingness-to-pay (WTP) for an
Alaskan recreational experience. CV methods take some time to
perform correctly and cannot be done correctly by the deadline.

. CV methods are also used in the intrinsic study. Individuals
are asked about their WTP for pristine resources or their
willingness-to-accept (WTA) compensation for the damage done to
their natural resources. WTA estimates how much compensation is
needed to restore the well-being of citizens to the pre-spill
level. Society loses when an oil spill causes sorrow, outrage,
and other feelings of despair. 1Individuals spend valuable
resources to avoid feeling such emotions. The value of the
compensation required toc bear such feelings will only be captured
in the intrinsic value study using contingent valuation methods.

Both a WTP and a WTA approach should be used in the CV
studies. Under WTP, industry is assigned a quasi-property right
to the resource because industry pays the government what the
public would have been willing to pay to use the resource. Under
WTA, the public is assigned a quasi-property right to the resource
because industry pays to the government what the public would be
willing to accept to let industry use the resource. For resources
with close substitutes, WTP and WTA are approximately equal (See
Willig, Am Econ Rev, p.589 1976 and Hausman, Am Econ Rev, p.662 .
1981), but for unique resources there may be large differences
between WTP and WTA (Hanemann, Am Econ Rev, forthcoming). Since
it is believed that it is easier to design WTP questions than it
is to design WTA questions- (Carson and Navarro, Nat Res Jour,
p.815, 1988) and since if the resource has close substitutes the
same approximate answer results, investigators tend to favor the
WTP approach. The natural resources damaged in Alaska, however,
may be unique and both WTP and WTA approaches should be used.

Page 6
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Contingent valuation consists of using surveys to identify
and quantify economic values that are contingent upon an actual
market existing. In particular, markets for recreating and,
separately, intrinsic Alaskan natural resource values are
simulated using surveys. The survey results are susceptible to
bias and questions must be designed and pre-tested to avoid bias.
Often focus groups are used in the design and pre-test process.

There are two survey designs: iterative bidding formats and
non-iterative formats. In both designs the amenity being valued
must be described sufficiently so that the respondent knows what
he is being asked. This description may include photographs,
sketches, written description, videos, verbal descriptions and the
like. 1In the iterative format the respondent is asked a series of
questions to identify the value. For example, the interviewer may
show the respondent a picture of a dog and then asked if he is
willing to pay nickel for the deog? a dime? a dollar? with the
amount increasing until the respondent indicates the highest price
he would be willing to pay for the dog. In the non-iterative
format the respondent is asked to either answer yes or no to a
single state value ("Would you pay 50 cents for this dog?) or is
asked to write down the amount he would pay (Pleasz state on the
line indicated how much you would pay for the deog.) It is
generally acknowledged that the iterative interview method is
more reliable.

In either format, the survey irstrument will have, at least,
two parts. The first to record bid information, the second to
record demographic information.

Conducting a CV study requires several steps. First, the
spill damage is assessed and described so that the respondent
knows what he is paying to avoid or being compensated to accept.
Second, questionnaires are developed and tested for biases such as
anchoring and for misunderstandings. They may have to be revised.
If the revisions to the questions are extensive, a second pretest
may be needed. At this stage, a focus group might be given
alternative descriptions of the spill to develop a robust
description. The questions should have a wide scope. Individuals
should be asked not only about their values for the loss of
particular animals but also about how they value the loss of a
pristine environment and unspoiled wilderness. Third, the
population of eligible respondents is determined and sampled. For
the Alaskan oil spill the eligible population to be sampled must

Page 7
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include all U.S. citizens and possibly residents of other
countries. Fourth, the questionnaires are administered. This may
take considerable time if the sample is large. The final steps
are tabulation, aggregation, and interpretation of the results.

It is plain that there simply isn’t enough time to perform a
contingent value study by the deadline.

Two other issues in assessing damage and making restoration
plans are the speed of recovery and uncertainty. Some of the more
important estimates the biologists and other physical scientists
can provide are estimates of how long it will take the
environmental and natural resources to recover from the spill.
This information is important not only because it sets the period
for claiming diminution of use values; but also, if the damage is
irreversible, catastrophic, or has long lead times economists must
consider a larger set of future uses. If, for example, the damage
is estimated to last for 5 years, then the future uses of the
resources may be considered as known (i.e., committed). If, on
the other hand, the damage is estimated to last for 50 years,
committed uses may impart little information about the future and
more speculative uses nmust be considered in the analysis.

All of the estimates of damage are going to be subject to
uncertainty =-- uncertainty about magnitude and duration of the
resources lost and damaged; uncertainty about how much
compensation citizens need to restore them to a pre-spill level of
well-being. This suggests that a single-point estimate of the
damages should not be relied upon as the measure. Instead the
results should be reported as distributions.

Page 8
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C. Economic use studies:
4. Effect on value of public land;
6. Effect on subsistence households:
8. Effect on research programs; and
9. Effect on archaeological sites.

These are four studies of the impact on the spill on well-
defined targets. Each has its own problems that are not addressed
in the study descriptions.

* Public land. How are the investigators going to "project
market demands for leases and sales in the area affected by the
oil spill”. This is the central analytical element. Are they
going to use hedonic techniques? are they going to use the opinion
of appraisers? both? It would seem that the results of economic
study #3 '"Biceconomic models for damage assessment" would have to
be completed prior to completing study #4 because there may be
important effects on fishery resources that will be reflected in
the value of public lands.

* Research programs. The tabulation may be able to be
confined to a table listing project, amount, delay, and the funds
put in jeopardy by the spill. The results will depend on the
duration of the spill and its effects.

* Archaeological study. How are the investigators going to
assess the economic damage to the-site? will they use appraisers?
CV methods? The description mentions a field survey. Unless it is
already completed, then to perform the study by the deadline means
doing a field study during the Alaskan winter.

* Subsistence study. This study looks well thought-out, but

it cannot be completed by the deadline because the effects of the
spill will still be occurring.

Page 9
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Bob Adler

Senior Attorney

National Resources Defense Council
1350 New York Ave., N.W., Suite 300
Washington DC 2005

Dear Bob:

The proposed AirfWater Study Number 5 of the Exxon Valdez Natural Resource Damage
Assessment Plan and Restoration Strategy on air pollution was sketchy, and the respense
to further questions provided only a few of the additional details needed to review the
adequacy of the work pian. if this study had been proposed by an industry to a
governmental agency for review, it would not be accepted in its current form. The proposal
is still too vague.

The crucial questions are 1) which computer algorithms will be used, 2) what input data
are available, and 3) what assumptions will be required to estimate the release of volatile
organics from the slick and deposition flux of gaseous organics to the receptors. These
determine the accuracy of the model predictions and are needed in order to perform error
propagation and error analysis.

The specific computer algorithms for release, dispersion and deposition were not
identified, only that they would be USEPA approved. The various dispersion models have
different capabilities, and the specific model needs to be identified in order to evaluate its
inherent limitations. In particular, most of the standard modeis do not properly incorporate
dry deposition fluxes into the mass balance. That is, dispersion models with dry deposition
added frequently do not conserve the mass of the pollutant. The commonly used
short-term ISC regqulatory model wouid not be adequate. A model that 1) uses the
solutions of Rao for simultaneous dispersion and deposition, 2) includes corrections
specific for dispersion in overwater boundary layers, and 3) includes corrections for
dispersion in complex terrain is recommended.

The main inputs to the dispersion modsels are the meteorological data and the source
fluxes. The metecrological inputs have not been identified, other than that the National
Weather Service is the primary source and measurements were made on Coast Guard
vessels. From these, the wind vector and climatological history will be reconstructed.
While the data is available for the determination of the wind fieids, it is not apparent that
the data required to determine atmospheric dispersion characteristics exists, especially
over the long trajectories between the source (the ¢il slick) and receptor (site of deposition
and impact). The types and extent of supplemental data, beyond that normally monitored
by the National Weather Service, from the source and receptor areas becomes important
in order to miminize approximations and uncertainties. A careful evaluation of dispersion
is needed for this case of intermediate range transport.

The VOC source flux will be modeled with specific modeling of the benzene, toluene,
xylene, and ethylbenzene fluxes. These species are all of the same class, monocyclic
aromatics. These volatile aromatics have been singled out for the hazard assessment,
because these compounds should have had concentrations which could be detected
analyticaily. In terms of hazard assessment, the reference is not the limit of detection, but
the reference contaminant level which has a biological impact. It is recommended that the
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list be expanded to other components of crude oil which have much lower reference
contaminant levels than those of the monocyclic aromatics, and it is recommended that
flux calculations for specific compounds be expanded to representative chemicals other
classes. Forexample, while the ratio of the fluxes by evaporation to dissolution is about
6:1 for the monocyclic aromatics, it is about 20:1 for polycyclic aromatics.

The dry flux of organics to plants will be included, aithough the parameterization of the dry
deposition velocities for the organic compounds has not been specified. This is an area of
relatively large uncertainty. A careful evaluation of the range of possible of deposition
velocities should be made.

The main approximation is how to couple the evaporative flux to the air poliutant
concentrations. These approximations have not been identified. The simplest models
assume either a constant, average flux (release rate) or a first-order removal and use
Gaussian plume dispersion models. The most complex use heat balances and mass
transfer coefficients which depend on the meteorology. The evaporative flux depends on
the oil slick composition, either by Raouit's Law in the ideal case or with activity or fugacity
corrections in the non-ideal case. A careful evaluation of the range of possible of
evaporgtive fluxes shouid be made, and in general, the simple approximations should be
avoided.

Finally, error propagation and error analysis should be performed on the cumulative model
results.

Sincerely,

Howard M. Liljestrand
Assaciate Professor of Civil Engineering
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Mr. Bob Adler October 23, 1989
Natural Resources Defense Council

1360 New York Ava., N. W,

washington, DC 20005

Dear Mr. Adler

Review of the damage assessment and restoration activitles associated
with the Exxyon Valdez oll splll is from the perspective of the status of the
investigation at this point, and what should be done from from here out,.
Opinions were formed mainly from activities and results seen to date. along
with conversations with officizls and workers in a number of areas.

1. Much focus has been on those effects which are visible and on
the high end on the food c¢hain; oll slick movement, oily and
dlscolored beaches, and affected birds and mammals.

2. The progress of weathering, 1. e. evaporation, dissclution and
effects microbial oxidation of the hydrocarbon distrlbution within
the commponent of beached oil, and assoclated fertilizer effects, all
of which relate to the quantity and qualiity of oil persisting,
appears to be becomming well documented. Mechanistic aspects of the
disclution process, particularly blodegradation, appears to be
rather low=tech with extensive repetition favored over complete
modern, and thoughtful measurements based on sound principals of
physical cemistry. A better balance between field work and the
laboratory and theoretical support seems deslrable in order to
locate changes in the less-obvious relatlonships. Perhaps we can
describe which components disappeared, but cannot tell to what they
were converted, where they went, or why. Less obvious actors and
bioconversions the process of blodegradation does not mean less
fmportant. For example half the oceans biomass is bacterial, yet
measurements used are sensitive to only a fraction of a percent of
these organisms. Efforts to understand biocdegradation of mlxed
hydrocarbons in the oll phase, a8 key removsal process in this
instance, has not been attempeted. In laboratory culture, 70%
bioconversion of aromatics can be to hydroxylated aroinatics,
compounds which account for most of the biochemical activity,
carcinogenleity for example, of the parent compound, yet production
of these compounds by bacterial action in the beaches remains
unmeasured. - :

Seventy three miles of beach were treated with 40 tons of
fertillzer without understanding these basic mechanisms affected.
Well-controled laboratory experiments with structured mixtures of
hydrocarbons, key components of which are radio-labeled as tracers
are In order.

3. Documentation of the passage of particulate hydrocarbons to
benihic biota appears Lo be progressing well.



4. Significant efforts are underway to document changes In tLissue
chemistry and normal biochemical components in benthic fishes and
offshore fishes related to the oil spill. While effects have also
been measured on Inshore fishes such as salmon, these Investigations
are more llmited. Roules of contamlination which involve disselved
hydrocarbons from the water column, as opposed to collection of
particulate hydrocarbons by the benthos, are not understood.

Short-term laboratory studies of lsotopic hydroecarbon uptake by
fishes in bacteria-~free systems could help declde {f the
hydrocarbons in saimon, for exaple, come from the dilssolved phase
through the gills, or from particulates firtst collected by their
food organisms.

5. Induced changes in water chemistry appeuar to have been
neglected even though the solubility and dissolution rates of light
hydrocarbons and aromatics are known to be great. Seunsitive
measurements of the type reguired to document these changes were not
implemented. It Is too late to begin these now, but the technology
should be in hand. Nelther have measurements of metabolic products
of the type documented in flshes (3 above) been attempted, yet thelr
tormation In the water column may be even more extensive, As
alkylating agents, these are the bioactive components rather than
the hydrocarbons as polnted out above.

Effects of the present spill as part of an accumulating load in
marine systems due to the decade-to=-century life times of
hydrocarbons and their products appear not to be addressed. This is
seen as a problem of scope, considering the splll as a reglonal
problem when the impact {s more its contribution to global changes
in water chemistry. Sinhce these changes are slow and cumulative, it
is not to late Lo attend to the Alaskan contribution. The main
question is how an increasing load of hydrocarbons and thejr
products affects the functionality of the ocean.

Required studles {nvolve systems sufficiently well controlled so
that effective concentrations can be sustained without losing them
to bacterial activity, and thus gel results over reasonable time
frames,

In summary, the most slgnificant damage impact not well addressed, in my
opinion, 1s contribution of the splll to global change. Potential hupscts
are quite real. And, as in the case of egg-shell thinning from the products
of DDT metabolism, careful investigations c¢can establish cause/effect
relationshlips. A slgnificant fraction of the world ocean clreulates through
Alaska, and we add components to jt that will be present for centuries. The
fact that other nations may not be good world citlzens does not relieve us
from the responsibility of ¢ontaining our discharges; someone needs Lo lead.
The damage Impact assessment secems to say that If the offending components
leave Prince William Sound, which Indeed they do In a few days or weeks, then

they are not in fact of concern. QM
D. K. Button



S

COMMENTS AND RESUMES
OF
STEVEN WRIGHT, PhD, KIM HAYES, PhD

AND TIMOTHY VOGEL, PhD



e

Department of . 2340 G. Q. Brown Buliding College ot Enginesring
Clvil Enginearing Ann Arbaor, Michigan 40100-2125 Tl Usiiversily of Mighigan
3N 3r754-9485
FAX: 2313/764-4252

Octaber 27, 1989

Robert Adler, Esq.
Natural Resources Defense Council
Washingion D.C.

Dear Mr. Adler:

Professors Steven Wright and Kim Hayes and I have reviewed the drafi of the
Exxon Valdez Environmental Impact Assessment Plan.  In general, the proposed
studies arc described whh a lack of sufficient detail for our assessment, Without
evidence of the jusificarlon for the proposed research ag is typically included in
academic proposals (which lnclude references to other published research), we
cannul assess the level of science proposcd. However, based on the scant information
provided, we are able 10 make a few comments regarding some of the possible
shortcomings of the assessment plan.

The studies are {or only one yecar which preciudes the examination of many
phenomena that have longer tiine scales. Forcing scientists 10 do one year projects of
long tern phenomena is not appropriate. For example, the examination of areas that
arc "lightly-oiled” depends upon when they are lightly oiled. Some oiling of areas
will continue aftcr initial idemification of lightly oiled areas (more details on
attached puge). Another example of the long term etffect would be the mutagenicity
and carcinogenicity of the oil spills on organisms.

Measurements described in the assessment plan seem suited to the expertise of
the agencies personnel and nol necessarily suited to best characterize the changes in
the ecosysiem. For example, little discussion about the ctfect of the spill on the
microbial ecolagy s provided and then just briefly when referring to the benthic
microorganisms,  Measurements that cannot adequately cope with the hetcrogeneous
nature of oil distribution will also suffer.

Since no discussion of time and money limits {s provided and the spill area is
clearly impossible to restore compleicly in a year or two, discussion of how the data

collected will be used for partial remediation and accounting neceds to be stated
explivitly.

More detailed comments are attached,

Sincerely,

mothy M. Vogel
Assistant Professor
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Comments on Natural Resources Damage Assessment Plan for the Exxon Valdez Gil Spill

Coastal Habitat Study Plan: In general the assessment plan seems to lack a study related to
the fate and transport of oil in intertidal and supraddal zones. In the Coastal Habitat studies,
a more comprehensive plan for assessing the physical/chemical interactions of the oil with
the coastal sediments needs to be given. This might be done by adding two additional
projects to the Air/Water study plan such as: (1) Evaluation of Petroleum Hydrocarbon
persistence in Imtertidal Sediments, and (2) Evaluaton of Petroleum Hydrocarbon
Persistence in the supratidal Sediments. In the current description of the coastal habitat
studies, it appears these areas are not covered or that the research plan is not given in
sufficient detail to indicate that they are to be studied.

Measurement of Petroleumn Hydrocarbons. A more comprehensive plan needs to be
developed and included in the report, indicating what 0il components will be screened and
how they will be measured analytically. The only information given in the report (p40)
states that analyses 10 be done are TPH/GC and PNA/SIM characterization of marine
sediments, TOC on selected samples and size fraction analysis on representative samples. It
will be essential to perform a comprehensive analysis of the change in composition of the oil
in the sediments in time by monitoring appropriate classes of hydrocarbon components of the
oil. Toral Petroleum Hydrocarbon (TPH) analyses will not be adequate to assess the damage
or o monitor remediation efforts. It is recommended that individual components of the oil
be monitored throughout the study at selected sites covering a wide range of molecular
weight size classey. This will be essenual for assessing the potential damage and be
necessary if one is to effectively monitor temporal changes and to determine how well
natural, as well as, engineered remediation efforts are working.

Coastal Habitat Study, p. 31 - Mention i$ made that studies will be performed on 3 degrees
of viling; none, light, and moderate 10 heavy. It would appear that the lighs classification
may be msufficient to clearly delineate the extent of the problem. For example, a section of
shoreline might have been lightly oiled within a few days of the spill or it may have been
contamminated two months later. The composition of the residual oil will have significantly
changed over this dme frame and therefore the environmental response may well be
significandy different. It seems as though a time aspect to the contact must be included as
well; i.e. whether it is contacted soon after the spill or not.

Air/fWater Study 1, p. 37 - Mention is made that "Oil spill models will be used .. .". Such
muodels will probably not have sufficient accuracy or spatial resolution to provide any basis
for estimates of spill extent or volumes, The oil spill models will be only as accurate as the
estimates of general circulaton within the system and it is not made clear how this
information will be generated. Only field studies would provide the sort of information
required such as detalled circulation pattern. These studies need to be performed.

Coastal Habitar Study, p. 32 - States that "four vertical transects will be established on each
of the 150 sites . . .". The spatial resolution of these transects is not provided. This should
be a critical issue particuiarly in the breaker zone. It may be visualized that in the area of
active sediment trunsport (which is near the location of wave breaking), oil will be entrained
into the sediment much more readily than ¢lsewhere. Depending upon tidal fluctuations, this
may or may nol encompass a significant distance across the shoreline. No indication has
been given hat these physical processes have been considered and the description provided,
as elsewhere in the report, is simply insufficient to know whether or not this 1ssue will
aciually be resolved by the sampling procedure described. It does seem likely, however, that
with GO0 transects, the spatial resolution of the sampling will be limited. In order to have:
beuter understanding several sites need to be examined in greater detail,
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Detailed studies regarding microbial diversity changes as a result of the oil spill is necessary.
An ecology cannot be examined without studying the bottom of the food chain. Laboratory
stilies exumining the Influence of oil on microbial diversity combined with measured
changes in microbial populatdons at the spill location will aid in determining impact. In
additic:é. long term: studies regarding the recovery of microbial populations in the spill area
are needed,
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Invited Speaker for the Symposium on Physical and Chemical Oceancgraphy
in Chile and South America, University of Concepcion, Chile.

1988, McElroy, A.E. Metabolism of benz(a)anthracene in benthic
microcosms: Infiluence of a tubiculous polychaete and mode of
introduction. Ocean Sciences Meeting, American Society of Limmology ard
Qeeanograrhy, New Orleans, IA.

1988, McElroy, A.E., J.W. Farrington, and J.M. Teal. Metabolism of
polycyclic aramatic hydrocarbons in benthic microcosms. Symposium on Fate
of Chemicals in the Ocean, American Chemical Society, Toronto, Canada.

1989. McElroy, A.E. and Sisson, J.D., Metabolism of dietary carcinogens
in agquatic food chains. Scciety of Toxicology Meeting, Atlanta, GA.

1989. Kleinow, K.M. and McElroy, A.E., Toxicokinetics amd disposition of
benzo[a]pyrene (BaP) and BaP 7,8 diol in the winter flourder. Society of
Toxicology, Atlanta, GA.

1989. McElroy, A.E. ard Sisson, J.D., Trophic transfer of benzo(a)pyrene
metaboites in and between benthic marine organisms. Fifth International
Symposium on Responses of Marine Organsisms to Pollutants, Plymcuth,
Englard.
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Telephone: (902) 422-5647

Department of Biology and
School of Resource and Environmental
Studies
Dalhousie University
Halifax, Nova Scotia B3H 4J1
Telephone: (902) 424-6527 office - Biology

(902) 424-3805 laboratory - -

Biology

{902) 424-3715 office - Senate
Department of Population Sciences
Harvard School of Public Health TN
Harvard University ?\h//
665 Huntington Avenue
Boston, Massachusetts 02115
Telephone: {617} 732-1232

P. Lane and Asscciates Limited
5439 Cogswell Street

Halifax, Nova Scotia B3J 1R1
Telephone: {902) 423-8197

FAX: (902} 429-8089

P. Lane and Associates Limited
P. 0. Box 3118

197 Malqeque Road
Charlottetown, P.E.I.

ClAa 7N9

Telephone: (902) 368-3563

FAX: (902) 566-3768

Canadian Citizen
Social Insurance No. 155-088-296

United States Citizen
Social Security No. 132-36-9688

‘\_j



——

)

PATRICIA A. LANE

B. Academic Degrees

B.A., 1964, Biology, Hartwick College, Oneonta, New York.

M.A., 1966, Biology, State University of New York at Binghamton.

Ph.D., 1971, Ecoleogy, State University of New York at Albany.

C. Training and Experience

1965 - 1966
1969 - 1971
1971 - 1973
1972 - }973
1973 - 1973
1973 - 1978
1974 - 1978
1978 - 1984

Teaching Assistant

Department of Bicleogy

State University of New York at Binghamton
Binghamton, New York '

NDEA Pre-doctoral Fellow

Department of Biolcgy

State University of New York at Albhany
Albany, New York

Post-doctoral Ford Fellow
Department of Biology
University of Chicago
Chicago, Illinois

Research Associate

W. K. Kellogg Biological Station
Michigan State University
Hickory Corners, Michigan

Aggigtant Professor (summer)

W. K. Kellogg Biological Station
Michigan State University
Hickory Corners, Michigan

Assistant Professor

Department of Biology
Dalhousie University
Halifax, Nova Scotia

Adjunct Assistant Professor

W. K. Kellogg Biological Station
Michigan State University
Hickory Corners, Michigan .
Associate Professor

Department of Biology -
Dalhousie University

Halifax, Nova Scotia

PAGE 2
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1980 - 1982 Visiting Associate Proessor
Department of Populatizn Sciences
Harvard School of Public Health
Harvard University

Boston, Massachusetts

1982 - 1984 Visiting Associate Professor
Graduate School of Oceznography
University of Rhode Is_and
Kingston, Rhode Island

1982 - present Visiting Lecturer
Department of Populatiin Sciences
Harvard School of Public Health
Harvard University
Boston, Massachusetts

1983 - present President
P. Lane and Associates Limited
Halifax, Nova Scotia, =nd
Charlottetown, Prince Zdward Island

1983 - 1985 Director
Caribbean Fisheries Rezearch Foundation, Inc.
St. Croix, U.S. Virgir Islands

-
1984 - 1984 Visiting Professor \;:)
Graduate School of Oceznography
University of Rhode Island
Kingston, Rhode Island

1984 - present Professor
Department of Biology
Dalhousie University
Halifax, Nova Scotia

1985 - 1986 Director
National Foundation fo- the Environment
Halifax, Nowva Scotia

1986 - present Professor
*  School of Resource and Znvironmental Studies
Dalhousie University
Halifax, Nova Scotia
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)
s D. PFellzwships, Honours and Awards

1969 - 1971
197 - 1973

1972

1974 - present

1976
198k

D

1985

1987
1988 - 1989
1988 - 1989

Pre-doctoral Fellowship (NDEA)

Post-doctoral Fellowship (Ford Foundation Grant for
Population Biology)

Travel award for 18th Congress, SIL, in Leningrad,
U.S8.5.R., from American Society of Limnclogy and
Oceanography, and the Ecological Society of America.

{invited and/or named in:)

Who's Who in American Men and Women of Science
Noteworthy Community Leaders in America

Who's Who in Frontiers of Science and Technology
Who's Who in Canadian Women

The International Directory of Distinguished Leadership
Personalities of the Americas

World's Who Who of Women

American Society of Naturalists (elected).
Environmental Science and Engineering Fellowship.
Sponsored by the American Association for the Advancement
of Science and Environmental Protection Agency.
Washington, D.C.

Senior Ecologist Certification by Ecological Society of
America.

Named Cne of Top Ten Qutstanding Campus Achievers, Campus
Canada.

Elected Fellow, The Rawson Academy of Aquatic Science
Elected Director, The Rawson Academy of Aquatic Science
Invited Member. Management Board of Environmental Choice

Program. Appointed by Federal Minster of the
Environment.

E. Consu ting Experience

1. V¥zin Consulting Areas

a) Development and implementation of environmental impact assessment
methodologies for marine, terrestrial and freshwater environments,
including ecological risk and causal network analyses.

L -,
s
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b)

c)

£}

3.

PAGE 5

Qualitative and quantitative modelling of perturbed ecosystems.

Evaluation of environmental effects of o0il pollution, thermal
pollution, mining activities, nutrient enrichment, acid deposition
and physical alterations to ecosystenms.

Design of environmental effects monitoring programs and envircnmental
protection plans.

Design of field and laboratory experiments and data analysis for
fates and effects of pollutants.

Training of environmental managers and ecologists.

Experience (Prior to 1983)

1974 - 1976

1978

1980-1981

1982

Served as environmental consultant to Quirk, Lawler and
Matusky, Envirconmental Engineers, Tappan, New York on
application of niche analysis to the phytoplankton,
zooplankton, benthos and fish larvae impacted by power
plants in the Hudson River. Also assisted in the design
of monitoring programmes and critique of fish population
models,

Served as environmental consultant to MacLaren-Marex,
Halifax, Nova Scotia on multivariate statistical
approaches to phytoplankton communities in the Davis
Strait (analyzed Irving Oil data set).

Served as advisor on Hudson River studies, Pandullo and
Quirk, New Jersey.

Served &8s environmental consultant on pollution in
Kingston Harbour, Jamaica, under auspices of McGill
International with travel grant awarded to Dr. B.
Marcotte of McGill University from The Royal Bank of
Canada. Held discussions with key personnel at
Scientific Research Council; University of West Indies;
Ministry of Health (Environmental Control); and Natural
Resources Conservation Department.

Experience (After 1984)

Project manager on more than 120 company contracts. Selected current and
recent projects since 1984 include:

1984 - 1985

Ecological Impacts of the Budworm-Killed Forest.
Environment Canada.

w
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1984

1985

1985

1985

1985

1985,

1985

1986

1986

1986

1986

1986

1985

1986

1986

1986

1986
1986
1986
1986

1986

1986

1986

PAGE 6

Jack Lake Land Assembly - Environmental Impact Assessment
of Surface and Groundwater Ccacerns Related to Suburban
Development. Canada Mortgags and Housing Corporation
and Province of Nova Scotia.

Hibernia Environmental Impact Statement: Risk Assessment
and Modelling of Sea Birds znd the Pelagic Ecosystem.
Critique of Mobil E.I.S. Environment Canada.

Athol Sulphuric Acid Spil.. Field Assessment of
Pollution Effects on Higher Vsgetation and Multivariate
Compunity Analysis. Environ-sntal Protection Service,
Environment Canada. {Sub tc Lawvalin.)

A Study of Water Quality Issues at Selected Prince Edward
Island Causeways. P.E.I Dezzrtment of Transportation
and Public Works.

Snow Crab Infrastructure Stué:. Department of Fisheries
and Oceans.

Fault Tree Analysis for the Risk of Fire in Regard to
the Use of Wood in Coal Mines. Department of Energy,
Mines and Resources.

Chezzetcook Salt Marsh - Environmental Impact.Assessment
and Baseline Data Collection for Terrestrial and Marine
Ecosystems Related to Highwzy 107 Construction. N.3.
Department of Transportation.

Caribou Risk Assessment in Regard to Power Transmission
Lines. Newfoundland-Labrador Hydro.

Field Studies, Population Modelling, Resource Management
and Stock Assessment of Surf Clam Populations on
Banquereau Bank, Nova Scoti:z. Development of a New
Fishery. Fishery Investments Limited.

Environmental Risk Catalogus of Non-Pesticide Toxic
Chemicals on Migratory Birds in the Atlantic Provinces.
Canadian Wildlife Service.

Sedimentation Study of Chszzetcook Inlet. N.S.
Department of Transportation.

Review and Critique of Field Studies Concerning 0il and
Dispersants. National Research Council. U.S. National
Academy of Sciences.
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1986

1986

1986

1986

1986

1986

1986

1987

1987

1987

1987

1987

- 1536

- 1236

- 1237

- 1337

- 1837

- 1¢38

- 1¢38

- 1¢38

PAGE 7

A Review of Water Quality Standards and Marine Receiving
Waters in Regard to Meat Processing Plant Effluents.
P.E.I. Department of Development.

Hydrodynamic Modelling and the Socio-Economic Effects
of a One Metre Rise in Sea Level at Charlottetown.
Canadian Climate Program, Atmospheric Environmental
Services.

Environmental Impact Assessment, Effects Monitoring and
Protection Planning for Gold Tailings Reclamation and
Mining. Seabright Industries. (3 projects)

Development of a Socio-economic Methodology for Assessing
Impacts related to Climate Change in Atlantic Canada.

Evaluation of Holistic Marine Ecosystem Modelling As a
Potential Tocl in Environmental Impact Assessment.
Dalhousie Institute of Resource and Environmental
Studies, and Marine Ecology Laberatory, Bedford Institute
of Oceancgraphy.

Envircnmental Capacity Study of Western Brock Pond.
Parks Canada (2 contracts).

The Effects of 0il Dispersants on Salt Marsh Vegetation.
Environmental Studies Revolving Funds. Canada 0il and
Gas Lands Administration. Second year Continuation,
Environment Canada.

Development of a Reference Guide and Feasibility Study
for Cumulative Effects Assessment. Canadian Environmental
Assessment Research Council.

Evaluation of the Water Resource Research Program of the
Directorate of Inland Waters, Environment Canada. Rawson
Academy of Aquatic Science,

Physical and Biological Oceanographic Studies of Proposed
Addition to Trenton Generating Station. Nova Scotia
Power Corporation (4 contracts).

Generic Initial Environmental Ewvaluation and Public
Information Program for Northumberland Strait Fixed
Crossing Project. Public Works Canada. {2 contracts).

An Ecosystem Risk Modelling and Field Studies of the
Fates and Effects of PAHs in Sydney Harbour. Department
of Fisheries and Oceans. (4 contracts).
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1987 - 1990

1987

1987

1988

1988

1988

1988

1988

1988

1988

1988

1988

1988

1992

1989

1989

1989

1989

1990

PAGE 8

Biotechnological Approach to Environmental
Decontamination of Heavy Metals Using Higher Plants at
an Abandoned Gold Tailings Site. Energy Mines and
Resources (3 contracts).

Assessment of the Freshwater Impacts of Low Level Flying
for the Goose Bay NATO Base, Labrador.
Lavalin/Department of National Defense (2 contracts).

Design of a Large Environmental Rehabilitation Project
Centered on Sustainable Development for the Mahaweli
Watershed: Sri Lanka. Ecological and Women in
Development Components. Canadian International
Development Agency. ’

Environmental Evaluation of Proposal Call, Monitoring
and Inspection Services for Northumberland Fixed Crossing
Project. Delcan/Stone & Webster Joint Venture for Public
Works Canada.

Evaluation of the Pitfalls and Possibilities for Marine
Envirconmental Effects Monitoring for Offshore 0il
Development. Environment Canada.

Design of Envircnmental Effects Monitoring Program for
Sydney Harbour. Acres International Limited. N.S.
Department of Enviromment and Environment Canada.

Environmental Marine Effects of St. Peters Bay
Development. Morello and Associates.

Damage of Hurricane Gilbert and Sustainable Development
in Jamaica. Canadian International Development in
Jamgica., Canadian International Development Agency and
the Institute for Research on Public Policy (2
contracts).

Terrestrial Baseline Study for the Fixed Link Crossing.
Delcan/Stone & Webster Joint Venture for Public Works
Canada.

Design of a Wetlands to Ameliorate Acid Mine Drainage
at the Halifax Internaticnal Airport. Transport Canada.

Implementation of Marine Monitoring Program for Tar Pond
Clean~-up. Acres International Limited. N.S. Department
of Environment and Environment Canada.
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1989
1989

1989

1989

1989

1989

i989-1990

1989 - 1930

1989 - 1990

1989 - 1991

F. Publications

1. Theses

PAGE 9

Ecological Risk to Cormorants of Accideztal Marine Spills
in Relation to the Fixed Link Crossizg. Delcan/Stone
& Webster Joint Venture for Public Weoks Canada.

Expert Witness to Assist the Sieria Club Legal Defense
Fund Inc., Juneau Alaska on Exxon's proposed use of
Corexit 9580 as a shoreline cleaner :n Prince William
Sound.

Expert opinion on efficacy of Naturz. Resource Damage
Assessment Plan for Exxon Valdez 0il 35pill for Natural
Rescurces Defense Council. New Yook, New York and
Washington, DC.

Qualitative Ecosystem model to study zhe effects of ice
on commercial fisheries in the Northuzberland Strait.

Comprehensive Environment Managemerz plan for the
Northumberland Strait Crossing Projezt. Delcan/Stone
and Webster Joint Venture for Public works Canada.

Spatial Analysis of Island-wide Terrestrial Impacts
related to increased traffic and tourism of the
Northumberland Strait Crossing Project in a sustainable
development context. Delcan/Stone znd Webster Joint
Venture for Public Works Canada.

Agratic Resocurce Inventory and Enviranmental Planning
for Cape Breton Highlands Naticnal Park. Parks Canada.
Expert Witness to Assist Public Works Canada in EARP
panel hearings for Northumberland Strait Crossing
Project.

Study of Mechanisms Operative in Nztural Freshwater
Wetlands. Environment Canada.

Traning Regulators for the Implemsntation of the
Environmental Assessment and Review Process (EARP).
Federal Environmental Assessment Review Office {FEARQ)}.

1966 M.A. Thesis: A study of the planktonic algse of two ponds.

State University of New York a: Binghamton. 120
PP.

C
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el

-

PAGE 10

1971 Ph.D. Thesis: A comparative study of four =zooplankton

communities. State University of New York at
Albany. 202 pp. Diss. Abs. 72-31,784.

Journal Articles _Note: P. Lane is senior author on all papers except
those marked with * after year.]

1969

1970

1973

1975

1976

1976

1977

1977

1978

A winter-spring study of the phytoplankton of two New York
ponds. Journal of the Elisha Mitchell Science Society
85:23-3:.

A mathesmatical analysis of the niches of Lake Michigan
zooplanzzon. In: Proceedings of the 13th Conference on Great .
Lakes Rssearch, pp. 4#7-57 (with Donald C. McNaught).

A nich= analysis of the Gull Lake (Michigan, U.S.A.)
zooplanu=on community. Verhandlungen Internationale Vereinigung
filr The:retische und Angewandte Limnologie 18:144-157 (with
Donald Z. McNaught).

The feeszibility of using a holistic approach in ecosystem
analysis. In: S.A. Levin (ed.}, Ecosystem Analysis and
Prediction; Proceedings of the Conference on Ecosystems, pp.
111-128 (with George H. Lauff and Richard Levins). Society
for Ind:strial and Applied Mathematics.

Dynamics of Aquatic Systems. I. A comparative study of the
structure of four =zooplankton communities. Ecological
Monograzhs 45:307-336.

Measuri-z invertebrate predation in situ on zooplankton
assemblzges, Transactions of the American Microscopical
Society 95(2):143-155 (with M.J. Klug and L. Louden).

Dynamics of aquatic systems. II. The effects of nutrient
enrichmsat on model plankton communities. Limnelogy and
Oceanog=zaphy 21:454-471 (with R. Levins).

The e\;ol:tionary strategy of mimicry. American Biclogy Teacher
39:21k4-217.

ZOOplank;on and the community structure controversy. Science
200:458-260.
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1979

1979

1981
1982

1984

1984*

1984

1984*

1985

1385

1985

PAGE 11

Role of invertebrate predation in structuring =zooplankton
communities. Verhandlungen Internationale Vereinigung flr
Theoretische und Angewandte Limnologie 20:480-485.

Relative roles of vertebrate and invertebrate predation in
structuring zooplankton communities. Nature 280:391-393.

Fish versus zooplankton predation in lakes. Nature 292:780.

Using qualitative analysis to understand perturbations in
marine ecosystems in the field and laboratory. In: P.
Archibald (ed.), Environmental Biology State of the Art
Seminar, pp. 94-122. Office of Exploratory Research, U.S.
Environmental Protection Agency, Washington, D.C. EPA-600/9-
82-007. ’

Peering through nature's kaleidoscope at a marine plankton
community. In: P. Archibald (ed.}, Environmental Biology
State of the Art Seminar., Office of Exploratory Research, U.S.
Environmental Protection Agency, Washington, D.C.

Plankton of an acid-stressed lake (Kejimkujik National Park,
Nova Scotia, Canada). Part 1. Design and water chemistry
results of an enclosure experiment. Verhandlungen Inter-
nationale Vereinigung fir Theoretische und Angewandte
Limnologie 22:395-400 (with T. M. Collins; 2nd author}.

Plankton of an acid-stressed lake (Kejimkujik National Park,
Nova Scotia, Canada). Part 3. Community network analysis.
Verhandlungen Internationale Vereinigung fir Theoretische und
Angewandte Limnologie 22:406-411 (with A.C. Blouin).

Comparison of plankton-water chemistry relationships in three
acid-stressed lakes. Internationale Revue der Gesamten

Hydrobiologie 69:819-841 (with A. C. Blouin, T. M. Collins and

J. J. Kerekes; 2nd author).

Qualitative analysis of the pelagic food webs of three
acid-impacted lakes. Internationale Revue der Gesamten
Hydrobiologie 70:203-220 {with A.C. Blouin).

A food web approach to mutualism in lake communities --
Distinguishing direct, indirect and community effects. Chapter
14 in: D. Boucher {ed.), Mutualism; New Ideas About Nature,
pp. 344-374. Université du Québec a Montréal. Montreal,
Quebec.

Food web models of a marine plankten community: an

‘)



o)

PATRICIA A. LANE

1986
1986

1986*

1986

1987

1987

1988*

1989

1989* _

PAGE 12

experimental approach. Journal of Experimental Marine Bizlogy
and Ecology 94:41-70 (with T.M. Collins}).

Symmetry, change, perturbation and observing mode in nzzural
communities. Ecology 67:223-239.

Preparing marine plankton data sets for loop ana.rsis.
Ecology. Supplementary Publication Source Document No. £325A,

The theory of loop analysis. Ecology. Supplensntary
Publication Source Document No. 8525B (with J.A. Wrighz: 2nd
author).

Receiving water responses to wastewater discharges =: the
marine environment -- Biological effects and risk analrsis.
Chapter to appear in: D. Waller (ed.), Wastewater Dischzrges
to Marine Environment. Technical University of Nova S:cotia
Symposium. (In press)

Impact of experimentally dispersed oil on vegetation in a
northwestern Atlantic¢ salt marsh -- Preliminary observazions.
In: J.0. Ludwigson (ed.), Proceedings of the 1987 0il 3pill
Conference. Sponsored by American Petroleum Instizute,
Environmental Protection Agency, United States Ceoast Guard.,
API Publication 4452 (with J.H. Vandermeulen, M.J. Crowe.l and
D.J. Patriquin). :

Patchwork: Mesocosm tank studies on marine plankton patch:=ess.
In: Proceedings of a conference, The Qcean "An Internazional
Workplace". Oceans 1987, pp. 929-934 (with N. Balch, H. =rice,
T. Collins; 4th author).

Recovery of a Nova Scotian saltmarsh during two growing seasons
following experimental spills of crude oil and the dispessant
Corexit 9527. Proceedings of the Eleventh Arctic and Mzrine
0il Spill Procurement Technical Seminar, pp. 89-128 (wit:z M.J.
Crowell; 2nd author). Environment Canada Publicztion
(Environmental Protection Service).

Hedvy metal removal from gold mining and tailing efflients
using indigenous aquatic macrophytes {Phase I). Proceeiings
of the BIOMET Annual Meeting, November 2, 1988, Calzary.
Alberta, pp. 3-37 {with M. Crowell and M. Graves).

Factors affecting plant biomass and tissue concentraticzs of
arsenic and mercury and the distributions of plant commurities
on gold tailings in Nova Scotia, CANMET, Energy, Mines and
Resources {with M.J. Crowell}.
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3. Selected Technical Repor:s (University and Consulting) [Note: P. Lane

is senior author on all capers except those marked with * after year.]

1977

1981

1981

1981

1982

1985

1987

1988

Response of the structure and stability of four aquatic
communities in the Hudson River to thermal effluents. Dalhousie
University Tecknical Report, 500 pp. {with J.A. Wright).

Distribution and abundance of zcoplankton in three lakes in
Kejimkujik Nat:iznal Park, Nova Scotia. Dalhousie University
Technical Repor:t, 139 pp. (with A. C. Blouin and K. Cook}.

A comparison z£ three plankton communities in Kejimkujik
National Park, Nova Scotia. Dalhousie University Technical
Report, Volume 1, 143 pp.; Volume II, 166 pp. {(with A. C.
Blouin and K. Zook).

Analyzing percarbations £o marine ecosystems using loop
analysis and zime averaging. Harvard Marine Ecosystems
Research Group. Harvard University Technical Report 60 pp.
{Editors: P. _ane and R. Morison}.

Plankton=-nutrisat interactions in Pebbleloggitch, Beaverskin,
and Kejimkujik Lakes in 1980 and 1981. Kejimkujik National
Park, Nova Scczia. Dalhousie University Technical Report,
Volume I, 182 zo.; Volume II, 221 pp. (with A. C. Blouin and
T. M. Collins).

Possible holistic approaches to the study of biological -
physical interzctions in the oceans. Working Group Report.
Ecosystems Thezry in Relation to Biological Oceanography.
SCOR/UNESCO Wocxing Group No. 73. (6th author)

Use of chemical dispersants in salt marshes. Report No. 070,
Canada 0il and Gas Lands Administration, Ottawa, Ontario.
Environmental Studies Research Fund. (with M. Crowell, D.G.
Patriquin, and I. Buist.)

A reference guiie to cumulative effects assessment in Canada.
VoIs I {with R.%. Wallace, R.L. Johnson and D. Bernard). Vol.
II. Feasibility study in CEARC cumulative effects assessment
(CEA); Wetlands of the boreal agricultural fringe of the
prairie provinecss (with R.R. Wallace; 2nd author). Vol. III.
Overview of ageccies and institutions interested in cumulative

.effects assessrant and management {(with N.C. Sonntag, R.R.

Wallace, B.M. Mzrcotte and S.H. Janes: 2nd author). Canadian

‘Environmental issessment Research Council, Ottawa, Ontario.

),

r',/ \
N
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1988

1988

1988

1989

1989*

1989

PAGE 14

Generic initial envirconmental evaluation of the Northumberland
Strait Crossing Project. Public Works Canada, Ottawa, Ontario.
(with G. Gillis}.

Mahaweli environmental rehabilitation project in Sri Lanka.
Volume I. Ecological Aspects; Volume II. Appendices. Canadian
International Development Agency, Hull, Quebec. {(with S.
Derarajan, M. Jansen, S. Kotagama, R. Senanayake, G. Shea, R.
Subasinghe and N. de Zoysa)

Mahaweli environmental rehabilitation project in Sri Lanka.
Women in development. Canadian International Development
Agency, Hull, Quebec. {(with P. Abewardena, G. Shea, K.M.
Vitarana and A. Wickramesinghe)

Jamaica 1988: Hurricane Gilbert:; The relationship between
environmental degradation and the severity of natural
disasters. Canadian International Development Agency, Hull,
Quebec. (with J.J. Harrington, G.A. Shea and J. Douglas)

Evaluation of Holistic Marine Ecosystem Modelling as =&
Potential Tool in Environmental Impact Assessment. Biclogical
Sciences Branch, Scotia-Fundy Region, Department of Fisheries
and Oceans, Bedford Institute of Oceanography, Dartmouth, Nova
Scotia, 177 pp. {(with P.K. Stokce, R.P. Cote and J.A. Wright;
2nd author) :

Further Studies on the Distribution and Fate of Arsenic and
Mercury &at a Site Contaminated by Abandoned Gold Mine
Trailings. P.A. Lane, M.J. Crowell, R.J. Pett, and D.S.
MacKinnon, P. Lane & Associates, Ltd., Halifax and M.C. Graves,
Cuesta Research Ltd., Dartmouth.

Plus a large number of other consultant reports.

I, Abstracts

1982

1983

1983

Zooplankton studies. Proceedings of the Kejimkujik Calibrated
Catchments Program Workshop, November 18, 1981. J.J. Kerekes
{ed.), pp. 55-56 (with A.C. Blouin).

Quantitative analysis of lake communities and enclosure
experiments in Kejimkujik National Park. Proceedings of the
Kejimkujik Calibrated Catchments Program Workshop,
April 26, 1983. J.J. Kerekes (ed.), pp. 62-66 (with A.C.
Blouin and T.M. Collins).

Qualitative analysis of lake food webs in Kejimkujik National
Park. Proceedings of the Kejimkujik Calibrated Catchments
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Program Workshop, April 26, 1983. J.J. Kerekes {ed.), =:.
67-69 (with A.C. Blouin and T.M. Collins}).

[Note: Several papers given at meetings listed in Section H also
appeared as abstracts in conference proceedings.]

5. Papers and Abstracts Completed Under My Supervision {in addition =0
theses in L. 3.)

1980 Bohrer, Richard N. Experimental studies on diel wvertizzl
migration. In: W.C, Kerfoot (ed.), Evolution and Ecology :f
Zooplankton Communities. Special Symposium Volume 3, pp. 111-
121, American Society of Limnology and Oceanographr.
University Press of New Englahd, Hanover, New Hampshire.

1980 Skiver, John. Seasonal partitioning patterns of marize
calanoid copepods species interactions. Journal =f
Experimental Marine Biology and Ecology 44 (2-3):229-246.

1983 Blouin, Anthony C., Terrence M. Collins and Joseph J. Kerekzz,
Plankton of an acid-stressed lake {Kejimkujik National Pa-:,
Nova Scotia, Canada). Part 2. Population dynamics of zn
enclosure experiment. Verhandlungen Internationale Vereinig=g
fiir Theoretische und Angewandte Limnologie 22:401-405. Also
presented at the XXIInd <Congress of the Internationzl
Association of Theoretical and Applied Limnology. Lycz,
France, by A.C. Blouin.

1983 Collins, Terrence M., and Anthony C. Blouin. Nutrisnt
enrichment using experimental marine plankton communities.
I. Dalhousie tower tank. 46th Annual Meeting American Sociezy
of Limnology and Oceanography, Memorial University, St. John's,
Newfoundland. (presentation plus conference abstract)

6. Writing Commitments and Papers in Preparation

Book Under Contract

Qualitative Ecosystem Analysis. (with Richard Levins) Ecological Studizs
Series. Springer-Verlag Publishers, New York.

Papers in Preparation

Manipulation of ctenophore populations in experimental marine food webs.
Journal of Experimental Marine Biclogy and Ecology. (with T.M. Collirs)

Loop analysis as a useful technique for environmental impact assessmer:.
Ecological Modelling.
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Loop analysis of the nutrient encichment experiment conducted in the MERL
mesocosms. Marine Biology.

The plankton food web of Narragemsett Bay. Limnology and Oceanography.

A comparison of marine and freshsater plankton foodwebs. Ecology.

Once upon a googel: The ques: for biologically-reasocnable networks.
American Naturalist.

Connectedness in marine and fresawater food webs. Ecology. (with J.A.
Wright).

G. Sympeosia as Invited Speaker

1973

1974

1981

1983

1985

1985

1986

1987

First International Congress of Evolutionary Biology and Systematics.
Boulder, Colorado., "Homaz= to the Loch Ness Monster, or Why Are
There S0 Few Niches?",

Symposium of Society of I-dustrial and Applied Mathematics, Alta,
Utah (sponsored by the Nz:ional Science Foundation)}. Exhibit A:
The feasibility of using a -olistic approach in ecosystem analysis.

Symposium -- Environmental Protection Agency, Office of Innovative
Research (Biology). Dulut:, Minnesota. Using qualitative analysis
with marine plankton commi-ities.

Symposium -- Environmental Protection Agency, O0ffice of Innovative
Research {Biology), Seattls, Washington. Peering through nature's
kaleidoscope at a marine plankton community.

Symposium -- Technical University of Nova Scotia, Centre for Water
Rescurces Studies, Halifax. Nova Scotia. Discharges to the Marine
Environment. Receiving watsr responses to wastewater discharges to
the marine environment: bi:logical effects and risk analysis.

Symposium -- U.S. Envirc-mental Protection Agency. Health and
Environmental Review Division., Washington, D.C. Perspectives on
Ecological Risk Assessment. Loop analysis as a tool for ecological
risk assessment.

Symposium =-- Technical Uni-a2rsity of Nova Scotia, Centre for Water
Resources Studies. Assessmzat of Impacts of Wastewater Discharge on
Marine Environments. Talks on Bioclogical Field Studies and Ecosystem
Modelling. {Invited Speaksr)

Symposium -- The Institute :f Electrical and Electronics Engineers,
Inc. Canadian Atlantic Section's Spring Seminar 87. Talk on
Ecological Risk Analysis with Energy Development. (Invited Speaker)
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1989 Symposium -- Technical University of Nova Scotia. Sewage Treatment.
Environment Assessment - Its Role in Plant Siting and Design.

(Invited Speaker)
H. Papers Given at Meetings (in addition to Symposia) [Note: P. Lane is

senior author on all papers except those marked by * after year]

1970

1971

1971

1971

1982

1973

1977

1977

1977

1979

A mathematical analysis of the niches of Lake Michigan zooplankton.
13th Conference International Associaticon for Great Lakes Research
{with Donald C. McNaught). State University of New York, Buffalo,
New York.

A comparative study of the structure of zooplankton communities. 34th
Annual Meeting American Society of Limnology and Oceancgraphy {with
Donald C. McNaught). Freshwater Institute, Winnipeg, Manitcba.

A niche analysis of the Gull Lake (Michigan, U.S.A.) zooplankton

community. XIIIth Congress International Association of Theoretical
and Applied Limnology (with Donald C. McNaught). Leningrad, U.S.5.R.

Understanding zooplankton community structure using niche analysis.

Plankton Conference (sponscred by Ford Foundation Grant for -

Population Biology). University of Chicago, Chicago, Illinois.

Community dynamics of the Delaware River phytoplankton in relation
to sewage effluents. 35th Annual Meeting American Society of
Limnology and Oceanography {with Gecrge Schumacher). Florida State
University, Tallahassee, Florida.

The limiting factor myth. 36th Annual Meeting American Society of
Limnology and Oceanography (with Richard Levins). University of
Utah, Salt Lake City, Utah.

Response of the Gull Lake zooplankton community to nutrient
enrichment. 40th Annual Meeting American Society of Limnology and
Oceanography (with George Lauff and Richard Levins). Michigan State
University, East Lansing, Michigan.

A plankton parable about chitterlings. XXth Congress of the
International Association of Theoretical and Applied Limnology.
Copenhagen, Denmark.

Response of the structure and stability of four aquatic communities
in the Hudson River to thermal effluents. Savannah River Ecological
Laboratory. Conference on Thermal Pollution. Athens, Georgia.

Stress to marine ecosystems. Panel member for Conference on Water
and Environmental Law. Dalhousie University, Halifax, Nova Scotia.

o)
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1980

1980

1983

1983

1983

19é3

1984

Analyzing perturbations to marine ecosystems using loop analysis and
time averaging. Three talks: (1) The qualitative approach and its
significance for marine ecosystems, (2) Applying loop analysis to
marine plankton communities, (3) Information needed: organisms,
ecosystems, and parameter inputs. U.S. Environmental Protection
Agency - Harvard Research Meeting. Harvard University, Boston,
Massachusetts.

Sexism in Biology (panel member)}. National Association of Biology
Teachers. Boston, Massachusetts.

Nutrient enrichment using experimental marine plankton communities.
Iz, Loop analysis. 46th Annual Meeting American Society of
Limnology and Oceancography. Memorial University, St. John's,
Newfoundland.

Peering through nature's kaleidoscope at a marine plankton community.
U.S. Environmental Protection Agency -- State of the Art Seminar.
Qffice of Innovative Research, U.S. Envirconmental Protection Agency,
Seattle, Washington.

Plankton of an acid-stressed lake (Kejimkujik National Park, Nova
Scotia, Canada). Part 1. Design and water chemistry results of an
enclosure experiment (presented by T.M. Collins: 2nd author).
XXIInd Congress of the International A55001at10n of Theoretical and
Applied Limnology. Lyon, France.

Plankton of an acid-stressed lake (Kejimkujik National Park, Nova
Scotia, Canada). Part 3. Community network analysis. (with A.C.
Blouin)., XXIInd Congress of the International Association of
Theoretical and Applied Limnology. Lyon, France.

Notion of core structure in marine plankton communities. Conference
on Ecosystem Theory in Relation to Biological Oceanography.
Sponsored by SCOR/UNESCC Working Group No. 73, National Sciences and
Engineering Research Council of Canada, U.S. National Science
Foundation and the U.S. Office of Naval Research. Université Laval,
Quebec City, Quebec.

I. Representative Workshops, Conferences, Radio-TV Presentations, Special

Courses and Miscellaneous

1975

1982

Joint Panel on Ecosystem Analysis and Predicting the Effects
of Changing Water Quality. Sponsored by the Institute of
Ecology, U.S. National Water Commission, and U.S. National
Academy of Sciences. University of Texas. Austin, Texas.
{Invited Workshop Member)

Adaptive Environmental Assessment with Integrated Pest
Management in Corn Production Systems. U.S. Fish and Wildlife
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1984

1984

1985

1985

11985

1985

1986

1986

1586

1986
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~ Environmental Protection 4zency Workshop. Fort Collins,
Colorado. ({Invited Workshop Member)

Water Resource Management i Nova Scotia - Priority Issues
and Research Needs. Centre for Water Resources Studies,
Technical University of Nova Scotia. (Invited Participant)

Long Range Research Agenda. Imvironmental Biology- ecological
effects subpanel. Sponsorec by the Environmental Protection
Agency and the Ecological Ssciety of America. Annapolis,
Maryland. (Chairperson)

Rene Dubos Forum Program - Wzter Management. The Rene Dubos
Center for Human Environmen:zs. New York City, New York.
{Invited Workshop Member)

Course for Environmental Marzgers of Indonesia. Sponsored
by Canadian International Development Agency (CIDA).
Institute of Rescurce and I-vironmental Studies, Dalhousie
University (Instructor on ec:logical modelling)

American Association for the tivancement of Science (AAAS}/U.S.
Environmental Protection Agenzy. Wrote and presented a federal
environmental management ¢pinion paper in a national
competition judged by 20 leziing envircnmental managers and
was awarded an environmenta. policy fellowship to study in
Washington, D.C.

Conference - Discovery and ZIxploitation in Human Systems:
Modelling complexity in fisheries. United Nations University
Global Learning Division azi Department of Fisheries and
Oceans. (Invited Discussant

Conference - Assessment of _apacts of Wastewater Discharge
on Marine Environment. Tech=ical University of Nova Scotia.
{Invited Speaker on bioclogiczl field studies and ecological
modelling) '

World Commission on Environmer:zal and Development of the United
Nations. Government of Novz Scotia and Environment Canada.
(Invited Participant)

Workshop - Grand Banks Modelling. Marine Ecology Laboratory,
Bedford Institute of Oceanograzphy. (Invited Participant)

Workshop - Cumulative Imact Assessment. Canadian
Environmental Assessment Resezrch Council (FEARO)}. Montreal,
Quebec. (Invited Participansz)

TN

.‘//_\
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1986 Workshop - Toxic Chemicals in the Environment. Environment
Canada, Sackville, N.B. (Invited Speaker)

1986 Workshop - 13th Aquatic Toxicology Workshop, Moncton, N.B.
{Invited Panel Discussant)

1987 Workshop - Use of Models in Envirconmental Impact Assessment.
Dalhousie School for Resource and Environmental Studies -
Bedford Institute of Oceancgraphy. (Organizer and Speaker)

1987 Radio Presentation =- CBC - Environmental Risk of 0il
Development- Perception and Management. {Invited Speaker)

1987 Cabinet Briefing Document - Contributed to Environmental
section on feasibility of constructing a 14-km bridge across
the Northumberland Strait to link Prince Edward Island and New

Brunswick.

1987 Workshob - Fluctuating Water Levels in the Great Lakes. Cross
Support Group, International Joint Commission. (Invited
Member)

1987 Conference - Science and Technology. Poster display on
Environmental Risk Analysis: Integrating Science and
Technology.

1988 RadioPresentation-CanadianBroadcastingCorporation-Prince

Edward Island and New Brunswick. Fixed Crossing Project.

1988 - 1989 Four Board Meetings of Environmental Choice Program to
establish policy and implementation procedures.

1989 Television Presentation - Shaw Cable Station - Environmental
Choice Program, Canada's Domestic Initiative in Sustainable
Development.

1989 Department of Fisheries and Oceans ({(DF0) workshop organized

by the Rawson Academy, "How to Implement and Evaluate the No
Net Habitat Loss Policy".

1989 Department of Fisheries and Oceans workshop. Plastic Debris
in the Aquatic Environment (invited facilitator on research
needs and technological development).

1989 Round Table on Sustainable Development sponsored by the
Canadian International Development Agency and Institute for
Research on Public Policy. Atlaentic Region Consultation
{invited member).
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1989

1989

1989
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Hurricane Gilbert: Jamaica 1988. A Case for Sustainable
Development. Summer Science Institute, Dalhousie University
(invited speaker).

Workshop - Fluctuating Water Levels in the Great Lakes St.
Lawrence River Basin. Review of Phase I. International Joint
Commission (invited member).

Building Partnership for Environmentally Sound Development in
Nova Scotia. Nova Scotia Department of Environment and other
groups. {(Invited member for final summation panel).

Seminar on Marine Outfall Design and Siting (with special
reference to Halifax Harbour). Technical University of Nova
Scotia {Chairperson, gnd day) .

Thirty years of the Cuban Revolution: An Assessment Panel on
Sustainable Development and Environment (Chairperson).

Orientation Sessions (0.5 days} for Senior Managers on
Environmental Assessment and Review Process Policy and
Objectives. Federal Environmental Assessment Review Office
(Invited participant, Ottawa training session {2.5 days) head
instructor, Halifax, Charlottetown and St. John's).

Initigl Environmental Assessment Procedures and Practices.
Federal Environmental Assessment Review Office. {(Invited
participant, Ottawa, head instructor, Halifax, Charlottetown
and St. John's)

J. University Grants Administered

[Note:
asterisk (*}]

1971

1972

1973

1974

1972

1974

1974

1975

Grants and contracts awarded in U.S. dollars are indicated by an

Determination of secondary production and the relationship of
community structure to productivity using tracer methodology.
(with Donald C. McNaught) I.B.P. grant on Lake George to State
University of New York at Albany. {$12,000%)

The structure and stability of the Gull Lake =zooplankton
community. Part I. (with R. Levins and G. Lauff) U.s.
National Science Foundation, grant to Michigan State
University. ($60,000*)

Comparisons of three zooplankton communities undergoing various
environmental perturbations. Naticnal Research Council
operating grant to Dalhousie University. ($3,000)

The structure and stability of the Gull Lake zooplankton

o
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1975 - 1978
1975
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1978 - 1981
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community. Part II. (with R. Levizs and G. Lauff) U.S.
National Science Foundaticon grant to Mizhigan State University.

($37,870%)

The in situ measurement of the predztor-prey dynamics in a
neritic zooplankton community (Bedford Basin). National
Research Council operating grant tc Dalhousie University.
{$5,000)

The structure of a marine zooplankt:n community undergoing
perturbation. Dalhousie University Rezsarch Development Fund.
(82,500)

Application of loop analysis and commmity matrix analysis to
agquatic ecosystems. Part I. Quizk, Lawler,and Matusky
Environmental Engineers. Tappan, New York. Grant to Dalhousie
University. ($65,250%)

The genetic responses of Gull Lake Dashnia spp. to selecticn
pressures induced by eutrophication: an isozyme study. (with
E. Zouros) Dalhousie University Reszarch Development Fund.

(86,500}

The structure and stability of the Gull Lake =zooplankton
community. Part III. The evaluatioz of systems bioclogy in
response to the perturbation of eusrophication. (with R.
Leving) U.S, National Science FoundatZon. Two-thirds of grant
to Dalhousie University; one-thisi to Michigan State
University. ($90,200*)

Application of loop analysis and comm:nity matrix analysis to
aquatic ecosystems. Part II. and supplemental request plus
secretarial assistance ($20,000*). Quirk, Lawler and Matusky
Environmental Engineers. Tappan, New York. Grant to Dalhousie
University. ($33,150%)

The structure and stability of the Beiford Basin zooplankton
community. National Research Council operating grant to
Dalhousie University. ($30,590)

Application of loop analysis to a set of ecological
communities. Dalhousie University Ressarch Development Fund.
(82,400)

Application of loop analysis to the Bsdford Basin ecosystem.
National Research Council operating grant to Dalhousie
University. ($41,229)

The qualitative structure of marine ecosystems and their
response to stress. Natural Sciences znd Engineering Research
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Zouncil of Canada strategic grant to Dalhousie University.

.$79,286)

Effective use of the scintillation counter in biological
studies. Dalhousie University Research Development Fund.
.$10,000)

A zooplankton study of three lakes in Kejimkujik National Park
in regard to acid precipitation. Environment Canada grant to
Jalhousie University. ($8,500)

New approaches in evaluating environmental impact in marine
zcosystems. {2nd author, with R. Levins and C. Puccia) U.S.
Invironmental Protection Agency grant to Harvard University.
.$311,000*)

Tause-effect relationships in planktonic food webs of lakes

-ndergoing acid precipitation. Environment Canada grant to-

Jalhousie. (89,545 + approximately $10,000 in support services)

Zause and effect in understanding marine pollution. (with R.
_evins and R. Morison) National Qceanic and Atmospheric
Administration. U.S5. Department of Commerce to Harvard
Tniversity. {$71,000%)

=xperimental validation of cause and effect relationships in
nolluted marine ecosystems. Natural Sciences and Engineering
Fesearch Council of Canada strategic grant to Dalhousie
Tniversity. ($106,888)

Zxperimental and theoretical geometry of stressed marine
acosystems. Natural Sciences and Engineering Research Council
of Canada operating grant to Dalhousie University. ($10,000)

in experimental approach to understanding the effects of acid
srecipitation, liming, and nutrient enrichment on a lake
slankton community. Environment Canada grant to Dalhousie
“niversity. ($24,988; approximately $3,000 in support
services) '

-

A qualitative approach to cause and effect in evaluating marine
sollution. National QOceanic and Atmospheric Administration,
<.S. Department of Commerce grant to the University of Rhode
Zsland {$164,071*), with subcontract to Dalhousie University.
.$27,950*)

wualitative environmental impact assessment: marine plankton
communities. U.S. Environmental Protection Agency grant to
Calhousie University. ($93,254*)

Q\
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1983

1983

1983

1983

1984

1984

1985

1985

1986

1986

1987

1988

1988

1984

1984

1984

1985

1986

1986

1986

1987

1988

1988

1989

1989

PAGE 24

A qualitative approach to cause and effect in evaluating marine
pollution. Year IIIA. Validation of predator-prey pathways,
benthic-pelagic coupling and stability criteria. National
Oceanic and Atmospheric Administration. U.S. Department of
Commerce grant to the University of Rhode Island. ($94,612*)

A qualitative approach to cause and effect in evaluating marine
pollution. Year IIIB. Data analysis and computer studies,
National Oceanic and Atmospheric Administration, U.S.
Department of Commerce grant to the University of Rhode Island
with the same amount subcontracted to Dalhousie University.

(863,312%)

Biogeographic survey of lake plankton in relation to pH range
in Nova Scotia. Environment Canada grant to Dalhousie
University. ({$13,942).

Funding addendum for computer equipment. U.S. Environmental
Protection Agency grant to Dalhousie University. ($6,623%)

Quaiitative food web analysis of lakes 223 and 227 in the
Experimental Lakes Area. Natural Sciences and Engineering
Research Council of Canada. ($12,000)

Qualitative environmental impact assessment: mwmarine plankton
communities (Part II). Continuation proposal to U.S.
Environmental Protection Agency. ($149,949)

Testing hypotheses about vertical migration using the Dalhousie
tower tank. Natural Sciences and Engineering Research Council
of Canada. ($10,000)

Seasonal survey utilizatidn of inshore fish habitats in
northeast Nova Scotia. -Department of Supply and Services.

(86,325)

Modelling of groundfish and pelagic fisheries off Nova Scotia.
Department of Fisheries and Oceans. ($%,500)

Invertebrate predation and littoral c¢ladoceran
community structure. N.S.E.R.C. ($42,000)

Part I - Modelling of groundfish and pelagic fisheries off Nova
Scotia. Department of Fisheries and Oceans. ($10,000)

Part II - Modelling of groundfish and pelagic fisheries off
Nova Scotia. Department of Fisheries and Oceans. ($10,000)

Part III - Modelling of groundfish and pelagic fisheries off
Nova Scotia. Department of Fisheries and Oceans. (310,000}
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1988 - 1989 Quantifying ecosystem risk fdr a polluts: marine harbour.
N.S.E.R.C. ($14,000).

Total funds received from 34 grants and contracts listed zbove:
$1,788,011.00 U.8.
$ 481,193.00 Canadian

Professional Societies and Organizations

American Naturalists Society (elected)

American Society of Limnology and Oceancgraphy

Canadian Society for Theoretical Biology

Ecological Society of America ‘
International Association of Theoretical and Applied Liz=ology
International Society for Ecological Modeling

Nova Scotia Institute of Science

Nova Scotia Society for Academic and Industrial Liaison
Rawson Academy of Aquatic Science {elected)

Society of Canadian Limnologists

Society of Canadian Zoologists

United Nations Asscciation of Canada

[Note: Formerly a member of AAAS, AIBS, International fssociation for
Great Lakes Research, Sigma Xi.]

L. University-Related Professional Service <:i)

1. Reviews

a) Papers:

American Midland Naturalist
American Naturalist

Canadian Journal of Botany
Canadian Journal of Fish & Aquatic Sciences
Canadian Journal of Zoology
Canadian Journal Water Research
Ecological Monographs

Ecology

Evolutionary Theory

Limnology and Oceanography
Marine Biology

Science N

Water, Air, and Soil Pollution

L

b} Grant Proposals:

i) ad hoc reviewer for:
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ii)

U.S. Ne:zional Science Foundation

Canadizn National Sciences and Engineering Research Council
Natione: Oceanic and Atmospheric Administratien,

U.S. Department of Commerce

NATO

grant =sview panel member for:

1979 - -981 CANUSA (Canadian-U.S. Department of Agriculture)
spruce budworm program.

1981 - 985 Office of Innovative Research. Environmental
Biology. U.S. Environmental Protection Agency.
(Attended panel meetings Seattle, Washington, April
1983; New Orleans, Louisiana, January 1984; Eugene,
Oregon, September, 1984).

2. University Comm:-tees, Associations and Service (members unless otherwise

indicated)

1973 - present Dalhousie Women's Faculty Organization

1977 - present Dalhousie Faculty Association

1977 - present Canadian Association of University Teachers

1973 -- 1974 Committee on Mathematical Biology (interdepartmentél
group at Dalhousie formed to assist National Research
Council in planning future support for this area.

1975 Organizing Committee: Dalhousie Meeting. American
Society of Limnology and Oceanography.

1575 - 1977 Teaching Equipment Budget Committee, Department of
Biology, Dalhousie University.

1975 - 1977 Graduate Program Committee, Department of Biology,
Dalhousie University. Chairperson.

1978 Dalhousie Women's Faculty Organization, Dean Selection
Subconmittee.

1979 -~ 1980 Acting Secretary, Departmental Committee of the Whole.
Dalhousie University.

[(Note: 1980 - :982 P. Lane was away at Harvard University.]

1981 Academic Plan Workshop, sponsored by Dean, Harvard

School of Public Heslth, Pine Manor College, Chestnut
Hill, Massachusetts. (invited participant)
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1984
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1985
1985 - 1986
1985 ~ 1986
1986
1986
1986 - 1987
1986 - 1987
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Curriculum Review Committee. Department of Biclogy,
Dalhousie University.

Faculty of Arts and Science Tenure Committee. Dalhousie
University.

Research Overhead Fund Committee, Department of Biology,
Dalhousie University. Treasurer. (1983 - 1984).

Dalhousie Women's Faculty Organization, Dean
Selection Subcommittee.

Associate Deanship Search Committee. Faculty of Arts
and Science. Dalhousie University.

Academic Planning Committee. Department of Biology.
Committee Chairperson and Editor of Academic Plan.
Dalhousie University.

University Committee to Prepare Large Proposal for

Diploma Programme in QOcean Studies. Submitted to
International Centre for Ocean Studies. {Proposal was
successful.}) Dalhousie University.

Symposium Steering Committee. Assessment of Impacts on
Wastewater Discharge on the Marine Environment.
Technical University of Nova Scotia. (member)

Search Committee for Administrative Officer. Department
of Biclogy. Dalhousie University.

Symmetry of Natural Communities. Department of Biology
(Invited speaker representing departmental ecologists.)
Dalhousie University.

President's Comparability Committee on the Status of
Women at Dalhousie.

Ad Hoc User Fee Committee. Department of Biology.
Dalhousie University.

Graduate Programme Committee. Department of Biology.
Dalhousie University.

Review Committee of the Department of Sociolegy and

Social Anthropology. Faculty of Arts and Science.
Dalhousie University.

o~
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1986

1986

1987

1987

1988

1989

1989

1989

1989

1989

1989
1989

1989

1989

1989

1987
1987
1987

1589

1988
1989

1990

1992

1992
1992

1992
1992

1992
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Promotions and Reappointments Committee. Dep:zrtment of
Biolegy. Dalhousie University.

Chairperson Adjudication Committee. Faculty ¢ Arts and
Science. Dalhousie Unviversity.

Steering Committee for ICOD Diploma Program at Zzlhousie.
Law Faculty. Dalhousie University.

Advisory Board and Promotions Committee, School for
Resource and Environmental Studies. Jalhousie
University.

Selection Committee, Director, School for Ressurce and
Environmental Studies. Dalhousie University.

Advisory Committee, Marine Affairs Program, Jalhousie
University. )

Chairperson, Teaching Equipment Budget Iommittee.
Department of Biology, Dalhousie University

Financial Strategy Committee. Board of Zovernors.
Dalhousie University.

Elected Chair, University _ Senate,  Jalhousie
University. )

Financial Strategy Committee: Subcommittee on Jperating
Expenses. Board of Governors. Dalhousie University,.

Financial Strategy Commitee: Subcommittee on Siztistics.
Board of Governors. Dalhousie University.

Chairperson, Joint Senate APC - FPC Subcor—ittee to
Establish Criteria for Program Priorities.

Board of Governors. Dalhousie University.

Development Committee. Board of Governors, Jalhousie
University.

Chairperson, Senate Academic Planning Commitzze.
Dalhousie University.

Chairperson, Senate Steering Committee. Zalhousie
University.

Senate Financial Planning Committee. Zalhousie
University.




PATRICIA A. LANE

1989 - 1992
1989 - 1992
1989 - 1992
1989 - 1992
1989 - 1990
1989
Seminars

PAGE 29

Senate Physical Planning Committee, Dalhousie
University.

Senate Tommittee on Academic Administration. Dalhousie
University.

President's Advisory Committee. Dalhousie University.

Chairperson, University Teaching Excellence Award
Commit:i=e. Dalhousie University.

Search Zommittee for Director of School of Education.
Dalhousie University.

Meeting of Association of Atlantic Universities on
Instituzional Role and Planned Capacity of Maritime
Universities. Liscombe Lodge, Nova Scotia.

Acadia University
Bigelow Laboratory, Mai-e
Dalhousie University
Department of Biology
Department of Physiolagy and Biophysics
Department of Oceancgraphy
Institute of Resource and Environmental Studies
Envircnmental Protecticz Agency
Electric Power Research Institute
Harvard University
Center for Population Studies
Department for Popule:ion Sciences
McGill University (3)
Department of Biology
Institute of Oceanogrzphy
Michigan State Universizy (2)
W.K. Kellogg Biologiczl Station
Mount Allison University
Radcliffe College _
State University of New York, Albany
State University of New York, Binghamton
Technical University of Nova Scotia

University
University
University
University
University

of Alabama
of British Czlumbia
of Chicago
of Georgia
of Illinois

Chicago Circle
University of Massachuss:ts

O
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University of Michigan

Department of

Zoology

Great Lakes Research Division -
University of Rhode Island

Department of

Zoology

Graduate School of Oceanography
University of Washington
University of Wisconsin
University of Victoria
Wayne State University

Yale University

4. OQther

1969 - 1971
1971

1972 - 1974
1972 - 1978
1973 - present
1974

1974 - 1976
1976

Intensive field work on variety of New York State lakes
including Lake Ontario.

Sampling in Lake Baikal, Siberia, USSR.

Participant in three field expeditions to study ant
competition, community structure and island biogeography
in Puerto Rico and adjacent Caribbean Islands. Sponsored
by Ford Foundation, University of Chicago and University
of Utah.

Principal investigator on large field study concerning
eutrophication; fish, benthos, plankton, macrophyes,
aquatic insects and water chemistry on two Michigan
lakes. Maintained laboratories and technical staff in
Michigan.

Conducted/managed approximately 30 cruises and field
trips of f of Nova Scotia coast using vessels from Bedford
Institute of Oceanography.

Research presentation to granting agency: U.S. National
Science Foundation. Washington, D.C.

Served as environmental consultant to Quirk, Lawler and
Matusky, Environmental Engineers, Tappan, New York on
application to niche analysis to the phytoplankton,
zooplankton, benthos and fish larvae in the Hudson River.
These communities are undergoing considerable stress from
thermal pollution.

Designed and conducted a public survey of multiple usage
of Gull Lake, Michigan. Results of questionnaire as well
as other scientific results were disseminated to many
lay public groups concerned about lake pollution. Gull
Lake Environmental Education Project. (with J. Johnson),
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1977

1978

1978 - present
1980

1980

1980- 1982

1981 - 1985

1982

1983

1984

1984
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Global Resource Resolution Committee. XXnd Congress of
the International Association of Limnology. Copenhagen,
Denmark. :

Served as environmental consultant to Maclaren-Marex,
Halifax, Nova Scotia on multivariate statistical
approaches to phytoplankton communities in the Davis
Strait (analyzed Irving 0il data set).

Principal investigator for series of large mesocosn
experiments on perturbations to marine ecosystems using
Dalhousie Tower Tank (Aquatron).

Research presentation to granting agency: U.S. Environ-
mental Protection Agency. Washington, D.C,

" Invited participant in Harvard Study Group for applying

loop analysis to problems in soccial epidemiology.
Workshop in New Hampshire.

Research collaborator with Dr. Toshihiko Hasegawa of
Japan (M.D., Research Fellow at Harvard). Regular
meetings to discuss use of qualitative wmodelling
techniques for medical studies.

Project manager f{for ten cruises on Narragansett Bay,
Rhode Island using U.S8. Coast Guard vessel. Maintained
laboratories and technical staff in Rhode Island.

Experimental validation of cause and effect relationships
in polluted marine ecosystems. Joint Oceanographic
Assembly ({SCOR-CMG-IABO-IAMAP-IAPSQO-ECOR- CNC) Poster
Session. .Department of Oceanography Open House. (with
T.M. Collins)

Invited contributor to planning document: Long Range
Research Objectives for Environmental Biology for the
U.S. Environmental Protection Agency.

Served as chairman of subpanel on Ecological Effects in
the Environmental Protection Agency's Long Range Research
Agenda Workshop in Environmental Biology. Annagpolis,
Maryland.

Invited symposium participant. Water Resources Management
in Nova Scotia - Priority Issues and Research Needs.
Centre for Water Resources Studies, Technical University
of Nova Scotia.

TN
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.

1985 Scholarship Selection Committee. International Centre
for Ocean Development. (National awards for marine
students from developing countries.)

1985 Research presentation on ecosystem level risk analysis.
Electric Power Research Institute. Palo Alto, California.
(invited speaker; with L. Ginzburg).

1985 Research Discussions
- U.S. Office of Naval Research
- U.S. National Science Foundation
- U.S. Agency for International Development
- U.S. Environmental Protection Agency
- U.5. Department of Agriculture

1985 - 1986 Symposium Steering Committee. Assessment of Impacts on
Wastewater Discharge on the Marine Environment,
Technical University of Nova Scotia. (Member)

1986 Research presentations on environmental effects
monitoring and ecological risk analysis to Mobil,
Husky-BoValley, PetroCan, ESSO, Department of

Development, Provincial Department of Environment,

Environment Canada, Newfoundland Offshore Board and

Department of Fisheries and Oceans, St. John's,
i::) . Newfoundland. (Invited Speaker)

1986 Research presentation on environmental capacity concept
applied to park planning. Parks Canada. Halifax, N.S,

1986 Research presentation on environmental capacity concept
applied to sewage pollution in Halifax Harbor.
Metropolitan Area Planning Commission. Halifax, N.S.

1987 Research presentation on cumulative effects assessment
to Canadian Environmental Assessment Research Council,
Ottawa, Ontario and Canadian Wildlife Service and Ducks
Unlimited. Edmonton, Alberta.

1988 = Advisor to the Rawson Academy for review of the Water
Resources Research Programme (for approximately the last
ten years) of the 1Inland Waters Directorate of
Environment Canada inveolving the funding of university
reésearch and evaluating the success of the grant program.

1989 Invited guest of COMARNA. Cuban National Commission on
Environment and Natural Resources, and six other
agencies. Havana, Cuba.




PATRICIA A. LANE

1989
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Invited member of Organizing Committee for Workshop on
Marine Qutfall and Siting Design. Technical University
of Nova Scotia.

Research presentation on constructing wetlands to
ameliorate acid mine drainage and heavy metal
contamination at the Halifax International Airport
(Invited by Transport Canada).

M, Teaching Experience (at Dalhousie University unless otherwise noted in

parentheses):

1. Courses [A = winter term {(1/2 credit); B = spring term {1/2 credit); C =
spring and winter terms (1/2 credit); R = spring and winter terms (1
credit); * = graduate class; ** = team taught; enrollment (X); percentage
faculty responsibility given in parentheses after class title]

1973 Summer
1973 - 1974
1974 - 1975
1975 - 1976
1977 -~ 1978
1978 - 1979
1979 - 1980
1980

Biol. 518* (10) Ecology of Zooplankton (100%)

(Michigan State University)
Biol. 1060B (45) Man & His Environment** (50%)
Biol. 2000R{450) Diversity of Organisms**16%)-

Biol. 4062B/5062B*(10) Advanced Ecology

Seminar (50%/50%)

Biocl. 2000R(500) Diversity of Organisms** (16%)
Biol. 30614 (60) . Structure & Function of

Ecosystems™* (257)

Biol. 4062A/5062B*(15) Advanced Ecology

Seminar** (50%/50%)

Biol. 2000R(500) Diversity of Organisms** (25%)
Biol. 30614 (50) Structure & Function of

Ecosystems™* (25%)

Biol. 2060A/B {90/90) Introduction to

Ecology (100%/100%)

Biol. 2060A/B (70/55) Introduction to

Ecology (100%/100%)

Biol. 5700A*/5701B*{22) Graduate Seminar Class™** (50%

Biol. 2060B (60} Introduction to Ecology (100%)
Biol. 3612B/5612B*(19) Limnology (100%)
Biol. 4807B(1) Special Topics: Plankton

Dynamics in the Tower
Tank (100%)

Special Class (12) Ecology Portions of summer class

for high school teacher** (15%)

2
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1980 - 1982 Pop. Sei. 210C* (10} Dynamics & Management of Aquatic
Systems (Harvard University)
(class for medical doctors and
health specialists) (100%)

1982 -~ 1983 Biol. 2060A (61) : Introduction to Ecology {100%)
Biol. 5700A%*(32) Graduate Seminar Class™* (50%)
Biol.3061B/S061B* (40/2) Communities & Ecosystems (100%)
Biol. 5828B*(1) Special Topics: Benthie Pelagic

Coupling (100%)
Biol. 5652C*(9) Advanced Ecology Seminar®** (10%)

1983 - 1984 Bicl. 5700C*(28) Graduate Seminar Class™** (50%)
Biol. 3061B/S5061B* Communities & Ecosystems {100%)
Biol. 2060A (42) Introduction to Ecology (100%)
Bicl. 4616B/5616B% Ecosystem Analysis (100%)
Biol.1984R(7) . A Citizen's Guide to Biological

Issues** (16%)
Biol. 5831B*(1) Special Topics: Marine Plankton
Communities (100%)
Biol. 5652C*(12) Advanced Ecology Seminar** (10%)
1984 - 1985 Biol. 3061B(25) Communities and Ecosystems
(100%)
Biol. 2046R(50) Ecology and Evolution (16%)
(Ti) . ' Computer Simulation and
- Adaptive Environmental
Assessment
Biol. 5705C(10) Graduate Stream Course
Stream A (33%) TFoodwebs
1985 - 1986 Biol. 2066B(75) Human Ecology (85%)
Biol. 4616B/ '
5616B(6) Ecosystem Analysis (100%)

1986 - 1987 Biol. 1000(800) Introductory Biology (15%)
Biol. 5652C(15) Graduate Stream Class (12%)
Biol. 2066B(84) Human Ecology (100%)

Bicl. 3061B(46) Communities and Ecosystems
(100%)

1987 - 1988 On Sabbatical Leave - No Teaching

1988 - 1989 Biol. 2066B({182) Human Ecology (50%)

Biol. 3061A(24) Communities and Ecosystems
{100%)
Biol. 5616B(2) Ecosystem Analysis (100%)

1983-1990 Biol. 2066B(120) Human Ecology (100%)

) (s
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[Note:

I have also given guest lectures in a number of classes at Dalhousie

and two at Harvard. ]

2.

a)

b)

Laboratory Manuals

1985 Biol. 2066B

Biol.2060A/B Laboratory Manual for
) Introductory Ecology. {1lst
edition} Dalhcusie University.
(with C. Knight). 139 pp.

1982 Biol. 3061B/5061B Laboratory Manual for

Communities and (lst edition)
Ecosystems. Dalhousie

- University. {with C. Knight
and C. Corkett). 120 pp.

Laboratory Manual for Human
Ecology. Dalhousie University
(with C. Knight and D. Gill).
136 pp.

Students

Present Students

1988 Michael Paterson. (Ph.D., expected). Predatory relationships
and foodweb analysis of a chydorid community. Killam Fellow (M.Sc.,
Indiana University. Bloomington, Indiana)

Past Students

Students who have completed degree requirements under my supervision
are: (degree awarded is given in parentheses after name)

1979 William Atherteon (M.Sc.). An annual study of the vertical
migration patterns in zooplankton of the Bedford Basin. (107 pp.)
(B.A., Boston University. Woods Hole, Massachusetts)

1985 Anthony C. Blouin (Ph.D.). Comparative patterns of plankton
communities under different regimes of lake acidity in Nova Scotia,
Canada. (M.Sc., University of Torcnto. Toronto, Ontario)

1983 Richard Bohrer (Ph.D.). Diel activity patterns in marine
copepods. {358 pp.) Department of Oceanography, Dalhousie
University (Killam Graduate Scholarship Student). (M.Sc., The Johns
Hopkins University. Baltimore, Maryland)

1978 Raj_Bhanot (Honours, B.Sc.). Digestive enzymes in Calanusg
finmarchicus. (47 pp.)

L
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1989 Terrence M. Collins (M.Sc.). A comparative study of the
vertical migration of marine plankton in the field and laboratory.
(B.Sc., University of Guelph. Guelph, Ontario)

1986 Annette D'Eon {Honours B.Sc.) Comparison of feeding success
in larval sand lance Ammcdytes sp. in two regions of Brown's Bank.

1977 Terrence Gallivan (Honours, B.Sc.). The role of fouling
organisms in oyster farwing in Cape Breton. (60 pp.) (internal
supervision only). ’

1978 Goldie Gibson (M.Sc.). The ecology and feeding bioleogy of the
pepod Temora longicornis (Mueller). (104 pp.) (B.Sc., Queen's
University. Kingston, Ontario) ;

1979 Dian Gifford -(M.Sec.). The population biclogy and community
ecology of the marine c¢ladocera in Bedford Basin with special
reference to the feeding biology of Podon leuckarti (G.0. Sars).
{151 pp.) (B.Se., University of Massachusetts. Boston,
Massachusetts)

1975 Kenneth Lee ({Honours, B.Sc.}. A seasonal analysis of the
distribution of phytoplankton pigments in the Bedford Basin. ({37
pp.} {Sarah Lawson Botany Scholarship holder).

1975 David MacDonald (Honours, B.Sc.). The effect of invertebrate

‘predation on cyclomorphic cladocerans in Gull Lake. {119 pp)

1985 Terrence Parker (Honours, B.Sc.). Water chemistry and
plankton relationships in Halifax urban watershed lakes.

1975 Paul Phinney (M.Sc.). The effects of oil pollution on the
green sea urchin. (66 pp.) (B.A., U.C.L.A. at Berkeley. Berkeley,
California)

1975 Joe Salter {Honours, B.Sc.)}. The population dynamics of the
copepod Pseudocaihpus using field estimators. (46 pp.)

1977 John Skiver (M.Sc.). Resource partitioning patterns of marine
copepods. {73 pp.) {B.Sc., Northeastern University. Boston,
Massachusetts) : :

1981 M. Lynne Travers (M.Se¢.). A comparison of methods for
environmental impact assessment. (343 pp.) (B.S¢., Queens
University. Kingston, Ontario).

-In 1979, she was selected as 1 of 3 students across Canada to

participate in the summer Professional Development Program of the
Department of Environmental and Social Affairs of Petro- Canada.
Calgary, Alberta.
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N.

1985 Kelly Walker (Honours, B.Sc.). The influence of light
intensity on phytoplankton settling losses within a marine
mesocosn.

c) Students I have superviéed who are not at Dalhousie:

1975 Alastair Barber (independent honours project, Reading
University, England). The effects of eutrophication on the profundal
benthic fauna of Gull Lake, Michigan. (88 pp.)

1975 Anthony Hardaway (B.Sc., Kalamazoo College). Feeding studies
of the Gull Lake zooplankton using the Coulter Counter. (103 pp.) .

1977 Steven Jubliano (B.Sc., Kalamazoo College). Some aspects of
predation by Chacborus punctipennis on crustacean zooplankton.

(65 pp.)

1978 Roger Qvink (M.Sc., Michigan State University}. The selective
feeding of immature bluegills and brook silversides on the
zooplankton of Gull Lake, Michigan. {38 pp.)

I have served on the supervisory committees of approximately 30
additional students at Dalhousie (one student was in the Department
of Physiology and Biophysiecs). I have also advised one graduate
student at the . University of Chicago, ene graduate student at the
University of Rhode Island and one graduate student at Harvard
University.

Professional and Community Activities Outside Dalhousie University

1974 -

1978
1977
1979 -

1980

1981

1981 -

present Give lectures to public school and scout groups
concerning aguatic animals and their ecology.

1980 Assistant Leader, Scouts Canada.
1984 _ Member, Highland Park Ratepayer's Association.
present Member, Nova Scotia Writer's Federation.

(1979 - prize for children's story :
1976 - present - fiction published under pseudonym)

Invited Panel Member, Sexism in Biology. National
Association of Biology Teachers. Boston, Massachusetts.

Participant, United Nations Conference on the Status of
Women. New York, New York.

1982 Participant, Harvard Faculty Big Sisters Project for
Radecliffe College undergraduates. :

,
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1982
1982
1983 - 1985

1984 - present

1985

1986

1986

1988

1989 - present

1989 - present

1989
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Invited speaker, Careers for Women in Ec:logy; Summer
Program for Women Science Students. Radcliffe College,
Cambridge, Massachusetts.

Invited speaker, Women in Science Prograw. Great Lakes
Research Division, University of Michiga-, Ann Arbor,
Michigan.

Member, Halifax Women's Network
Member, Halifax Board of Trade

Invited speaker, Women in Business Conference. Title:
Opportunities for women in the environmsntgl field -
offshore and onshore. Atlantic Managezsnt Training
Centre, Nova Scotia Department of Developzant, Halifax,
Nova Scotia.

Invited speaker, Stresses to Lake Ecosrstems.
Dartmouth Lakes Advisory Board.

Invited speaker, two public meetings on Sz t Marsh 0il-
Dispersant Study. Eastern Shore Developme:r: Corporation
and Lower Chezzetcook Residents.

Co~host of Sir Edmund Hilary Foundatior fund-raising
dinner and lecture on Mt. Everest climb Zor Dalhousie
students by Sir Edmund Hilary sponsored try P. Lane and
Associates Limited at Dalhousie Universi:yr. )

Invited Member, Halifax Harbourside Rotar- Club.

Elected Director of International Servizes, Halifax
Harbourside Rotary Club.

Presentaticn on Sustainable Development in Jamaica --
Impact of Natural Disasters (Hurricane Gil:=srt as a Case
Study), Halifax Harbourside Rotary Club.
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HOWARD L. SANDERS

Biologist

Senior Scientist (Emeritus)

Woods Hole Oceanographic Institution

Birth: March 17, 1921

B.A., University of British Columbia, 1949
M.S., University of Rhode Island, 1951
Ph.D., Yale University, 1955

Instructor, 1960-1968, Marine Biological Laboratory

Adjunct Professor of the Biological Sciences, 1969-1975, State University of New
York at Stony Brook

Research Associate of the Smithsonian Tropical Research Institute, 1970

Associate in Invertebrate Zoology, 1969-1980, Harvard University

Research Affiliate of the Marine Sciences Research Center, State University of New
York at Stony Brook, 1969-1980

Research Associate, 1955-1963; Associate Scientist, 1963-1965; Senior Scientist,
1965-1986, Woods Hole Oceanographic Institution

Correspondent du Museum National d’Histoire Naturalle, 1975 to present

Fellow of the American Association for the Advancément of Science

AAAS Council Delegate of Section G - Biological Sciences, 1980-1982

Member, Nadonal Academy of Sciences

Member, Committee on Arthropods for 'the Smithsonian Oceanographic Sorting
Center (SOSC)

Member, Biological Methods Panel of the National Academy of Sciences Committee
on Oceanography. Chairman of the Working Group on Benthic Productivity,
1970

Member, Corporation of the Marine Biological Laboratory

Member, Bermuda Biological Station for Research

Member, Review Commitiee of the Duke University Cooperative Research and
Training Program in Biological Oceanography, 1968-1970, Chairman, 1970

Member, National Science Foundation Environmental Biology Advisory Panel, 1966-
1968

Member, Advisory Panel of the National Academy of Sciences for the Central
American Sea Level Canal, 1969-1970

Participant of NAS/NRC Workshop on Inputs, Fates, and Effects of Petroleum in the
Marine Environment, 1973

Member, Visiting Committee of the Ecosystem Center of the Marine Biological
Laboratory

Member, Selection Panel for the AAAS-Rosenstiel Award in Oceanography 1975-
1976, Chairman, 1976

Participant, NAE/NRC Workshop on Assessment of Safety of Quter Continental
Shelf Activides, 1980

Member, Search Committee to Select the Director of the National Museum of
Natural History, Smithsonian Insttution, 1985



Committee Member, 1985 NAS Gilbert Morgan Smith Medal Award for Excellence /»)
of Published Research on Marine or Freshwater Algae

Member, Internadonal Association for Biological Oceanography Working Group on
"High Diversity Marine Ecosystems”, 1986

Board of Supervisors, the City and County of San Francisco, Certificate of Honor,
1983

Editorial Board, Limpology and Oceanography, 1962-1964
Consulting Editor, Pagific Naturalist, 1963-1966

Board of Editors, Journal of Marine Research, 1964-1965
Societies: AAAS, Society of American Naturalists

Research Interests; Ecology as applied to marine benthic communities; crustacean
phylogeny; protobranch bivalves; deep-sea biology; oil pollution biology

Author or co-author of about 64 scientific publications
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A

1952

1955

1956

1957

1958

1959

1959
1959

1960

1961

1961

1962

1963

1963

1963

1963

PUBLICATIONS

Sanders, H. L. The herring of Block Island Sound. Bull. Bingham Oceanogr. Coll.
13(3): 220-237.

Sanders, H. L. The Cephalocarida, a new subclass of Crustacea from Long Island
Sound. Proc. Nat. Acad. Sci. 41(1): 61-66.

Sanders, H. L. QOceanography of Long Isiand Sound, 1952-1954. X. The biology
of marine bottom communities, Bull. Bingham Oceanogr. Coll. 15: 345-414.

Sanders, H. L. The Cephalocarida and crustacean phylogeny. Syst Zool. 6(3):
112-128.

Sanders, H. L. Benthic studies in Buzzards Bay. I Animal-sediment relationships.
Limnol. Oceanogr. 3(3): 245-258.

Sanders, H. L. The significance of Cephalocarida in crustacean phylogeny. Proc.
XVth Intern. Congr. Zool., pp. 583-584.

Sanders, H. L. New light on the crustaceans. Nat. Hist. 68(2): 86-91.

Sanders, H. L. Sediments and the structure of bottom communities. Intemn.
Oceanogr. Congr. Preprints, p. 583. '

Sanders, H. L. Benthic studies in Buzzards Bay. III. The structure of the soft-
bottom community. Limnol. Oceanogr. 5(2): 138-153.

Sanders, H. L. On the status of the Cephalocarida. Crustaceana 2(3): 251.

Sanders, H. L., E. M. Goudsmit, E. L. Mills and G. R. Hampson. A study of the
intertidal fauna of Barnstable Harbor, Massachusetts. Limnol. Oceanogr. 7(1): 63-
79.

Sanders, H. L. and R. R. Hessler. Priapulus atlantisi and Priapulus profundus, two
new species of priapulids from bathyal and abyssal depths in the North Atlanuc
Deep-Sea Res. 9(12): 125-130.

Sanders, H. L. ‘The Cephalocarida. Functional morphology, larval development,
comparative external anatomy. Mem. Connecticut Acad. Arts & Sci. 15: 80 pp.

Sanders, H. L. Phylogeny and evolution of Crustacea. Mus. Comp. Zool., Spec.
Publ. XTII. Significance of the Cephalocarida, pp. 163-175.

Sanders, H. L. Some observations on the benthonic fauna of the deep-sea. Proc.
XVI Intern. Congr. Zool. 4: 311.

Sanders, H. L. The deep-sea benthos. AIBS Bull. 13(5): 61-63.
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1964
1964
1964
1-965

- 1965

1965

1965
1966
1966
1966
1966

1967

1967

1968

Sanders, H. L. and R. R. Hessler. The larval development of Lightiella incisa
Gooding (Cephalocarida). Crustaceana 7(2); 81-97.

Hessler, R. R. and H. L. Sanders. The discovery of Céphalocarida at a depth of 300
meters. Crustaceana 7(1): 77-78.

Sanders, H. L. Oceanography of the western South Atlantic. Science 147(3654):
183-184,

Sanders, H. L. Time, latitude, and structure of marine benthic communities. An. da
Acad. Brasil de Ciencios 37 (Supl. Setembro de 1965). 83-86.

Sanders, H. L., R. R. Hessler and G. R. Hampson. An introduction to the study of
deep-sea benthic faunal assemblages along the Gay Head-Bermuda transect. Deep-
Sea Res. 12: 845-867.

Sanders, H. L., P. C. Mangelsdorf and G. R Hampson. Salinity and faunal
distributon in the Pocasset River, Massachusetts. Limnol. Oceanogr. (Alfred C.
Redfield 75th Anniv, Vol.) 10: R216-R228.

Hessler, R. R. and H. L. Sanders. Bathyal Leptostraca from the Continental Slope
of northeastern United States. Crustaceana 9(1): 71-74.

Sanders, H. L. and R. R. Hessler. Zonation in the benthic fauna of the deep sea.

2nd Intern. Oceanogr. Congress (Moscow). pp. 313-314,

Hessler, R. R. and H. L. Sanders. The diversity of the benthic fauna in the deep-
sea. 2nd Intern. Oceanogr. Congress (Moscow), pp. 157-158.

Hessler, R. R. and H. L. Sanders. Derocheilocaris typicus Pennak and Zinn
revisited. Crustaceana 11: 141-155.

Allen, J. A. and H. L. Sanders. Adaptation to the abyssal life as shown by the
bivalve Abra profundorum (Smith), Deep-Sea Res. 13: 1175-1184,

Owen, D. M., H. L. Sanders and R. R. Hessler. Bottom photography as a tool for
estimating benthic populations. pp. 229-234. In: Deep-Sea Photography, B. Hersey
(ed.).

Hessler, R. R. and H. L. Sanders. Faunal diversity in the deep sea. Deep-Sea Res.
14: 65-78.

Sanders, H. L. Marine benthic diversity: a comparative study. Amer. Nat. 102:
243-282. :
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Publications (continued);

1968

1968

1969

1969

1969

1969

1969

1969

1970

1971

1971

1972

1973

1973

1973

1973

Hessler, R, R. and H. L. Sanders. Life on the floor of the deep-sea (in Romanian).
Scinteia 38(7829): 6.

Hessler, R. R. and H. L. Sanders. Faunenmannigfeltigkeit in Tiefseebodengemein-
schaften. Umschaun. 69 Jahrgang, p. 87.

Allen, J. A. and H. L. Sanders. Nucinella serrei Lamy (Bivalvia: Protobranchia) a
monomyarian solemyid and possible living actinodont. Malacolgia 7: 381-396.

Sanders, H. L. Benthic marine diversity and the stabl.hty time hypothesis.
Brookhaven Symposia in Biology 22: 71-81.

Sanders H. L. and R. R. Hessler. The ecology of the deep-sea benthos. Science
163: 1+{9-1424.

Sanders, H. L. and R. R, Hessler. Diversity and compositon of the abyssal benthos.
Science 166: 1034.

Slobodkin, L. B. and H. L. Sanders. On the contribution of environmental
predictability to species diversity. Brookhaven Symposia in Biology 22: 82-95.

Hampson, G. R. and H. L. Sanders. Local oil spill. Oceanus 15: 8-11.

Hessler, A. Y., R. R. Hessler and H. L. Sanders. Reproductive system of
Hurchinsoniella macracantha. Science 168: 1464.

Blumer, M., H. L. Sanders, J. F. Grassle and G. R. Hampson. A small oil spill.
Environment 13: 1-12,

Sanders, H. L. and J. F. Grassle. The interrelationships of diversity distribution, and
mode of reproduction among major groupings of the deep-sea benthos. Proc. Joint
Oceanogr. Assembly (Tokyo, 1970): 260-262.

Jones, N. S. and H, L. Sanders. The distribution of Cumacea in the deep Atlantic.
Deep-Sea Res. 19: 737-745.

Sanders, H. L. and J. A. Allen. Studies on deep-sea Protobranchia. Prologue and
the Pnst1glo:mdae Bull. Mus. Comp. Zool. 145: 237-261.

Allen, J. A. and H. L. Sanders. Studies on deep-sea Protobranchia. The families
Siliculidae and Lametilidae. Bull. Mus. Comp. Zool. 145: 263-309.

Hessler, R. R. and H. L. Sanders. Two new species of Sandersiella (Cephalocarida),
including one from the deep sea. Crustaceana 24: 181-196.

Grassle, J. F. and H. L. Sanders. Life histories and the role of disturbance. Dccp-
Sea Res. 20: 643-659.



Publications (continued):

1574
1975

1975

1977

1977

1977

1978

1979

1979

1979

1980

1981

Sanders, H. L. The West Falmouth Oil Spill Saga. New Engineer 3(5); 32-41.

Grassle, J. F., H. L. Sanders, R. R. Hessler, G. T. Rowe and T. McLellan. Pattern
and zonation: a study of the bathyal megafauna using the research submersible
ALVIN. Deep-Sea Res. 22: 457-481.
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MICHAEL KAVANAUGH
4015 Benton Street NW #4
Washington, D.C. 20007
{202) 965-34535

EDUCATION
1375 Ph.D., Economics, University of Cincinnati
1970 B.A., Economics, Xavier University
EXPERIENCE

Dr. Kavanaugh is an independent consulting economist in
Hashirgton, D.C. From 1983 to 1985, he was a senior economist at
ICF Incorporated. From 1976 to 1983, he was a senicr economist
and diractor of research at the Public Interest Economics Center
in San Francisco and in Washington D.C. From 1371 to 1978, Dr.
Kavanaugh taught economics at the University of Cincinnati and at
Morthern Kentucky University

Pr. Kavanaugh’s tecnnical aexpertise is in applied
nizroecononics, primarily natural resource and environmental
economics, He has qualified as an expert witness in state and
Fzderal courts—-of-law, and has testified before committees of the
U.3, Senzte and U.S Heousa of Representatives. His sxperiences
includes the fcllcowing.

{. Environmantal Ezonomics

-- Forecasted 3icbal and regional emissions of CO, NaO,
and NDE. The estinmates wers made by forecasting
alobal =srergy Juse and combustion technology by fuel,
sector, ragion, and year. The estimates were used in
developing the EPA’s Stratospheric Ozone Protection
Plan and used by members of the scientific community
to predict future atmospheres.

-~ fnalvzad the sconomic benefits to society of the
substitution af hydrocarbon propellants for CFC
aropellants in aerosol products. The substitutions
resulted, in part, from requlations designed to
protect stratospheric ozone.

-- Forszasted current and future NO. emissions from
air*anes. The wWwork invoived estimating the size and
composition of the worid aircraft fleet, likely jet
arging tachnology, and flight patterns.

-— Dasigned alternative tax systems for funding
Supar+und. The work was part of the EPA's effortis {c
Win reautherization of legislation.

-- Dzlcutlated the amcunt of the civil penalty for
viclating 2ffluent standards promulgated under the
Clean Water Act. A conputerized after-tax cash-<low
model was huill,



2. Resource

Economics - Water . !

Directed the preparation of sstimates of expected -
and realized benefits and costs of ten irrigation . i}
projects. .

Developed and applied a method to determine the
effects of water quality policies on agricultural
sutnut, amplovment and income in central California.

Designed and executed a research project to estimate
the henetits of presarving groundwater quality in
several counties in the Southwest. The work
influencad the development of the EPA’s Groundwater

- Protection Plan.

3. Resource Economics - 0il and Bas

Estimated the size of the coastal segment of the oil
and gas industry for the U.8. Environmental Protection
Agency (EPA). The work involved building and
manipulating a computerized data base.

nalvzed the costs of EPA‘s proposed effluent
duidelines and standards for the offshore sagment of
the oil and gas industry. The work included reviewing
and synthesizing technical literature on production

costs and forecasts of recoverable reserves. -
Updated a U.S. Department of Interior propristary ' f::)
.

computer model used to evailuate OCS bonus hids. The
effort involved working with specialists from other
disciplines in sstimata in a monte-carlo framework the
arokable after-tax cash flows from any OCS tract.

Conducted an analysis of the regional effects of 0OCS
Lease Sala #3T% {Santa Barbara, Ventura, and Los
Argelss counties) for the Governor’s Office of
Planning and Research (California). Estimates of
respurce recovery over time were prepared and
euprossad in terms of regqional income and emplovment.
The w@work was extended to include Lzase Sale #53
{Montarey county).

Advised and subwitted affidavits supporting the State
of Alaska’s position in a court case involving oil and
gas leasing in the North Aleutian Basin. A
computerized after-tax cash-flow model for Alaskan

cil fields was constructed as part of this effort.

Critiqued and prepared comments on the Secretarial
Issue Documents for the S-Year OCS Leasing schedules
issued in 1973, 1382, and 1386.

and Ficheries {April 1983, May 1583) on how pricing
and praduction changes in the world oil industry would
influsnce the letation, timing, and pace of QC8
leasing.

Testified before the House Committee on Merchant Marine ,L:)



s

"')

-- Testified before the Energy and Environment Confersnce
Committee in opposition to the 1382 5-Year OCS L2asing
Pragram.

-— Calculated the loss to the Federal Treasury from an
expanded and acczlerated OCS leasing schedule.

4. Transportation

Qther

-- Qualified as an expert witness and submitted verified
statements for the Interstate Commerce Commission's
Gf<ice of Special Counsal in the following mergers:
Union Pacific/ Missouri Pacific/Western Pacific and.
Southern Railway/Norfolk & Western.

-- Prepared zomments on ICC rulemakings involving boxcar
dersgqulation and pricing of car HWire charges.

-- Directed and conducted a prospective analysis of the
effects on rail rates, coal markets, the freight car
fleet, and local economies of deregulating the
railroad industry.

-~ Praparad portions of a brief challenging a Civil
feronautics Roard ruling involving an international air
carrier.

-—- Testified before comwittees of the U.S. House of
Representatives on the economic consequences of
enacting cargo preference legislation for the
transportation of dry bulk commodities.

-- Investigated the influences on the market share of
diesal autonobiles and light trucks.

-=- Faorgcasted the narket for asbestos brake linings used
by automohilies and light trucks.

-= Tgstifiad in Federal and Superior courts-of-law to the
econonic losses suffered by victims of discrimination,
wrongful imprisonment. and malpractice.

~— Testified before committees of the U.S. Senate and
House of Representatives on the economic consequences
of rermitting the beer industry to establish exclusive
territorial distributorships,



SELECTED PUBLICATIONS

Estimates of future CO, Nz0 and NO, emissions from gnerqy
combustion, Atmospheric Environment, March 196?.

Tropospheric CH./CO0/NO.: The next 50 vears. coauthor with Anne M.

Thompsorn. Presented at UNEF/USEPA International Ozone Conference,
198,

Future concentrations of atmospheric methane based on assumed
fluxees of CHe, CO, and NO,. coauthor with Anne M. Thompson.
FPresanted at 198& ABU Spring Meeting, Baltimore 13586,

Eliminating CFCs from aergsol uses: the U.S. experience and its

apelicability to other nations. U.S. Environmental Protection
Agency, Washington, Fsbruary 1988.

Etficient strategaeies fop preserving groundwater guality, with Rob
Wolcott. U.S. Environmental Protection Agency, May 1982,

The effect of OCS leasing schedules and procedures on fair market

value. Paper presented to the Western Economic Association,
Eeattle July 1983.

Pogional sconomic impacts of OCS5 oil and gas develgpment, with
Susan Little and Rob Wolcott. Governor’s Office of Planning and
Researck. California, November 1976.

Exclusive territorial distributorships and consumer welfare: the
case of beer. Food Marketing Institute, Washington D.C. June
1982,

The Great Giveaway, with others, Sierra Club, October 1358Z.

Summary: Public Interest Economics’ research findings on raileropad

dersqujation, with Allen Ferquson and Steve Buchanan. Prepared
for the Federal Railroad Administration, Washington, June 1380.

Summary - sight case histnriés of water claimation projects. U.S.
Department of Interior, January 1382.

The sublic bensfits of the proposed {nion Pacifig, Missouri

Pacific, Western Pacific Consolidation. Interstate Cominerce
Commission, August 1981

The 1983 world oil surplus: some_implications for OCS leasing.
Frapsred +or the U.S, House Subcommittes on the Panama Canal /0C5
Washington April 1283.




ABBREVIATED VITA

HOWARD M. LILIESTRAND THE UNIVERSITY OF TEXAS AT AUSTIN
Associate Professor Environmental and Water Resources Engineering Group

Raymond F. Dawson Centennial Fellow ECJ 8.214, Austin, TX 78712-1078
, (512) 471-4604

E ATION AND PROF N pd 1ENC

1971-1974 B.A., Rice University, Environmental Science and Engineering, Minor in
Biochemistry ,
1974-1980 Ph.D., California institute of Technology, Environmental Engineering
Science, Minor in Chemistry
1979-1980 Ass:‘s;ant Professor of Civil Engineering., California State University at Los
ngeles
1980-1985 Assistant Professor of Civil Engineering, University of Texas at Austin

1985- Associate Professor of Civil Engineering, University of Texas at Austin
PROFESSIONAL AFFILIATIONS

Air Pollution Contrel Association, Source-Receptor Modzling Committee
American Association for the Advancemeant of Science

American Chemical Society, Environmental Chemistry Division
American Saociety of Civil Engineers

Sigma Xi

Tau Beta Pi

R=FEREED PUBLICATIONS

Lﬁjestrand, H. M., Morgan, J. J. (1978) "Chemical Compaositicn of Acid Precipitation in
Pasadeana, CA," Envirgnmertal Science and Technotlogy, 12, 1271-3.-

Liljestrand, H. M., Morgan, J. J. (1979} "Error Analysis Applied to Indirect Methods for
Precipitation Acidity," Tellus, 31, 421-431.

Barcelona, M. J., Liliestrand, H. M., Margan, J. J. {1980} "Determination of Low
l';ﬁzol%%ularzwmght Volatile Fatty Acids in Aqueous Samples," Analytical Chemistry,
ot oy 1'3 5. .

Liljestrand, H. M., Margan, J. J. (1380) "Modeling the Chemical Composition of Acid
Rain in Southern California,” Envirgnmen ignce Research, 17, 109-122.

Liljestrand, H. M., Morgan, J. J. (1981) "Spatial Variations of Acid Precipitation in
Southern California," Environmental Science and Technoloay, 15, 333-8.

Liljestrand, H. M., Morgan, J. J. (1982) "Chemical Source, Equilibrium and Kinetic
Models of Acid Precipitation in Southern California,” in Erergy and Envirgnmeania!
Chemistry, L. H. Keith, ed., Ann Arbor Science, 2, 103-122.

Stafiord, M. A, Liljestrand, H. M. (1282} "Ambient Particulate Matter Contributions to
Acidic Precipitation,” in Beceptor Mode's Apglied to Contemporary Problems, Air
Poliution Control Association, Special Publication 48, 200-211.

| Liljestrand, H. M. (1982) "Acidic Precipitation Source Identiﬁcaiion by Chemical Mass
Balance Methods Employing Fractionation Factors,” in Baceptor Modals Agntad *
Conmtempgrary Probtems, APCA, SP-48, 212-223.




Feelay, J. A., Liljlestrand, H. M. (1983) "Source Contributions to Acid Precipitation in
Texas," Atmognheric Environment, 17, 807-814,

Liliestrand, H. M. (1985) "Average Rainwater pH, Concepts of Atmospheric Acidity, and

Buitering in Open Systems," Atmosoheric Environment, 19, 487-499, D

Bowders, J. J., Daniel, D. E., Broderick, G. P., Liljestrand, H. M. (1886) "Methods for
Testing the Compatibility of Clay Liners with Landfill Leachate,” in_ Hazardous and
In rial Soli a Testing: Fourth Symposi J. K. Petros, Jr., W. J.

Lacy, and R. A. Conway, eds., ASTM, STP 886, 233-250.

Litjestrand, H. M., Mohr, J. D., Stafford, M. A. {1286) "Methods for the Validation of
Precipitation pH: Applications to Texas Data,” rnal of Environmenta! Scien

and Health Part A - Environmental S¢ience and Engineering, 21(2), 121-148.

Stafford, M. A., Lilie *rand, H. M. (1988) "The Use of Fractionated Coarse and Fine
Fingerprints for tne Source Apportionment of PM-10," in Beceptor Models in Air
RBesqurces Managament . APCA, SP-66, 180-191.

Danial, D. E., Liliestrand, H. M., Broderick, G. P., Bowders, J. J. (1988) "Interaction of
Ezarthan Liner Materials with Industrial Waste Leachate," Hazard Waste an
ara:dous Materials, 5(2), 83-108,

Shackeiford, C. D., Daniel, ©. E., Uljestrand, H. M. (1988) "Diffusion of Inorganic Wast

Constituents in Compacted Clay," Journal of Contaminant Hydroloqy, in press.
OTHER PUBLICATIONS

Charbeneau. R. J., Liljestrand, H. M. {1983) "Vertical Migration of Organic Pollutants
During Infiltration,"” in Ergntiers in Mydraulic Epginsenng, H. T. Shen, ed., ASCE,

48-53,
. . , 2N
INVITED PRESENTATIONS N/

June 1883 "Precipitation Scavenging, " speaker &t the Gordan Research Conference
Environmental Sciences - Air, "Sicgeochemical Cycles and the Atmosphera.”

PEEVIOUS REVIEWS QF ACID DEPQSITION

University Corporation for Atmospheric Research review of NAPAP Task Groups A, |
C, and D, leader of review of Task Group D (Deposition Menitoring), Boston MA,
" August, 1983.

Research and Evaluation Associates, Inc. review of USEPA-ASRL activities in NAP/
Task Groups D and G, dry depaosition and material effects, member of review,
Raieigh, NC, April, 1985.

North Caroiina State University review of NAPAP Task Groups A, B, C, and D, mem
of Task Group D review, Boulder Colorado, Septembar, 1985.

Peer Consultants, Inc., review of USEPA-EMSL dry deposition monitoring network,
leader of review, Raleigh, NC, February, 1287.

Acid Depasition, member cf Science Advisory Board, Calgary, Alberta.

P-.:'eq Consultants, Inc., reviow of NAPAP Task Groups 2, leader of review, Ausin,
Texas, April, 1098,
N
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Biographical Sketch of
Don K. Button

BEducatlon: Unliversity eof Wisconsin, Ph.D., 1964, Blochemistry, University of
Wisconsin, M.S., 1961, Biochemistry. University of Wiscons!n, Superior,
B.S., 1965, Chemistry, Physics .

Professional: American Association for Biochemistry and Molecular Blology.
Soclety for Analytical Cytology. American Chemical Soclety. American
Society for Microblology. American Soclety for Limnology and
Oceanography. American Assoclation for the Advancement of Sclence. Sigma
Xi. Phycological Society of America. Soclety for Analytical Cytology.

Actlvities: Current commercial land and sez plane pilot. Civil Air Patrol.
Fditorial Board of Applied and Environmental Microbiology, regular referee
for several journals.

Positions: Professor of Marine Science and Biochemistry, Jnstitute of Marine
Sclence, Departmeril of Chemlistry, University of Aluska Palrbanks, 19864 to

present. Associate - University of Groningen, Holland, 1982. Visiting
Scientlst - Scripps Institution of Qceanography, 1978, Visiting
Professor of Chemistry - University of Notre Dame, 1977, University of

Colorado, Medical School, Department of Blophysics, 1969.
Publications

Butten, D. K. and B. R. Robertson. 1989. Kilnetics of bacterial processes In
natural squatic systems based on biomass as determined by high-resolution
flow cytometry. Cytometry, 10:658-5663.

Druehl, L. D., B. R. Robertson, and D. K. Button. 1989, Characterizing and
sexing laminarialean meiospores by flow cytometry. Marine Blology, 101:451-
456.

Button, D. K. and B. R. Robertson. R. 1989, High resolution flow cytometry as
an analytical tool for aquatic bacteria, pp 180-185. In G. C. Salzman
{ed.), Proceedings: New technrologles In cytometry. Int. Soc. Optical
Eng.. Los Angeles.

Button, D. K. and F. Jtther. 1989, Terpenss In Alaskan waters:
Concentrations sources and the microblal kinetics used in thelr
prediction. Mar. Chem. 26:57-66.

Robertson, B. R. and D. K. Button. 1989. Characterlzing aquatic bacterls
according to cell size and apparent DNA content by flow cytometry.
Cytometry 10:70-78,

Button, D. K. and B. R. Robertson. 1988, Hydrocarbon bloconversions:
Sources, dynamles, products and populations. In Shaw, D. G. and M. J.
Hameedl (eds.), Environmental studies in Port Valdez, Alaska: A baslis for
management. Springer Verlag.

Button, D. K, and B. R. Robertson. 1987. Toluene induction and uptake
kKinetics and their Inclusfon Into the apecific~affinity equation for
deseribing rates of hydrocarbon metabollsm, Appl. Environ. Microbiol.
£3: 2193=2205. :

Button, D. K. 1987. How trees can have that distinctive scent. Syndicated
Alaskan newspapers. December. :

Button, D. K. and P. Jittner. 1987 Pollutlon-damaged trees, how northern air
Isn't s0 pure. Most Alaskan daily newspapers.



Robertson, B. R. and D. K. Button. 1979%. The phosphate-limited contlnuous
culture of Rhodotorula rubra: Kkinetlles of transport, leakage and growth.
J. Bacteriol. 138: 884-895.

Button, D. K. 1979, On the theory of limiting nutrient control of microbial
growlh kinetics. Deep-Sea Res, 25: 1163=1177,

Brown, E. J. and D. K., Button. 1979. A simple method for arsenic speclatlomn.
Bull. Environ. Contam. Toxicol. 21: 87-42. .

Arhelger, §. D., B. R, Roberison, and D. K. Button. 1977. Arctic
hydrocarbon biodegradation, pp. 270-275. In D, A. Woife (ed.), Fale and
effects of petroleum hydrocarbons In marine organisms and ecosystems.
Pergamon.

Button, D. K. and A, T. Law. 1977. Low substrate concentration
determinations for nutrient limited growth kinetic studles. III, Arginine
and ghitamate analysis by enzymatic c¢leavage. Mar. Sci. Commun. 3: 45-53.

Robertson, B. R. and D. K. Button. 1977. Low substrate concentration
determinations for nutrient limited growth kinetle studies. II. 144C=-
glucose analysis by glucose oxidase thin layer chromatography. Mar. Sci.
Commun, 3: 35~43.

Button, D. K. and N. Davis., 1977. Arsenate and phesphate=--chemlcal look
alikes., 'In Fairbanks Dally News-Miner, June 4, Fairbanks, Alaska. 2§: B~
2.

Law, A. T. and D. K. Buttion. 1977. Low substrate concentratlion
determinations for nutrient limited growth kinhetic studies. I. Glucose
gnulysis with hexokinase. Mar. Scl. Commun. 3: 21-24.

Button, D. K. 1977. The PCB Problem. In Pairbanks Datly News-Miner, June

18, Falrbanks, Alaska. 25: B-2,

Button, D. K, 1977. Oll-eating bugs. In Fairbanks Duaily News—~Miner, March
{2, Fairbanks, Alaska, 75: B-2.

Law, R. A. T. and D. K. Button. 1977. Multiple-carbon-source— limited growth
kinetics of a marine coryneform bacterium. J. Bacteriol. 129: 116-123,

Brown, E. J., P, B. Reichardt, and D. K. Button. 1976. Low level chlorinated
hydrocarbon effects on aquatic micro—organisms, pp. 344-356. In D. W,
Norton (ed.), Science In Alaska IlI. AAAS.

Law, R. A. T., B, R. Robertson, 8. 8. Dunker, and D. K. Butten. 1976. 0On
describing microbtal growth kinetics from continuous culture data. Some
general conslderations, observulions and concepts. Microb. Ecol. 2:; 261-
283.

Button, D. K. 19758. The |nfluence of ¢lay and bacteria on the concentration
of dissolved hydrocarbon jn sallne solution. Geochim. Cosmochim. Acta 40:
435-440. i

Button, D. K. and others. 1975. In Petroleum in Lhe marine environment.
National Academy_of Sciences, Wushington. 107 pp.

Button, D. K., J. Bafry Egan, W, Hengstenberg, and M. L. Morse. 1973.
Carbohydrate transport In Staphylococcus aureus 1V. Maltose accumulation
and metabollsm. Biochem. Biophys. Res. Commun. 52: 850-855,

Button, D. K. 1973. Hydrocarbon blodegradation kineties, pp. 803-618. In
Proceedings, Natlonal Academy of Sciences Workshop on inputs, fates and
~effects of petroleum {n the marine environment, Arlie, Va.

Robertson, B., 8. Arhelger, P. J. Klnntey, and D. K. Button, 1973. Hydrocarbon
biodegradation in Alaskan waters, pp. 171-184, In D. G. Ahearn and S. P.
Meyers {eds.), Microblal degradation of oil pollutants. Center for
Wetland Resources, Loulsiana State University.

Button, D. K., S§. 8. Dunker, and M. L. Morse. 1973. Continuous culture of
Rhodotorula rubra. Kinetics of phosphate—arsenate uptake, inhibition and
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PERSONAL INFORMATION
Address: 113 EngineeringlA Home Address: 126 South St
The University of Michigan Chelsea, MI 48118

Ann Arbor, MI 48109

Telephone: (313) 764-7148
Soctal Security Number: 533-54-0273
Birthdate: June 23, 1849

EDUCATION

Washington State University
B.S. (Agricultural Engineering) 1971
M.S. (Hydraulic Engineering) 1973
California Institute of Technology
Ph.D. (Civil Engineering) 1977

PROFESSIONAL EXPERIENCE

U.S. Geological Survey, Water Resources Division; Summer Employment 1870
Washington State University
Research Assistant: Numerical Modeling of Irrigalion Advance 1970-1971
Research Assistant: Prediction of Turbulent Flow in Rough Conduits
19711973
O California Institute of Technology
Research Assistant: Propagation of Tsunami Waves 197
Research Assistant: Buoyant Jets and Plumes in Stratified Crossflows
1973-1977
Research Engineer: San Francisco Quifall Model Study 1977
University of Michigan
Assistant Professor 1977-1983
Asgociate Professor 1983-present

TEACHING AND RESEARCH ACTIVITIES
Graduate Courses Taught
Open Channel Hydraulics
Coastal Hydraulics
Groundwater Hydraulics

Turbulent Mixing Processes
Design of Hydraulic Systems

Short course on "Advanced Groundwater Hydraulics” with Jacob Bear, 1980



PUBLICATIONS

"Essentials of Engineering Fluid Mechanics,” 5th edition, R. M. Olson and S.
J. Wright, Harper and Row, Publishers

Reforeed Publications:

"Submerged Turbulent Jets in Linearly Stratified Fluids,” (with D.R. Wong)
Journal of Hydraulic Research, Vol. 26, No. 2, 1988, pp. 199-223.

"Application of Variably Saturated Flow Theory to Clay Cover Liners", (with
C.J. Miller) ASCE, Journal of Hydraulic Engineering, Vol. 114, Ne¢. 10,
1988, pp. 1283-1300.

Discussion of "Wastewater Field Thickness and Initial Dilution", Journsgl of
Hydraulic Engineering, Vol. 111, §, 1985, pp. 891-896,

"Field Application and Comparison of Three Mass Transport Models", (with
D.A. Hamilton and D.C. Wiggert), ASCE Journal of Hydraulic -
Engineering, Vol. 111, 1985, pp. 1-11.

"Spreading Layer of a Two-Dimensional Buoyant Jet", (with R.B. Wallace),
ASCE Journal of Hydraulic Engineering, Vol. 110, 8, pp. 813-828, 1984,

"Buoyant Jets in a Density-Stratified Crossflow”, Journal of Hydraulic
Engineering, Vol 110, §, pp. 643-656,1984. -

O

"Preliminary Study: The Diversion of 282 m3/sec (10,000 cfs) from Lake
Superior to the Missouri River Basin", (with J.W. Bulkley and D. Wright),
Journal of Hydrology, Vol. 68, pp. 461-472, 1584.

"Optimal Cost Control Strategies {or Attached Algsa”, (with R.P. Canale, M.T.
Auver, Y. Matauoka, and T.M. Heidtke), ASCE Journal of Environmental
Engineering, Vol. 109, pp. 1225-1242, 1983.

"Matched Impedance to Control Fluid Transients”, (with E.B. Wylie and L.B.
Taplin), ASME Journal of Fluids Engineering, Vol. 105, pp. 219-224, 1983.

Discussion to "Vertical Round Buoyant Jet in Shallow Water” (with P.J.W.
Roberts), ASCE Journal of Hydraulic Engineering, Vol. 109, 3, pp. 490-494,
1083.

"Outfall Diffuser Behavior in Stratiﬁed Ambient Fluid", (with R.B. Wallace,
D.R. Wong and K.E. Zimmerman), Journal of the Hydraulics Division,
ASCE, Vol. 108, pp. 483-301, 1983.

Discussion of “Forced Plume in Stratified Reservoir”, Journal of the
Hydraulies Division, ASCE, Vol. 105, pp. 281-283,1979.



Conference Proceedings
O_ "An Alternate Theory of Density Current Propagation,” (with Y. Kim and J.
- Bithler), Proceedings, National Conference on Hydraulic Engineering,
Colorado Springs, Colorado, 1988, pp. 183-188.

"Outfall Plume Dilution in Stratified Fluida: A Comparison Between Field and
Laboratory Data", (with P.A. Mangarella and J.M. Colenell," Proceedings,
International Symposium on Model-prototype Comparison of Hydraulic
Structures, Colorado Springs, Colorado, 1988

"A Revised Theory of Density Current Propagation,” (with Y. Kim),
Proceedings, First National Fluid Dynamics Conference, Cincinnati, Ohio,
1688, Vol. 3, pp. 2020-2027.

"Dilution of Submerged Round Buoyant Jets in Shallow Water,” (with 2. Yan)
Proceedings Engineering Mechanies Division Specialty Conferencs,
Buffalo, New York, 1987, . ,

"Wave Energy Absorbing Honeycomb Structures,” (with C. N. Papadakis)
Proceedings 2nd International Conference on Coastal and Port
Engineering in Developing Countries, Beijing, China, 1987

"Controls of Density Current Propagation” (with J. Btthler and Y. Kim)
Proceedings of 3rd JAHR Symposium on Stratified Flows, Los Angeles,
California, 1987, pp.

"Control of Buoyant Jet Mixing by Far Field Spreading”, (with J. Bihler)
Proceedings of Sympesium on Advancements in Aeronautics, Fluid
Mechanics, and Hydraulics, Minneapolis, Minnesota, 1986, pp. 736-743.

@,

"Submerged Turbulent Buoyant Jata in Stratified Fluids”, (with D.R. Wong)
Proceedings ASME International Symposium on Jet and Wake Flows,
Miami, Florida, 1985, pp. 141-152.

"Global Constraints on Buoyant Jet Mixing in Confined Environments"
Proceedings International Symposium on Refined Flow Modeling and
Turbulence Measurements, lowa City, Iowa, 1985, Chapter A13

“Modeling Contaminant Migration Under the Influence of a Series of
Pumping Wells", Proceedings Conference on Practical Applications of
Groundwater Models, Columbus, Ohio, 1984.

"Predicting Leakage Through Clay Landfill Covers”, (with C.P. Miller)
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N

with 600 transects, the spatial resolution of the sampling will be limited. In order to have
better understanding several sites need to be examined in greater detail.

Derailed studies regarding microbial diversity changes as a result of the oil spill is necessary.
An ecology cannot be examined without studying the bottom of the food chain. Laboratory
studies examining the influence of oil on microbial diversity combined with measured
changes in microbial populations at the spill location will aid in determining impact. In
addidon, long term studies regarding the recovery of microbial poptlations in the spill area

are needed.



NAME: Kim F. Hayes

HOME ADDRESS: 718 Hutchins Ave,
Ann Arbor, Ml 48103

WORK ADDRESS: " Environmental and Water Resources Engineering
Department of Clvil Engineering
The University of Michigan
Ann Arbor, Michigan 48109

PHONE NUMBERS: Home: (313)995-4143
Woik:  (313) 763-9661

S

EDUCATION:

Ph.D. Environmental Engincering and Science, Stanford University, 1987,
M.S. Chemical Engineering, Stanford University, 1982.

M.S. Environmental Engincering and Science, Stanford University, 1950,
B.S. Chemistry, Stanford University, 1980.

PROFESSIONAL EXPERIENCE:

Assistant Professor, Environmental and Water Resources Engineering, The University of
Michigan, May, 1988 to present

RESEARCH INTERESTS:

My pr'unarr research interests are focused on the effects that mineral surfaces and interfacial
properties have on transpon und ransformatlon processes of environmental contaminants.

Topics of interest include: physical/chemical processcs for the rernoval of hazardous

contaminants from water, wastewater, and groundwater environunents; modeling the transport,

removal, and fate of hazardous pollutants in natural and enginecred aquatic environments,

mechanism of reactions at the mineral/aqueous interfaces including adsorption, :
dissolutdon/precipitation, oxidation/reduction, and surface catalysis, relaxation kinetics of ion 3
-adsorplion at the mineral/water {nterface: the influence of interfacial properties on two-phase

liquid flow of organic contuminants in groundwater;; surface spectroscopic investigations of

interfacial reactions; und investigations of the physico-chemical processes which control the

extent and rate of sorption/desorption of inorganic contaminants.

SOCIETY MEMBERSHIPS:

Association of Environmental Enginceting Professors
Amercan Chemical Society .
American Institute of Chemical Engineers
American Geophysical Union

Member of Society Sigma Xi

ACADEMIC HONORS:

NSF (National Sclence Foundation) Presidential Young Investigator Awand Recipient 1989,

USAF (United States Air Force) Summer Faculty Research Program Award Recipicnt, 1989,

Edward Francis Jones Memorial Scholarship, Stanford University, 1986,

Charles D. Marx and H.S. Moreno Memorial Fellowship, Stantord University, 1985-86.

Leon Benedict Reynolds Scholar, Suanford University, 1984-1988S.

Japanese Monbusho Scholarship Recipient, Department of Chemistry, Hiroshima University,
Japau, 1983-1984.



.

PUBLICATIONS

a. Refereed Journals, Books and Symposium Proceedings:

K F. Hayes and W E, Kaskan, "Inhibition of CH4/Air Flames Stabilized on a Porous Bomer
with CH3Br," Combustion and Flame, 24, 405-407, 1975,

M.M. Benjamin, K.F. Hayes, and J1.0. D.:ckxe. "Removal of Toxi¢ Trace Elements from
Power Plant Generation Wastestreams by Adsorpnon and Coprecipitation,” J. Water Poll,
Control Fed., 54, 1472-1481, 1982,

N. Mikami, M. Sasaki, T. Yasunaga, and K.F. Hayes, "Kinetic Studies on the Intercalation-

Deintercalation of Alkali Metal Ions in yZirconium Phosphate Using the Pressure-Jump
Technique,” J. Phys. Chem., 88, 3229, 1984,

H. Negishi, M. Sasaki, T. Iwaki, K.F. Hayes, and T, Yastinage, "Kinetic Sludy of
Adsorpuon-Desoxpuou of Methano! on H-ZSM-5 Using a New 'Gas Concentration Jump'
Technique,” J. Phys. Chem., 88, 5564-5569, 1984,

N. Mikami, M. Sasaki, N, Kawamura, K.F, Hayes, and T. Yasunaga, "Intercalation Kinetics
of Alkali-Metal Ions into a-Zirconium Phosphate Using the Pressurc-Jump Technique,” L
Phys, Chem,, 90, 2757-2761, 1986.

K.F. Hayes and J.O. Leckie, "Mechanism of Lead Ton Adsorption at the Goethite/Watcr
Interface," in "Ceochemicd Processes at Mineral Surfaces,” ACS symposium Series no. 323,

Chapter 7, 1986.
J.A. Davis and K.F, Hayes, "Geochemical Processes at Mineral Surfaces: An Overview," in

"gsg,;, hemical Processes at Mingral Surfaces,” ACS Symposium Series No. 323, Chapter 1,
1986

K.F, Hayes and J.O. Leckie, ' Modelmg [onic Strength Effects on Cation Adsorption at
Iydrous Oxide/Solution Interfaces,” I_Coll Interf Scl., 115, 564-572, 1987,

K.F. Hayes, L.A. Roe, G.E. Brown, Jr., K.O. Hodgson, J.Q. Leckie, and G.A. Parks, "In-
Situ X-Ray Absorpiivn Study of Surface Complexes a Oxide/Water Interfaces: Sclcmum

Oxyanions on a-FeOQH," Scijence, 238, 783-786, 1987.

K.F. Haycs, L. Papelis, and J.O. Leckie, "Modeling lonic Strength Effects on Anion
Adsorption ul Hydrous Oxidc/Soludlon Interfaces,” L_Coll _Interf, Sci,, 128, 717-726, 1988.

C. Chisholm-Brause, A.L. Roe, K.F. Hayes, G.E. Brown, Jr., G.A. Parks, and J.O.Leckie,
"XANES ard EXAFS Study of Aqueous Pb{II) Adsorption, Physica B, in press, 1989.

C. Chisholm-Brause, K.F. Hayes, A.L, Roe, G.E. Brown, Jr.,, G.A, Parks, and J.O, Leckie,
Structure of Pi(I) Complexes at the -AlO4/Water Interface, Submitted to Geochimica et

C himica A

L.A. Roe, K.F. Hayes, C. Chisholm, G.E. Brown, K.O. Hodgson, G.A. Parks, and 1.0,
Leckie, "In-Situ X-Ray Absorption Study of Lead fon Surface Complexes,” submitted for

publication to Langmuir.

K.F. Hayes, G. Redden, W. Ela, and 1.0. Leckie, "Surfage Complexation Models. 1. An
Evaluation of Model Parameter Estimation Using FTTEQL and Oxide Mineral Titration Data,”

submitted for publication to L_Coll, Interf. Scl., 1989.




TECHNICAL REPORTS:

F.B. DeWalle, T, Zeisig, J. Sung, D. Norman, I, Hatlen, D. Sanning, E. Chain, M. Bissel,
and K.F. Hayes, "Analytical Methods Evaluation for Applicability in Leachate Analysis,” Final
Report, EPA-600/2-81-046, March 1981.

J.O. Leckie, M.M. Benjamin, K.F. Hayes, G. Kaufaman, and S, Altmann,
" Adsorption/Coprecipita- tion of Trace Elements from Water with Iron Oxyhydroxide," Final
Report, EPRI Research Project 910-1, March 1979,

J.O. Leckie, A.R. Appleton, Jr,, N.B. Ball, K.F. Hayes, and B.D, Honeyman, "Adsomptive
Removal of Trace Elements from Fly-Ash Pond Effluent onto Iron Oxyhydroxide," EPRI-RP-

910-1, Final Report, 1983,

B.D. Honeymun, K.F. Hayes, and J.O. Leckie, "Speciation of Trace Elements in Fly-Ash
Wastewater," EPRI Special Publication, 1984. :

A.L, Roe, K.F. Hayes, C.J. Chisholm, G.E. Brown, Jr,, K.O. Hodgson, G.A. Parks, and
1.0, Leckie. "XAS Study of Ion Adsorption at Aqueous/Oxide Interfaces,” Stanford
Synchrotron Radiation Laboratory Report 87-01, 1987.

C. Papelis, K.F. Hayes, and J.O. Leckie. "HYDRAQL: A Program for the Computation of
the Chemical Equilibrium Composition of Aqueous Batch Sysiems Including Surface-
Complexation Modeling of Ion Adsorption at the Oxide/Solution Interface,” Technical Report
No. 306, Deparument of Civil Engineering, Stanford University, September, 1988, 130pp.

G.E. Brown, Jr,, C.J. Chisholm, K.F. Hayes, A.L. Roe, G.A. Parks, X.O.Hodgson, and
J.O. Leckie. "In Sita X-ray Absorption Study of P&II) and Co(ID) Sorption Complexes at the

t-Als O/Water Interface,” Stanford Synchrotron Radiation Laboratory Report 88-01, 1983.

K.F. Hayes, G. Redden, W. Ela, J.O.Leckie. "Application of Surface Complexation Models
to Radionuclide Adsorption: Scnsitivity Analysis of Model Input Parameters,” Final Report,
Ballelie Memworiul Research Laboratory, Contract B-N3975-A-E, Battelle Paciiic Northwest
Laboratory, Richland, WA, 1589, 75pp.

PRESENTATIONS:

Oral Presentation, "Surface Complexation Models: An Evaluation of Model Parameter
Estimation Using FITEQL and Titration Data," presented at the 196th National ACS Meeting in
a special Symposium on Chemical Modeling In Aqueous Systems I, sponsored by
Geochemistry Division, Los Angeles, CA, September 25-29, 1988,

Invited Speaker, "The Kinetics of Surface Complexation,” presented at the 1988 Gordon
Research Conference in Environmental Sciences, New Hampton School, NH, June 20-24,

1988,

Oral Presentation, "In Situ X-Ray Absorpton Study of Surface Complexcs: Selenium

Oxyanions on a-FEOOH," presented at the 62nd Colloid and Surface Science Symposium
spotwored by the Colloid and Interface Science Division of ACS, Penn State University, State
College, PA, June 19 - 22, 1988,

Oral Presentation, "Pressurc-Jump Kinedc Studics of Lead Ion Adsorption at the Goethite-
Aquoous Intarface” preseniod at 193rd ACS Nadonal Meeting in a special symposium on
Colloid Controlled Migration of Pollutants spotisored by the Environmental Chemistry Division
of ACS, Denver, CO, April 5-10, 1987, -

»

N’



EDUCATION:

RESEARCH
INTERESTS:

EMPLOYMENT:

PROFESSIONAL
ACTIVITIES:

AWARDS:

INVITED
LECTURES:

TIMOTHY MOORE VOGEL

Environmental and Water Resources Engineering
Department of Civil Engineering
The Universily of Michigan, Ann Arbor, MI,
48109-2126 (313) 763-1484 FAX(313) 7644262

Ph.D. Environmental Enginesring, 1988, Stanford University
M.S. Envircnmental Engineering, 1983, Stanford University
B.8. Geology, 1979, University of Washington, Seattla.

B.S. Oceanography, 1979, University of Washington, Seattle.

Current research examines biotransformation and mineralization of organie
compounds under aerobic and anaerobic conditions. Compounds presently
under study are aromatics (e.g., benzene), halogenated aliphatics (e.g.,
trichloroethene), and halogenated aromatics (e.g., polychlorinated biphenyls).
The implications and applications of this research on the possible fate of
halogenated compounds in groundwater aquifers and bioreactors is also under

study.

Assistant Professor, 1988-, The University of Michigan.
Assistant Professor, 1987-1988, Michigan State University.
Acting Instructor, Fall 1985, Stanford University,
Research Asgsistant, 1981-1987, Stanford University.
Organic Geochemist, 1979-1982, U.8. Geological Survay.

Environmental Consultant: 1982-1984, Stanford University:1983-1985,
Canonie Engineers; 1986, EMCON Associates: 1987, State of Michigan
Representative Dodak, House Floor Leader: 1987-1988, Community
Assistance Program for Environmental Toxicology: 1987-1989. Other

-industrial consulting: 1986-1989.

Harvey Mudd College Academic Scholarship
Michigan Biotechnology Institute Faculty Development Award.
Herrick Foundation Award for PCB Research

Agronomy Society of America, Annual Meeting, Symposium on Soil
Remediation, Las Vegas, Oclober, 1989

Gray Freshwater Biological Inatitute, Symposium on Microbial Ecology and
Biodegradation, Navarre, Minnesota, July, 1989

Department of Civil and Mineral Engineering, University of Minnesota,
Minneapolis, May, 1989

New York University Medical Center, Now York,
March, 1989

American Geophysical Union, Annual Meeting, San Francisco,
December, 1988, )

American Water Works Association, Annual Meeting, Orlando,
June, 1988

Amaerican Society for Microbiclegy, Annual Meeting, Miami Beach,

May, 1988.




Vagel, T.M. and McCarty, P.L. 1987. Abiotic and biotic trangformations of 1,1,1-
trichloroethans under methanogenic conditions. Environmenial Seience and
Technology, 21:1208-1213 /)

Vogel, T.M. and McCarty, P.L. Relative rates of reductive dehalogenation of 1,1,1-
trichloroethane, trichloroethylene, and their products, and acetate utilization under
methanogenic conditions. Submitted.

Selig, H, and Vogel, T M. Degradation of methylene-chloride-containing
pharmaceutical waste in an anaerobic biofilm. In prep.

Fathepure, B.Z. and Vogel, T.M. Simultaneous reductive dechlorination of chlorinated
aromatic and aliphati¢ compounds under methanogenic conditions. In Prep.

Selig, H. and Vogel, T.M. Chemical considerations in media for microbial growth. In
Prep.

Shreve, G. and Vogel, T.M. Comparison of solid supports for development of biofilms. In
prep.

Nies, L. and Vogel, T.M. Influence of substrate on anaerobic degradation of PCBs. In
Prep.

PROCEEDING
AND REPORTS:

Vogel, T.M. and Kvenvolden, K.A. 1981. Hydrocarhon gases in Navarin Basin Province
sediments. In: Geologic Hazards in Navarin Basin Province, Carlson, P, and Kari, H.
(eds) U.S. Geologic Survey Open File Report.

' Vogel, T.M. 1888. Chemical and biological transformations of hazardous wastes - \)
Halogenated Aliphatic Compounds. In: Proceedings of American Water Works
Association, June, 1988,

Vogel, T.M., Nies, L., and Anid, P., 1989. Long Term Anaerobic-aerobic degradation of
PCBs, In: Research and Development Program for the Destruction of PCBs, Published by
General Electric Company, Corporate Research and Development, June, 1989.

ABSTRACTS
AND -
PRESENTATIONS:

Vogel, T.M., Kvenvolden, KA., and Oremland, R.S., 1880. Hydrocarbon gases in
surfuce sediments for San Francisco Bay, California. Pacific Division of the American
Association for the Advancement of Science, Annual Meeting, Davis, CA. Abstract; p. 33.

Vogel, T.M., Kvenvolden, KA., Carison, P.R., and Karl, HA. 1981. Geochemical
prospecting for hydrocarbons in the Navarin Basin Province. American Association of
Petroleum Geologists. Annual Meeting, San Franciseo, CA. Abstract.

Vogel, T.M. and Reinhard, M. 1983. Kinetics of alky! bromide hydrolysis. American
Chemical Society, Annual Meeting, Sept., Washington, D.C. Div. Enviren. Chem, 23:2.
Extended Abstract; pp. 357-358.



P

CURRENT
FUNDING SOURCES:

National Science Foundation Science and Technology Center for Microbial Ecology
U.8. Environmental Protection Agency

National Institutes of Environmental Health Sciences

Michigan Oil and Gas Association

General Kleetric

Dow Chemical Company

Michigan Biotechnology Institute

U.S. Environmental Protection Agency - Hazardous Subatance Research Center



O

APPENDIX

(Studies Referred To in the Comments of

Patricia A. Lane, PhD on the Draft Plan)



THE EFFECTS OF CRUDE OIL AND THE
DISPERSANT COREXIT 9527 ON THE
YEGETATION OF A NOVA SCOTIA SALTMARSH:
IMPACTS AFTER TWO GROWING SEASONS

£ 154




/*'\‘

THE EFFECTS OF CRUDE OIL AND THE DISPERSANT
COREXIT 9527 ON THE VEGETATIUN OF A NOVA SCOTLAN SALTMARSH:

IMPACTS AFTER TWO GROWING SEASONS

Mr. Michael J. Crowell
Dr. Patricia A. Lane

SCLENTIFIC ADVISOR: G.A. Sergy

Eovironmentcal Emergencies Technology Division
Environment Canada
4999-94 Avenue
Edmonton, Alberta
T&B 2X3



ABSTRACT

This study documentea Che erfacts of experimental appiications of aAlperca
sweeC blend crude oil on tne creek eage, midqmarsn and nigh marsn zonas or a
Nova Scotia salt marsh over the course oI LWO growing seasogs. [C also
investigated tne impact of the dispersanc Corexit Y327 oo the craek eage
vegecation zoce. The ezffeccs of tne oil and dispersant applicacions wers
monitored using a number or paramecers, including; planc heignt groweth,
stem density, biomass, species cover, plant fluorescence inmauctioro
measuraments, acatomical differences and soil profile changes. These data
revealed thdat there was considerapble variacion ia tne sensitivity of tne
three vegetation zones to the oil treactment. The oil treatment had lictle
affact on the creek adge zone (dominated by tall Spartina alterniflora)
during the 1986 growing season and no residual effects were notad in [Y87.
The midmarsh zone (dominated by dwarf S. alterniflora) by contrast was
severely impacted by the oil in 1986 and displayed relatively litccle
recovery during .bhe 1987 growing season. The large differences ic toxigity
between the craek edge and midmarsh zZones appeared to be relaced to the
inability of S. alcerniflora growing in the physiologically stressrul mid
marsh zone to tolerate the additional stress of oil coxicity. Qil impaccs
in the high marsh zone (dominated by S. patens) were intermediate between
tnose of the creek edge and midmarsh zones. Significanht negative impacts
were noted for most of che scudy paramecars in lY#6, nbwevei, the heavy
mortality observed in the midmarsh zone was not found there. Data from the
1987 growing season revealed relatively little recovery. The creexk eage
dispersant treatment had severe negative effects ot this community in 1980,
howaver, rapia recovery was observed iz l9u7.

Biomass and species cover data for 1%86 aca 1987 revealed similar
successional trends for tne three veygetationm zones following the
applicacion of oil or dispersant. Annual species, che most abungant af
which were Salicorniaﬂéhropaea and Suaeda maritima, increased in abundance
in plots where- interspecific compecitiorn had been reduced by oil or
dispersant induced mortality of Sparcira. Based on current rates ot
recovery, the creek edge zone recovered from oiling witnin oce year of
treatment and will probably racover from che dispersant treacment wWithin
two years. The high marsh zone will probably require three te four years
for full recovery, while thne midmarsh zone will probably require at Lleast
five years.
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INTRODUCTICN

S4lc marsnes are2 nighly productive ecosysctems waicl are of jTRal 2COLOgLCAL
ane aconomic imporcance. Sait marsnes Ifix larye quancictites of csaroon, &
.arge proportion of wnich iIs sexportaq to escuarice and ¢5astal watars wners
iz fuels marine Lood webs. Many specias of imvertebrates, £isn aca biras
urilize salt marshes as feeqirg, breeding and resting areas. Most of =ne
sal:t marshes along tne Atlantic coasc of Norta Ameriga arfe gomizateas by tiae
salt marsh cord grass (Spartica alrermiflora Loisel)., This speciles is
tolerant of hign salinity and anoxic condicions 1z the seaiment, ver i3
capaple of very high rates of primary produccivicy.

Salt marshes are highly susceptable to oil spills since they are regularly
inundated by seawater and have low self cleaning porential as a result or
the low ercergy rtature of the areas in which they develop. Much variagion
has been found iz the sensitivicy of salt marsnes to oil spills. Qil
toxicity depends on a number of factors inecludicg tvpe of oll, the degree
of oil weacthering, amount spilled, frequency of amultiple spill events, time
of the year ir wnich tine spill occurred, the types of orzanlsas exposed C0
the oil ard the amount of stress experienced by these organisas prior to
the oil spill. These factors make it difficulc to implement proper
mitigative measures wien salt marsnes are threatemed by oil spills. This
situation is furtner complicacted by the fact that most salc marsh clean up
tegnniques are ineffective or cause as much if not more damage than the oil
(Vacdermeulen and Jotcham, 1986). No ictervencicon may be a valid option
provided the impact of tne oil spill is less chan tnat of the potential
clean up option. Evaluation of this option requires the developmentc or oil
sp1ll impacct studies iz a variety of salc marsn communicies using qilrrarentg
tvpes acd amounts of oil applied at different times or the vear and
moritored over a cumber of years. This is beyora the Scope of mOSC
investigations, however, useful informacion can ba derivad from a variecy
of smallet studies.

The dispersal of iccoming slicks offers a means of reducing tne amounc of
oil entering the marsn. Generally the usa of dispersants in snallow near
shore waters 1is not recommended but may be attampted if it will reauce tne
amount of oil strandirg in che marsh (APIL, 1985). Near shore applicatiorns
of dispersant increase the likelihood of dispersant contamircatien of salc
marsh vegatacion., Few studies have investigated the impacts of dispersants
on salt marsh plant commucities (Baker et al, 1984; Delaune et al., 1984
apd Smith ec al, 1Y84). These .studies have demonstrated that Cthe
phytotoxicity of wvarious dispersaut formulations varies cocsideraoly. It
is therefore important to document the toxicity of a variety or dispersants
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id order Lo determile which may de safaly useq ic cliose proximity Lo saict
marsh vegecacion.

Iz tnis scudy, the impacts of Alperta sweet blend cruee oil and tae
dispersant Corexic 9327 were scudied in a Nova Scotia salt aarsn over :ciae
course of two growing seasons. The impacts of experimental crude gil
spills were investigaced in creek 2dge, midmarsn ana high wmarsn vegecration
zones whils dispersant impacts were. studied otly in Che ¢r2ex edge zone,
0411 and disparsant impacts Were studied at the communicy, species and
cellular lavels of biclogical organizatior in order zo provide a
comprehensive approach to evaluation of tne biological esffacts of tie
treatments.

This is a continuatiov of a study igitiacted in 1986 (Lace et al., lvs7) and
presents data collected during boch the 1986 and 1987 growing seasons
following the oil and dispersant applications iz l9H6. More detailea
descriptions of Ctreatment impacts on vascular plant parametazs during the
1986 growing season and effects of oil and dispersants on sait aarsh aigal'
and bacterial communities are available iz thac reporc. In tnis study,
attencion was focusea on parameters from the 1986 study iz wnich recovery
.was pot avident ac the end of the lYdb growling season.



MATERIALS anD METHQDS

- DESCRIPTION COF -STUDY SITE

The field study sita was logated at Conroas Beach oo Petpeswicx Izlec
(24°42'N, 53°%11'W) (Figure l). The Conrods BSeacn salt marsn has aeveloped
behica a barrier duce system, and is qraiced by a sirgle caanmel waich
penertratces Cle quie systam. The vegeration of LCle salt @marsn 1s divisidie
inco tnree discinee zZones, wihich Wwill De rararred Co as creex eage,
midmarsn, aecd high marsh zones.

The creak adge zore was domiracea by a lusn growtn of Sparcica
alterniflora. Small quantities of Salicornia eurcpaea, Plactago juncoiaes,
Suaeda maricima, and Acriplex patula were also present in chis zome. The
eraek edge zone was usually restrictied to within twWo metres of draicage
channels ic the marshs, The lush growth of Spartica alterciflora was
attributable to the relatively well araired sadiments of this zona.

The midmarsh zome was dominated by short Sparctina alterniflora, with lower
abundanges of Sparcina pa:eﬁs, Salicornia europaea, Suaeda maritima,
Triglochin elata, Limonium cashii, and Flantago juncoides. This was the
mosSt extensive of the three zones in the Conrods Beach salt marsh and was

" generally rfourd in poorly drained areas in the marsh interior. The stucced

growth of Spartinma altermiflora in the midmarsh zome is generally
associated with extremely Low redox pocential of the sediments and high
salinity of the interstitial water of the sediments of this zone.

Sparcirna patens was the domirant species of the nigh marsh zoce. Small
quantities of Spartina altermiflora, Salicornia europaea, ITriglochin elaca,
Seaeda maricima, ang Glaux maritima were also found in association with S.
patens. The nignh marsh zone was located on slightly elevated, bhacter
drained and aerated soils of the marsn. '

EXPERIMENTAL DESIGN

A total of twenty=-ore Oiin x 4.0 m (2.m-2) pLots were established at ranaom
locations ic the salt marsh. Nine piots were positioned 1o tne creek edye
zone, with three replicate plots assigned to each of three treatmerts
(comtrol, oil and dispersant). Ian the midmarsh and hign marsh zones, otly
control and oil treatments were assigned for a total of six plots per zone.
Each plot was separated from ocher plots by a !0 m burfisr zona to pravent
OFr reduce cross contamination by eicher oil or dispersant from other plocs.
Nondestructive sampling was conducced within tne icterizor of the plocs
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Figure 1: Map showing the location of Petpeswick Inlet ana the Conrods
Beach salt marsh.




wnile destructive samplipng was donme in a v.25m wige sCFip SurTauraing eaca
plot wnicn receiveg Che same Ltreatment as Cid2 PloC incerior. Zacn quaqrac
was surrounded by a wall of oil sorbentc material to preves: ine escape of
oil from the quadrat. Quadarals wiare aiso coverag with gargen neciinyg co
exclude wiidlife, Fiela measursmencs commenced on May ¥ (day [) ara
treatmencs were applied on July 7 (day 60) ia lysé.

Iz the lY4%6 sztudy three craacmerncs wera applied to each of cZhe three
vegetatior zotes. These incluged oil atone, dispersact alote acd 9il ana
dispersent applied to the same plot. Funding coostraicts iz 1987 resultea
in a reductiono in the numper of plots monitored during the (Y87 field
reason. Only the conrrol and oiled plots were monitored iz all vegeracion
zones along with dispersant tresated plots in Che craek edge zZone.

QLL AND DISPERSANT APPLICATIONS

Alberta sweet blend crude oil, weatherad by evaporation and sctirring for 24
hours co 15=-25% loss by weigncr, was used for all experiments. In tne rfield
experimanss, 2.25 litcers of weathered oil per plot were applied from a
baex~pack spraver approximacely two hours aftar tne onset of the ebb period
vielding a vominal 0.5 mm o0il siick. The tide did not rise high enough to
cover the marsh surface with water on the day oI creatment appiicatciouns,
therefore, each plot was sprayed with seawater prior to treatment. The oil
spray application was done so that the spray was held near the marsn

- sediment surface, at about half of the mean plant heignt, chereby

simulating comcamination by a surface oil slick.

For the dispersant treatment, ethylene glycol-based Corexit 4527 was mixea
witn water iz a ratio of | part dispersant co LU parts seawatar. A tocal
of 2.25 liters of the dispersant:seawater mixrure was appliad to eacn plot
from a back-pack sprayer. Application differed rrom tnat of the oil
applicatior, in that the dispersant spray was directed at the vegetation
from 50 cm above the sediment surface. This application was intCatded Co
mimic a4 near shore application of dispersant on an inccming tide,

PHYSICAL AND CHEMICAL PARAMETERS

Soil Profile Descriptions
Soil profile descriptiovns wera recorded for all cores ctaken for chemical
analysis. On each samplirg date, in each vegetation zone, oze core was
taken from each of the 3 replicate oil plots. During the 1936 field season

only ona core was taken from each of the coatrol plots, however, during cthe
1487 field season cores ware caken from all control replicates. AL each
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sampling sice, a core 6 cx wWilge pv 15 ¢l long was remeved With a moqifieq
pulb planter. Eacn core was splic locgitudinally acd cthe tnickoesses o:
discicctive sediment layers ana presence of oxialzing anae reducizg zones
were recorded on a standard core diagram. The presence of bacta2rial zones,
algal mar communicies, che colour of roots, and the degree of rcoc aarc
development were also recorqed for eacn care. In lYs6, cores were taken on
Zive dates becween early July ang early September, wnile ic 1Y87, cores
ware taken oc three dates between lare June and late Auguset.

Soil Chemistry

Using the cores collected Ior soil profile deseriprtions, a 50 g sampie was
removed from each core and was extracted 3 times wich 20 ml o mechylene
chiloride. The resultact solution was dried, taken up in hexace and cleaned
up. Samples were cleaned by pouring them through a mini=column concainicg
sodium sulfate, copper and activated florisil. Total oil and grease values
waere determined witch UV fluorescence analysis, scanning from 200 to 300 om.

The data were expressed as ppm of chryseme equivalents (UV fluorescence at
256 zm).

Selected sample exctracts were apalysed by glass capillary gas
chromatography using a flame ionizatiom detector. Relative concentrations
of the n-alkanes were determined from the chromacograms. Idencificacions
of the peaks were made using glass capillary .gas chromatagraphy mass
spectrometry. Procedures followed those of Geiger and S;haffner (1978),

VASCULAR PLANT PARAMETERS

Plant Height

Within each ploe, 40 Spartina snoots were systematically selected at 10 cm
intervals acd their heights were measured. Plant height was measured as
the distance from the tallest point of ctne plant to ground level.
Measurewents were taken on eight occasions during the growing season in
1986 and on five occasions auring the Y487 growing season.

Stem Density

Within each plot, |2 miniquadrats were systamatically positioned at 3U cm
intervals. In Spartina alterniflora dominated marsh zores (creek eage and

midmarsh zones), 0.0l°m~% quadrats were used wnile in tne S. patens
dominatad zome (high marsn'zone),(LOOb'm'z quadrats were used. All snoots
in eacnh quadrat and all flowering shoots in each plot were counted and
means and scandard deviations were calculated for each treatmenc in each
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vegetation zone o0 each sampling dace, Measurements were Z&akan on -gur
occasions during tie 1986 growing seasoc and OR Iive 0GCaSiINS Iuring Ine
1987 growing season.

Ziomass

Biomass harvesting was conducted in tne £irst week of September Lo potn
1986 and 14=7. A(Log'm"z quadrat was sysctemagically positiozea 1o opne end
of each plot ang all apoveground living osiomass iz cne quadrat was
harvested, sorcad by species, dried at #0° C iz a convection over acd
weighed on an analyrical balance. Starcding dead biomass was harvesctead,
dried and weighed but was not sorted by species. All flowericg stems in
each plot were harvested. Reproductive portions were removed from
vegetative portions and weighed separataly. The mean Spartica snocot weignt
was calculated by dividing the biomass of Spartina alterniflora (creex edge
and mid marsh) or Sparcira patens (high marsh) ic tne plot by the mean stem
density of che ploc recorded on the day tnat the biomass was harvesced.
Mean above-ground standing crops for livieg plants, stacding adead,
reaproductive tissues and mean shoot weignt were calculatad for each
treatment in each vegetation zore for each year. '

Species Cover

Percent cover tfor each species of vascular planc'was astizmated ia each
plot. .Cover values were estimated relative to soil surface area rather
than to other species in the quadrat; therefore, tocal cover could be
higher thaz [QUX wnen species overlappad, Mear cover values were
calgulated for eacn species in each treatment in all vegetatiocc zones for
three samplicg dates in 1986 and five sampling caces in 1987,

Fluorometry

An explamation of the principle of plant fluorescence induction

IT """ measurements'ls presented in Appendix .i... Three plapts wers randomly

selected from each plot for fluorometric armalysis. The upper-most fully
expanded leaf was removed. All of the leaves from a particular plot were
placed ino a plastic bag into which distilled water was sprayed. The
samples were then placed in a light proof box for tracspert to the
laboracery. Harvesting and preparation of the leaves required
approximately 0.5 hours. During transport the leaves were allowed to
equilibrate in the darx for 1.5 hours. Worxing illumiraciom in the
laboracory was provided by a 6 volt lantern fitted wich a green filter,
Flugrometric measurements were made with a Brancker Researcn Lcd. {Otctawa)
model 5F=-20 portable fluorometer. The flucrescence induction curve was
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monisored Zor lUU secounds. Izitcial, peak, Cransient peak, ana ficzay
reaairngs were recorded (Figure 2). Values usea 12 anaLysis izcluaea tae
peak variable Iluorescence (peag rzadipz miznus initial raaaizng) aca tas (ou
second dirfferecce value (value ac l0Q secornas minus ircicial vaiue).

Lear Apatomy

Iz mid-July iz 1986 and 1987, two leaves wera randomly salectea Frim eaca
pilot. These lLeaves were pooledq by treatment within each zone ana taree
were randomly chosen Irom eacn gtreatment for observation. Radial cross-
Ssections were taken from areas on each learl exhibicing dirrerent sympcoms
of the treataments, and Were examined under a microscope at 200x.
Observations iccluded tne apunaance, relative sizes, and coloration of
chloroplasts, measurements of cuticle cthicxness and the prasence or aosecce
of plasmolysis.

STATISTICAL ANALYSIS

Statistical analyses were cooductead on plant height, stem density, above
ground biomass for several species, reproductive and mean snocot bilomass,
cover, fluorometry parameters, raducing zone ghicknesses ana total 2il aed
grease concentratiors. Io most cases, both Y86 and 1Ys7 daca wers
analysed. Tracsformations as determined by tests for normalicy and
homoscedasticity in 1986 were continued., Data analysis was conaucced using

-the SPSS/PC+ V2.0 scatiscical package (Norusis, -1988a, 1Y88b). Grapns were

produced with SPSS/U.C.+ Graphics (SPSS Inc., LYH6).
Prelimirary analysis consisted of both general descriptivé statistics arna
aralysis of variance to test whetiier replication was 4 ractor. Subsequent
analysis igvestigated the effects of treatments and time (year, acd where
appropriate, visit), The principle investigative tecnaoique was analysis oL
variance. The number of levels aand the interactions cested varied with tne
partigular data set,
Height data was transformed as follows:

y = la ((x/14) + 1).
whera 14 was the overail mediac height for tne 1986 data.

Densicy was also ln transrormed:

y = ln (x + 1),
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Figure 2: Diagramatic representation ot the ftluorescence induction curve ror Spactina alterniriora.
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Arrows lndicate recorded fluorescence values., The initial value (i) 15 the "rixed
fluorescence”. Fluorescence above thig level js "variable fluorescence” which 1y
sengitive to the physiological status of the photosynthetic system. We reter Lo {p-i) as
“peak variable fluorescence" and 100 second values minus initial value as the "i00 second
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Square roog tragsformations were usSed On DOCH ¢Over abd GlOomass cac-a.
Statistical analysis of the biomass data resportea here was rastriztag oo

tne two Spartica spp., Saligorcmia europaea, Suaeda wmaritima, CoZaL. spove
ground living piomass and stanaing deaa biomass. Several subsats of :Ine

domizant Spartica species were also icvestigacted, ioZcluding Ilower welgat
acd welight per snoot.

Cover data for the ¢reek adge, midmarsh, and high marst wers enterea izto
discrimicact analyses. The results of 4 estimates for eacn pLoC oo each
day were incorporaced. The estimates were divided Irto groups accoraing to
treatment., All cover estimates from Che first samplicg aate in lygb were
coded as conirols sicce they preceeded treatment applications. Separate
ordirvacions were conducted including ana excluding standing dead piomass.



RESULTS AND DISCUSSION

PHYSICAL AND CHEMICAL EFFECTS
Soil Profile Descripcions

Sulfate raduction activicy is the major detarmicant or soil profiies
pattarns it salt marshes. Water logging orf the sadiments coampined with
microbial respiration create anoxic condicions under which sulface redqucicng
pacteria may proliferate. These facraria ucilize sutlate as an eiactron
acceptor in the anaerobic respiration of small molecular weight organic
compounds. It is generally believed that the carpon sources utilized by
sulfate reducing bacteria are waste products of the fermentation of
decritus., The raductionm of sulfate produces Ryarogen sulfide wnicn is
stable under anaercbic conditions. Hydregen sulfide may also react wicth
iron to form farrous sulfide and eventually pyrite (Weibe et al., L¥481}.
Deposition of the black iron sulfides produges a grey or black colour iz
the sediments. In zones where fhe sediments are oxidized,. the sedimenc
color is brown as a rasult of the oxidized state of the iron compounds.
The transition zZone between brown and grey sedimencs i1s characterized by a
decline in redox poterncial from positive to negative values (Jorgensen,
1983). Sediment colour may, therefore, Serve as an indirect indicator of
sulfacte reduction activity which in turn indicactes tne presence of
anaerobic conditions.

Soil profile descriptions were performed during both the lY%db and 1947
field reasors, however, durirg 1986 only a single coccrol plot was sampled
or each samplicg date. Consequencly, only data from [987 was suitaole for
statistical amalysis. No data were collected for dispersact treated plots,
Figure 3 presents the mean thickpess of reducing zomes in control and oiled
plots in each of the vegetation zones in 1987. All tnree zotes exhibiced
similar trends over the course of the growing season. Reducing zore

.thickness in control plots declined over the course of the growing season

while that of oil treated plots increased. Reducing zome thickness in the
oiled plots was initially lower than controls at the beginning of the
growing season (Day 45) but increased to control levels by the end of the
growing season (Day 110). In cthe creek edge plots on day 453, reducicg
zones were only 6l% as thick as in control plots, however, this difrerence
was not statistically significant. by day 75, reducipg zomes irn the oiled
plots had thicknesses similar to those of the concrol plots.

In the midmarsh zone mean reducing zone thickness in oiled plots was 33% ot
control plot values on day 45 and S1% of control values on day 75. These
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differences, nowever, ware 2ot significant on either sampiizg qaza,
Reducing zone thickness for oliled and comcrol plots were similar oz cay
110.

Reducing zorne thickness 1o oilea nign narsa plets was sigmiricancly Lower
thar control plocs on day &3 (p Q.0ul, ANOVA) but recurzed to cootTral
vaiues by day 73.

Concamiration of salt marsh seciments by crfuade oil could affect rsaucing
zoce tnicxkness in several ways:

1) An oil layer on the sediment surface or high coccerntrations iz the
sedimenc could provide a barrier to diffusion of oxygen ipte cthe
sediments resulting in an increase in reducing zone thickness in oiled
plocs.

2) 01l irduced mortality of Spartirna plants could reduce the degree ot
sediment oxidatiom. Howes et al (1Y8l) have demonsctrated :zhat growth
of Sparriza alterniflora was associated with increases in sediment
redox potential. Spartima plants supply oxygem to the rnizospnere by
means of passive diffusion of air througn continuous gas spaces from
shoocts to rhizomes and roots acd possibly by means of Iihe exudation
metabolically produced oxidants such as hydrogen peroxide into the
rhizosphere, . Mortality of the Spartica sward might be expected to be
assoclated wich ac increase in reducincg Zone thickness in the ciled
plots.

3) The crude 0il could serve a5 a substrate for oil degrading bacceria,
Respiracion by these bacteria could decrease ctile depth to wnich oxygen
can percetrrace the sediments, resulting in an increase in reducicg zoce
thigckeess in tne oiled plots.

4) The crude oil could poison populacticns of hecterotrophic bacteria in
the sediment causing a rveduction irp Dacterial régpira:ion,increaqing
the depch%to'which oxygen could penetrate the sediments. This could
cause 4 decrease in the tnickeess of reducing zomes in Che oiled
plots.

The evidence presenced in figure 3 suggests that the oil treatmenCs wera
respousible for a long term (approximately one year) increase in soil
oxidation, possibly as a result of a reduction in microbial respiration
rates caused by hydrocarbon toxigcity. Unfortunately, no estimaces of
microbial respiration were available for the field experiment, so there is
no direct evidence to support this hypothesis. There are, however, several
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pieces of circumstantzal evidence wnich support tais 2ypocaesis.
Laporacory experiments ic [Y86 (Lace et al, 1vyd7) usicg midmarsh seaimern:
from the study area showed that iAlberta Sweer Blend crude coil significancliy
reaquced sediment respiration, altnougn only for & period or fen aays. Ihe
effacts may have been more persiscent under the harsner conditions
experienced in the field (coolar temperatures and constant waterloggizg.
Stacaing dead biomass data for 1986 (see page ) icaicated tnac
decomposition rates had been substantially reduced by the o0il treatmenc,
Ratas of decomposition appeared to have returned to cormal oy the end of
tne 1987 growing season

Octher aspects of the sediment profiles aid not chacge as a result of oil
applications. Root development differeq between vege:acicn zones but was
similar between treaCments witnin zones, The high marsh zone (dominataea by
Spartiza patens) and midmarsh zoue (dominated by Sa alterniflora) had well
developed mats of fine roots which were largély concentrated near the
sediment surlace, presumadly to avoid hign concentrations ¢f toxic nydrogex
sulfide and ocher physiological comstraincs associaced with cthe anaerosic
sediments io these zones. In the creex edge ‘zone (dominaced by S.
alterciflora) there wera fewer fice roots and more large rhizomes which

extended into the sediments somewhat deeper than in the previous two

'vegetation zones. Frequent exchange of interstitial water ic this zone

would reduce the concentrations of toxic hydrogen sulfide, allowing aeeper
pecetration of root systeas.

Sedimerts in contact with che fire root macs of the midmarsn acd high marsh
plots were generally oxidized, however, oxidized zones were absent in the
creek edge quadrats where fime roots were relatively scarce. Yo apparent
declines in the extent of these zomes were associated wica che oil
treatments in eicher 1986 or lY87.

Soil Chemiscry - -

Figures 4 = -6 present-hydrocarbon concertratioms in oil treated and control
plocs in the -three vegetacioco 2Zones in 1%86 and lvyd7. There was
considerable variation betweern replicates on the various sampling dates.
This could be caused by several ractors. Initial discribution of tne oil
within the pilots may have been uneven resulting in zones of nigner or lower
hydrocarbon concentrations. Lipophobic conditicons in the water saturated
sediment may have led to the concentration of oil in low areas wichio cie
plots. 01l draiping down grass shooCs may have penetrated into the
sediment ag a film around plant roots and rhizomes causing localized
concentrations of oll in the sediment.

_11‘-



Total 21l and grease ia Creek Zdge 30zl

1 1 [ ' !/\J
4.5¢ Contrel ]986 [98?. ® - -
|
: i
314 ® -
®
@ [ ] ®
L
1.54 L &
® e
® L
L J @
o
| G ' 1 ] [ ] |} [] 1 i [ ' ] 1 1 ] 1
il . ®
404 .
364
E 324 L
Qe
2,
- ra
=
2 284 . ',"-\
2 N
=
= ®
Yo
® g
=
o
[
o
L
S 204 L
®
16+ L
’ e o
124 = s
®
@ ]
84 ™ Py l
o o
o e [ ]
® ® ®
@ @
4 ®
®
T b i 1] i T 11 i 3 1 ) 1 1 . ] ] 3
15 45 7% 108 138 45 7% — 108 118
] 30 60 90 120 130 60 - 90 120 150
DATE -

Figure 4. Scatter plot of total'oii and grease concentratisns 1a control
and oil created plots'in the creek adge Zune 1n 1986 and 19497,
Oil was applied on day 60, 1986,



S

Total o1l and gresse in mid _Hl_tsa '.°""L’.

sanstrol ]986 1987 I
44 r
|
o :
34 3
L b
@ ® @
() ®
-«
24 9 b
L
e @
e
37,8 ' — e ' : ‘ '
g1l
e
254 [
23,59 o -
£
=%
=9
-
= 204 -
=
2
Q
e J L
Zir.s ® I
w
° - g i
=
L
= 154 ° -
-
S ]
@
®
12, %A L
o L]
e
@
104 L
® L
7.54 [ ] r
e @
54 ® L
-
15 &5 78 ' 18 ' 138 a8 s " gy o2 !
30 50 %0 120 150 60 20 120 5
DATE
Figure 5: Scatter plots of total oil and grease concentrations in control

ang oil treated.plotslln the midmarsh zone in 1986 and 1987.

211 was inplzad on dav 50.

198A,



Total eis and grease in Hign Marsn soils
. ) . : ,

® i
Consrol i
2.l ° 1986 IS87
] ®
L
® [ ]
b - b
L J e
®
®
N.L L
® [
[ o [
3 + 1 * i [} ] - + L) [
16.5
oil
[
154 -
13,54 L
E
=
o
=12
A
=
2
o
Z 9
3
c,lﬂ 54
wl
2
3 o
> 7 ®
=
Q [ ]
7. 54
@
®
. ® e
6+ - L @ -
®
® o
@ @ L o
4 .54
e @ ]
@
@
34
®
] ] T + [ T ] ] ] 1 ¥ 1 0 [ 1 [
15 45 75 108 13s 45 78 108 335
e 50 %0 120 1%0 40 20 120 130
Date

Fiqure 6:

Scatter plots of total o1l and grease concentrations 1A control
and oil treated plots in the high marsh zone 1n 1986 and 1987,

Qil was applied on day 60, 1986,

)

f”“\
et



2

2

.The data are too variable to draw defipite comclusions aoout =iae fage of
the oil iz cthe varicus vegetation 2Zones other thdn Co demonsStrate that
there were substantially more hydrocarbons in the ¢iled plots than in tne
control plots during both tne Y86 and Y87 growing seasons. There were,
hcﬁéver, some general trends ia the data. Iz all zones aydrocarpbon
concenctrations were icitially Low two days aftear oil applicatioms but
reached maximum concentracions wichin 30 days of application after wnien
concentractions appeared to gradually declice. The ivitlal increase ico
hydrocarboo concentrations was probably attributadle to several factors:

1) Oil deposited on leaves may have flowed down the stems a2Bd oRCo Che
sediment over the course of saveral days.

2) Tidal icundacion may have lifted oil orf of plants ana deposited it ou
the sediment surface.

3 01l killed plants or oiled detritus laying on the surface of che
sedimert may have been incorporated into the sedimenc.

Hydrocarbon concentrations in the sediment were generally high in the greek
edge and midmarsh zones and low in the high marsh zoce. Low oil
concentrations in the high marsh zone were almost certainly actribucable to
intercepcion of the sprayed oil by the large standing crop of dead bilomass
in this zone. In many plots standing dead biomass was up to cwice as high
as the living biomass, suggesting that..Spartica patens was highly resistant
to decay. During the 1987 field season o0il stained deaa stems ware still
commonr in the oiled plots. Cil absorbed by the standing déad biomass would
not be available for incorporation into the sediment for many months. In
addition, this oil would be expected To weather much faster thac oil
incorporated into the sediments. Maintenance of a high scanding ¢rop of
dead biomass may have been a factor limiting the impact of oii in the high
marsh  zone.

*Gas' chromatography of--oiled marsh sediment samples revealed that the rate

of weathering of the oil in the sediments was nighly variabnle. &8y the end
of the 1986 field seasonm oil in the sediments on average had weathered ro
the point where all hydrocarpons under C-1U had peen lost. This
corresponded to a volume loss of 33X ig an oil evaporacion experiment
conducted in the laboratory. The evaporation experiment determined that
evaporative loss of the oil stabilized at 36X after two months of
weathering (Table 1), suggestinrg that evaporative losses were nearly
complete in the field. Further losses would be actributable to flushing of
oil .from the sediments and microbial degradation. By the end of the 1937
growing season hydrocarbons below C-14 had been weathered from the oil and

- 12 -



Table 1. OQil evaporation experimect: Percent of origircal oil remaining ac
specified times. Ten grams of oil were weatnereg io an opecn

container (§ cm wide by 1 cam ceep) at 20°C, /)
TIME (HOURS) PERCENT OF OQRIGINAL uIL WEIGHT
u LoQ
¥ 8l
72 | 75
Y 72
305 67
1,053 63
1,344 64
-

L



io two of cice gas cnromacography anmalyses no oil was detecrable.

Penegration ¢f oil into the sediments was iound to be generally restricrea
to the upper [5 ¢m (Taple 2). The nighest concentrations were found in ctne
0-5 ca range. OQil penetration was lowest ic thle midmarsh and high marsa
zones where 77 and 76% of the oil in the upper 15 ¢o of the sediment was
fourd in the upper 3 ca of the sedimencs. Penetration was somewnat deeper
ic tne creek eage zone with only 61X of the oil contained Iz the upper 5 cm
of the sedimencs. The deeper oil penetration in the creek adge zone was
propably caused by the lower water cable in cthis zone wihigh would permit
0il to percolate deeper into the sediments. The lack of a dense rooc mac
in this zone may also have permitted deeper pemetration of oil into tne
creek adge sediments. Hydrocarbon concentratiocuns ino the 5-10 ¢m depth
raoge tended to be slightly elevated above control surface concencracioens
in the midmarsh and high marsh zones and were up to four times higher than
control values in cthe creek edge zone, Councentrations in the i0-15 cao
depth range were comparable to control values at 0=5 em ic all vegetacion
zoves. This corresponds well to the distribucion of hydrocaroons in marsh
sediment coted by Hersnner and Lake (1980). They found no oil below 20 ca
five months after multiple dosicgs of No. 2 fuel oil., OQver YU% of the oil
was restricted to the upper 10 ¢m of the sedimert., Other studies have
found much deeper penetration. Lytle (1975) founmd o0il to a depth of 42 cm
in an experimental oil spill and Burns and Teal (1971) found oil to a depch
of 70 ¢m after the West Falmouch oil spill.

£

- 13 -



Table 2. Mean Sedimect Hydrocarbor concentrations at 3 ¢m aepcd inCervaus.
Values for 10=15 cm are basea on oze sample. No data were

available for high marsh hydrocardon ¢opcentrations at lu=i3 ea. ii::
Total Oil and Greasa
(ppm Chrysene equivalents (1 standard deviation))
Treatment Depch (cm) Creek Edge Mid Marsh High Marsh
Qil =5 48,0 (34.9) 24.7 (11.2) 27.6 (4.2)
5-10 22.2 (28.4)- 6.7 ( 3.9) 8.6 (7.8)
10"'15 8.6 Uné -
Control U=5 5.6.( 4.8) 5.6 (2.8) 1.8 (2.6)
&
/J-\‘
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IMPACTS ON VASCULAR PLANTS
Plant Height

In the creex edge zone in 1Y86, significant reductions iz plant heigatr were
noced on all post treatment days for dispersant treaced plots (Figure 7
(p€0.001,ANOVA)). Plant heighcs in dispersant treated plots increased
substantially between days [02 and 123. This trend was probably caused by
selective mortality of short plants which would increase mean plantc heighe,
although growtn rates of survivirng plants probably did not increase., Short
plancts would be at a disadvantage in competition for light and would,
therefore, suffer more stress than the dominant plants. Higher mortality
rates would, Cherefore, bhe expected for smaller plants. The oil treatmenc
'had relatively little impact on plant neight in 1Ys6, although oiled plants
were‘significantly shorter than controls on days 89 (p=0.043, ANOVA) and
123 (p=0.034, ANOVA). .
In 1987, there was little or no evidence of 0il or dispersant impacts on
height growth. Early in the groﬁing season (days 26 and 48), oil and
dilspersant treated plants were slightly, although sigrnificancly, taller
than control plants (p<0.0Q01, p=0.021, ANOVA). This may be acrcributable cto
reductions in stem density asseciated with these treatments whnich would
reduce compecition and allow more rapid growth early in- the growizng season.
No significant-raductiocns in plant height were noted for any of the
treatments later in the growing season (Appendix 3), with the exception of
oiled plants on the last sampling date (day 115) (p=0.034, ANOVA).

These data suggest that there was a rapild recovery of plapt height growth
associated with the dispersant treatmenc. This is not unexpected since tne
water miscible dispersant would be rapidly dissipated by tidal accion.
Data for oiled plots indicaced little change in height growth between 1946
and 1987. This suggests that the oll treatment had no short term or long
‘term. effects oo height growch, ’

he™S

Io the midmarsh zone io 1Y86, 0il did not significancly raduce plact height
growth (Figure 8, Appendix 3). This was unexpected since heavy mortality
was noted in coiled plots. Rapid reduction in stem density of small plants
may bhave maintained mean plant height at an artificaily hign level during
this pericd. This is supported by the fact that plant heights in giled
plocts were significantly shorcer than controls tnroughout 1987 (Appendix
3)s It 1is qifficult to determine whether there was any recovery of plant
grovwth between 1986 and 1987 since trends for lYyd6é were masked by selective
mortality of small plants makirng direct comparsions impossible. Data for

- l4 -
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1987, however, inaicaca that plan: neignt growtn was stili sigoilizcantiy
atfected by the oil treacment.

The ilarger reductions io Sparcina alterniflora heigne io viled midmarsh
plots relative cto similarly treated S. alterpirlora in the cTeex edge zorae
wara probably atctribucable to differences in sediment oxidation stacus (Eh)
between the midmarsn and creek edge zones. Sediment oxidacion status is
generally lower in the midmarsii zome than io the creek edge zone (Howes et
al., 1986) making it 4 more hostile envirooment for plants. Low oxygen
concentrations lead to decreased abilicy to take up nitrogen from the
sadiment (Morris and Dacey, 1Y#4), increased root respiration rates
(Mendelssohn et al., 198l) and increased production of hydrogen sulfide
which 1s toxic to root metabolism (Allam and BHollis, 1972). Untreated S.
alterniflora growing in the midmarsh zone were shorter than creek adge
plancs, ipdicating the stressful nature of the midmarsh zone. The
addirional stress of oil toxicity was enough to alter the carbon balance of
the midmarsh plants (i.e. increased respiration decreased photosynthesis)
to the point where height growth was slowed. In the creek edge zone the
0il would alter the carbon balance in the same way, however, activities
such as flowering which are relatively unimportant to rhizomatous plaants
such as Spartina would be sacrificed rather than heignt growth. In tne
midmarsh zone, existing stressful conditions would have already reduced the
proportion of photosynthates available for flowering so that additional
stress would deplete carbon stores normally devoted to height growra.

In the high marsh zone in 1986 (Figure 9), height growﬁh of Spartina patens
io olled plots was significantly lower than the heights of control plantcs
after treatmeant applicarions (p<0.001, ANQOVA). Heignt growth in !947 was
very similar to that noted in 1986 and was significantly lower than control
heights from day 67 to the end of the.sampling period (p<0.u0l, ANQVA).
These data suggest that there was virtually no recovery of height growth in
the high marsh zone ome year after the oil treatment. On the first
sampling date in 1987 (Day 26), oiled plants were significantly taller than

- -—con:roi-pianta:-,Ipis-tren@-waq;pbsermed-inmak{;vegeta:ion zones although

it was significant onliy in the creek edge and high marsh zones. Raductions
in stem density associated with the o1l treatments may have reduced
competition allowing more rapid growth early in the growing season.

Stem Density
Stemr density data for the creek adge zone in 1986 and 1987 are presentced in
Figure 10. The oil treatment was associated with significant reductiocas in

stem density on all sampling dates following treacmenc application
(Appéndix 4). Data from [Y87 demonstrate an increase in stem density. No
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significant aifrerences were foyna betweer control aca oilaa pliots iz 19ya’
(Appenaix 4). Or al:i dates oilea pLOTS naa nigher stem aensiiies than
control plots. This situacion appeared to pe attributable more to larze
raductions in control stem density rather tnaom to substantial iamptrovements
ia oiled plot stem density. Nevertheless, the data does indicate a
recovery of Sstem dernsity in oiled plots. No clear reasons for reductions
in control stem density were aevident. ' Small reductions iz stem densicy
were also noted in all high marsh control quadrats and two out of tarae
midmarsh c¢ontrol quadrats. Trampling damage to the periphery of cthe
quadracs may have strassea placts within thae quadrats resulting in reduced
stem density or yearly variations ia growicg conditions mignt also be
responsible, Summer rainfall was very neavy Lo 1986 acd lighet iz Llyws7,
Drougnt conditions might be expected to increase osmotic stress ino sale
marsh plants resulting in scem density reductions.

The stem density of dispersant treated plots was significancly lower than
control plots on all sampling dates in 1Y46 including pretreatment dates
{p<€0.001, ANOVA). This indicated that comtrol and dispersant creacted plocts
were not direccly comparable. Determination of dispersant impaets,
tharafora, was best determined by comparing data from 1986 and 1987 for the
dispersant treated plots and comparing scem density crends for the control
and dispersant treated plots, In 1986, stem density was reduced tc a mean
of 300 stems /mz by the end of the growing season (Day (23) from a maximum’
of 930 stems/m? (day 49). During 1987 stem density remained relatively
stable during the growing season.with 550 stems/m2 at the end of the’
growing season (Day 118) and a maximum of 670 stems/m? (Day'QBL This gqata
suggests a moderdte recovery of stem density during che 1987 growicg
season. At the current rate of recovery stem density In the dispersarct
treated plots should racurn to precreatment levels within two years of
dispersant applications. Stem density in control plets io both 1986 anma
1987 declined gradually from a peak early in :nehgrowing season (Day &4& or
49) to minimum density at the end of the growing season (Day 115 or 123).
This decline was probably attributable to mortality of snoots induced by

dntraspecific competition., -Ixrdispersant-treated plots in 1987 stem

density remained stable and plants were generally well spaced in the
quadrats. This suggests that intraspecific competition was probably
reduced in these quadrats resulcing in less mortalicy. Oo the lastc two
sampling dates in 1987, the stem densities of dispersant treated plots were
not significarntly diffarent from control scem densities (Appendix 4).

In the midmarsh zone (Figure 1l) the oll treatment was associated wich
significant reductions of stem density (p<40.U01, ANOVA (89% reducticn ino
é:em_densi:y by the end of the growing season)). Stem densities of oil
treated plots remaiced significantly lower than controls throughout Che

- 16 -
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1987 growicg season {p<£0.001, ANOVA). 3tem density early iz the (Yx7
growing season (day 26) was 350 s:emslm2 wnich was similar to that nocea at
the end of the 1986 growing season (230 suems/mzj. Qver Cue Course of Che
1y87 growing season Spartica alcterniflora stem densily increasaq siowly Co

suu s:ems/mz. This appears to indicate that stem densiiy recovered
slignetly during the [Y37 growing season, nowever, at tiae end of the
sampling period, the mean stam density of the control plets was still 73%
higher than tnat of oiled plots. Complete revegetation of tne midmarsn

zore will probably take at least five years assumirg that tne current
recovery rate is maintained.

01l treatments in the high marsh zone (Figure l2) were associated with
gignificant reductions in stem densicy in 1986. Ino 19487, oil created
quadracs had significancly lower mean stem densities oo all but the first
sampling date. Some recovery of stem density was evident in the cata. At
the end of the 1986 growing seasou mean stem density of oil treated plots
was 48% lower cthan that of control plots. Stem densiCy of oiled plots at
the end of the 1987 growing season was only 32% lower than that of comtrol
plots indicating tnat some racovery had occurred. Lomplete revegecation of
the high marsh might be expected to occur within three to four years of
treatment application assuming the current rates of racovery are
maintained.

The stem density of flowering Spartina plants varied greatly from year to

- year (Figure -13), however,..witnin years The -trends for the various

treatmencs were consistent. In lY#6, oil or dispersant {reatments caused
large declines in flowering shoot density althougn ncne of Cie reductions
were significant (Appendix 5). For the oil treatments, the largesc
reduction in density was noted in che creex egge zone (Y9X reduction) and
the smallest iz the high marsh zome (64X reduction). Flowericg sheoot stem
density in the midmarsh zome was reduced by 96X%... Dispersanc treaced plots
in the creek edge zone exhibited a 95% reduction in density. Similarly,
Baker (1971) noted that oiling of Spartipa x townsendii in the early summer
resulted i’ *educed —flowering. ——This was -actributed to oil induced
mortality of flower buds or primordia. Alternatively, Jefferies and
Perkins (1977), suggest that under environmental condirioms which require
large allocations of nitrogen and carbon for mairntenance (as would be
expected as a result of oil toxicity) sexual reproduction may fail to occur
or the development of seeds may be aborted. In 1Y87, tne trend for
flowering stem density in 1986 was reversed. Flowering shoot densities for
0il and dispersant treated plots in 1987 were equal to or in most
instances, higher than control densities from 1486 or 1987. Ico the creek
edge zone, dispersant treated plots had the highest density of flowering
snoots, followed by oiled plots then control-plots at a ratio of l4:6:].
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misleading sioce Salicornia cover was consistently higher in tne gilad
plets chac iz control plots bocn before and arter treatment applicacions.

;/‘i) Iz 1986, Salicornia cover in oiled plocs was significacely higher than in
N control plots on days 35 (p=0.014, ANOVA) ang 1U2 (p=Q.0U01, ANQVA). There

was a very strong cegative relatiomship between Spartica patens cover ana
Salicormia cover (r==-(,942) suggescing that increases 1lan Salicoremia cover
were related to reductions im S, patens competicion.

Suaeda cover responded to the o0il and dispersant treafments similarly to
Salicornia (Figure 21). In 1986, Suaeda was present in only oce dispersant
plot on day 35. It disappeared from the creek edge zone following the
digspersant freatment application. In 1987 Suaeda occurred sporadically ino
the control plets, remaining at low levels throughout the growing season.
In the oiled plots Suaeda was more common, however, its cover remained
stable throughout the growing season. Suaeda cover in the oiledq plots was
significancly higher than control plots on day 56 (p=0.030, ANOVA). Few
Suaeda shoots grew larger than 3 cm under the well developed Spartina
canopy in the oiled plots. Suaeda cover was highest in tne dispersanc
treated plots. Cover increased throughout the growing season, reachiog a
peak of 6.50%. Suaeda cover in dispersant treated plots was significancly
higher than that of control plots on all sampling dates in 19Y87 (p<€0.001,
ANOVA). There was a strong negative correlation {(r=-0.825) between the
square root of Suaeda cover and the square root of Spartina alterniflora

(::) cover suggesting that this species was respondirg to the removal of the

\ - - dense Spartina. cacopy. --AS. .was.noted -for..Salicornia, Spartina cover
reductions of at least 50X were required to evoke a large increase in
Suaeda cover.

In the mid marsh zone Suaeda was noted in only one control plot duricg the

1986 growing season (Figure 22). In 1987, Suaeda was absent in comtrol

and oiled plots on day 43 but appeared in boch treacments by day 5é6.

Suaeda cover ia the oiled plots increased throughout the growing season

while cover in the control plots stabilized after day 56. Suaeda cover in

- w«= —-—~the-oiled-plots-was Sighificantly higher thanm _in the countrcl piocts on days
70 (p=0.044, ANOVA) and 110 (p=0.0ll, ANOVA). Suaeda cover in the midmarsh

oilad plots was equivalent to that found in oiled plots in the creek edge

zonoe. A larger amount of cover would be expected in the midmarsh zone

since Spartina mortality was much higher there. The coefficientc of

correlation berween the square root of Spartina cover aad the square root

of Suaeda cover in this zone was only -0.717 as opposed to ~0.825 in the

creek edge zone, The combination of a normally hostile environment for

plants combined with residual oil toxicity (as outlined for Salicornia) may

) have restricted the establishment and growth of Suieda in the midmarsh

— oliled plots.



In tae nigh warsh zone, Suaeda was prasent ocly in the oiled plots in lygg
(Figure 23)., Suaeda cover 12 the oilea plots declirceq atfter oil
appiicacion and had dissappeared from che plots by the lasc sampling aata.
This data suggests that Suaeda was sensicive to the oil Creatment. Baker
(1971) noted that oil treatments applied during the growing season caused
severse reductions in Suseda maritima cover. In 1Y87,Suaeda cover increased
iz both the control and oiléd plots wich the highest cover values noted ic
the oiled plots. These differances ware not significant. There was a
mederately stroug cegative relationship between Suaeda cover iec the high
marsh zone and Spartina patens cover (r=-0.769).

Another annual species, Atriplex patula was found sporadically ic the creek
edge zone in all treatments. Trends for Atriplex abundance were similar to
those of Salicornia and Sudeda except that Atriplex cover declined markedly
between days 90 and 100 in 14987 (Figure 24). No reason for this decline
was evidenc.

Actriplex patula was oot found ic any plots in the midmarsh zone in (Y36,
however, it was found i1a some plots in 1Y87 (Figure 25). On days. 45 and 56
Atriplex was restricted to the oiled plots, however, it became estaplished
in one of the conrtrol plots by day 70. Maximum Atriplex cover was noted
batween days 435 and 56 in the oiled plots. Atriplex cover in the oiled
plots declinmed to a minimum by day Y90 then increased somewhat by day ll10.
This cover reduction may have been caused by hypersaline conditions icduced

- - -- by drought conditions experienced in 1987, The increase in cover in the
control plots may have been the result of increased illumination of the
sediment surface caused by sampling disturbaoce to the edges of the control
plots.

Atriplex patula cover in the high marsh zome responded similarly to Suaeda
. (Figure 26). In 1986 there was a decline in Acriplex cover associacted wich
the oil treatment, however, cover returned £o pretreatment levels by the
end of the growing season. Increased Atriplex cover values were noted in

TT.I=C ZiThothitheTcontroland- oil-treated -plots 4in .1987-with the largest increases’
assoclated wita. the oiled plots. The coerficiemt of correlation between
Spartina patens cover and Artriplex cover was -0.738.

Placrago juncoides was found in one dispersant plot in the c¢reek edge zone.
This species was absent or overlooked on the pretreatment sampling date’'in
1986 (Figure 24). Plantago cover increased throughout the 1986 growing
season and continued to increase at a slower rate through the 1987 growiny
geason. This dacta suggests that Plantago juncoides was tolerant of the
dispersant application. The dominant Spartina alterniflora was sensitive
to the dispersant treatment and while its cover declined during 1Y#6,
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Plantago was able Co quickly occupy the available space. S3Slow expausioct of
Plantago cover in 1987 probably refleccs increased compectition rrom tae
recovering 5. alterziflora sward.

Discriminant analyses were corducted om Che cover data collected in each
vegecation zone. The analysis for the Creek eage zone included control,
0il and dispersantg treatments, therefore, the resylts were presenced in two
dimensions. Figure 27 presents a scatter plot for all samples with
detrictus excluded. The first axis separated dispersant treated plots
(representd by 3's) from oiled plots (2's) and control plocts (l's). The
second functiono separated oiled plots from control ana dispersact plots.
Separation was highly significant along both axes {(Wilks' lambda.
p<0.00005). The first axis accounted for 72% of the variance explained,
while the second accounted for 28%. Table 4 presents the coerficiencs of
the standardized canonical discriminant furccion and the correlation of
each species with each function. The asterisks with each correlation
indicate which axis the species is most ¢losely associated, For funcction |
which separaced dispersact treated plots from other treatmects, Suaeda
maritima, Plantago juncoides and Salicornia europdaea were most imporcant.
Separation of the control and oil treated plots was most strongly
determined by Spartina alterniflora and §. patens. For each point the
probability of belonging to each treatment can be assessed. Each data
point can be assesgsed as to whether it matches its treatment, cr is more
gimilar to another treatment. Counting the oumber that are assessed as
--misclassified provides an impression-of-the separation {or overlap) of the
ranges resulting from treatment. For the creek edge zome, without standing
dead cover incorporated, 97 of the 255 plots were considered misclassified.

The analysis which included standing dead yielded similar results. Betn

axes were highly significant with detritus associated with the second
- {concrol=-o0il) axis. The inclusion of stcanding dead cover in the analysis

increased both the total variance and the proportion explained by axis 2.

- o= —- —-These-Tesults_Inditate~that the.dispersant’ treatment was responsible feor
the largest floristic changes ia the creek Edge zone. These floriscie
changes ware produced by the proliferation of annual species such as
Salicornia and Suaeda after severe damage to the Spartira sward. The smail
degree of variance accounted for by the cil treatment (23%), indicated how
liccle impact the oil treatment had on the creek edge zonme. The results of
the analysis suggest that the oil treatment had relatively liccle effect on
species composition since the species most correlated with cthis funection
were the dominant SEattina species.
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The nigh marsn and @idmarsn zones iavolvea ocly TWo creatments (SORTISL aza
0il), conseque=tly, otly oce funczion can be gecerated Lo separata Chem.
In cne analysis for tne midmarsh zone, separation was hignly sigrificarnc
(Wilks'Lambaa,? € 0.00005) with S. alterriflora having tne only strocg
correlatioc (Table 4), Figure 28 clearly indicaces cie degree of
separation obtained. A total of 19 out of 162 samplicg units were
flagged as nisclassified., The rasulcts for the analysis icceorporatin

standing dead cover were similar. Standicg dead cover was negacively
correlated with the function.

The high degree of separation for the midmarsh data indicatas the severity
of oil toxicity iz this zone, High correlation wich only S. alterniflora
indicated both the high degree of oil induced morcality associated with

this species and the relatively poor performance of Salicorcia and Suaeda
in this zone. :

The resulzs f{or the high marsn zone were also highly sigroificanc (Wilks'
Lambda, P 0.00005), but showed more ovarlap (Flgure 28) as indicatad by
tne higher proportion of misclassificacions (48 of 162). Salicorcia
eurcpaea was highly correlated witnh the functiom, while Atriplex pacula
had a moderate positive correlation and Spartica alterniflora had a
moderate negative correlation. Spartina patens sShowea. little correlation
with the function (Table 4). When standing dead cover was included in the
apnalysis the number of misclassifications was reduged to 29 ocut of 162,

‘The resultact-function was less strongly correlated witn Salicorzmia europea

(0.65) and the correlation with standing dead was 0.44.

The high degree of misclassification for this zone suggested that the oil
treatment had less impact on the floristic composition of this zome than
did the oil treatment in the midmarsh zome or the dispersant treatment in
the creek edge zone. High correlacion of Salicornia wich tne function
indicactes that the oil treatment caused enough damage to the S, pacens
sward to permit a substantial increase in the abundance of Salicormia.

Fluorometry

The 1986 study (Lane et al., 1987) consisted of a field sctudy and a
parallel greenhouse study. Fluorescefice induction wmeasurements were made
only for placts from the greemhouse study as a result of logistic
coustraiccs. Fluorometric analysis proved to be a sensitive technique for
the detection of physioclogical stress in Spartina. It was decided to use
this technique in the 1987 field study to determine whether plants were
gtill stressed by the treatments oue year after their applicacion. .
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Table 4.

and pooled-within-groups corralations
canonical discriminant functiocns (CURR).
were used in thne analyses for the CRree vegeratlion ZzZores,

Species

Spartiza alterniflora

Spartina patens
Salicornia europaea
Atriplex patula
Suaeda maritima
Planrago juncoides
Glaux maritima

Species

Spartirca alterciflora

SCDFC

Standardized canonical discriminant funoction coefficiects {SCDFC)

Detweel Species ard
Species cover vajues

CREEK EDGE

CURR

Function |

Funetion 2

=0.197

Function [

Functionm 2

Spartira paters
Salicornia europaea
Atriplex patula
Suaeda maritima
Iriglochin elata
Limonium nashii

Species

Spartina alterniflora

Spartina patens
Salicornia europaea
Atriplex patula
Sudeda maritima
Triglochin elaca
Festuca rubra

Glaux maritima

-0.108 0.659 0.639*
0.153 0.b84 0.u52 0.690%*
-0.190 0.259 0.605% 0.247
-0.006 0.086 0.254 0.189
0.918 -0.01Y 0.885% 0.084
0.437 -0.114 0.637*% ~0.l40
-0.020 0.028 V.193 -0.044
MIDMARSH
SCDFC CORR

Function |

Fugnction 2

0.999 ‘0.8867

0.432 Y.l13

Q¢.129 -0.1l41

-0.162 -0.287

-0.205 -U0.191

0.1086 0.123

-U.061 -0.063

HIGH MARSH
== SCDFC CORR

Funccion |

~0.280
0.151
0.903
0.152
-0.109
-0.053
0.148
0.198

Function 2

-0.307
0.001
0.886
0.343
0.102
0.058
0.147
0.242
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Data from the greenhouse study, unrfortunacely, are not directly comparanle
- to field fluormecry results from lY87 since the microcosm culture systen
and modifications in sampling techniques may have altered the response of
(::) the plants duricg che fluorescence lnduction testing. Comparison of cthe
fluorometry results witn the impacts of the oil and dispersant treatmencs
on other parameters which were monitored in both the field and greesmhouse
experiments in 1986 (heighc, stem density, biomass and leaf anatomy),
suggest that ftreatment lmpacts were similar in both systems. We pelieve,
therefore, that the general trends noced for the impacts of these
treatments as detected by the fluorometric techniques employed in the 1Y¥%6
greenhouse study, may be indicative of the conditions which would have been
encountered in the field during the 1986 growing season.

Results from the 1986 greenhouse study (Lane et al., 1987) provided
avidence of damage to the photos§n:ﬁe:ic'systama of Spartina alterniflora
and S. patens in all three vegetation zomes. Oil treatments caused little
damage in the creek edge and high marsh zones but had significantc impacts
in the midmarsh zone. The creek edge dispersant treatment was responsible
for significant damage to Spartica alterniflora. TIhe impacts of the oil
treatment in the midmarsh zore and dispersant treatment in the craexk edge
zone lasted throughout the 1986 growing season. :

Of the two fluorometric measures utilized in the 1986 study, the 100 second
difference values (fluorescence at 100 seconds - initial fluorescence)

<:j>‘ : —--- —-proved -to -be the most sensitive measure, indicating plant stress within one
day of treatment application. Peak fluorescence (Peak fluorescence -
Initial fluorescence) was much less sensitive, reliably indicating place
stress ouly rnear che time of death when other symptoms (such as chlorosis)
wera already evident.

The fluorescence effects observed comnsisted of reduced peak fluorescence
and a faster return to initial values. These symptoms were suggestive of a
disruption of the light receptor system of the placts.

In ly87, otled plants from the creek edge zone (Figure 2Y) tended co nave
reducad peak variable fluorescence on all sampling dates with values for
oiled plants ranging between 89 and 97% of control values, None of these
reductions were significant on any of the sampling dates. Peak variable
fluorescence in dispersant treated plots was low on day 50 but increased to
contrel levels by day 91. No significant differences were noted on any
sampling date. One hundred second difference values for oliled plants were
significantly lower than conctrols on day 71 {p=(.041, ANOVA), but were not
significantly diffarent on any other sampling date. One hundred second
difference values for dispersanr treated plants were significantly higher
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High Marsh Fluorometry
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than for control plants om day 30 (p=u.0l5, ANOVA), nowaever, values for ail
other samping dates were not significanzly differext from the comtrois,
These data suggest that thera was litcle il acy residual toxicity
associated with the treated plots in the creex edge zooe one year arcer
treatment applicatioas.

In the midmarsh zone (Figure 3U) oiled plants tended co have reduced peax
variable fluorascence values as was notea for the craek edge zome. These
reducciocs, however, tended to be larger than in the creek eage zome with
values for oiled placcts ranging between 67 and 87% of control values. Peak
variable fluorescence values of oiled plants were significantly lower tnan
values for control plants on days 71 (p=Q.021, ANOVA) and 114 (p=0.004,
ANOVA), The trend for the 100 second difference values was also similar to
that ooted in the ¢reek edge zoce. Oiled plot values were lower than
control plot values on days 71 and Y1 burc were higher than the comtrols on
days 50 and ll4. Neo sigoificanc differences in 100 second difference
values were noted on any of the sampling dates. The significant reductions
in peak variable fluorescence indicate tnat residual cil may have produced
seme plant stress.

Ip the high marsh zoce (Figure 31) peak variable fluorescence of olied
plants was lower than the controls on the last two sampling dates, nowever,
no significant differences were noted on any sampling date (Appendix 8).
Oce hundred second difference values for high marsh plants displayed a
trend -which was common to-aanvegetation zones. - QOiled plants had higher
values than cootrols om day 50 but returned to contrael levels on all otner
sampling dates., The increase on day 50 was significanc (p=0.031, ANOVA).
Values on all other sampliing daces were not significantly different frem
the controls. The data suggest thac there was little or no residual o1l
toxicity io the high marsh plots one year after treatment applicatious.

Fluorometric analysis suggested that oil applied to the creek edge -and high
marsh areas had weathered sufficiently by lY¥7 to eliminate oil as a source
.of plant stress. _Similarly, the dispersanc.applied to the creek edge zone
in 1986 caused™~no plant stress in 1987. The dispersant was probably
removed from the study plots by tidal inundation within a month of
application. Data for the midmarsh zone suggested that residual cil may
have stressed the plants in that zone. Sediment oil data for 1947 were too
variable to determine whether meore oil was present in the midmarsh zone
than in the other zones. Gas chromatography data suggested that oil inm all
of the zones was extensively weatchered by l987. Long term toxicity ino the
olled midmarsh plots may have been attributable to the stressful rnature of
the midmarsh environment. Physiological stresses associated with the
midmarsh, such as reduced nitrogen uptake, high root respiration and
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hydrogen sulfide coxicity may have reduced the toleracce orf miamarsn placts
to ¢oil residues which had lictle or no effect on ¢reek edge or nigh marsn
plants.

Pazk variable iluorescence was the only fluorometric parameter wiich was
consistently altered by the oil treatments. Reduction of peak variapole
fluoresceoce would suggest damage to the light redepcor syscem of tne
midmarsh plants. Lower concentcrations of photosynthetic pigments would
reduce the proportion ¢of the incoming light which was apsorbeq by these
pigments ana thus available for fluorescence. Chlorosis mignt be expected
under these conditions, however, no differences in plant coloration were
noted during the field observatons noer were noticeable reductions in
chloroplast density observed in the leaf anatomy study. The fluoromectric
technique may have been sensitive enough to indicate stress before symproms
became visible or the mechanism of light receptor damage may not have
involved the physical destruction of chloroplasts.

Leaf Anatomy

Anatomical data from !986 (Lane et al., 1987), demomstrated chat
microscopic symproms were identical for both oil and dispersant ctreated
placnts. Microscopic symptoms consisted of a gradual reduction in
chloroplast density in conjunccion with progressive chlorosis ac the
macroscopic level. The data suggested that both treatments had probably

.caused .disruption-of cell wmembranes leading ™ to the destructioa of

chloroplasts and the eventual death of the cells. Additional macroscopic
symptoms included oil induced scem and leaf deformities of Spartirca paterns
which affected approximately 10X of oiled plants.

Results from che (987 study revealed no microscopic or macroscepic
differences between the control and oil or dispersant created plancs.
These data suggest that the constituents of the oil responsible for the
symptoms observed in 1986 had been weathered or consumed by microbes before
the 1987 growing sSeason.. -Any-residual-toxicity mighct be expected Co
produce more subtle changes in plant morphology such as reductions in
growth rate or alterations in reproduction, These have been dealt with
elsewhere in the text,
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CONCLUSIONS

The oil treatment appeared to have dbeen responsible for a reauction inm cthe
thickness of anaerobic reducing zomes in all tiaree vegetation zonmes.
Sigrificant requctions were noted only ia the nign marsh zofe. Declines iz
reducing zone thickcess may have been caused by oil irduced decreases in
heterotropinic activity which permitted the downward migration of tne
aerobic zote.

Hydrocarbou concentratigns io the salt marsh sediments were highly
variable, however, temporal trends in concentrations were apparecnt,
Hydrocarbon concentrations fin all zones initially increased over a period
of approximately 30 days as oil was removed from vegetation and deposited
on the sediment, In the craek edge and high marsh zones, concentrations
peaked then declined within 1986 as a result of weathering and possibly

- flushing of o¢il rfrom the sediments. Concentrations io the midmarsh zone

remained high throughout 1986. Iz 1987, concentrations in the creek edge

~and high marsh zones decliced relatively little and were similar to or

slightly lower than end of growing season concentrations in 1986,
Hydrocarbono concentrations in the midmarsh zone declined substantially
duriang the 1987 growicg season. Most hydrocarbons unaer C-10 had been lost
from the sediments by the end of 1986. At the end of the |987 growing
season, hydrocarbons under C~-l4 were absent from the sediments. O0il
penecration was mostly.réstricted to “the -upper 5 cm of the sediment
although slightly elevated concentrations were found between S and 10 cm.

Plact height data indicated that Spartina height growth im the creek edge
zone was ralatively unaffected by the oil treatments in bocth 1986 and 1Y9%7
while height growch irn the midmarsh and high marsh zones were significancly
reduced in |Y86. The midmarsn zone was more Severely affected by the oil
treatments than the high marsh zone. Neither zone appeared to recover
during the second growing season. Height growth in the dispersant treated

. plo:sgip.:he“creek'edge-zane“was-significautlx reduced during the 1986

growing season but recovered to control levels by the 1987 growing season.

0il impacts on stem density were still evident io the midmarsh and
highmarsh zones in 1987, The largest impacts were associaced with tne
midmarsh zone in both 1986 and 1987, The larger raductions ic midmarsh
stem density as compared to the creek edge zone were probably actributable
to the nmaturally higher levels of plant stress assoclated with the midmarsh
zona, The additional stress of the oill spill probably taxed the mectabolism
of the midmarsh plants to the point where most individual stems died. It
was difficult to determine the degree of recovery in the creek edge zone
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since increases in stem dengity of oiled piots in |Y87 were acsompaniea 3y
large reducciocas in corctrol scem deasicy. Nevertheless, it appearad tnac

recovery of stem density was most advacced ik this zone. The dispersacpt-
treacmant caused 3 large reduction of scem density iz the creek edge zone'

in 1986. A moderate ipcrease ir stem dersity was nocted for ctnis treagmest
in 1987.

The density of flowering shoots was s.ostantially reduced (althougn not
sigeificantly) in lY86 by both tne oil and dispersant treacrments in all
zones., In 1987, flowering shoot densities were high in che treated plots,
particularly those in which heavy morctality in 1986 was followed by
subscantial vegetative recovery in 1987. This response was probably che
ragsult of a reduction of intraspecific combecion which increased the
proportion of resources available for flowering. Flowerirg shoot densities
in the creek edge and midmarsh control plots declined in 1987, prabably ino
response to drought conditiocns experienced during the 1987 growing season,

Total above—ground living biowass data for 1986 indicated that the midmarsh
zone was.severely affected by the oil treatments while che creek edge zorue
was virtually unaffected. Total above-ground living‘biomass in the high
marsh zone was moderaCely reduced. Data for 1987 revealed full recovery
for the creek edge zome. Total above-ground living biomass in the midmarsh
zone increased significantly while recovery in the high marsh zone was

~

R

-

rather poor. Total above-ground living biomass in the dispersant treaced °

-.<reek .edge plots-was significantly -reduced in 1986 but recurred to concrol
levels by the end of the 1987 growing season.

Standing dead biomass data collected in 1986 generally reflected the degree
of mortality associated with the various treatments and zornes; however, it
appeared that standing dead biomass values in the oiled creek edge and
midmarsh zones were larger than expected from the observed stem densicy
reductions. These data suggested that decomposition had been retarded by
the oil treatments. The data revealed that the high marsh zone naturally
mainotaiped a very. hign standing crop-of-dead stems (up to 2 times higher
than total above-grouand living biomass)., Standing dead biomass returned to
expected values in all oiled plots in 1987, In the creek edge dispersant
plots ia 1987 standing dead biomass was lower than expected as a result of
unusually low stem mortality during the 1987 growing season.

Two annual species, Salicornia europaea and Suaeda maritima, increased
their biomass in response to mortality of the dominant Sparrina species in
all three vegetation zones. These increases did not occur until the 19&7
growing season either as a result of a lack of seed followirg the peried of
high Spartina morcality or iohibition of Salicormia and Suaeda seed
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germination apd/or seealing aevelopmenc by cne oll duricg tae LY8e growing
season,

Flower blomass was reduced by both the oil and dispersant treatments in
1986, however, in lYys47 Ilower biomass ia the treaced plots increased
greatly with tne largest increases associated with the crask eage
dispersant plots wnere mortality had been high in 1%8b buct recovery nad
been rapid in 1987. This respocse was probably attribucable to ipcreaged
availability of resources caused by decraased intraspecific competition in
plots where stem density reductions had occurred in 1986. Flower biomass
in the creek edge and midmarsn conctrol plots decliced in 1987 possibly as a
‘result of drought conditions.

Mean weight of individual Spartina shoots was not affecced by the oil
treatments in the creexk edge zonme in 1936, however, it increased relative
to control plants in the midmarsh and high marsh zones as a rasult of
Selective mortalicy of small plants. Dispersant treated plants in the
creek edge zooe 1o |986 weighed only half as much as concrol placts. Io
1987, cthey were heavier than the control plaants probably as a result of
reduced iotraspecific competition. The mean weights of oiled creek edge
and high marsh plants were similar to their respective cootrols in (%87
indica:ing little residual toxicity. Midmarsh plancs were twice as heavy
as control plants in 1987 but were significantly shorter. It i3 believed
that morphological changes may have been induced by the oil treatment,

Cover data collected during the 1986 growing season indicated littie oil
induced mortality in the creek edge zone, moderate morctality in che high
marsh zopne and severe mortality in the midmarsh zore. The dispersant
treatpent caused moderace mortality in the creek edge zone., Data from 1987
irdicared little expansion of tne Spartina sward in any of Che zones. It
wag difficult to determine the degree of recovery in the creek adge zone
since there was a considerable reduction in the cover of concrol plots
between ]Y86 and 1987. It was impossible to determine whecher the factor

-of-factors-_tesponsible for-the'deciine-of -the concrol cover would also act

upon the treated plots. Drought conditions experienced in 1987 may have
been rasponsible for the decline in control cover. Stress ioduced by the
treatments may have been reduced during che 1987 growing season put was

replaced by drought stress resulting in the lack of recovery noted ia tnis
zZone.

Annual halophytes such as Salicorpia europaea, Suaeda maritima and Acriplex
patula were rather rare io 1986. Oil and dispersant treatments generally
resulted ig reductions ia their abundance during 1936. In 14987, large
incEeases in the cover of these species were noted in the oil and
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dispersanc treated plots. High negacive corresacion coerfiicrentcs bdegwear
the cover of the dominant Sparcina species in each zone and tne cover of
these annual species suggested that these species were rapigly <colonizing
areas where Spartina had been eliminaced. Colomization was rapid in thne
creek edge zone but was relatively slow in the midmarsn and high marsh
zores. In the midmarsh zone poor soil aeration and the panysiological
problems associated with it may have reduced the rate of colonization wnile
ic the hign marsh zone the presence of a Large standing c¢rop of standing
dead shoots may have reduced che rate of colonization of ancuals tarougn
tne shading of shade intolerant seedlings.

Fluorometry data indicated that planc stress lavels were similar for
control and oil or dispersant treated plots io the creek edge and high
marsh zones, suggesting that there was no residual toxicity associated with
these treatments ino ]v87. In the midmarsh Zone there appearad to be
evidence of some residual oil toxicity inm 1Y87. The fluorescence respornse
of these plants was indicative of damage to the light receptor system.

LeaZf anatomy results from 19486 revealed a prograssive reduction in the
density of chloreoplasts in the outer bundle sneath and mesophyll cells in
boch 0il and dispersant treated Spartira alterpiflora and S. patecs which
was accompanied by the development of chlorosis at the macroscopic level.
Leaf and stem deformicies were also noted for Spartina patens. In 1987, oo
microscopic or macroscoplc differences were found between control and
treated plants. These results-suggest that there was Little residual
toxicity associated with the oil or dispersant treated plots in 1Y87,

This study has demonstrated that sensitivity to crude oil varies
considerably among the various plant communities in the sait marsh. The
creek edge zone, dominaced by tall Spartina altermiflora was quite toleracnt
of the crude oil trearment. Results from 1986 reveal only small reductious
in height, stem density, biomass and cover and by l987 no evidence of toxic
effects were apparant. Similar results have been found in several other
.studies (Delaune et al, 1979; Webb et al., 198]1; Ferrel et al., 1984; ang
Webb and Alexafider, 1985)., The short Spartina alterciflora of the mid
marsh zones, however, was very susceptable to the oil treatmenz. In 1946
all parameters investigated were negatively affected by the oil. In 1987
only limited recovery of this zona was noted. The stressful nagure of the
midmarsh zope predispose it to severe impacts from additional percurbaticns
such as oil toxicity. In addition, the poor drainage of the zone reduces
the rate at wnich tne oill is flushed from the sediments or metabolized by
microbes further coatributing to the persistence of toxic efrects in this
zone. The impacts reported for the midmarsh zone illustrate the degree o
which existing environmental stresses can affect the apility of a species

-_3—6-

)

s



() | Flower Density

Crealxc Edge
Spartina cltermiflorg

%

Number of flowers / m?

A
N

% __*
comtral =3 gisperscm™t
O : : Mid Marsh - High Marsh
Spartina alterniflerg flowers Spartinag patens flowers
50 ~ 400
‘5( Jsol W
40 -
. "i s i
$ 0t ) g 507
3 __| H
= 25 = 200
Q Q
3 20, . ce- 3 150+
E 1g - §
Z Z 100
10'
st / =0 /
L mmx V) | %
caniral ail control =]
Treatment Tregtrrent

%~ Zaro value

Figure 13: Histograms of mean flowering shoct density in the creek edge,
J midmarsh and high marsh zones.



Flowering snoot densizies were significarccly nigner iz gne aispersacs
treated plots (p=0.004, ANOVA) buct coc iz tne oiled plots (Appendaix 3). iIn
the midmarsh Zone oilad plocs nad 45 times more fiowering Sshoots thac
control plots, however, this qifference was not significact. TFlowering
snoot density in the high marsh zone was l.5 times nigher iz the oileq
plots chan in the concrol plocs put was not significancly differemt frouw
the contrel plots. In all vegetatién zones, oil treatments induced
considerable, although zot statistically significanme, incereasas in
flowering stem density in 1987. Lack of significance was attriburaple to
the low pumber of replicaces and variability of replicaces withino
treatzencs. Increases in flowering shoot density appeared to be related to
Teductions in stem densities noted for the oil acd dispersants in 1986.
Stem density reductions would decrease the degree of intraspecific
competition allowing more resources to be channeled into reproduccive
organs. Similar increases in flowering-shooc density have been noted in
Spartina anglica stands in Britain following cutting or trampling damage
(Hubbard, 1970).

Biomass

Total above=-ground living biomass data from the craek edge zone (Figure
14), indicated that che oil treatment had no significant effect om total
above-ground livicg blomass in either 1986 or 1987 (Appecdix 6)., Plocts
treated with dispersanr had significantly less biomass-.ia 1986 (p=0.U17,
"= "ANOVA) but recovered £o contreol -levels by the end of the 1987 growing
Season. In the midmarsh zZone in (936 (Figure 15), total above~ground
livicg biomass {c oiled plocs was reduced to [5% of concrol plot biomass
(significant p=0.003, aNOVA). In 1987 ciled plots had recovered to 58Z of
control biomass values and were not significantly differenc from the
control plots (Appendix 6): Total above=-ground livinyg biomass for oiled
plots in the high marsh zome (Figure 16) was reduced to 69% of coacrol
values ip 1986. This reduction was not sigunificant. Total above=-ground
livipg biomass in the oiled plots increased in 1Y87, however, control
~.valuesTalso-increased —so-that-the Telative-amount of biomass in the oiled
plots remained staole at 69% of control plot values. The variance of both
control and coil treated plots declined substantially in Y37 ragulting ia a
sigerificant differance between the treatments (p=0.011, ANQVA).

These data suggest that the oil treatments had litcle impact o0 biomass
production in the creek edge zone. Irn the more stressful midmarsh zone tne
oll treatment had severs impacts in [Y86 but appeared to recover rapidly inm
1Y87. Data from the high marsh zone suggests a moderate impact in 1Y86 buc
with relatively little recovery in 1987. The creek edge dispersanc
treatment was responsible for a major reduction in total above—~ground
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living oiomass iz 1986, however, it racoverea rapidly to corcroi save.s sv
the end of the lY¥87 growing seasom

N

Standing dead biomass in oilea creek edge plots (Figure 14) was 2.3 tizes .

higner (significant p=U.,U22, ANQVA) tnac tnac of Cde control plots in (Yso.
In 1987 standing dead biomass in the oiled plots was 1.5 times larger tnac
that of the control and no longer significactly diffsrenc from tne
controls. Standing dead biomass in dispersant treafed plots was l.4 cimes
higher tham control levels in 1¥86. This dirference was oot statistically
sigrnificant. Iz 14987 the trend was raversed and standing dead biomass for
the dispersant treated plots was only 31% of the mean value Lor control
plots. In the midmarsh zone (Figure 13) in lY¥6, standing dead bicmass
increased by a factor of 4.2 (significant p=0Q.009, ANOVA) relacive to
control values following the applicatior of oil. This large increase was
countered by a large but insignificant reduction of standing dead biomass

during the 1987 growing seasor. Standing dead biomass at this time was 356%

of concrol standing dead biomass. In the high marsh zone (Figure 16) mean
standing dead biomass in the oil and concrol plots were almost idermgical
(no significant difference). In 1987 standing dead biomass in the oiled
plots declined to 75% of control values., This decline was not significanc.

Table 3 presents the proportion of total above-ground biomass (total above=
ground .living biomasg + standing dead biomass) composed of sctanading dead
bilomass. Large increases 1o percent standing dead biomass were noted for
the -0il and dispersant treatments .ino the creek edge zome and the oil
treatment in the midmarsh zone, This was to be expected since ipcreased
plant mortality would increase standing dead piomass. Comparison of
standing dead biomass from the various treatments with planc morcality (as
indicated by changes ia scem densicy) associated with these treatments
indicated that lY86 standicg dead biomass values were nigher tnan expectad
in the oiled plots from the creek edge and midmarsh zones. In the creek
edge zone standing dead blomass was roughly equivalent to the combiced

total above-ground living bilomass and standing dead bicmass of the control:

Plots _yet scem .density.was.reducedouly -25X by the oil ctreatment.
Similarly, standing dead biomass in oiled midmarsh plots exceeded the
combined total above-ground livirg diomass and standing dead biomass of the
controls although in this instance sctem demsity reductions were more severe
(88%). These results suggest tnhat the oil treacment inhibiced the
decomposition of standing dead biomass. De la Cruz, Hackney and Rajanna

(1981), have noced that oil treatmencs reduced decomposition of Juncus

roemerianus standing dead biomass by 52%. In 1947 percent standing dead
blomass for the ociled plocs im all zones were identical Cto control values,
suggesting that the rates of mortality and decomposition in che oiled plots
had returned to control levels. Percent standing dead biomass for the
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Standing dead biomass (SDB),
the percentage of total above-ground biomase composed of standing

tota) above-ground biomass (TAB) and

vegetation zones In 1986 and 1987,

Table 3.
' dead biomass
:’!
Zone Treatment
Creek Edge
Control
oil
Dispersant
Mid Marsh
Control
0ll
High Marsh
Control

oil

1986

(percent 5DB) for various treatments in three

1947

sbB(g/m?)

272
626
377

92
iaa

765
746

TAB (g/m?2) Percent SDB

769
1040
492

330
424

1160
1020

35.4
60.4
76.6

27.8
91.6

65.9
73.2

SDB(g/m2) TAB (g/m2)

206
298
64

197
11

696
520

636
913
555

446
255

1200
864

32.4
12,7
11.5

44.3
43.4

57.9
6G.2

Percent SbLBH



dispersant treated creek edge plots was muen lower than that of che conzrol
plocts in 1987. This was to be expected since total aboveground living
biomass increased by a factor of 4 between 1986 and 1987. Stenm densicy
data for these plots indicated very lictle mortality duriog the [987

growing season, therefore, inputs into tne standing dead biomass would have
been very low.

Trends for Spartina alterniflora biomass in the creek edge and midmarsh
zores and. 5. patens in tne high marsh zome (Figures l4 -~ 1§) were ildencical
to those of total above-ground living biomass in these zones since these
species conscituted 90 to 100Z of the cotal above~ground living biomass.
The reader is, therefore, referrad to the text regarding total above-ground
living blomass for details regarding the dynamics of these species.

Iwo annual species, Salicornia europaea and Suazeda maritima were the only
cther species which occurred regularly during the biomass sampling.
Neither species was very common-in 1986 in any of the vegetation zones
(Figures !4 - 16). In 1987 biomass values for both species increased
substantially although not significancly (Appendix 6) in all trsatments and
in all zones with the exception of the high marsh zone where small

increases in Salicornmia were ooted and Suaeda was absent ic botn 1986 and
1987.

Salicornia and Suaeda typically colonize areas. of bare sediment following

disturbance. (Rarwell, |4¥72; Hampson-and -Moul, -}978; Bertness and Ellison,
1987). In this scudy, Salicornia and Suaeda plants tended to be morTe
numerous and larger in areas woere the Spartina canopy had been opened up
by oil or dispersant induced mortality. In control plots these species
tended to persist as small scattered individuals.

In the creek edge zone {(Figure 14) Salicornia biomass increased by the
same amount in the control and oil plots between lY86 and lY87. There was
liccle mortality of Spartica in the oiled creek edge plots, therefore, tnere

- was--relatively -Iftrleopen ¥pace"1ln:which —Salicornia could become

established. In dispersant treated plots, whera Sgdrtina mortality was
high, Salicornia biomass was 4.7 times higher than in control plots
although high variabilicy of cthe data rendered this difference
insignificant., In the midmarsh zone (Figure 15) a substantial increase in

Salicornia biomass was noted in both the comtrol and oil tcreaced plots

between 1986 and 1987. Salicornia biomass was 2.2 times higher in the

oiled plots (high Spartina mortalicy) than in the concrol plots, however,
this difference was not sctacisticaliy signiticane.

-

-2[?-.

3

O

TN



O

Syaeda odiomass ir cthe creex a2dge zone (rigutre 14) itcrsasea iz a.li
trearments in 1987. The largest iocrease was noted Lin the aispersant
treaced plots (7.6 times nigner caan controls) followed by fhe oill =reates
plots (2.5 times nigher tnan controls), however, these differecces were noc

statistically significant.

The relatively large increases in Salicorcia and Suaeda biomass nocted iz
the creex edge and midmarsh control plocts between lY¥6 and 19yy7, were
probably related to reductions io Spartipa alterniflora biomass im chese
plots. Reductioms of S. alterciflora oiomass were prodably atiribucaple to
a combinacion of droﬁght conditiocns in 1947 and sampling disturbance during
both years. Salicornia is very tolerant of. high saliniciss (Brereton,
1971). Hypersalice conditions experienced during the very dry 1987 growicg

season may have reduced Spartina deosity allowing che more salt tolerazc
Salicornia to proliferace. '

Reproductive biomass varied considerably betweer 1986 and 1947 (Figures 14
~ 16). Iz the creek edge and midmarsh zones Spartina alterriflora flower
biomass in comtrol plots decliced in 1987 while in zhe. high marsh zome S.
patens flower biomass increased. In the midmarsh and high marsn zones
these differences between years were significant (midmarsh p=0.020, high
marsh p{0.001, ANOVA). There are no clear reasons for these declines,
Drought conditions during the 1987 growing season may have reduced the
incidence of flowering. Within years disgipnctive trends were noted., In

1986.01]1 and-dispersant treatments.caused large reductions in flower
biomass in all zones. These reductions, however, were not significant as a
result of high varlapilicy of the data and the low number of replicaces.
12'1987,:ne opposite trend was notad. Increases in flower biomass were
noted in treaged plocs, Inecreases assoclated witn the ¢oil treatments waere
vot significant as a result of low raplicate number and high variapiility of
the data. The dispersant treatment in the creek edge zone was associaced
with a véry large increase im flower biomass wnich was significaot
(p=0.00b, ANOVA). These increases appeared to be related to the intensity
of discturbance. - Plots -in.which morrality was high'in 1986 and had
displayed vigorous recovery in 1957 tended to have the highest flower
biomass. Reduction of stem density would decrease intraspecitic

competition, thereby, increasing tne availability of resources required for
flowering,

No sigrificant differences in mean plant weight were found between any of
the tTeatmentcs in the creek edge, midmarsh on high marsh zones in eitner
19%6 or 1987 (Appendix 6), however, some general trends were observed i1a
the data, In the creek edge zooe mean plant weights for control and oiled
plants were similar in bath 1986 and 1987 suggesticg no short term or loug
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zerm effects of the oil zreartment oo place groewtn (Figure [7)., & reauccion
in mean plact weignt was noted io boch tne ¢oatTol ana olled plLants pecween
1Y86 and [987, possibly as a result of drought conrdisioas during tne [Yy7
growing season, Dispersant treatea plants averaged half as heavy as
control plants io 1986 icdicatcing a substantial reduccion i growch., In
1987 dispersant treated plarnts were 1.4 times neavier ctham control places.
Stem density was low and plantcs waere well spaced in the dispersant treacsd
plots. Interspecific competitior would have been low in these plots
allowing greater growth., These data also suggest that the toxic effeccs of
the dispersant had probably disappeared by lY87. This would be expected
since the dispersant is miscible in water and would be easily flusned from
the plots.

Iz the midmarsh zone oiled plants were |.3 times heavier than control
plants in 1986. This was probably caused by selective mortality of snmort
plants. Short plaats would have a larger proportion of their surface area
coveraed by the oil and would be expected to suffer higher mortality. In
1987 the oiled plants were 2.0 times larger than the controls. Raduccions
of stem densicies in the plots may nave alleviated inctraspecific
compecition allowirg greater growth qf plants in the ciled plots, however,
plant height data indicated that these plants ware signiricantly shorter
than controls acd fluorometry data indicated some residual oil toxicicy.
This would indicate that large changes in plant morpﬁblogy had occurred,
specifically that small but robust tillers were produced in response to the
-9ll treatmect. Hershner and-Lake-(lBéO)-also found. changes in planc
morphology in response to oiling. Contrary to our findings, they observed
that oiled plants were generally the same height as control plancts but more
slender. There was a marked reduction in the mean weight of concrol plants
batwaen 1986 and 1987 as was observed in the ¢reek edge zorne. This was
probably attributable to drought conditions ic 1987. i

In the high marsh zone the mean weight of oil treaced plants was 1.5 times
higher than that of control plants in 1986. This increase was probably

—.--craused by selective mortaiity of small plants in Y86, In 1987 the mean

weights of control and oiled plants were similar indicating the oil had
litele effect on plant growth., Between year differences in the controls
were small suggesting thact drought condicions had little effecc on this
gpecisas.,
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Specias Cover

Spartira alterniflora gover ic the creek edge zone was sigrificacctly
reduced by the oil creatment in 1Y86 (Figure l4; Appenaix 7). In 1987, S.
aiterriflora cover in the oilea plots was not signirficarccly different from
the control values, howéver, this apparent recovery was attriocutaple wmore
td a reduction in control cover i 1987 tnac to an increase in che cover of
oiled plocs in 1987, A similar trend was noted for S. alterciflora cover
in dispersant treaced plots. Cover reductions were signiricant tarocughout
the 1986 growing season. Cover values noted duripg tne lYy7 growing season
were similar to those recorded ic 1986, however, ondays 70 and Y0 these
values were cot significantly differemtc f{rom the 1987 control values as a
result of the reduction of control cover values in 1Y87. There is no clear
reason why control cover declined ip 1487, Drought conditions during the
1987 growing season may have contributed to this decline. If drought was a
factor affecting the growth of controls, it woula also de axpected to
affect groweth in the treated plots. The apparent lack of recovery in chese

plots may be the rasuit of an overall growth reduction caused by the
drought.

In the midmarsh zone in [986 the oil treatment was associatced with,

significant reductions in the cover of Spartina alterniflora (Figure 19) on
days 75 (p<0.001, ANOVA) and 102 (p<£0.00l, ANOVA)., Mortality tended to
occur in patches with areas ¢f complete mortality bordering areas where
~-mo£tality-was-very light. During the 1987 growing season no apparent
expansion of surviving Spartina patches was noted, nor were cew patches
established, consequently, the cover poted at the end of the [9Y987 growicng
season was similar to thac noted at the end of tne |Y84 growing seasom. A
small increase in stem density was notaed during the 1987 growing season
(Figure li). This increase was probably restricted to the interior acd
periphery of existcing patches accounciag for the lack of patch expansion
noted in the cover data. During;the lY87 growing season Spartina
alterniflora cover in the ciled plots was significancly lower than in

.—— -_—control_plots.on. ail sampling dates .(p<0.00Ql,-ANOVA). The large reduction

of S. alterniflora cover in the midmarsh zone relative Co che creek edge
zone was probably attributable to the higher physiological stress Leve;s
encountered in the midmarsh zone. S. alterniflora in this zome was unable
to tolerace the additional stress associated wich the oil treatment.

In che high marsh zone Spartina patens cover in the control and oil treated
plots displayed little cnange between [986 and 19487 (Figure 20). In lY8¢,
the oll treated plots had significantly higher cover than control plots on
day 35 (precreatment, p=0,048, ANOVA), however, within fifteen days of oil
applicacion, cover in the oiled plots had declined to 902 of control
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values. S. patens cover was sigoliicantly Llower tian coniTol vaiues
(p=U.005, ANQVA) on day [02. A similar crena was observea i1z l¥37. S,
patens cover iz the oilea plots was sigrificactly nigner tnan iz cocc:gr
plots (p=0.01l, ANOVA) at the baginnming of the growing season. It declinea
briefly on day 56 but recovered ta Y86 ciled plot values by gay YU. S,
patans cover in oiled plots was sigoificarcely lower than ir centrol pLo;;

on days 70 (p=0.001, ANOVA) and 110 (p=0.031, ANOVA).

-
-

-
i

This evidence suggests that there was no recovery of 5. patems in the hign
marsih oiled plots. Reinvasion of bare patches by S. patens tillers is slow
{Bertness and Ellison, 19%87) and this species generally has very poor seed
sat as a result of seed pradation by insects (Bercness et al., 19587), S.
patens staands also maintain nigh decritus cover (up to twice cthe cover of
living plants) which can inrerfere with the recoclomization of bare patches
by shading of seedlings. Removal of this detritus nas been demonscrated to
increase stem density by a factor of 4 (Lane et al., 1987). The detricus
layer in the oiled plots remained intacc chroughouc 1Y¥6 and 19Y87.

Salicornia europaea and Suaeda maritima were the most commonl species iz tne
creek edge scudy plots other than the two Spartina species. Generally,
they accounted for less than 10% of the total cover of the plots, During
the |Y86 growing Season these dcnudl species were uncommon 1o the creek
edge zone (Figure 21)., In 1986, Salicornia was eliminated by the oil
traaztment buc appeared toc be uraffected by the dispersant treatment. Cover

----vaiues remained.low and variable throughout the 1986 growing season,

consequently none of these changes were statistically significarz., Iz
1987, Salicornia cover inecreased in all treatments, Cover in control plots
in 1947 was on average twice as hign as control cover io l¥Ywsé. This
iccrease may have been attributable to sadbling disturbance at the edges of
the piots. It may also have been related to the drougnt induced raductions
in Spartina cover mentioned above, Salicornia is an early successional
species which is very tolerant of high salinicy (Brereton, 1Y¥71). Drought
conditions may have increased salinity to a point where it was stressful to

mem e e s — —Spartifa but witninThe tolerance_range of~Salicornia. Salicorrcia cover in

the oil and dispersant treated plots displayed similar trends during the
1987 growing s;ason. Cover remained stable between dayg 45 and 56 after
which it began to inerease rapidly. In the oiled plots, cover increasad
until day 90 after which it sctabilized. End of season cover was 3.0 times
higher than control values., Cover in the ciled plots was significancly
higher than conctrols om days 70 (p=0.044, ANOVA) and 90 (p=0Q.U23, ANQVA).
In the dispersanc treated plots, Salicorria cover increased until the end
of the sampling period. End of season cover in the dispersant treated
plots was 9.5 times higher than control plots and 3.2 times tigher thao oil
treated plots. Cover in dispersant treated plots was significantly higher
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than in control plots on davs 70 (pg0.0UL, ANOVA), 90 (p<€U.0QL, ANOVA) apg
110 (p40.00L, aNOV4A).

The abundance of Salicornia was inversely related to the cover of Spartiza

altercriflora. A correlacion coefficient of -U.815 was noced between tne
square root of Sparcima alterniflora cover and the square root of
Salicornia cover. Salicornia - cormally grows oD open mudrlats or in areas
where stranded debris has eliminated the dominant vegetatilon (Bertness and
Ellison, 1987). Mortality of SEartina'snoo:s associgtad wich cthe oil and
dispersant creatments would open up the canopy enougn to allow the
agstaplishmert acd maximum growch of this species, There was a curvilinear
relacionship between the cover of Salicornia and S. alterniflora cover.
Salicornia cover was affected relactively little by reduction of S.
alterniflora cover to a minimum of 30X. Below 50% cover, Salicornia cover
incraased rapidly.

Salicornia cover io the midmarsh Zone did not respond to destruction of tne
Spartipga alterciflora sward as vigorously as noted in the creex sage zore
(Figure 22), SEartina cover in the midmarsh 2one was reduced to 22% of
control values by the oll treatment while the dispersant treatmect in the
creek edge zone reduced Spartina cover to 47% of control values, yet
Salicornia cover was similar ip both treatments. The strong negative
correlation of Spartirca cover and Salicorria cover noted in the greek edge
Zone was not noted in the midmarsh zone (r=-0.656). High physiological
stress .associated with the midmarsh..zone accompanied by -residual oil
toxicity, may have concributed to the relagively poor growth of Salicornia
in the midmarsh zonme. This is confirmed by Breretou (1971) wno found thac
Salicornia grew poorly in soils wich low redox potential. A relatively
large increase in Salicorpia cover was noted in the control plocs. The
seasocal trend for Salicornia cover in the gontrol plots was similar to
that of the oilad plots but averaged 65% as high. This preventad the
igcrease in cover in the oiled plots in 19487 from being statiscically
significanc (Appendix 7). Increased Salicornia cover in the control plots

“““““““ —-was attributable ' to-sampling-discurdance wnich permitted the estabiishment

of Salicornia along the edges of the plot and/or drought cooditions which
reduced the cover of the Spartima sward.

Salicornia cover in the high marsh zone demonoscrated little yearly
variation in the control plots (Figure 23). In the oiled plots cthe
seasonal trend for Salicornia cover in !Y86, was very similar to that of
the control plots suggescing little oil induced mortalicy. In 1987, an

increase in Salicornia cover was noted in the giled plots, "Salicornia

cover was gignificantly higher in the oiled plots than in the control plocs
onr all sampling dates (p = 0,01, ANOVA) except day 56. This 13 somewhat
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or commucity to cope with pollucancs.

The high marsn zone was intermediate iz {ts respomse to the oil treatmen:zs.
Most paramecers demonstrated sigriricanc impacts in lY¥6, however, thesea
impacts were ot as catastrophlc as observed Iio the midmarsn zone.
Relacively liztle recovery was notaed in the various parameters in L9487,
This laek of recovery may be at least partially the result or the siow
vegetative colonizacion of open patches and poor seed set which are
normally associated with this species.

Exposure of the creex gdge zZone to the disperanct resulted in comsiderably
more damage than the crude oil. The toxic effects, however, were snort
lived and most parameters inovestigated in this study had returned to normal
Or were rapidly recovering one year after the disperant was appiied. These
results indicate that Corexit 9527 should not be used in close proximicy to
salt marshes.

All three vegetation zones demonstrated similar successional trends after
exposura to crude olil . Annual species of Cheropodiaceae *tmvaded the
treated plots two years after oiling. Salicormia europaea and Suaeda
maritima were the most important species. Their abundance was ipversely
correlated with Sparctina cover. 'We anticipate that the cover of these
species will probably increase for two years following treatmenc, then
declirce as Spartina develops a dense sward. Based on current rates of
recovery, the-creek-edge zone recovered fromoiling within ocne year of
treatment and will probably recover from the dispersant treatment within
two years. The high marsh zone will probably require tnree to four years
for full recovery, while cthe mid marsh zone will probably require atc Least
five vears.

The results suggest that lightly oiled marshes can recover relatively
quickly. Natural cleaning may be ecologically preferred if oil
contaminarion is low and/or when the oil enters ooly the creek edge zone.

Z"Tne~use-of-reia:iv:iy-non~des:ruc:1ve-clean up-techniques such as low

prassura flushfﬁg of the marsh surfaces may be justifiable if substantial
portions of the midmarsh zone were oiled, provided trampling damage
assoclated wich che clean up technique was minimal. 01l induced damage to
the high wmarsh zone, although gsignificant, preobably does nor warragnt the
implementaiion of clean up techniques. The productivity of this zone was
significancly reduced by exposure to the crude oil, however, the community
structure of :ni; zone remained intact and productivity can probably be
expected to return to normal in a few years.
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APPENDIX I: PRINCIPLES OF FLUORESCENCE INDUCTION MEASUREMENTS

Light absorbed by the chloropyll-a reaction center of photosystem LI {(Che

oxygen evolving part of the pnotosyrchetic system) excites ground scate.

electrons in the calorophyll molecula., An excited electron very quickly
(wicnin ca 107! gjlliseconds) loses some of its excitation energy, whicn
is dissipated as neac. This less excited, lower energy st3te may tnea jump
to a primary electron accepror, or it may return to 1is ground state. When
itz does ctne latter, i1ts energy is dissipaced as fluorescent lignt reemitted
from the molecule, or as heact, If the electron 1s passed to the primary
alectron acceptor, the losC electron is raplaced by ap electron taken from
water (with concommittant release of free oxygen). The primary electron
acceptor in the meantime loses the electronm £o an eleetron carrier wnieh
loses 1t to another carrier and so on through photosystem I, uutil finally
an electron is passed to NADP. The electron carrying-NADP then moves out
of the internmal membranes of the chorcoplast where the chloropnyll and
carriers are located, into the stroma where it par:icipatés in the
reactions which convert carpon dioxide to sugar. |

Because some of the excited eléc:ron energy 1s always lLost as heact, and
because there is an ioverse relationship between the wavelength of light
and its enargy, the wavelength of lignt reemitted as fluorescence is longer
than that of the lighct that was absorbed. The fluorescence wavelength is
characteristic of the molecule; for.chlorephyll-a under physiclogical

conditions, there”"is & main band maximum at 635 na. To measure’

fluorescence, the sample is subjected to light of lower lignt irtensities,
and light emission at 685 om is monitored.

What is termed “"variable fluorescence” can be thought of as an overflow
phenomencn; when there is more light absorbed than can be immediately
processed via the chemical route, part or most of the excized electron
epergy is dissipacted as fluorascaence,

When the plant is firsc exposed to light, the initial electron acceptor and
the downstream carriers are empty handed and can readily receive electrouns
from chlorophyll. As they become saturated with electroms, their ability
to process more electrons cecreases, the chloropayll reaction center cannet
pass on ics excited electrons, the excited electrens drop pack to their
unexcifed grounda state and fluorescence rises. It reacnes a peak value
wichin about 3 seconds of the light being turned on. During this period,
the rest of tne electron carrier system and the Calvin cycle bhecome
activated and begin to accept electrons from the upstream carriers and the
primary electron acceptor. More electrons can be processed, tnherefore,
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