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CONCLUSIONS AND RECOMMENDATIONS 

The scale of human impact on the world's oceans is expanding at a rate that greatly exceeds our 
capacity to foresee the consequences. Despite progress in environmental assessment during the past 
several decades, prediction of the effects of human disturbances in large marine ecosystems remains an 
elusive goal. The inability to forecast ecological change is, in part, a practical limitation; the complexity 
of physical and biological interactions superimposed by a myriad of human disturbances often 
overwhelms available information and understanding. However, the uncertainty may be more absolute; 
chance events may cause irreversible changes in the structure of complex ecosystems that defy predic
tion (May 1977; Beddington 1986). 

Whatever the cause, uncertainty is fundamental to our understanding of the behavior oflarge marine 
ecosystems. Accordingly, a primary function of environmental assessment is not to develop precise 
predictors of ecological response but rather to minimize the risk that human disturbance will produce 
large-scale and irreversible change (Bella and Ovenon 1972). The purpose of this research plan is to 
improve environmental assessment in a large marine ecosystem so that appropriate actions can be taken 
to minimize the risks of human disturbance. 

Strategies to Minimize Environmental Risk 

The prospect that oil and gas and placer mineral 
resources may be extracted from the Washington and Ore
gon continental margin raises a large number of questions 
about environmental risks in this region. Some of these are 
technical questions that will require additional research to 
answer. Others are management questions that will decide 
which technical issues are most important to address and 
how the results will be applied to decisions about resource 
use. It is thus difficult to discuss research needs outside the 
context of the management program that will set the priori
ties and use the results. We conclude that the following 
strategies for research and management are needed to im
prove environmental assessment and to minimize environ
mental risks in the Washington-Oregon offshore region: 

1. Conduct research on natural variability. 

Potential development of mineral resources off the 
Washington and Oregon coast has stimulated a familiar 
array of environmental questions about an unfamiliar ma
rine ecosystem. The ecological effects of offshore develop
ment will be influenced by many factors unique to this 
region. Examples include the cold water environment, 
strong tidal-and wave energies, a seasonally active coastal 
upwelling system, and large-scale variation in the strength 
of currents that transport water and organisms from adjacent 
subarctic and subtropic biomes. Application of environ
mental studies from other marine locations will be hampered 

by the lack of basic inventory information for many popula
tions and communities in the Washington-Oregon region. 
Oceanographic infonnation has not been collected consis~ 
tently through time or space, so that it is._difficult or impos
sible to compare results of many surveys. Regional scales of 
variability, therefore, are poorly understood. and stable 
equilibrium conditions for many populations and communi
ties, if they occur, have not been described. Such deficien
cies will undermine areawide assessment and detection of 
the effects of human disturbances. 

Four major types of disturbance will be associated 
with oil and gas and mineral development in this region: 
noise, chemical contamination, dredging and habitat altera
tion, and interference with established offshore fisheries. 
Although one objective of this plan is to evaluate the sensi
tivity of selected populations and communities to these 
disturbances, we conclude that environmental assessment 
will be advanced most significantly through a better under
standing of natural variability throughout the region. This 
will require more consistent monitoring of representative 
populations and communities. Expanding the number of 
habitats and communities for which there are data on popu
lation fluctuations should be emphasized. Concurrently, 
tesearch on physical processes at a variety of spatial and 
temporal scales will be needed to inteipret biological fluc
tuations. In particular, the interactive effects of local 
upwelling events and large-scale climatic change on bio
logical production should be investigated. Satellite imagery 
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may assist researchers in these studies by providing a synop-: 
tic view of regional oceanographic conditions through time. 

Future research should emphasize variability of 
entire aggregations of species. Much of the biological 
infonnation for Washington and Oregon is analyzed and 
reported for single species of economic importance and has 
limited application to many broader ecological questions. 
For example, stock-recruittnent models for single popula
tions provide little insight whether a disturbance will cause 
an ecosystem to become unstable or the species composition 
and abundance of component populations to dramatically 
change. On the other hand, simulation models of entire 
ecosystems may offer little guidance about effects on indi
vidual species or the reversibility of observed changes 
(Beddington 1986). Trends in abundance and distribution of 
the many components of the ecosystem may provide the 
appropriate middle ground to evaluate ecological change. 
At the same time, interactions among species should be 
studied to understand the possible consequences of shifts in 
population abundance or to distinguish natural from man
induced effects. 

The results of oceanographic surveys should be 
analyzed and presented in a geographic fonnal Environ
mental decisions will usually focus on the development of 
specific geographic areas and will affect not only single 
populations but entire aggregations of species that share a 
region or habitat. Surveys should be analyzed to describe the 
composition of species assemblages and their associated 
habitats. Assemblage-habitat distributions should be evalu
ated through multivariate analysis of previous biological 
surveys off Washington and Oregon as well as new surveys 
designed at the multiple species level. Survey information 
should be entered into a computerized mapping system to 
describe geographic relationships among species, environ
mental factors, and proposed development activities. 

Obviously; understanding variability among the 
diverse components of a large marine ecosystem is not a 
simple undertaking. The classifJCation of species assem
blages and habitats and the definition of keystone or indica
tor species within them would help to establish research 
priorities. We recommend that a conceptual model of the 
ecosystem be developed, not as a means of prediction, but to 
classify the diversity of subsystems, habitats, and communi
ties and to identify the processes that are believed to conliol 
biological variability. The model should include the entire 
northern California Current region ( continental margin from 
Cape Mendocino, California to Vancouver Island, British 
Columbia) as an ecological unit Such a model would help 
to identify the components of the ecosystem that may be 
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most sensitive to disturbance and the deficiencies in existing 
knowledge that most severely restrict understanding of 
population fluctuations. 

2. Establish information standards for environmental 
decisions. 

Timeliness of research is critical if results are to 
keep pace with development proposals. All too often envi
ronmental studies are a response to decisions that already 
have been made. As a result, environmental studies may 
become a means of legitimizing rather than making deci
sions. Standards for information collection must be built 
into a decision process to assure that results are timely and 
beneficial to ocean management. 

The prelease phase of the oil and gas leasing pro
gram is a crucial period for decision-making because it is 
during this time that risks to the entire region are evaluated. 
The capacity to minimize these risks decreases during sub
sequent phases of the management program as attention 
shifts to the regulation of individual development sites. 
Although the federal leasing program follows a detailed 
series of admininistrative steps that precedes an oil and gas 
sale, there are no specific standards that define the quality or 
quantity of environmental information necessary to make 
prelease decisions. 

Very few of the prelease studies recommended in 
this plan can be completed prior to 1992 when oil and gas 
leasing is scheduled for the Washington-Oregon region. 
Existing oceanographic information for this region can 
support only a superficial evaluation of environmental risks. 
As noted above, previous biological surveys do not ade
quately describe the diversity of communities, habitats, and 
environmental conditions that are represented throughout a 
very large sale area. There is little information about 
nearshore circulation processes that will influence the distri
bution and movement of contaminants in coastal waters. 
Much of the existing data has not been analyzed in geo
graphic and multiple species formats that are needed to 
identify environmentally sensitive areas prior to the lease 
sale. Very little time remains to collect, analyze, and 
interpret new information for areas and communities not 
previously studied. 

The importance of prelease decisions and the lack 
of basic inventory infonnation for this region suggest that 
the states of Washington and Oregon should define a mini
mum standard for prelease environmental studies. We 
recommend that the leasing schedule be adjusted as needed 



to synchronize leasing decisions with the collection and 
analysis of environmental infonnation needed to support 
them. 

An important factor that contributes to the lack of 
information needed to support leasing decisions is the large 
geographic extent of the Washington-Oregon sale area. As 
a general rule, management decisions that are broken into 
small, incremental stages with careful environmental evalu
ation required at each stage will tend to minimize risk. 
Management decisions that occur over short temporal and 
spatial scales are usually less likely to have large-scale con
sequences. In this regard, the federal leasing program, 
which opens very large regions to oil and gas development 
for a period that may last several decades, appears inconsis
tent with prudent management of environmental risks. This 
becomes a particular concern in the Pacific Northwest where 
the lack of previous development activity and inconsistent 
biological monitoring seriously undermine environmental 
assessment for a large and heterogeneous region. 

In contrast to the oil and gas leasing program, placer 
mining activity should allow adequate time for environ
mental evaluation. No immediate proposals or schedules 
exist for mineral mining off the Washington or Oregon 
coast. In addition, the area of development interest and the 
potential environmental risks are more localized than the 
proposed oil and gas leasing program. This should allow 
more detailed environmental surveys to be focused in areas 
with commercial potential. 

The effec~ of marine placer mining have not been 
widely studied. While there has been considerable research 
on the effec~ of channel maintenance dredging in estuaries 
and bays, no continuous dredging operations for marine 
minerals have been tested in the United States. In addition, 
very little physical or biological infonnation has been col
lected in the nearshore region off southern Oregon (south of 
Cape Blanco) where mining activity is most likely to occur. 
We recommend a standard protocol for environmental as
sessment be incorporated into state leasing programs for 
mineral exploration and development In the first phase of 
such a protocol, inventories of biological resources and 
habita~ in the southern Oregon region should be conducted 
concurrently with ongoing exploratory surveys for placer 
minerals. 

A critical interpretive step should follow completion 
of environmental rese.arch and precede planning for offshore 
development.; that is, the resul~ of many unrelated studies 
(often conducted for reasons other than environmental as
sessment) must be compile.d, analyzed collectively, and 

translated into a management program for ocean resources. 
The resul~ of such an analysis should be documented so that 
the rationale for decisions is clearly understood. Synthesis 
of environmental information should be repeated periodi
cally and the management program updated to reflect the 
evolution of scientific understanding that will result from 
new research. Through this iterative process, safety factors 
applied to management decisions may be adjusted as re
search improves understanding of environmental risks. 

Before the Washington-Oregon continental margin is 
opened to leasing for pettoleum or placer minerals, we rec
ommend the states prepare an interpretive report that synthe
sizes all available oceanographic data in a fonnat that is 
needed to make prelease environmental decisions. We 
suggest the report be organized as an atlas that summarizes 
resul~ in a geographical or ecological hierarchy (system, 
subsystem, habitat, etc.). Such a fonnat should define the 
distribution of species assemblages and habitats and de
scribe the processes that influence biological variability at 
each hierarchical level. The implications of these results and 
recommendations for managing specific offshore habitats 
and subsystems should be discussed. 

3. Designate the ecosystem as the primary unit or 
environmental planning and managem~nt. 

In the United States, environmental regulations in 
marine environmen~ are primarily implemented on a case• 
by-case basis. State and federal permi~ and procedures 
focus on individual development proposals and local envi
ronmental effecK Off-site effects and the ecosystem-wide 
implications of individual or cumulative actions are rarely 
understood and often disregarded. However, if a fundamen
tal goal of environmental management is to avoid large
scale consequences of human disturbance (Bella and Over
ton 1972), then the appropriate unit of management is an 
entire region or ecosystem. For the Pacific Northwest, the 
appropriate unit of management is the northern California 
Current ecosystem. 

Regional management requires planning to direct 
local resource uses. Management plans should describe the 
activities that will be allowed and the locations where they 
will occur to acheive a desired regional effect (Regier and 
Baskerville 1986). Since the consequences of development 
activities on an ecosystem are usually unpredictable, man
agement strategies based on general ecological principles 
(rather than "hard data") will be a primary means to mini
mize large-scale risks. Examples of such strategies might 
include: (1) maintain biological and habitat diversity region-
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wide by limiting the total area of any one habitat, commu
nity, or population that is dedicated to development; (2) 
separate environmental disturbances in time and space; (3) 
limit or prohibit specific categories of use to protect highly 
diverse or productive habitats and communities; (4) mini
mize or prohibit disturbances in shallow or poorly flushed 
areas; (5) protect keystone species that tend to regulate 
community structure and stability. A combination of broad 
policies, offshore management zones, and perfonnance 
standards may be used to direct local actions consistent with 
regional strategies. 

Interest in total ecosystem management has grown 
steadily worldwide for several decades (Sherman 1986). 
In~ing signs of oceanic stress from pollution, intensive 
fishery harvest, and global warming underscore the need for 
coordinated management at national and international lev
els. Unfortunately ,jurisdictional boundaries remain a major 
impediment to ecosystem management Within the United 
States, a complex array of state and federal agencies share 
responsibility for managing ocean resources. Separate 
agencies are responsible for managing marine mammals, 
marine birds, sport and commercial fisheries, pollutant dis
charges, ocean dredging and disposal, oil and gas and 
mineral development. Management is further segregated 
geographically between adjacent states and along the 3-mile 
boundary of the Territorial Sea that di vi des state and federal 
jurisdictions. The concept of total ecosystem management 
becomes even more complicated where international bounda
ries are involved. 

A hopeful step toward integrated resource manage
ment in the Pacific Northwest is the development of an 
Oregon Ocean Resources Management Plan scheduled for 
completion in June 1990 (Oregon Ocean Resources Man
agement Task Force 1988). Although the plan will not 
address the entire northern California Current ecosystem, it 
will develop policies for the use of living and nonliving 
resources in federal as well as state waters of the Oregon 
continental margin. We recommend that a regional mecha
nism be established to coordinate resource planning and 
management in Oregon with northern California (north of 
Cape Mendocino) and the State of Washington. Coordi
nated management plans may also provide the impetus 
needed to develop an ecosysten,:i-wide focus to environ
mental studies. 

4. Develop a cooperative environmental research pro
gram for the northern California Current ecosystem. 

6 Conclusions and Recommendations 

Interests in environmental studies in the Pacific 
Northwest are as divergent as the management functions of 
the many resource agencies that fund or conduct oceano
graphic research. Research by fishery management agen
cies, for example, primarily involves individual populations 
of commercial interest. Harvest statistics maintained by 
these agencies provide valuable time series, but similar data 
for noncommercial species and prey organisms or environ
mental factors needed to interpret these trends are rarely 
collected. Environmental studies related to oil and gas 
leasing are administered through the Minerals Management 
Service of the U.S. Departmentoflnterior. Most surveys are 
short-term and often focused on specific issues or legal 
requirements that might impede leasing activities. Study 
priorities are established annually with no strategic plan to 
integrate individual studies into a cohesive, regional pro
gram. Washington and Oregon universities have conducted 
much of the basic ecological research in the region, but 
funding has been inconsistent, and studies are frequently 
short-term and limited in geographic coverage. Results thus 
describe a limited range of environmental conditions. 

In conclusion, institutional interests and the high 
costs of ocean research have diffused research activities into 
an array of individual, short-tenn, and local issues. This is 
contrary to the long tenn and large scale of infonnation that 
is needed to support regional management and to minimize 
environmental risks. Ironically, the lack of basic ecological 
understanding that has resulted from research on a series of 
unrelated issues is universally limiting to the management 
capabilities of the many resource interests in the region. We 
recommend that a cooperative program of research institu
tions and state and federal resource agencies be organized to 
plan, review, and coordinate environmental research through
out the northern California Current region. 

This research plan was prepared without consid
eration of any single agency that might fund or implement 
our recommendations. This has allowed us the luxury of a 
regional and long-term approach to environmental studies. 
The obvious disadvantage is that no single entity exists to 
assure that these recommendations will be implemented. 
Formation of a regional clearinghouse for reviewing re
search proposals or development of a cooperative studies 
program among agencies and universities could encourage 
the ecosystem perspective that is sorely needed. In the 
absence of such a structure for implementing our recommen
dations, we are nonetheless hopeful that this plan will direct 
research toward those subjects and locations that will most 
benefit environmental assessment throughout the region. 
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Need for a Research Plan 

In the future, an increasing proportion of the world's 
minerals will be extracted from the ocean floor. Interest in 
these resources has been stimulated by decades of improve
ment in offshore drilling technology, worldwide demand for 
energy and strategic minerals, and discovery of significant 
offshore deposits of oil, gas, and valuable ,i.netals (e.g., 
manganese, copper, nickel, chromium, cobalt). The United 
States Congress amended the Outer Continental Shelf Lands 
Act in 1978 to expedite the development of offshore re
sources "in order to achieve national economic and energy 
policy goals, assure national security, reduce dependence on 
foreign sources, and maintain a favorable balance of pay
ments in world trade." In 1983, the President of the United 
States signed a proclamation that extended United States ju
risdiction to 200 nautical miles from the coast. Within this 
Exclusive Economic Zone, the United States claims all 
rights to the mineral resources on or below the seabed. 

Within the next decade, resource demand in the 
United States could stimulate oil and gas exploration and 
mineral mining in many areas of the Exclusive Economic 
Zone. The Washington-Oregon outer continental shelf is 
one of 38 areas proposed forlease in the U.S. Department of 
Interior's 1987-92 oil and gas leasing program (MMS 1987). 
In addition, chromite-bearing black sands off the southern 
Oregon coast and titanium-rich sands off the northern Ore
gon and southern Washington coasts are under considera
tion for future mining (U.S. Bureau of Mines 1987). These 
placer deposits, extractable with hopper dredges, are of 
significant interest because of their strategic importance and 
the lack of alternative domestic supplies. Nearshore depos
its of sand and gravel may also be dredged off the Oregon and 
Washington coast as local onshore supplies in some coastal 
areas are depleted and the costs to transport materials from 
remote inland locations are high. 

The potential development of nonrenewable re
sources off the Washington and Oregon coast raises a large 
number of environmental issues that previously have not 
been a concern in this region and with which the natural 
resource agencies of the two states have had little experi
ence. Fish, shellfish, and other living marine resources 
support a large commercial fishing and seafood processing 
industry and are vital to tourism and recreation in the Pacific 
Northwest. Although universities, state and federal agen
cies, and commercial fishennen have contributed to a large 

bcxly of oceanographic and fisheries data for this region, 
available infonnation is insufficient to evaluate the risks of 
offshore mineral development to many important marine 
habitats, populations, and communities. 

The large number of issues and the very high cost 
of ocean research will require careful planning and coordi
nation of future research activities among state and federal 
resource agencies. In anticipation of these needs, the Oregon 
Department of Fish and Wildlife (ODFW) received federal 
funds to prepare this plan of biological research for the 
Washington and Oregon continental shelf. The plan defines 
research that is most needed to understand and minimize the 
environmental risks of coastal mineral development. 

This report describes our study methods, summa
rizes the principal data gaps, and recommends research to 
address the management concerns of this region. Because 
the area from the U.S.-Canada border to Cape Mendocino, 
California represents a single zoogeographic region, some 
of the literature we reviewed and most of-the research we 
recommend for Washington and Oregon also apply to north
ern California. 

In the last 13 years, several literature reviews have 
been written to summarize what is known about the biology 
and oceanography of the marine and estuarine waters off 
Washington and Oregon and to identify research needs 
(Oceanographic Institute of Washington 1977; Stander and 
Holton 1978; Bottom et al. I 979; Proctor et al. 1980; Harvey 
and Stein 1986). In 1976, the U.S. Bureau ofLand Manage
ment held a 3-day conference to discuss research needs in 
relation to potential oil and gas leasing off the Washington 
and Oregon outer continental shelf (U.S. Bureau of Land 
Management 1977). Research recommendations were iden
tified by more than 150 scientists from the Pacific North
wesL Stander and Holton (1978) mapped general distribu
tions for key marine species, discussed data gaps, and 
endorsed the Bureau of Land Management recommenda
tions for research. Good et al. (1987) reviewed mineral, oil, 
and gas resource potential, development technology, and 
environmental effects as part of an evaluation of Oregon 
agency rules and programs for management of the nearshore 
ocean. In May 1988, the U.S. Department of Interior's 
Minerals Management Service (MMS) sponsored another 
3-day conference and workshop "to develop a clear under-

Introduction 9 



standing of research needs and priorities with respect to 
the ... oil and gas 5-year lease sale scheduled for the Washing
ton and Oregon Planning Area" (MMS 1988b). 

Despite the ackowledged need, little biological re
search has occurred off the Washington and Oregon coast 
since the early 1970s, so that many of the research priorities 
recogniz.ed in 1976 (U.S. Bureau of Land Management 
1977; Stander and Holton 1978) are still applicable today. 
However, the results of previous workshops and many re
views of research needs for this region are long "wish lists" 
of activities organized by scientific discipline. These lists 
offer little context to indicate why particular recommenda
tions were chosen over others or which studies are most 
relevant to environmental evaluation and management. An 

important purpose of this plan is to provide a logical ration
ale for environmental research that is directly tied to man
agement and information requirements related to potential 
mineral development in coastal Washington and Oregon. 

Defining an appropriate level of detail was among 
the most difficult decisions we had to make for this plan. We 
chose the middle ground between a long-term s1rategic plan 
and more detailed research activities to address immediate 
management issues. At the strategic level, we tried to 

Approach and Methods 
Figure 1 illus1rates the steps we followed to iden

tify objectives and tasks for the research plan. In the first 
phase of our analysis, we reviewed the types of development 
that are most lilcely to occur and the environmental implica
tions of these activities for the Washington-Oregon study 
region. Second, we considered whether existing technical 
information is adequate to evaluate environmental risks and 
devise measures to minimize adverse effects. 

Specifically, we evaluated whether existing infor
mation is sufficient to describe: 

(A) patterns of distribution for the principal species, 
communities, and habitats off Washington and Oregon, 

(B) the possible environmental effects of each phase of 
marine mineral exploration and development, and 

( C) the critical processes that affect biological produc
tion and natural variability in the region. 

From this review, we identified major categories 
of environmental research that are needed to support deci
sions about the use of ocean resources. Our conclusions are 
represented by the objectives, tasks, and activities that are 
listed in the plan. 

10 Introduction 

anticipate the full range of ocean management issues that 
may arise in the next several decades. This required that we 
evaluate potential environmental conflicts associated with 
each phase of exploration and development for oil and gas 
and placer minerals. We considered this broad overview a 
necessary prerequisite for defining objectives among an 
endless array of marine research topics that could be pro
posed and undertaken. On the other hand, present develop
ment plans, and, in particular, the scheduled 1992 Washing
ton-Oregon oil and gas lease sale, dictate immediate atten
tion be given to specific research topics needed to support 
prelease decisions. We have attempted to offer sufficiently 
detailed recommendations in this report to encourage re
search that is most needed before the continental shelf is 
opened to oil and gas or minerals leasing. 

As is true for any plan, this document is not an 
endpoint but a beginning. It is a roadmap that will need 
revision as new territory is charted. Priorities for study will 
undoubtedly change. Additions and modifications will be 
necessary as the specific development plans for this region 
unfold and as research provides new information. We have 
tried to present a general rationale and structure that can 
accommodate other research activities as new information 
requirements are identified. 

We established an interagency advisory panel to 
provide information for the plan and to coordinate our 
activities with representatives from state and federal re
source agencies and Sea Grant institutions in Washington, 
Oregon, and California (Table 1). Between January and 
March 1987, we met with panel ad visors in each of the states 
to review development potential for oil and gas and miner
als, discuss environmental issues, and define key species and 
groups of species for the research plan. We also sent 
questionnaires to agencies and Sea Grant institutions in 
other ct:>astal states throughout the United States to obtain 
additional information about the environmental issues that 
have been raised where mineral and oil and gas development 
have occurred or are proposed. From April through June 
1987, we interviewed technical experts from universities 
and resource agencies in Washington and Oregon (Table 2). 
Through these meetings, we identified biological and oceano
graphic data sets available for the study area and developed 
a list of information needs. 

For practical reasons, it was necessary to limit the 
geographic area and subject matter of this plan. Our litera
ture review focused primarily on the marine environment 



LONG-TERM 
RESEARCH PLAN 

Assess development potential and 

technologies: oil & gas, placer 

minerals, sand & gravel 

Review environmental effects of 

development activities 

Identify environmental issues and 

key species for Washington-Oregon 

Review biological data for 

Washington-Oregon: key species, 

Data adequate to resolve conflicts 

and minimize environmental risks? 

No data needed Data needs 

Research objectives, 

tasks, priorities 

Plan review and 

revisions 

Figure 1. Methodology used to prepare a research plan for biological resources of the Washington and Oregon conti
nental margin. 
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from the beach to the upper continental slope (approxi

mately 900 m depth). Secondarily, we evaluated research 

needs that apply to most Washington and Oregon estuaries, 

but more detailed review for individual estuaries may be 

necessary in the future when specific development propos

als are defined. We evaluated information available for bio
logical resources and fisheries. We also reviewed reports in 
the physical sciences related to the transport of pollutants 
and production of biological populations, but we did not 
consider other types of research in geological, chemical, or 

physical oceanography. Although parts of this plan will 

apply to many other marine development activities, we 

emphasized biological and fisheries issues that could ac

company development of oil and gas and nearshore mining 

for placer minerals or sand and gravel. Research needs for 
deep ocean mining are evaluated in several literature re

views for the Gorda Ridge region (Boudrias and Taghon 

1986;Ellisand Garber 1986;Harvey and Stein 1986; Krasnow 
1986) and are not described in this report. Air quality 
impacts; onshore environmental effects resulting from con
struction and operation of pipelines, processing plants, or 

other suppon facilities; and the various social or economic 

effects of offshore development ( other than effects on coastal 
fisheries) were beyond the scope of this research plan. 

Table 1. Members of the interagency panel for the research plan. 

Robert Bailey 
Thomas Dark 
Joseph Easley 
Louis Echols 
James Glock 

Oregon Department of Land Conservation and Development 
National Marine Fisheries Service 
Otter Trawl Commission 
Washington Sea Grant 

Cadet Hand 
Pacific Marine Fisheries Commission 
California Sea Grant 

Susan Hansch 
Buford Holt 
Gregory McMurray 
Mary Lou Mills 
Fred Piltz 

California Coastal Commission 
Minerals Management Service 
Oregon Department of Geology and Mineral Industries 
Washington Department of Fisheries 
Minerals Management Service 

Monique Rutledge 
Robert Tasto 

National Marine Fisheries Service 
California Department of Fish and Game 

Brian Walsh Washington Department of Ecology 
Jay Watson 
William Wick 

US Fish and Wildlife Service 
Oregon Sea Grant 

Goal and Rationale 
Lewis ( 1980) describes two primary goals of envi

ronmental management that are the focus of this plan: 

maintenance of ecological diversity and the overall health 

andproductivityofthemarineecosystem. Tosatisfythefirst 

goal, selected habitats, areas, or species may be protected to 
avoid piecemeal loss of diversity from physical destruction 

or misuse. Designation of protected areas cannot prevent 

exposure to pollutants transported in water, but judicious 
plac.ement of management wnes, preserves, buffer areas, 

and the like can help to minimize the threat of exposure. 

Classification of habitats and communities, therefore, is a 

fundamental tool to define and maintain ecological diver

sity. The second goal-overall health and productivity of 

the marine ecosystem-is a much more difficult problem 

that requires other management and research strategies. The 
causes of variability for many marine populations and 
communities are poorly understood so that effects of man

induced changes in the ocean may not be distinguishable 
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from natural cycles. Understanding ecological processes 

and the dynamics of natural populations and communities 
are critical to environmental evaluation and management. 

Unfortunately, research cannot provide all the an

swers to assure these two goals are achieved. A principal 

problem is the environmental predicament described by 

Bella and Overton (1972): the human capacity to alter eco

systems has progressed at am uch faster rate than our ability 

to foresee the consequences. Accurate forecasting of these 

consequences will lilcely remain an unrealistic goal if, as 
theory and experience suggest, ecosystems do not behave in 

a predictable manner but may exhibit irreversible changes 

that are the result of chance events in history (May 1977; 
Beddington 1986). For disturbances that affect complex 
ecosystems, not only are the probabilities of a particular 
outcome uncertain, but often a large number of the possibili
ties are unknown (Bella and Overton 1972). 



Table 2. Technical advisors who provided information 
for the assessment of research needs. 

David Armstrong, University of Washington 
Carl Banse, University of Washington 
Steven Barry, Washington Department of Fisheries 
Jerry Butler, Oregon Department of Fish and Wildlife 
Drew Carey, Oregon State University 
D. W. Chamberlain, Atlantic Richfield Co. 
Robert Demory, Oregon Department of Fish and Wildlife 
Darrell Demory, Oregon Department of Fish and Wildlife 
Tina Escheverria, National Marine Fisheries Service 
David Fluharty, University of Washington 
Robert Francis, University of Washington 
Robert Garrison, Oregon Department of Fish and Wildlife 
James Golden, Oregon Department of Fish and Wildlife 
James Good, Oregon State University 
Donald Gunderson, University of Washington 
Dani! Hancock, Oregon State University 
Barbara Hickey, University of Washington 
Adriana Huyer, Oregon State University 
Charles Janda, US National Park Service 
Steven Jeffries, Washington Department of Game 
Kenneth Jenkins, California State Long Beach 
La Verne Kulm, Oregon State University 
Michael Landry, University of Washington 
William Lingley, Washington Dept of Natural Resources 
Roy Lowe, US Fish and Wildlife Service 
Nancy MacHugh, Oregon Department of Fish and Wildlife 
Don Maurer, California State Long Beach 
Charles Miller, Oregon State University 
Thomas Northrup, Washington Department of Fisheries 
William Pearcy, Oregon State University 
Ellen Pilcitch, Oregon State University 
James Ray, Shell Oil Co. 
Douglas Simons, Washington Department of Fisheries 
Charles Simenstad, University of Washington 
Lawrence Small, Oregon State University 
Richard Starr, Oregon Department of Fish and Wildlife 
Ted Strub, Oregon State University 
Jack Tagart, Washington Department of Fisheries 
Malcom Zirges, Oregon Department of Fish and Wildlife 

Crab 
Benthic invertebrates 
Crab 
Ocean sport fish 
Benthic invertebrates 
Environmental science 
Groundfish 
Crab 
Rockfish 
Policy and management 
Groundfish 
Salmon 
Groundfish 
Policy and management 
Crab, groundfish 
Benthic invertebrates 
Physical oceanography 
Physical oceanography 
Coastal Management 
Marine mammals 
Molecular ecology 
Geological oceanography 
Zooplankton 
Geology 
Birds 
Steelhead 
Benthic invertebrates 
Zooplankton 
Crab 
Fish, shellfish 
Groundfish 
Environmental science 
Razor clams 
Fish, Benthos 
Phytoplankton 
Shellfish 
Physical oceanography 
Groundfish 
Salmon 

The uncertainty inherent in the behavior of large 

marine ecosystems has important implications for environ
mental assessment and management: research can provide 
understanding of the risks but it will not lead to absolute 
predictability of the outcome of environmental decisions. 
Ultimately, policy makers must decide the magnitude ofrisk: 
and uncertainty that is acceptable and the environmental 

safety factors (Bella 1979) that are appropriate for decisions 
that affect complex ecosystems. 

The goal of this research plan is to improve assessment 
of environmental risks in order to devise measures that will 
avoid or minimize damage to ecological diversity and to the 
general health and productivity of the marine ecosystem. In 
this goal, "risk" can be defined as the possibility of hann or 
exposure to a disturbance that could cause harm. This 
definition implies that risk is comprised of three principal 
components that are fundamental to environmental assess
ment and management (Figure 2): 
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(1) What is the likelihood that a population, commu
nity, or ecosystem will be exposed to a disturbance that could 
cause harm? 

(2) How sensitive is a particular organism, popula
tion, or community to exposure? 

(3) What are the possible outcomes in the natural 
environment if organisms, populations, or communities are 
sensitive and they are exposed? 

In the case of oil pollution, for example, the chance 
of exposure is the likelihood that a spill will occur and the 
chance that certain populations or communities might en
counter the oil; the sensitivity of an organism, population, or 
communtity to ex~ure is an evaluation of the sublethal or 
toxic effects ofhydrocaibons; and finally, the outcome is a 
particular response of the marine ecosystem that could result 
given, for example, the sensitivities of each population or 
community that is exposed, the persistence of oil that is 
released into the marine environment, the long-tenn changes 
in the biological community that might result. 

Environmental restrictions that regulate offshore 
development are intended to decrease the chances of an 
undesirable outcome by reducing one or more of these three 
components of risk. The severity of restriction lessens with 
each successive decision point in the assessment of risk 
(Figure 2). For example, the surest method to minimize risk 
is to limit the chance of exposure. In the most extreme case, 
this can be accomplished by a complete prohibition of the 
activity. A less restrictive approach is to limit the specific 

· location of the activity . to minimize the likelihood that 
critical or sensitive areas or organisms will be exposed. 
Once the decision is made to allow an activity in an area, then 
risk must be regulated by controlling the extent or magnitude 
of exposure. This may be based on an assessment of the 
sensitivity of organisms or communities to the activity. 

For example, stipulations to a lease agreement may 
regulate the timing of operations to protect critical life 
history events. Waste discharge permits may regulate the 
com~ition or volume of contaminants within some limits 
of biological sensitivity that are deemed acceptable. Once 
an action is permitted and stipulations have been estab
lished, little can be done to affect the third component of 
risk-the ecological outcome of exposure to a disturbance. 
At this stage of the decision process, research may be 

designed to monitor certain indicators of the outcome, and in 
some instances, changes in the management program may 
be possible to prevent the continuation of an adverse effect. 

Although the leasing procedures differ for placer 
mining and the geographic areas of interest will be much 
smaller than for oil and gas, planning for both activities will 
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involve a similar sequence of decisions about each of the 
components of environmental risk (Figure 2). In both cases, 
the leasing program proceeds from planning for a relatively 
large area to development of the resources at a specific site. 
Information requirements change as the focus of the pro
gram shifts from consideration of the entire planning area 
(e.g., should there be a Washington-Oregon lease sale or are 
the ecological risks of oil and gas development too great?) to 
subareas with development potential (e.g., should selected 
areas be excluded from the lease sale to protect ecological 
diversity and avoid the risk of exposure to certain activities 
or contaminants?) and, finally, to specific activities within a 
particular lease tract ( e.g., should conditions be placed on an 
activity in order to protect sensitive species, habitats, or 
communities?). 

There is a built-in paradox to this sequential screen
ing process: uncertainty is greatest during the prelease 
period when decisions that may have the most significant 
ecological implications are made. The decision whether to 
open an entire region to oil and gas development, for 
example, is usually made very early when there has been 
little lead time for environmental studies. Furthermore, 
because subtle, large-scale effects of disturbance on an 
entire ecosystem are the most difficult to anticipate or 
measure, the tendency is to ignore them and move on to the 
protection of selected areas or contf?l of discharge at a 
development site (Lewis 1980). The ability of management 
programs to avoid widespread environmental consequences, 
however, decreases as each decision point is passed and the 
focus shifts to operational standards at a local site. The 
adequacy of these standards for maintaining environmental 
health is poorly understood because, as noted above, eco
logical effects are the most difficult to measure and are often 
ignored. This circularity points to the imponance of regional 
planning and research prior to leasing, when the earliest de
cisions focus on risks to the entire ecosystem and over the 
largest geographic area. Although this plan provides recom
mendations for research during all phases of offshore min
eral exploration and development, we emphasize informa
tion needed during the critical prelease period. Ultimately, 
a long-term commitment to study the dynamics of natural 
marine communities and processes is needed to betterunder
stand the risks of human disturbance to the health of marine 
ecosystems. 

The rationale and organization of this plan reflect 
three principal categories of information (Program Ele
ments A, B, C) needed to evaluate and minimize environ
mental risks associated with development of the Washing
ton and Oregon continental margin. These categories ad
dress the three types of questions (listed above) in an 
evaluation of environmental risk (Figure 2): 



Figure 2. Three principal components in an assessment of environmental risk. Program Elements A. B, and C of this 
plan represent three categories of information needed to evaluate each of these components of risk (see texr). 

Assessment 
of 

Environmental Risks 

Exposure to an Event? 

Sensitivity to Exposure? 

Outcome? 

1. Program Element A: Biological Assessment. The 
environmental risk of exposure to a development activity 
can be minimized and biological diversity can be protected 
if development is restricted from regions that are critical to 
important or representative popu1ations and communities. 
The Biological Assessment Program Element of the re
search plan identifies information needed to describe the dis
tribution of habitats and communities that could be at risk 
from proposed mineral development. During the prelease 
phase of oil and gas development, for example, decisions are 
made regarding which sites should be included or excluded 
from a lease sale. So-called "Areas of Special Biological 
Significance" may be deferred from sale to avoid potential 
resource conflicts. Survey information will be needed prior 
to a lease sale to classify the diversity of habitats and 
associated communities and describe the distribution and 
abundance of important or susceptible popuJations. 

2. Program Element B: Environmental Effects. 
The sensitivity of organisms, populations, or communities 
to development activities should be understood to establish 
awropriate operating standards that will minimize environ
mental risks. Experimental research in the laboratory or the 
field may be needed to test the effects of a particular activity 
or to understand the biological processes of a specific re
sponse. Baseline and monitoring studies may be necessary 
to evaluate the effects of development in the natural environ
ment, particularly if an activity is permitted despite a high 
degree of uncertainty about its effects. Such studies may 
provide a measure of the effectiveness of lease stipulations 
so that necessary changes can be made in existing or future 

Research Needed 
to 

Assess Risks 

A. Biological Assessment 

- B. Environmental Effects 

- C. Ecosystem Processes 

operations. We include baseline and monitoring studies in 
this program element if the effects of a development activity 
have not been widely studied or are poorly understood for 
the natural environment off Washington and Oregon. We 
identified four major categories of envir<:>nmental effects 
that may require research to manage placer mining or oil and 
gas operations: noise and disturbance, contaminants, dredg
ing and habitat alteration, and fisheries conflicts. 

3. Program Element C: Ecosystem Processes. The 
ecological outcome of a development action is the most dif
ficult component of risk to assess. Some environmental 
effects cannot be easily defined as a series of site-specific 
disturbances to one or more. species or habitats of interest. 
Pollutants are transponed beyond a local site by ocean 
currents so that the deferral of critical habitats from a lease 
sale cannot guarantee that they will be free from exposure to 
contaminants. Biological effects are transferred via food 
chains or magnified by shifts in community structure that 
accompany changes in the abundance of one or more impor
tant species. The cumulative or synergistic effects of many 
small activities, therefore, may be much greater than the sum 
of their parts. Information is needed about the natural 
processes that control transfer of materials, community 
dynamics, and production and flow of energy through the 
ecosystem. This research is essential to intapret the results 
of experimental studies and apply them to natural systems. 
This research is also cost effective, because it applies to a 
broad range of environmental issues whether the specific 
concern is oil spills, dredge spoils, mining discharges, or 
ocean outfalls. 
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OBJECTIVES AND TASKS 
We reviewed whether existing information is adequate to assess environmental risk as defined in each of the three re

search categories (Figure 2). From these reviews, we developed a list of proposed research objectives, rasks, and activities 
for the Washington and Oregon region (Figure 3). In many cases, tasks and activities are relevant to more than a single 
objective. We have made frequent use of cross references in the text to indicate areas of overlap. 

The plan combines environmental studies related to oil and gas development and mineral mining activities. It 
includes several surveys specific to the nearshore region of the southern Oregon coast where there is considerable interest 
in potential development of placer minerals. 

PROGRAM 
ELEMENTS 

OBJECTIVES 

TASKS 

ACTIVITIES 

J.. 
Biological 

Assessment 

I 
B-1 

Noise and 
Disturbance 

A-1 A-2 

Populations- HabHets-
Assernblages subsystems 

( Research Goal ) 

I 
B 

I I 
B-2 B-3 

Contaminants 
Dredging 

and Hab~a, 
Akeralion 

C-1 

Conceptual 
Model 

I 
B-4 

Fisheries 
Conflicts 

C-2 

Circulation 
and 

Transport 

6 
Ecosystem 
Processes 

C-3 

Biological 
Production 

and 
Consumption 

Figure 3. Organizalion of program elements and objectives 

identified in the research-plan. 

Program Element A. Biological Assessment: 

Describe important populations, communities, and habitats that could be at risk from 
future offshore development and identify critical areas where resource conflicts should be 
avoided. Monitor trends among populations and communities representative of the 
diversity or habitats in the region. 

The research in this program element is intended to provide basic inventory information 
to describe distribution, abundance, and habirat use by key species or species assemblages (Figure 
4). Areawide life history and distribution information will be needed to identify critical areas for 
key species during sensitive life history srages. We developed a list of key species and 
assemblages for the Washington and Oregon region as a guide to review whether existing 
inventory data are adequate. The plan lists research needs for many key species or groups of 
species for which little life history or distributional information is available. 

It is impractical to evaluate the potential effects of each development activity on each life 
history stage of each important species or biological group. Offshore activities will tend to impact 
entire aggregations of species that co-occur in specific geographic areas or similar types of habitat. 
However, much of the biological and fisheries information for Washington and Oregon has been 
collected to estimate abundance and manage harvest of single species or stocks of commercial 
interest. A major challenge of an environmental studies program will be to shift from an entirely 
single-and commercial-species perspective to evaluate risks to entire assemblages of commercial 
and noncommercial species and habitats. In this program element, we suggest two approaches 
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Objective A-1. 
Populations and 

Assemblages: 

to describe the structure of species assemblages and to evaluate the importance of specific geo
graphic areas or habitats. First, wc suggest that multivariate statistical methods be used to 
reanalyze results of previous surveys that have been presented primarily in a single species format. 
Second, we suggest new surveys to target assemblages and habitats that have not been widely 
studied and may be sensitive to future development. 

Temporal fluctuations among many populations and communities in this region have not 
been described, which limits interpretation of environmental risks or effects of future environ
mental activities. Many of the areawide distributional surveys in this program element should 
logically lead to long-term monitqring programs for representative communities and habitats. In 
some instances, keystone or indicator species may be selected to describe population trends. 
Long-tenn monitoring is needed to improve understanding of the causes of natural variability (see 
also Program Element C) that will influence the possible consequences of development activities. 

Describe distribution, abundance, and reeding or rearing habitats for important life history 
stages, populations, or assemblages or species. 

J. 
Blologlcal 

AS&essmenl 

A-1 

["'ii Assemblages 

I I I 
A-1.a A-1.b A-1 .C 

~ h I Grou~fishl 

( Research · Goal ) 
~ 

Environmental 
Effects 

I I I I 
A-1.d A-1.1 A-1.f A-1.g 

~ Banthic Coastal and 
b Marine Birds 

A-2.a A-2.b A-2.c A-2.d 

B Rocky Nean;hore 
Elluarios inu,~idal Hard Bonoms-

HabltalS Kelp Beds 

c 
Ecosystem 
Processes 

A-2 

Habitats-
Subo)'Olems 

A-2.o A-2.f 

Nearsllore 
Pelagic Zone 

Olfshore 
Rocky Reels 

Figure 4. Research objectives and tasks in the Biological Assessment Program Element. 

Task A-1.a. Describe the temporal and spatial distribution or pelagic larval fishes and asseJ!lblages oil 
Larval Fish the Washington and Oregon coast, and identify physical factors that innuenceobserved pat

terns or abundance. 

Early life history stages of most organisms are more sensitive than adults to acute or 
chronic exposure to conraminants such as hydrocarbons or drilling fluids. A number oflarval fish 
surveys have been conducted off Washington and Oregon but these do not address all geographic 
areas or seasons. We recommend the following research activities: 

(1) Analyze aisling National Marine Fisheries Service (NMFS) survey data to test the hypothesis 
that there are persistent assemblages of larval fishes on the continental margin that co-occur 
within specific water masses or classes of physical habitat. 
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A series of annual reports (e.g., Clark 1986a, 1986b) summarize the results of NlvlFS 
larval fish surveys in this region. The data are reported for the appropriate months of each survey 
year, and distributions are plotted for single species. We recommend that these data be combined 
and analyzed to describe intcrannual variations in the distribution and abundances of key species 
and assemblages. Multivariate techniques should be used to describe associations of species and 



to test the hypothesis that community structure is a response to specific physical factors. Annual 
and combined dala selS should be compared with available satellite and other survey information 
for surface currents, temperature, and chlorophyll. Research to understand the physical processes 
that affect recruitment of larval fishes is described in Activity C-3.b.(2). 

Task A-1. b. Describe the temporal and spatial distribution or pelagic species and assemblages and assess 
Pelagic Fish: physical ractors that may influence observed patterns of abundance. 

Sediments released during dredging for placer minerals or contaminants associated with 
oil and gas development could degrade water quality and displace pelagic fishes from preferred 
feeding or rearing areas. In general, the habitats and conditions required by pelagic fishes and 
assemblages have not been widely studied. A series of purse seine surveys off the Washington 
and Oregon coast provide general information about the distribution of pelagic assemblages and 
species including salmon, herring, and anchovy (e.g., Brodeur and Pearcy 1986; Pearcy and 
Fisher I 988). Task A-2.e of this plan recommends a survey of pelagic fishes in shallow, nearshore 
and neritic habitalS. 

The potential effecis of offshore development on adult salmon and fisheries for salmon 
are a critical issue in the Pacific Northwest. Unlike groundfish species [see Activity A-1.c.(l)), 
however, there are no commercial logbook data to describe the coastwide distribution of catch and 
effort for adult salmon. This information is needed to determine critical habitats and to avoid 
conflicts between offshore development activities and the conduct of fisheries. We recommend 
the following research activity: 

( 1) Describe offshore movements and abundances of adult chinook (Oncorhynchus tshawytscha) and 
coho (0. kisutch) salmon and correlate distribution with temperature, cholorophy/l, or other 
environmental factors. 

Task A-1.c. 
Ground fish: 

A pilot study in 1973 indicates that harvest rate and, presumably, ocean distribution of 
adult coho salmon are correlated with water temperature (O'Brien et al. 1974 ). We recommend 
further research be conducted to compare temperature, chlorophyll, currenis or other environ
mental data with the distribution of commercial catch and effort for both chinook and coho 
salmon. Distribution of catch information could be estimated from a sample of fishing boats. 
Aerial boat counts would allow expansio!} of on-board estimates based on coast wide distribution 
offishing effort. These results could be compared with surface temperature, chlorophyll, or other 
physical data available from satellite imagery. Information for several years and a variety of 
oceanographic conditions would describe geographic areas and habitats potentially important to 
adult salmon and commercial fisheries [see also Activity B-4.a.(3)]. 

Describe the temporal and spatial distribution or juvenile and adult groundfish species and 
assemblages; assess physical ractors that may influence observed patterns ofabundance. 

Demersal habitats may be altered by numerous activities associated with oil and gas or 
minerals exploration and developmenL Commercially important groundfish species are among 
the fishes thaL could be most directly affected by alLeration or contamination of benthic habitats. 
Demersal fishes are often less tolerant of short-term acute exposures to hydrocarbons than 
intertidal or pelagic species (National Research Council 1985). There is a need for information 
on the life history, distribution, and feeding and spawning habitats of key species and assemblages 
of rockfish and flatfish off WashingLOn and Oregon. We recommend the following research 
activities to better understand potential risks to groundfish species: 

(1) Compile and analyze logbook records, and map seasonal and spatial di.ftribution of catch, 
effort, and catch per unit effort for groundfish species collected by commercial fishermen off 
Washington, Oregon, and northern California. 
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Logbooks maintained by commercial fishennen in Washington, Oregon, and northern 
California contain a wealth of information that could be analyzed to describe adult groundfish dis
tributions. A recent pilot project by ODFW (Starr and Saelens 1987) developed computer 
programs to summarize from logbook records the distributions of shrimp and groundfish catch 
and effort. Computer programs will allow calculation of catch, effort, and catch per unit effort 
for any chosen time period. These data can be mapped to define imponant production areas or 
economic value of specific regions to commercial fisheries. A geographic infonnation system is 
being developed by ODFW as a mapping tool to allow direct comparison with the location of 
proposed lease tracts or other development activities. 

At the time this research plan was prepared, the Oregon pilot project was expanded to 
analyze Washington and northern California databases. Further analyses are planned to describe 
coastwide the temporal and spatial distribution of harvest for key commercial groundfish species 
[and pink shrimp, see Activity A-1.d.(l)] and an aggregate of all species. Depth, temperature, and 
substrate data should be compared with catch information to evaluate the influence of physical 
factors on the spatial and temporal distributions of key species or assemblages. Several years of 
analysis should provide an indication of interannual variability, although available data will be 
limited to recent years for which logbook information has been recorded and may not represent 
a wide range of oceangraphic conditions. 

(2) Analyze the results of NMFS scientific groundfish surveys to test the hypotheses that (a) 
distribution of commercial catch ( above) is a valid indicator of the distribution of fish abundance, 
and (b) groundfish species are organized into persistent assemblages that reflect preferences for 
specific types of physical habitat. 

Every three years since 1977, NMFS has conducted trawl surveys to assess abundance 
and distribution of groundfish species off the West Coast These data should be compared with 
appropriate years (and months) of commercial catch infonnation [Activity A-1.c.(l) above] to 
determine whether target fisheries and scientific surveys yield similar patterns of distribution for 
individual groundfish species. Agreement between the data sets will support the use of catch and 
effort data to describe distribution of groundfish species. Disagreement will require a value 
judgement as to which data set is the better indicator. 

Single and combined years of the NMFS trawl surveys should be analyzed to describe 
the structure of species assemblages. Multivariate methods similar to those employed by Gabriel 
and Tyler (1980) and Gabriel (1982) should be used to detennine whether recognizable 
associations of groundfish species persist between years and exhibit specific habitat or geographic 
preferences. Distributions should be compared with existing temperature, depth, and substrate 
data 

(3) Identify important spawning habitats for adult groundfish species. 

There is little or no information on important spawning areas for adult groundfish 
species. Trawl surveys have generally occurred during periods when adult groundfish are not in 
spawning condition. Scientific surveys during the winter months or an observer program to 
collect life history data from commercial fishing vessels are needed to detennine the distribution 
of spawning adult groundfish species and to identify imponant spawning habitats. 

(4) Describe distribution.food, and feeding habitats of juvenile roclifish (Sebastes) species. 
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Rockfish are not recruited to fisheries until the age of 4 to 10 years. Scientific surveys 
off Washington and Oregon have aJso targeted adults. Consequently, very little infonnation is 
available to describe the early life history and ecology of rockfish species on the West Coast. 
NMFS has begun a long-term study in the region between Point Sur and Cape Mendocino to gain 



TaskA-1.d. 
Shrimp and Crab: 

a better understanding about factors that influence recrui1ment and the ecology of juvenile 
rockfish (Lenarz and Moreland 1985). Similar studies are needed for the California Current 
region north of Cape Mendocino to evaluate both nearshore and offshore habitats preferred by 
juvenile rockfish species. SCUBA surveys will be needed for shallow nearshore hard-bottom 
habitats (see also Task A-2.c). Concurrent sampling with nets may be necessary to also obtain 
quantitative samples for stomach analysis. Midwater trawl and submersible surveys will be 
needed to sample offshore pelagic and rocky reef habitats (see also Task A-2.f). 

Describe the temporal and spatial distribution or key species or shrimp (Panoolusjordani) 
and Dungeness crab (Cancer magister), and a~ss physical factors that influence recruit
ment and observed patterns or abundance. 

Pink shrimp and Dungeness crab are among the most valuable shellfish harvested in the 
Pacific Northwest. Larval, juvenile, and molting crustaceans tend to be most vulnerable to 
contaminants such as hydrocarbons and drilling discharges (National Research Council 1983; 
1985). There is presently little published infonnation on the distribution, abundances, and life 
history of pink shrimp or Dungeness crab needed to assess or minimim potential risks of offshore 
developmenL We recommend the following research activities: 

(1) Compile, analyze, and map seasonal and spatial distribution of catch, effort, and catch per unit 
effort for pink shrimp collected by commercial fishermen off Washington, Oregon, and northern 
California. 

The pilot project to map commercial logbook data for groundfish [see Task A-1.c.(1)] 
also compiled data for 3 years of pink shrimp harvest off Oregon. At the time this research plan 
was prepared, the pilot project was expanded to analyze shrimp data for northern California and 
Washington and to add the remaining years of infonnation available for Oregon. Computer 
programs have been developed that will allow calculation of catch, effort, and eaten-per effort for 
any chosen time period. Annual and interannual variations in catch rate should be compared to 
assess whether there are consistent patterns of abundance. Results should be correlated with 
environmental variables (e.g., substrate type) to test for factors that may influence distribution 
patterns. A geographic information system will allow computer mapping of results for direct 
geographic comparison with the location of proposed lease tracts or other development activities. 

(2) Describe distribution, abundance, and life history of Dungeness crab off Washington and 
Oregon. 

There is no commercial logbook program to provide coastwide information about the 
distribution of Dungeness crab. In addition, only large males are harvested by the fishery, so that 
commercial catch infonnation may not be an indicator of total abundance. Abundances of males 
alone will not provide adequate life history infonnation or identify important reproductive regions 
or the factors that control reproductive success. 

A major data gap that has limited the interpretation of larval recruitment studies is the 
lack of infonnation on adult stock sires that produce observed larval densities. In addition, except 
for the offshore region of southern Washing ton and in Grays Harbor and Willapa Bay (Gunderson 
et al. In Press), there has been little research to define distributions of adult, juvenile, or larval 
Dungeness crab or to identify important rearing habitats. Large estuaries on the southern 
Washington coast are among important rearing areas for juvenile stages of crab (Annstrong and 
Gunderson 1985; Ann strong etal. 1986; Gunderson etal. In Press), but this raises questions about 
the specific rearing habitats used by Oregon crab, since sireable adult populations exist but 
available estuarine rearing area is much less. 

Surveys are needed to describe large-scale patterns of abundance, distribution, and 
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Task A-1.e. 
Benthic 

Invertebrates: 

habitat use by various age classes of adult, juvenile, and larval Dungeness crab off Oregon and 
Washington. Crab larvae are a major component of the plankton in the surface (neuston) layer 
(Shenker 1988). Surveys of larval abundance and distribution in the offshore neustonic 
community may be particularly important because larval stages are most sensitive to hydrocarbon 
contamination and may be directly exposed when oil from a spill spreads in a thin layer on the 
water's surface [see also Activity B-2.e.(2)]. Small beam and otter trawls should also be used to 
collect juvenile and adult crab and may provide concurrent infonnation on natfish abundances 
and distribution [see also Activity A-2.d.(2)]. Survey results for adults should be compared with 
catch data from observers placed on commercial vessels to detennine whether the harvest oflarge 
male Dungeness crab can serve as an indicator of total population distribution or abundance. 

Describe the distribution or key species and assemblages or benthic macroinvertebrates 
and the physical factors that innuence observed patterns or abundance. 

Benthic invertebrate communities are important secondary producers that support com
mercial populalions of demersal fish and shellfish. The food habits and structure of demersal fish 
assemblages may be directly related to the distribution of benthic invertebrate communities and 
their associated habitats. Dredging operations for placer minerals or placement of pipelines or 
plalfonns will alter benthic habitats. Contaminants from oil and gas operations can have sublethal 
or toxic effects on benthic populations, and some toxins can be passed on to higher trophic levels 
through food chains. Infonnation on the composition and distribution of invertebrate assem
blages is needed to identify important feeding habitats for higher trophic levels and to classify the 
categories of benthic habitat that could be at risk from offshore development activities. Inverte
brate surveys recommended for specific subsystems or habitats are discussed in Objeclive A-2. 

(1) From existing data, lest the hypothesis that benthic invertebrate populations are organized 
into assemblages that reflect preferences/or specific classes of physical habitat. Map 
distributions of key species and assemblages. 

There has been little research on benthic invertebrate communilies of the Washington 
and Oregon eonlinental shelf since the 1960s. Existing data should be compiled into a single 
database for the Washington and Oregon region. New data also may be available from recent 
surveys of dredge spoil disposal sites near the mouths of a number of estuaries. Existing data 
should be analyred to provide an overview of the distribution of benthic invertebrates and the 
organization of species assemblages. Results of these analyses should be used to (I) develop a 
classification system for benthic habitais and communities on the continental shelf and slope and 
(2) identify any addiuonal research needs. 

Task A-1.f. Monitor distribution, abundance, population status, and food habits for key species of 
Marine Mammals: marine mammals along the Washington and Oregon coast. 

Potential effects of offshore development activities on marine mammals include acute 
or sub lethal effects of hydrocarbons or other contaminants; changes in the quality or availability 
of food from contamination or alteration of habitat; and disturbance of feeding, migratory, and 
reproductive behavior from the cumulative effects of noise and activity associated with offshore 
development The legal status afforded under the Marine Mammal Protection Act and the Endan
gered Species Act will require special consideration be given to mammal populations to avoid 
adverse effects during offshore development activities. The following research is needed for 
mammal populations off Washington and Oregon: 

( l) Describe distribution, abundance, population status, and food habits of sea ollers (Enhydra 
lutris) off the Washington coast. 
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Sea otter populations off the Washington coast can be surveyed from shore to a distance 
of 1 mile (1.6 km) offshore. From Cape Aattery to Destruction Island, Washington, aircraft 
observations will be necessary to determine offshore feeding areas out to approximately the 20 
fathom (36.6 m) contour [see also Activity A-2.c.(2)]. 

(2) Describe food habits.food requirements, and feeding habitats-particularly nursing females 
during reproductive period!r--/or northern sea lions (Eumetopias jubatus) at Rogue and 
Orford Reefs on the southern Oregon coast. 

Significant declines in northern sea lion populations in Alaska and California have 
caused concern about the stability of the reproductive stock at Rogue and Orford reefs on the 
southern Oregon coast. Prior to placer mining, information will be needed about habitat use by 
northern sea lions in this region [see also Activity B-1.b.(2)]. 

(3) Describe distribution , abundance, and population trends of common nearshore and offshore 
marine mammals. 

Task A-1.g. 
Coastal and 

Marine Birds: 

Liuie information exists about the predevelopment population status or disrribution of 
many marine mammals that occur off Washington and Oregon. During the prelease phase of oil 
and gas development, coastwide surveys will be needed to document the distribution and 
abundances of offshore mammals (e.g., northern elephant seals Mirounga angustirostris, north
ern fur seals Callorhinus ursinus, baleen whales, and other cetaceans). Similar surveys and 
population status of common nearshore mammals (Pacific harbor seals P hoc a vitulina, California 
sea lions 'lalophus californianus, northern sea lions, harbor porpoises Phocoena phocoena) are 
also needed [see also Activity B-1.b.(l)]. 

Monitor distribution and population status or key species and assemblages_or coastal and 
marine birds olT Washington and Oregon. 

Potential effects of offshore development activities on bird populations include disrup
tion of breeding activity from vessel and aircraft traffic orother noise and activity, direct mortality 
or sublethal effects from oil spills, or indirect effects from loss of food or habitat Predevelopment 
data are needed to define existing distribution patterns, habitat use, or population status for several 
groups of marine and coastal birds. Specific data are also needed for populations of species listed 
as threatened or endangered. We recommend the following surveys to fill data gaps for coastal 
and marine birds in the Washington and Oregon planning area: 

(1) Determine at-sea distribution of local breeding species and seasonal and pelagic species of 
marine birds in the off-breeding season, particularly in the area 3 to 6 miles (4.8 to 9.7 km) 
offshore. A minimum of 3 or 4 years of survey data may be necessary to provide a reasonable 
indication of natural variation in distribution patterns. 

(2) Analyze existing data on location and sizes of seabird breeding colonies and the feeding habitats 
for these birds during nesting and fledgling periods. 

(3) Determine distribution, abundance , and habitat use by endangered brown pelicans (Pelacanus 
oceidentalis). 

(4) Survey abundance and population status of black brant (Branta bemicla) off Washington and 
Oregon. Monitor onshore and offshore movement and use of eelgrass beds/or feeding. 

(5) Survey abundance and population status of endangered Aleution Canada geese (Branta canad
ensis leucopareia). Determine use of offshore islands for roosting and feeding. 
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Objective A-2. 
Habitats and 
Subsystems: 

Describe community structure and trophic relationships within selected marine and 
estuarine habitats or ecological subsystems. 
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Fig. 4a. Research tasks in the Biological Assessment Program Objective A-2. 

Task A-2.a. Desuibe the composition, distribution,and abundance offish and invertebrate assemblages 
Estuaries: and classify and map habitat types in Washington and Oregon estuaries. 

Estuaries are among the most productive coastal ecosystems. They are also highly 
vulnerable to oil pollution effects or habitat modifications that could result from dredging and 
filling for pipelines or various facilities needed to support offshore operations. Research needed 
to assess oil spill movements in estuaries is described in Activity B-2.d.(2). Research on the 
chronic effects of hydrocarbon pollution in estuaries is discussed in Task B-2.g. 

The quality and quantity of biological research has varied considerably among estuaries 
in the Pacific Northwest. The larger estuaries in the region (e.g., Grays Harbor, Puget Sound, 
Columbia River, Yaquina Bay, Coos Bay) are more likely to experience the effects of onshore 
suppon facilties, pipelines, or increased vessel traffic. However, accidental oil spills offshore 
could enter any estuary in Washington or Oregon. As a first step, we recommend the following 
assessments be made: 

(1) Update existing habitat maps for Oregon estuaries, and classify and map estuarine habitats in 
Washington. 

Intertidal and subtidal habitats in Oregon estuaries were mapped in 1979 based on aerial 
photos and field surveys (Bottom et al. 1979). These maps were recently digitized to provide 
information on the distribution and acreages of each habitat type (Oregon Department of Land 
Conservation and Development 1987). However, habitat distribution in estuaries may have 

- - changed substantially in the decade that has passed since these maps were produced. New sur
veys should be conducted for Oregon estuaries to update previous maps and to describe significant 
changes in habitat distribution or extent Total areas of intertidal and subtidal habitats in each 
Oregon estuary should be calculated and compared with previous estimates. Similar habitat maps 
should be prepared and digitized for Washington estuaries. 

(2) From existing survey data, classify estuaries according to the composition and structure of their 
fish communities. Define the physical factors that may influence community structure in each 
class of estuary and the implications for habitat management. 
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Task A-2.b. 
Rocky Intertidal 

Habitats: 

(1) 

Task A-2.c. 
Nearshore 

Hard Bottoms
Kelp Beds: 

Fish communities have been studied in many estuaries in Washinglon and Oregon, but 
most surveys have not been published. Results of surveys should be further analysed and 
compared to develop hypotheses about the faclors that control the structure of estuarine fish 
assemblages in the Pacific Northwest. Such a comparison would be consistent with the large scale 
of information needed to make decisions during the early pre lease phase ofoffshore development 

The sampling methods used to survey fish communities in Washinglon and Oregon 
have varied among estuaries and prevent quantitative analysis. However, it should be possible 
to classify estuaries according to their fish communities, relative abundances, and habitats. 
Physical factors that may affect community structure in different classes of estuaries should be 
evaluated. Important factors may include river discharge and salinity distribution, tidal prism.and 
the areal extent and composition of habitat types within each estuary [see Activity A-2.a.(1) 
above]. Key fish species and, to the extent possible, important food chain relationships in each 
class of estuary should be described. 

Describe and classify rocky intertidal habitats and associated communities along the 
Washington and Oregon coast. 

Rocky intertidal habitats support extremely rich and diverse plant and invertebrate 
communities important for ecological research and valued for their productivity and recreational, 
educational, and aesthetic benefits. Rocky intertidal areas are also highly visible and vulnerable 
to oil spills that move onshore. Although oil on exposed rocky shores may be quickly cleansed, 
diverse rocky communities are often dominated by long-lived and slowly recruiting species and 
may suffer long-term damage (Detheir 1988). Selected rocky intertidal areas have been the 
subject of intensive research in community ecology (Paine 1974; Paine and Levin 1981), but basic 
inventory infonnation has been lacking to describe and categorize rocky intertidal habitats and 
communities that exist along most of the Washington and Oregon coast Such infonnation will 
be needed lo evaluate the ecological risks of oil spills or other disturbance lo intertidal 
communities coastwide or lo apply results of intensive research and monitoring to similar types 
of habitats in other areas. We recommend the following research activity: 

Describe composition and relative abundance of plant and invertebrate species, and classify 
rocky intertidal habitats in Washington and Oregon according to their dominant physicalfeatures 
and community structure. Describe long-term trends in community structure for representative 
geographic locations and habitat types. 

Dethier (1988) recently classified habitats and established sites for continued monitor
ing in the Pacific Coastal Area of the Olympic National Park. The lremendous diversily,pristine 
character, and extent of rocky intertidal habitats in the park indicates this should be a high priority 
location for future research and monitoring. Long-tenn moniloring should continue al study sites 
established in the park (Dethier 1988). Comparable inventories should be conducted at 
representative locations in Washington and Oregon to develop a coast wide classification of rocky 
intertidal habitats and lo establish representative monitoring sites. Long-tenn trends in commu
nity structure and the relative vulnerability ofrepresentative habitats to offshore development and 
disturbance should be described. 

Map the d~ tribution and extent of neJtrshore rocky reef-kelp bed ecosystems and 
describe species composition, abundance, distribution, and trophic relationships among 
mamma~. fishes, and invertebrates. 

Kelp beds are known to be highly productive ecosystems that support diverse assem
blages of mammal, fish, and invertebrate species. Disturbance of kelp beds, whether through 
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natural causes, oil spills, or other factors can alter community structure for long periods of time. 
An inventory is needed of the biological resources associated with these areas to understand 
potential risks associated with offshore development We recommend the following research 
activities: 

( J) Inventory and map beds of Macrocystis integrifolia and Nereocystis luetk:eana off Washington 
and Oregon. 

Kelp bed habitats along the entire Oregon coast have not been inventoried since the early 
1950's when Waldron (1955) surveyed bull kelp (N. luetlceana) distribution, concentration, and 
commercial potential. Little research has occurred off Washington, although kelp beds are known 
to provide critical habitat for sea otters. Macrocystis pyrifera communities off California have 
been widely studied but these results are not transferable trJN. luetkeana, M. integrif olia, and other 
kelp species and associated communities that occur in the Pacific Northwest We recommend 
aircraft or satellite photrJS be used trJ map the distribution and extent of nearshore rocky reefs and 
kelp bed habitats off Washington and Oregon. SCUBA surveys will be needed to verify results 
of aerial inventories and to provide distribution information for various understory kelps (e.g., 
LaminaritJ spp.). 

(2) Survey benthic and pelagic communities at representative sites to describe community 
composition and assess food availability for sea otters and fish assemblages. 

Food resources in rocky reef-kelp bed habitats need to be assessed to evaluate their 
importance to existing and potential sea otter populations. These surveys will also be useful to 
evaluate their importance as food producing habitats for assemblages of juvenile and adult 
demersal fishes. We recommend benthic surveys in areas off Washington that are used by sea 
otters. Representative sites should also be selected off southern Oregon, since this region may 
experience oil and gas development and mineral mining and has also been identified by the U.S. 
Fish and Wildlife Service as a potential translocation site for sea otters (see also Task A-1.e.) 

(3) Conduct SCUBA surveys to describe population abundance, life history, and species composi-· 
tion of fishes using nearshore rocky reef-kelp bed habitats. 

TaskA-2.d. 
Nearshore 

Soft Bottoms: 
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We have already described the need for obtaining infonnation on the distribution of 
juvenile rockfish and have suggested SCUBA surveys for shallow nearshore habitats to describe 
distribution, abundance, and food habits [see Activity A-1.c.(4)]. This research activity therefore 
applies to both a population and habitat objective. 

Describe compfi'lition, distribution, and abundance of fish and invertebrate a~mblages 
associated with soft bottom habitats near shore and on the inner continental shelf 
(depths <100 m). 

The shallow-water, unconsolidated habitats of the inner continental shelf ( <100 m) along 
the Washington and Oregon coast could experience the direct effects of commercial mining or of 
oil spills. Information is inadequate to describe critical habitats for commercial species to select 
low-risk sites for dredging placer minerals or sand and gravel. In particular, there is very little 
published information available about soft bottom habitats and communities within a few 
kilometers of shore. Along the central Oregon coast, nearshore habitats are important nursery 
areas for juvenile flatfish (Laroche and Holton 1979). Popular recreational dipnet fisheries are 
dependent on local populations of surf smelt (Hypomesus pretiosus) that concentrate to spawn on 
certain Washington (e.g., near Kalaloch) and Oregon (e.g., Yachats) beaches. Shallow subtidal 
razor clam (Siliqua patula) populations may provide important "seed stock" for the replenishment 
of intertidal populations on clamming beaches off Washington and Oregon. Surveys will be 



needed prior to development to insure that important nearshore and intertidal soft bottom habitats 
for fish and invertebrate production are adequately protected. 

The following recommendations concern the southern Oregon coastal region (south of 
Cape Blanco) where there is considerable interest in the potential for mining placer minerals. 
Similar types of inventories would likely apply to other regions off Washington and Oregon if 
additional mining or drilling locations are identified. 

( 1) Describe the distribution and composition of benthic invertebrate assemblages within the 
100 m contour between Cape Blanco and the Rogue River, Oregon. 

Nearshore surveys of benthic invertebrate communities should be conducted concur
rent.ly with exploration surveys for placer minerals so that this information will be available when 
it is needed to review plans for offshore mining. An areawide prelease survey would also provide 
data needed to detenninesample sizes and select control and experimental stations for quantitative 
baseline surveys [see Activity B-3.c.(I)]. 

(2) Describe the distribution, composition, and feeding habitats of demersalfishes and the distribu
tion, habitat use, and life history of Dungeness crab within the JOO m contour between Cape 
Blanco and the Rogue River. Test the hypothesis that demersal fishes are organized into 
assemblages that coincide with the distribution of benthic invertebrates and preferred feeding 
habitats. 

Task A-2.e. 
Nearshore 

Pelagic Z.One: 

The importance of nearshore demersal habitats as nurseries and feeding areas for 
commercial groundfish species should be evaluated. Trawl surveys should be designed to provide 
infonnation on the abundance and nearshore habitat use of juvenile and adult groundfish as well 
as Dungeness crab and other large, mobile invertebrates. Composition of stomach contents of 
fishes should be compared with the distribution of benthic invertebrates [Activity A-2.d.(l) 
above) to identify important feeding habitats. Sensitive habitats and periods of migration and re• 
production for key demersal fish and invertebrate species should be identified. 

Describe com posi lion, distribution, and abundance of pelagic r1Sh assemblages in near shore 
and neritic habitats on the inner continental shelf. 

Similar to demersal habitats (f ask A-2.d), the neritic and nearshore pelagic zone within 
a few kilometers of shore has not been widely studied in the Pacific Northwest These areas could 
be sensitive to nearshore disturbances caused by dredging for placer minerals, oil spills, spoil 
disposal, coastal pollution, etc. The shallow depth of these habitats, their importance as a 
migration corridor, their proximity to productive estuaries used by many marine and anadromous 
fishes, and their possible role as nurseries for larval and juvenile fishes suggest there is a need to 
survey nearshore pelagic habitats. As a first step, we recommend the following research: 

(1) Describe abundance. distribution, and feeding habitats of pelagic fishes within the 100 m contour 
between Cape Blanco and the Rogue River. Describe the abundance and movements of juvenile 
salmonids as they leave small coastal estuaries and migrate through the narrow coastal corridor. 

The importance of nearshore pelagic habitats to commercial fish species and assem
blages should be studied along the southern Oregon coast General patterns of abundance and the 
composition and distribution of pelagic fish assemblages should be described. Habitats used for 
reproduction, feeding, or juvenile rearing should be identified. Recommendations should be 
made to insure the timing or location of future dredging activities will avoid critical areas and 
periods of migration and reproduction for key pelagic species. 
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Task A-2.f. 
Offshore 

Rocky Reefs: 

An important concern of this research is a detailed description of migration routes and 
preferred coastal habitats of juvenile salmonids from the time they leave many small estuaries on 
thesouthemOregoncoast(e.g.,RogueRiver,SixesRiver,ElkRiver). Year-classsuccessofcoho 
salmon is established within a few weeks after smolts leave freshwater (Fisher and Pearcy 1988) 
and could be related to food supply, predation, or other environmental factors in nearshore 
habitats. Research is needed to avoid any additional environmental stress caused by development 
activities that might reduce survival during the first critical days or weeks that salmon smolts 
occupy the narrow coastal corridor. Any further reduction of wild stocks of coho salmon or many 
southern Oregon stocks of chinook salmon are a special concern because their numbers have 
declined subsiantially in recent years, and commercial harvest is already severely restricted to 
protect esc.apement of wild fish. 

Surveys similar to this activity may become important in other coastal regions off 
Washington or Oregon if mineral or sand and gravel mining are proposed. Infonnation provided 
by this research will also apply to the study of natural processes that influence the survival of 
juvenile salmon [see Activity C-3.b.(1)]. Specific effects of noise and disturbance on salmon 
behavior and migrations are considered in Activity B-1.a.(2). A study to monitor the effects of 
commercial mining on the distribution of pelagic fishes is described in Activity B-3.d.(1). 

Describe compni;ition, abundance, and distribution of fish and invertebrate iwemblages 
a~iated with offshore rocky reef habitats. 

The importance of offshore reefs to adult groundfish is inferred from abundances in 
commercial trawl catches on or near the reefs. However, large portions of these rocky banks are 
very steep and inaccessible to trawl gear and have never been adequately surveyed. Preliminary 
submersible surveys in 1987 suggest that offshore rocky reefs may be important nursery areas for 
juvenile roclcfish and a major source of recruits to fishable populations surrounding the banks 
(unpublished cruise report, 2 September 1987 by William Pearcy, Oregon State University, 
School of Oceanography, Corvallis). Task A-1.c has already discussed the need for research on 
groundfish species off Washington and Oregon, and, in particular the lack of data to describe 
juvenile abundance or habitat requirements. 

Biological surveys in rocky reef habitats may be a particularly important area of future · 
research. Benthic invertebrate and fish communities associated with some rocky reef areas may 
be long-lived compared with soft-bottom communities and, therefore, may be slow to recover 
following a physical disturbance. In the I 9(i()s, exploratory drilling for oil and gas was conducted 
near rocky banks off the central Oregon coast. Small volumes of oil and gas were found in the 
vicinity of Heceta and Perpetua Banks. Sediment thicknesses suggest that rocky reefs off Oregon 
may be areas of continued interest for oil and gas exploration. The importance of offshore reefs 
to production of commercial groundfish species needs to be studied before the environmental 
risks of oil and gas development can be evaluated. 

Sensitive rocky bottom habitats have been the focus of considerable research in relation 
to oil and gas development on the Southeast Atlantic and Gulf coasts (Rezak et al. 1985). 
Descriptive studies on 30 or more fishing banks and reefs in the Gulf of Mexico led to a 
classification of the banks• communities that was translated directly into lease stipulations (letter 
dated December 17, 1986 from Thomas J. Bright, Texas A&M Sea Grant College Program, 
College Station, Texas). We recommend the following research activities for the rocky reef areas 
off the Washington and Oregon coast: 

(1) Classify and map physical habitat types represented among rocky reefs offWashington and 
Oregon (e.g., Heceta, Stonewall, Perpetua, and Coquille banks, Oregon; Cape Flattery Spit, 
Washington). 
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Submersible surveys off Heceta Banks have shown considerable habitat diversity within 
offshore rocky reefs that is reflected in the structure of invertebrate and fish communities 
(unpublished cruise report, 2 September 1987 by William Pearcy, Oregon State University, 
School of Oceanography, Corvallis). Remotely operated vehicles (ROY) or towed underwater 
camera systems should be used to conduct a broad survey of the major offshore reefs off 
Washington and Oregon. These surveys should be designed to identify and classify the diversity 
of habitat types and to select appropriate areas for detailed biological surveys. 

(2) Test the hypotheses that (l) offshore rocky reefs are a major source of recruits to commercial 
fisheries su"ounding these areas and (2)fish and invertebrate groups are organized into 
recognizable species assemblages that are associated with major classes of physical habitat 
represented among offshore rocky reefs. 

Previous research has shown that manned submersibles can be used to obtain quantita
tive data on benthic fishes and macroinvertebrat.es {unpublished cruise report, 2 Sept.ember 1987 
by William Pearcy, Oregon State University, School of Oceanography, Corvallis). The habitat 

· survey [Activity A-2.f.(l) above] will help to select appropriate study sites so that biological 
results from the submersible can be applied to similar classes of habitat over a broader region of 
the continental shelf. Observations should be made to determine the composition and abundances 
of fish and macroinvertebrat.es and to evaluate the influence of habitat type on community 
structure. We recommend that Heceta Banks be among the sit.es chosen for detailed biological 
assessment to complement previous fish surveys conducted in this region. 
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Figure 5. Research objectives and tasks in the Environmental Effects Program Element. 

Program Element B. Environmental Effects: 

32 Environmental Effects 

Evaluate the effects of offshore development activities on important biological populations 
and communities in order to (1) establish or modify operating procedures that will minimize 
environmental risks or consequences, or (2) mitigate for losses that are incurred as a result 
or these activities. 

The effects of oil, gas and minerals exploration and development may be expressed at 
one or many levels of biological systems: subcellular, organism, population, community, and 
ecosystem. Research will be necessary to evaluate the sensitivities of these levels of hierarchy 
to specific development activities or contaminants. Research on environmental effects may be 
ne.eded to design lease stipulations, modify ongoing operating procedures, or mitigate for adverse 
effects that occur during development. These studies could encompass a large variety of research 
approaches in order to better evaluate or measure the effects of exploration and production 
activities. 

Without knowing the specific development that will occur or the management criteria 
that will be applied to this region, the research needs we have defined in this program element 
(Figure 5) are necessarily general. We have recommended experimental studies to detennine 
biological sensitivities and to develop operating standards that will minimize environmental risks. 
These include research on environmental effects that have not been widely studied or cannot be 
applied directly to the Washington and Oregon region. We also have recommended predevelop
ment baseline and postdevelopment monitoring studies that may be needed if certain types of 
development activities are pennitted in the future. These studies will be important to evaluate the 
success of the management program, to alter operations if necessary, or to mitigate for a 
significant adverse outcome. We have suggested baseline and monitoring programs where the 
environmental effects,of development will be very uncertain (with or without the benefit of 
experimental studies) or the biological risk is high. 



Objective B-1. 
Noise and 

Disturbance: 

Task B-1.a. 
Marine Fishes: 

(1) 

A~~ the effects of noise and di<.turbance from oil and gas and minerals development 
activities on marine organisms, populations, and communities. 

Sound produced or perceived by marine organisms influence a variety of biological 
activities important to growth and survival. Among these are social and reproductive behavior, 
predatory or avoidance behavior, migration, and communication. Activities associated with 
offshore exploration and development may alter the quality of the sound environment in ways that 
could mask the reception of biologically important signals, cause avoidance reactions and disrupt 
nonnal feeding or reproductive behaviors, or cause direct injury or death (Myrberg 1978; 
Schwartz 1985; Pearson et al. 1987). 

Intense sound impulses are emitted underwater by geophysical survey devices (e.g., air 
guns, water guns, and electric sparlcer systems) used to explore for oil and gas or minerals. The 
risk of direct lethal effects to adult marine vertebrates and shellfish is probably minimal except 
for individuals located very near the sound source (e.g., Falk and Lawrence 1973; Pearson et al. 
1987). However, potential effects on established patterns of behavior, distribution, and migration 
or the resulting implications for reproduction and survival of marine organisms are poorly 

· understood. Sensitive larval and juvenile stages of marine invertebrates and fish may experience 
lethal as well as sublethal effects, but these have not been widely studied. Because there is con
siderable variation in the transmission and distortion of sound in different environments and in 
the hearing abilities and sensitivities of different species (Myrberg 1978; Schwartz 1985), it is 
difficult to apply the results of studies from one region to the conditions and species in another. 
We include in this objective, research tasks to evaluate the effects of geophysical acoustic surveys 
on selected fish and invertebrate species off Washington and Oregon. 

Among other potential sources of noise and disturbance to marine organisms are the 
vessels and aircraft that service offshore facilities and the diesel engi,nes, drilling rigs, dredges, 
or other equipment that operate at a development site. The effects of individual or cumulative 
sources of noise on animal behavior have not been adequately studied to understand the potential 
for disturbance of fish, mammal, and bird populations off Washington and Oregon; Information 
on the distribution, abundance, and reproductive behavior of many of these populations is 
inadequate to assess risks or to serve as a baseline for monitoring cumulative effects of increased 
noise and activity from offshore development. The sizes of buffer zones necessary to minimize 
disturbance of marine populations off Washington and Oregon are uncertain. Among the research 
activities listed below are studies of the effects of noise and disturbance from vessels, aircraft, or 
industrial sources on marine fishes, mammals, and birds. 
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Fig. 5a. Research tasks in the Environmental Effects Program Objective B-1 . 

Evaluate the effects of noise from oil and gas and minerals development activities on the 
behavior, growth, and survival of marine rlShes. 

Describe the ambient soU11d environment in selected underwater habitats off the Washing ton and 
Oregon coast and evaluate the behavioral response of key fish species to background sound. 
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The effects of ambient sound on the movements, choice of feeding or spawning areas, 
or other behavior of key fish species are poorly understood. Little research has been conducted 
to describe the sound environment throughout the range of depths and habitats a spe,eies normally 
encounters (Schwartz 1985). Baseline information for the ambient sound environment is needed 
to better understand the effects artificial sounds might have when superimposed on existing 
conditions. Behavioral responses of animals to ambient sound (or recordings of ambient sound) 
in selected habitats should be described for key pelagic and groundfish spe,eies. Such results will 
be useful to evaluate changes in behavior when artificial sound is added to ambient levels in a 
particular habitat or region [Activity B-1.a.(2) below]. 

(2) Assess the effects of artificial sound from geophysical acoustic devices, oil drilling ships and 
platforms, and lwpper dredges on behavior and mjgrations of juvenile and adult colw and 
chinoo/c salmon. 

Fish species vary greatly in their sensitivities and behavioral responses to different fre
quencies of sound. Most studies of fish behavior have evaluated simple synthesized sounds or 
noise from vessels and fishing gear. There is little information about the effects of noise from 
specific offshore development activities on the migration behavior of juvenile or adult coho or 
chinook salmon. Research is needed to evaluate potential avoidance reactions, thresholds for 
detection, and buffer distances necessary around critical habitats or migration routes to protect 
populations from a source of noise and disturbance. Initial studies should consider the response 
of juvenile and adult salmon to recorded or synthesized sounds of seismic gear, oil drilling 
equipment, and hopper dredges. Recommendations should be made regarding location and 
timing of offshore activities oroperational procedures needed to minimize potential conflicts with 
preferred habitats and migration routes. This research also applies to the effects of geophysical 
surveys on fishing success described in Task B-4.b. Activity A-2.e.(1) discusses related research 
on the nearshore habitats and migration routes for juvenile salmon off the southern Oregon coast. 

(3) Assess the effects of geophysical acoustic surveys on growth and development of fish and 
invertebrate larvae. 

Little published information is available on the effects of geophysical surveys on fish 
and invertebrate larvae. Research on northern anchovy (Engraulis mordax) larvae has been 
completed by the American Petroleum Institute, but results were unavailable to us at the time this 
plan was prepared. Among the research topics that may become important for the Washington 
and Oregon region are the effects of acoustic surveys on growth and development of larval and 
juvenile rockiishes and Dungeness crab. MMS and the California Department of Fish and Game 
have funded a study ofDungeness crab larvae which may influence the need or design for similar 
research in Washington and Oregon. 

Task B-1-b. Evaluate the effects of noise and disturbance from oil and gas and minerals development 
Marine Mammals: activities on the abundance, distribution, and behavior of marine mammals. 
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Marine mammals use sound as a means of communication and perception in the marine 
environment. The consequences of intense underwater sounds generated by seismic survey 
equipment and other loud industrial noises may influence the distance over which mammals can 
communicate, cause behavioral changes, or injure hearing organs. Research in Alaska, for 
example, has documented changes in the distribution and migration ofbowhead whales (Balaena 
mysticetus) away from areas that experience intense noise and activity {Ljungblad et al. 1985). 

The research activities listed in this task concern the effects of cumulative sow-ces of 
disturbance during offshore development. As exploration plans are better understood, the effects 
of seismic survey devices on marine mammal species may warrant specific research considera
tion. For example, industry may become interested in studying effects on northern sea lion 



populations off southern Oregon. Administrative rules have been adopted that would restrict 
geophysical surveys for oil and gas within 2 miles (3.2 km) of a zone surrounding Orford and 
Rogue Reefs (southern Oregon coast) if northern sea lions are sighted in this region. These 
restrictions are a precaution to protect the reproductive population of nonhem sea lions off Oregon 
[see also Activity A-1.f.(2)]. Language in the rules will allow the ban on testing in this region to 
be lifted if research indicates acoustic surveys have no significant impact on the sea lions. 

(1) Describe predevelopment movements of migratory gray whales by slwre-based census and 
offslwre aerial transect. Describe distribution and feeding habitats for "resident" gray whales 
before and during industrial activities. 

A number of studies show that industrial noises may affect whale populations. For 
example, research has documented changes in gray whale respiration rate, direction of travel, and 
migratory movement in response to underwater noises from drill ships (Malrne et al. 1983). The 
data show that gray whales respond differently to various sources of noise which may reflect 
different behaviors or geographic areas. Therefore, it is questionable whether these and other 

· results necessarily apply to gray whales off Washington and Oregon. 

Gray whales move through Washington and Oregon coastal waters during fall-winter 
and winter-spring migrations, and a small population is resident throughout the year. Better 
infonnation is needed on gray whale movements and feeding habitats prior to significant increases 
in noise and activity off the Washington and Oregon coast, so that critical areas can be defined 
and potential changes in behavior can be monitored. Benthic sampling should be conducted in 
potential feeding areas to improve our understanding of preferred feeding habitats. At the time 
this plan was drafted, a 3-year study of California gray whales was in progress to examine the 
effects of offshore development on migratory patterns. The need for additional experimental 
studies on disturbance effects and appropriate buffer zones around preferred habitats or migration 
routes should be reassessed following the results of the California research. 

(2) Monitor abundance, use of rookeries.pup production, and survival of northern sea lions to insure 
the effects of cumulative sources of industrial noise and activity do not threaten the reproductive 
population in. Oregon. Recommend guidelines to minimize disturbance of sea lions by vessels and 
aircraft. 

Task B-1.c. 
Coastal and 

Marine Birds: 

The importance of the Oregon breeding population of northern sea lions is cause for 
concern about the cumulative effects of increased traffic from vessels and aircraft as well as 
potential habitat alterations during placer mineral and oil and gas exploration and development 
along the southern Oregon coast. Concurrent with surveys of feeding areas [see Task A-1.f.(2)], 
baseline information should be collected on the predeveloment population status, reproductive 
rates, and pup survival at Rogue and Orford reefs. An ongoing monitoring program to assess the 
health and status of the Oregon population should be established. 

In addition to this baseline information, the effects of disturbance on haul-out behavior 
should be specifically evaluated. Observations of mammal behavior in relation to disturbance 
events could be monitored or the effects of specific types of disturbance could be tested experi
mentally. The latter approach would allow greater control to establish causal relationships and 
quantify safe distances for vessels or other sources of disturbance. 

Evaluate the effects of noise and disturbance from oil and gas and minerals development 
activities on coastal and marine birds. 

Little is known about the potential effects of disturbance from offshore development 
activities on nearshore colonies of marine birds. Research in Alaska has shown that migratory 
waterfowl are disturbed by helicopter traffic associated with exploration activity on the continen-

Environmentel Effects 35 



tal shelf (Ward et al. 1987). In this instance, results caused concern that disturbance might reduce 
foraging efficiency and feeding times for black brant, for example. We recommend the following 
research for the Washington-Oregon region: 

( 1) Evaluate the effects of disturbance events by vessels and aircraft on roosting and nesting birds, 
and, as needed, establish appropriate resrtictions or buffer zones to minimize disturbance. 

The risks of disturbance to colonies of marine birds off Washington and Oregon are not 
understood. Concerns include abandonment of preferred feeding and resting habitats or 
disturbance from nests for sufficient periods of time to leave eggs vulnerable to predators. We 
recommend research be conducted to deterrn ine the effects of vessels and aircraft on roosting and 
nesting birds. As discussed for mammals, an observational or experimental approach could be 
chosen. However, only an experimental approach would allow control over the types and 
distances of diswrbance that are studied. 

Objective B-2. Asse~ the effects or contaminant discharges on organisms, populations, and communities. 
Contaminants: 
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Fig. Sb. Research tasks in the Environmental Effects Program Objective B-2. 

A tremendous volume of literawre is devoted to the pollution effects of both drilling 
discharges and hydrocarbons associated with oil and gas exploration and development. Much of 
the early research focused on acute toxicity bioassays for various contaminants on numerous taxa 
of marine organisms. These data have been most useful to screen relative toxicities of 
contaminants and sensitivities of certain taxa or life history stages of organisms. Considerably 
less is known about the sublethal responses of marine organisms to these pollutants, and still less 
is known about the effects of these responses on populations, communities, and ecosystems. 

Additional research on acute toxicities of drilling discharges or hydrocarbons is unlikely 
to provide much new insight about managing contaminants in the ocean off Washington and 
Oregon. (An exception to this rule may be the screening of new chemicals such as additives to 
drilling discharges or oil dispersants that have not been previously tested.) A major conclusion 
of a National Research Council (1983) review of the effects of drilling discharges probably applies 
equally well to research on many other contaminants in the marine environment: 

Our understanding of this narrow problem may be advanced most rapidly 
by conducting research on the broader topics of the accumulation and 
transfer of materials in the marine environment. 

Research in this region should emphasize the processes that control dispersion of con
taminants and determine the specific habitats or regions at risk from discharge at a particular 
location and time of year. For the habitats or ecosystems at risk, research will be needed to 
understand the uptake and transfer of contaminants through food chains and the potential for 
biomagnification effects. Baseline and monitoring programs may be warranted for selected 
habitats and communities where the potential long-term effects of drilling discharges or 
hydrocarbons are poorly understood. 



Drilling 
Discharges 

Additives to drilling fluids such as diesel fuel or certain biocides can be toxic to marine organisms. 
The effects of drilling discharges in the marine environment are thought to be confined to the 
benthos. However, since little is known about their transfer through food chains, the effects on 
demersal fish species that feed on benthic invertebrates, for example, is not clear. At most depths 
of continental shelves, fluids and cuttings disposed at a drill site are initially deposited within 
1,000 m of the point of discharge (National Research Council 1983). However, the fate of drilling 
discharges following dispersion from the site of initial accumulation is uncertain. In high-energy 
environments, materials are rapidly dispersed and have minimal affect on benthic communities. 
Effects increase in poorly flushed environments where materials can accumulate. The toxic 
effects of drilling discharges and the physical effects of burial or sediment change on benthic 
invertebrate communities are difficult to distinguish in lab or field studies. 

The pollution risk from drilling fluids and cuttings discharged into the marine environ
ment is probably minimal if operations avoid sensitive habitats. The areas most sensitive to 
drilling discharges off Washington and Oregon are likely to be (1) estuaries or other shallow, 
protected areas, and (2) hard substrate communities (such as nearshore or offshore rocky reefs) 
where sediments do not nonnally accumulate and recovery rates may be slow. Future research 
in Washington and Oregon on the subject of drilling discharges should focus on sensitive areas, 
production drilling operations (which have not been adequately studied), and the toxic effects of 
proposed additives that have not been previously evaluated. The following research is needed: 

Task B-2.a. Identify geographic areas and habitats at risk from drilling discharges during oil and gas 
Areas at Risk: exploration or field development. 

(1) Evaluate potential location and extent of the plume and zone of deposition/or drilling discharges 
from proposed oil and gas drilling operations. 

Task B-2.b. 
Sensitive Habitats: 

InfCD1Tiation about near-bottom currents and sediment transport processes near proposed 
development sites will be needed to evaluate the potential location and extent of deposition and 
resuspension of drilling discharges during oil and gas exploration or field development. Pre
drilling investigations should assure the potential distribution and ace umulation of wastes will not 
threaten sensitive or important biological communities cir habitats. 

Evaluate effects of burial or contamination of hard substrate communities from drilling 
discharges during oil and gas exploration. 

Rocky reefs and other hard bottom habitats support productive biological communities 
that may be vulnerable to burial or contamination from drilling discharges. Benthic communities 
in hard substrate areas may be relatively long-lived and slow to recover from disturbance. The 
state of Oregon has recommended that certain rocky reef areas be deferred from leasing for oil and 
gas. Surveys to inventory nearshore kelp bed and offshore rocky reef communities are discussed 
in Tasks A-2.c and A-2.f, respectively. If proposals for exploration drilling involve sites near 
these or other hard substrate communities, we recommend the following research: 

(1) Evaluate potential sensitivity of hard substrate communities to drilling activities. 

Rocky habitats near proposed exploration areas should be inventoried to assure drilling 
sites are chosen that will avoid important or sensitive invertebrate or fish communities. Surveys 
should describe composition and abundance ofbenthic invertebrate and associated fish commu
nities. Factors to consider are toxicity of drilling wastes to local invertebrate taxa and potential 
periods of recovery following disturbance. Rates of dispersion at the sediment-water interface 
shouJd be estimated at and near areas of proposed drilling to predict whether drilling discharges 
are likely to accumulate within rocky habitats. 
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(2) 

Task B-2.c. 
Field 

Development: 

Evaluate the effects of drilling discharges on benthic invertebrate communities. Describe 
successional changes in the community and rates of recovery associated with deposition of wastes 
or assimilarion of toxins. 

If drilling for oil and gas occurs in or near hard substrate communities, a baseline study 
and long-term monitoring program at treatment and conttol stations should be established. 
Effects to consider in a long-tenn evaluation might include: 

• the accumu1ation of material and toxic wastes at various distances from the drill site, 
• rates of dispersion of material following initial deposition, 
• effects of discharge on community structure, 
• uptake of toxic wastes and sublethal responses among selected taxa, and 
• recovery of the community after drilling is suspended. 

Assess the long-term effects of drilling discharges during oil and gas field development on 
bentb.ic invertebrate and demersal rash communities. 

Most studies of the effects of drilling discharges have evaluated exploratory drilling 
operations. During development of an oil and gas field for commercial production, larger volumes 
of material are discharged from multiple wells drilled from a single platform. Little is known 
about the long-term effects of production drilling operations on benthic invertebrate and demersal 
fish communities. If production drilling occurs in the Pacific Northwest, we recommend the 
following research: 

(1) Conduct laboratory studies of bioaccumulation and the physiological effects of contaminants on 
selected indicator species of invertebrates found at the proposed drill site. Establish a baseline 
and rrwnitoring program at the site to describe chemical accumulation and long-term changes in 
the structure of benthic invertebrate communities (see also Task B-2.e.). 

Combined laboratory and field methods have been used successfully to evaluate an 
exploratory drilling operation in California that could be adapted to study effects of production 
drilling (interview January 24, 1987 with Dr. Kenneth Jenkins, Molecular Ecology Institute, 
University of California, Long Beach). In the California research, physiological processes that 
conttol sublethal effects of drilling discharges were studied for selected invertebrate species ( e.g. 
Jenkins and Brown, 1985). Laboratory results were then compared with information collected at 
the drill site on the chemical composition of accumulated wastes and changes in invertebrate com
munity structure. Advantages of this method are the ability to interpret the causes of observed 
changes in the natural community and to apply results to similar benthic communities in other 
localities. Among other topics for which we have little information and that may be appropriate 
for evaluation of production drilling activities are: 

• distribution and potential uptake of discharged materials following dispersion 
from the site of initial accumulation, 

• recovery rates of the benthos after drilling is suspended, and 
• uptake of contaminants and potential biomagnification effects on demersal fishes 

that feed on benthic invertebrates. 

Hydrocarbons The acute and sublelhal effects of hydrocarbons on marine taxa have been widely studied. 
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Laboratory research has shown that a very broad range of biological processes can be negatively 
affected by very low levels of hydrocarbon contamination (National Research Council 1985). 
Sensitivity and response to contamination vary widely by species and life history stage and the 
chemistry of specific hydrocarbons. Adequate information exists on the lethal toxicities of hydro
carbons to the key commercial species that occur off Washington and Oregon (Mal ins and Collier 
1981). Applying laboratory results to the natural ecosystem is the most difficult problem that will 
limit the understanding of pollution effects. Studies of the natural processes that control 
biological variability are needed to apply existing knowledge about oil pollution effects to the 
Washington and Oregon region (see Program Element C). Other research needs include: 



Task B-2.d. 
Areas at Risk: Identify geographic regions and habitats at risk from acute and chronic oil spills. 

A high priority should be given to the prediction of oil spill movements off the 
Washington and Oregon coast and in estuaries to define areas or habitats at risk:. The movement 
of spills into nearshore feeding areas, onshore, and within estuaries is a particular concern. Spill 
trajectories should be evaluated from representative locations on the continental shelf or slope, 
potential onshore receiving or transfer sites, and transport lanes to and from these locations. As 
a precursor to improved evaluation of the nearshore transport of oil. we recommend the following 
research: 

( 1) Review the adequacy of existing near shore circulation data and oil spill trajectory models to 
assess the risk of oil spills to coastal habitats. Recommend research as needed to improve future 
risk assessment. 

Most data on winds, waves, and currents for this region have been collected offshore on 
the middle or outer continental shelf and slope. Little infonnation exists about nearshore 
circulation processes that would influence the movement of oil spills onto shore and into estuaries. 
A technical review committee should be established among physical oceanographers familiar 
with the Washington and Oregon region to identify data needed to predict nearshore movement 
of oil. The committee should also review the assumptions of the Minerals Management Service 
oil spill model that will be used for environmental assessments in this region and recommend 
research that will be needed to make reasonable predictions of spill trajectories and risk: to coastal 
habitats. 

(2) Review atkquacy of existing data to predict the movements of contaminants within Washington 
and Oregon estuaries. Recommend research needed to improve future risk assessment. 

Physical data for estuaries should be reviewed to identify research needed to describe 
the potential movement, upstream extent, and flushing rates for contaminants. Larger estuaries 
such as Gray's Harbor, Columbia River Estuary, Yaquina Bay, and Coos Bay, where pipelines 
·may be constructed or oil may be transferred, should be a priority of this review. However, other 
smaller estuaries also may be important to consider, especially if spill trajectories indicate a high 
risk: of contamination along adjacent areas of coastline. 

( 3) Review the adequacy of existing oil spill contingency plans for coastal habitats and estuaries in 
Washington and Oregon. Update existing plans and prepare additional plans as needed. 

Task B-2.e. 
Marine Pelagic 
and Neustonic 
Communities: 

Oil spill contingency plans have been prepared for only a few of the larger estuaries in 
the Pacific Northwest Recent oil spills off Grays Harbor, Washington (1988) and in Prince 
William Sound, Alaska (1989) provide useful case studies to consider the adequacy of existing 
oil spill contingency plans and the need for additional plans for coastal and estuarine areas off 
Washington and Oregon. Analysis of oil spill trajectories and maps of estuarine habitat 
distribution [see Activity A-2.a.(l)] may be useful to identify in the plans specific actions needed . 
to protect high risk: or sensitive habitats. 

Assess the effects of oil pollution in pelagic and neustonic environments and, in particular, 
effects on commercial stocks of fish and shellfish. 

Effects of hydrocarbons in pelagic marine environments are thought to be relatively 
short tenn due to rapid dispersion, evaporation, and degradation at the surface and in the water 
column. However, the effects of oil pollution on pelagic organisms have not been widely studied 
so that the risks of chronic spills in open water are difficult to evaluate. Low water temperatures 
tend to slow degradation processes (National Research·Cpuncil 1985) and may increase the 
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duration of acute or chronic contamination in the cold-water environment off Washington and 
Oregon. At the same time, hydrocarbon metabolism and clearance rates in fish may be reduced 
at low temperature and thereby increase the biological risks of exposure to oil (National Research 
Council 1985). For these reasons, it may be important to evaluate the risks of chronic oil pollution 
in pelagic environmeJ!lS where development activity is focused. We recommend the following 
research: 

(1) Evaluate sublethal effects of petroleum hydrocarbons on key zooplankton and larval or juvenile 
fish species. 

The sensitivity of juvenile and larval stages of many taxa to a low level of hydrocarbon 
exposure causes particular concern about pollutioo effects on important stocks of fish and 
shellfish. Effects on larval behavior and feeding activity are often a first sign of contamination 
in many test organisms. Little is known about the potential effects oflow level contamination on 
species and assemblages of zooplankton and larval fish and the subsequent recruitment of 
commercially important species (National Research Council 1985). Toxic or sublethal effects of 
hydrocarbon contamination on the larvae of important groundfish and invertebrate species may 
be an important research topic for the Washington and Oregon region. Ultimately, a better 
understanding will be needed of the environmental factors that control zooplankton and larval fish 
production in order to interpretpollution effects in the field (see Task C-3.b). 

(2) Evaluate effects of petroleum hydrocarbons on the production and structure of marine neustonic 
communities. 

Among the most vulnerable organisms to oil spills are those that occupy the uppermost 
surface layers of the water column. Neustonic communities are directly affected by oil slicks that 
spread in a thin surface film over the water . . Dungeness crab megalopae are a major component 
of neustonic communities off Oregon (Shenker 1988). This and other invertebrates and larval fish 
that occur in the neuston are frequent prey items of juvenile salmonids (Brodeur et al. 1987). Little 
is known about the importance of neustonic communities to larval and juvenile fish production 
(see Task C-3.b). We recommend experimental studies be conducted to evaluate potential effects 
of oil contamination on production and structure of the neustonic community. The use of field 
enclosures (mesocosms) may provide a useful method for studying natural communities. Effects 
of petroleum contamination on key larval or juvenile fishes that prey on neustonic organisms 
should also be investigated. 

Task B-2.f. Assess the effects of chronic oil pollution in bentbic communities and habitats near offshore 
Marine Benthic oil and gas production platforms. 

Communities: 
Offshore production areas may experience hydrocarbon contamination from small spills 

or leaks from the wellhead, pipelines, or platform; discharges with ship ballast water; or releases 
of diesel fuel added to certain drilling fluids. The effects of chronic, low-level discharge of 
hydrocarbons in marine environments have received less attention than acute effects. We 
recommend the following research: 

(I) Establish a baseline and monitoring pro gram to describe potential petroleum contamination, and 
evaluate long-term changes in the structure of benthic invertebrate and demersal fish communi
ties near off shore oil and gas production platforms. 
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Baseline and monitoring programs should be conducted at offshore production sites to 
measure hydrocarbon concentrations in sediments and the water column and to investigate long
tenn responses by benthic communities. Such studies may also reflect the combined effects of 
other toxic wastes and the burial of benthic organisms that result from the discharge of drilling 



fluids and cuttings (see also Task B-2.c ). Demersal fishes in the vicinity of offshore development 
sites may be highly sensitive to oil pollution because they are closely associated with sediments 
that can become traps for spilled hydrocarbons. Experimental laboratory studies may be 
important to understand sublethal effects among key invertebrate and fish species and to interpret 
results of field surveys. 

Task B-2.g. Evaluate chronic hydrocarbon contamination and synergistic pollution effects in estuarine 
Estuaries: ecosystems. 

Nearshore and shoreline areas may receive disproportionately high concentrations of 
oil from acute or chronic spills. Because residence ti.me for pollutants in protected inshore waters 
may be long, embayments and estuaries are among the most vulnerable coastal areas to a variety 
of domestic and industrial pollutants. The single or synergistic effects of pollutants on estuarine 
communities and ecosystems are poorly understood. We recommend the following research: 

( I) · Evaluate the potential effects of chronic oil pollution on epibenthic invertebrate communities and 
associated estuarine food chains. 

Small spills from vessels, oil pipelines, storm sewers, and various support facilities on 
shore could increase the risk of frequent, low-level oil contamination in some estuaries. Chronic 
effects of oil contamination on epibenthic invertebrate communities and associated food chains 
have not been widely investigated. Eelgrass, saltmarsh, and tidal flat habitats are very sensitive 
to oil spills. The production of epibenthic crustaceans (particularly harpacticoid copepods and 
amphipods) within these habitats is critical to a large variety of fishes in the Pacific Northwest 
such as juvenile salmon and flatfish. Field enclosures ( mesocosms) may. be useful for experimen
tal studies of low level oil contamination on natural invertebrate assemblages. 

(2) Monitor chemical contaminants in selected estuarine boat basins and evaluate potential syner
gistic effects of chronic pollution on invertebrate communities. 

Task B-2.h. 
Coastal and 

Marine Birds: 

(]) 

Little is known about the cumulative or synergistic effects of oil with other industrial and 
domestic contaminants that occur in estuaries. Boat basins may afford an opportunity to examine 
potential cumulative effects between chronic low level hydrocarbon pollution and other contami
nants. Poorly flushed boat basins within Washington and Oregon estuaries experience chronic 
contamination from a variety of pollutants such as diesel oil, tributyl tin, and domestic wastes 
(Slotta and Noble 1977). Some basins may serve as an early warning of system-wide pollution 
effects that could occur as contaminant levels gradually increase in less restricted areas of an 
estuary. Studies of selected boat basins should evaluate contaminant levels in water and 
sediments, assimilation of contaminants by key benthic organisms, and potential effects on 
community structure. Preliminacy surveys of basins should be conducted to identify appropriate 
indicator species. Experimental laboratory or field enclosure studies may be necessary to directly 
test effects oflow levels of individual and multiple contaminants commonly found in boat basins. 

Monitor coastal bird populations as indicators or oil contamination in the marine environ
ment off Washington and Oregon. 

Maintain a long-term lrl{)nitoring program along beaches and (llrl{)ng local breeding colonies to 
estimate bird lrl{)rtalities and detect offshore spills. 

Marine birds are highly susceptible to oil. Beach surveys have been conducted for 
several years along a few sections of the Oregon coast to monitor bird mortality related to 
contamination, environmental conditions, or other factors . . A long-tenn beach monitoring 
program should be established to estimate bird mortality along representative sections of the 
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Washington and Oregon coast. These data would provide a low-cost method for monitoring the 
occurrence of offshore spills and the relative magnitude of impact on bird populations. Coopera
tive surveys could be organized between federal or state wildlife agencies and The National 
Audubon Society or other private organizations. 

As an addition to the beach sampling effort, local breeding populations of nearshore 
feeding birds (e.g., shorebirds, snowy plover Charadrius alexandrinus, marbled murrelet 
Brachyramphus marmoratus, pigeon guillemot Cepphus columba, common murre Uria aalge, 
black oystercatcher Haematopus bachma,u) should also be monitored for potential pollution 
effects. These species will be among the first to indicate any severe problems associated with the 
loss of food resources or habitat due to oil contamination or other effects. 

(2) Analyze gut samples of seabirds as a potential monitoring tool for petroleum pollution off 
Washington and Oregon. 

Objective B-3. 
Dredging 

and Habitat 
Alteration: 

4 2 Environmental Effects 

Some seabirds may provide an indirect method for monitoring levels of hydrocarbon 
contamination in the marine waters off Washington and Oregon. Certain seabird taxa (Procellar
iiformes) ingestsublethal doses of oil that can be measured in gut samples collected from live birds 
(Boersma 1986). Chemical analysis of gut contents may provide useful indicators of chronic, low 
level oil pollution at the swface of the ocean where the birds feed. Analysis of gut contents from 
different geographic regions could provide a valuable index of relative pollution levels for 
selected areas off the Washington and Oregon coast 

~ss the biological effects of sediment disturbance, removal, or disposal caused by 
dredging, placement of structures, or other activities associated with oil and gas or minerals 
development. 
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Oil and gas or mineral development will disturb the ocean floor and directly remove or 
alter associated biological communities. For example, oil and gas operations may disturb 
sediments during placement of platfonns, anchors, pipelines, or other structures; create new 
habitat provided by these structures; and alter sediment characteristics by depositing drilling 
fluids and cuttings near the drill site (see also Task B-2.a, B-2. b, and B-2.c ). Biological surveys 
necessary to select appropriate pipeline corridors, to locate development platforms, or to monitor 
recovery of the benthos following disturbance may vary for each development proposal. These 
research activities could be added to this objective as specific development plans for oil and gas 
are identified. 

Offshore dredging for placer minerals will also remove benthic habitat and organisms 



Task B-3.a. 
Topography 

and Sediments: 

(1) 

and alt.er sediment characteristics and bottom topography. Sediments will be screened during 
mining operations, and waste material will be discharged at sea. The discharge of fine panicles 
will create a plume of suspended material and a downcurrent rone of sediment redeposition. 
Changes in suspended sediment loads and water quality, bottom topography, and sediment 
characteristics will directly alter benthic and pelagic habitats and associated plant and animal 
communities. The significance of these effects will be determined in large part by the scale of the 
mining operation and the specific environmental conditions and biological communities at or near 
the mining site. 

There is considerable published infonnation on the environmental effects of short-term 
dredging operations, particularly channel maintenance dredging in harbors and estuarine waters. 
However, the test of a continuous, marine dredging operation at a fixed location has not been 
conducted in the United States (OTA 1987), and the specific environmental effects off Washing
ton and Oregon are to a large degree uncertain. In this objective we have listed a sequential series 
of research activities to assist with decisions before and during mining operations. These 
activities include: {I) Prelease investigations to evaluate a mining proposal, assist with siting 
decisions, and, establish operating standards; (2) Baseline studies to quantify environmental and 

· biologicaJ conditions prior to dredging at a chosen site, and (3) Post-lease studies to measure the 
effects of dredging (relative to baseline conditions) and monitor the effectiveness of lease 
stipulations. Effects on sediments and topography, water quality and primary productivity, and 
fish and invertebrate communities are considered in this objective. Biological studies specific to 

the effects of noise and disturbance during offshore mining are included in Objective B-1. 

A~ss geographic areas and habitats at risk and the potential effects of mineral dredging 
on topography, sediment characteristics, and sediment transport. 

Evaluate potential distribution of the sediment plume and the zone of redeposition of sediments 
during proposed placer mining operations. Describe potential changes in local sediment char
acteristics and identify habitats at riskfrom dredging. 

The selection of dredging sites for marine minerals will require infonnation about the 
specific geographic area and habitats that will be at risk. A sediment transport model should be 
develope,d to predict the direction of movement and the location and extent of the sediment plume 
and zone of redeposition. This will require, for example, site-specific information on cunent 
directions and velocities and the amounts and physical characteristics of sediments (e.g, particle 
siz.e, settling velocities) that will be disturbed and discharged by the dredge. Habitats and 
communities within the predicted path of dredging and rone of redeposition should be identified. 
Potential effects on sediment characteristics of these habitats and the implications for biological 
recovery aft.er dredging should be described. 

(2) Investigate potential effects of placer mining operations on bottom topography, longshore 
sediment transport, and shoreline accretion or erosion. 

Mining activities in shaJlow waters may cause significant topographic changes near 
shore. Large dredge holes may render areas inaccessible to trawl gear used by commercial 
fishermen or create conditions unsuitable for the reestablishment of healthy benthic communties. 
Topographic changes may aJso alter wave patterns and sediment transport processes which may 
cause erosion of beaches and damage to property. The potential for coastal erosion or changes 
in shoreline configuration that may result from mineral mining should be assessed before mining 
permits are issued. Sources of sediment to local beaches should be identified and the effects of 
altered topography on longshore transport should be modelled prior to dredging. 

(3) Determine the effects of dredging and resedimentation on sediment characteristics, bottom 
topography, and shoreline accretion or erosion. 
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Task B-3.b. 
Water Quality 

and Primary 
Productivity: 

(1) 

When a mineral lease is granted, physical changes in nearshore habitat and shoreline 
conditions should be measured to evaluate the accuracy of prelease predictions [Activities B-
3.a.(l) and B-3.a.(2)] and to insure lease stipulations are sufficient to avoid undesirable effects. 
Measurements may include the location and extent of sediment redeposition, the rate of 
redeposition in dredged areas, changes in sediment characteristics and bottom profile, and effects 
on beach replenishment. 

Evaluate the effects of sediment disturbance and discharge during mineral mining on water 
quality and phytoplankton productivity. 

Describe sediment chemistry at the proposed mining site and evaluate the potential for release 
of nUJrients, heavy metals, or toxins into the water column. 

Most studies of heavy metals and toxins released into the water column during dredging 
have examined polluted harbors and estuaries. During mineral mining in a high-energy coastal 
environment, the potential for contaminated sediments releasing substantial quantities of toxins 
into the water column will likely be minimal. However, the structure and productivity of marine 
plankton cornmunties are highly sensitive to very small concentrations of dissolved metals, for 
example ( e.g., iron, manganese, copper, zinc, cadmium) (OTA 1987). Concurrent with other on
site, prelease investigations [Activities B-3.a( I) and B-3 .a.(2) above], changes in water chemis
try from a continuous dredging operation should be evaluated. Laboratory bioassaysof the effects 
of predicted chemical change on plankton community structure and productivity may be 
warranted, if sediment analyses suggest measureable quantities of nutrients, metals, or toxins 
would be released [see Activity B-3.b.(3) below]. 

(2) Measure effects of mineral mining on turbidity and water chemistry. 

When a minerals lease is granted, a sampling program should be established to evaluate 
effects of dredging on water quality. Baseline surveys will be required to determine background 
water quality levels prior to dredging. During dredging, a sampling program should measure the 
seasonal location and extent of the plume relative toprelease predictions [see Activity B-3.a.(l)]. 
Water quality conditions should be compared with baseline levels at sites within and outside the 
dredging plume. Results of prelease investigations of sediment chemistry [Activity B-3.b.(1) 
above] may affect selection of appropriate indicators of water quality effects. These may include, 
for example, turbidity, nutrient, and heavy metal concentrations. 

( 3) Evaluate effects of mineral mining on chlorophyll concentration and primary production in the 
water column. 

44 Environmental Effects 

Rapid dispersion in open coastal waters should minimize turbidities at an offshore 
dredge and disposal site. However, the biological effects of a chronic turbidity plume that is 
continuously renewed during a commercial mining operation have not been evaluated and are 
poorly understood. Effects could be significant to local food chains, for example, if plankton 
production is suppressed after the spring transition period when coastal upwelling is strong and 
larval and juvenile fish are abundant. In conjunction with water quality studies [Activity B-3. b.(2) 
above], research may be warranted to evaluate effects of reduced light levels or changes in water 
chemistry on phytoplankton standing crop (chlorophyll concentration) and productivity. The 
need for this research should be evaluated according to prelease predictions of turbidity [see 
Activity B-3.a.(l)] and water quality effects [Activity B-3.b.(l) above] or limited tests of an 
offshore dredging operation. 



Task B-3.c. 
Marine Benthic 

Invertebrate 
Communities: 

(1) 

TaskB-3.d. 

Evaluate the effects of placer mining operations on benthic invertebrate communities. 

Measure the effects of mineral mining on invertebrate communiry structure and describe 
successional changes and rates of recovery for the commwuty at dredged and disposal sites. 

Effects of dredging on benthic community structure and rates of recovery will be 
determined in part by the magnitude of change in sediment characteristics. Communities are more 
likely to approach predredging conditions following a recovery period if sediment characteristics 
are not dramatically altered by mining. However, even when sediments remain similar, the struc
ture of invertebrate communities may differ substantially between pre- and postmining periods. 
If a minerals lease iscgranted, baseline and postdevelopment surveys will be needed to evaluate 
the long-tenn effects of offshore mining on benthic habitats and communities. 

Preliminary surveys to describe invertebrate assemblages (see Ta.5k A-1.e) and to 
identify sensitive nearshore habitats (see Ta.5k A-2.d) may provide preliminary data needed to 
design quantitative baseline studies. Experimental sampling stations should be selected at the 
proposed dredge site and along a gradient downcurrent from the site to describe effects of 
sediment redeposition on benthic invertebrate communities. Control stations should be estab
lished outside the zone of impact for pre- and postdredging evaluations. Locations for control and 
experimental sites may be determined in part by prelease predictions [see Activity B-3.a.(1)] of 
the area of redeposition near the proposed mining site. An adequate baseline to detect quantitative 
changes in invertebrate communities may require at lease two years of predredging data for both 
experimental and control stations (OTA 1987). 

Marine Fish Evaluate the effects of marine dredging activities on pelagic and demersal fish communities. 
Communities: 

(1) 

A large~scale and long-~ dredging operation near shore could represent a consistent 
source of disturbance and turbidity that coul<J interfere with behavior, migration, feeding, and 

. assimilation by marine organisms. Together with c~ges in benthic food sources, these results 
could have a negative effect on nearshore fish production. Experimental studies to understand the 
effects of noise and disturbance on (lsh, mammals, and birds are described in Objective B-1. We 
recommend the following research to evaluate the effects of a commercial mining operation on 
fish distribution, food habits, and production. 

Evaluate the combined effects of habital removal and disturbance and increased turbidity on the 
distribution.food habits, and growth of pelagic and demersalfishes. 

The secondary effects of habitat loss or changes in food availability on fish production 
are among the most difficult environmental impacts to anticipate or to measure. The effects of 
mineral mining on demersal or pelagic fish communities may be impossible to assess quantita
tively. Nonetheless, we recommend a survey of fishes be conducted coincident with benthic 
invertebrate surveys [see Activity B-3.c.(l)] to monitor any major change in migration, spawning 
activity, food habits, or growth. Inventories to describe nearshore pelagic and demersal fish 
communities (see Task: A-2.d and A-2.e) should provide information needed to design more 
intensive surveys at the mining site. Experimental and control stations should be sampled before, 
during, and after dredging to evaluate changes in (1) composition of demersal and pelagic fish 
communities; and (2) distribution, habitat use, and food habits of key species representative of 
demersal and pelagic food chains. 

Effects of turbidity on behavior or feeding efficiency of key species may require 
concurrent study in the laboratory to interpret field results. If dredging occurs during migration 
periods [see Activity A-2.e.(1)], research also may be needed to evaluate effects of mineral 
mining on the nearshore movement and feeding activity of juvenile salmonids. 
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Objective 8-4. 
Fisheries 

Conflicts: 

Task B-4.a. 
Fishing Areas: 

Identify potential conflicts between offshore development activities and the successful 
conduct of commercial fisheries. Collect information necessary to avoid interference. 
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Fig. 5d. Research tasks in the Environmental Effects Program Objective B-4. 

Marine mining and oil and gas development will involve many activities and environ
mental effects that could interfere with commercial fishing operations. Potential conflicts include 
loss of available area for fishing; entanglement of fishing gear with seismic survey equipment, 
anchor lines, offshore pipelines, or other obstructions; fouling of gear with oil from chronic or 
acute spills; navigational hazards near offshore structures or from increased vessel traffic; 
reduced fishing success from the effects of seismic survey operations or dredging activities on fish 
behavior; loss of harvest potential if fish are tainted during an oil spill; loss of fish producing 
habitaL Many of these problems can be avoided or the risk minimized by prohibiting development 
activity within favored fishing grounds, restricting certain operations during peak periods of fish 
migration or fishing activity, and developing agreements and methods of communication between 
fishing and oil or mineral industries. We recommend the following research: 

Describe the distribution of commercial fishing effort, harvest, and economic value off 
Washington and Oregon, and make recommendations to minimize the risk that offshore 
development activities will interfere with Washington and Oregon fisheries. 

(1) Analyze commercial logbook data for shrimp and groundfish species to describe distribution of 
effort, catch, and economic value to fisheries. 

We have already described analyses of existing commercial logbook infonnation to 
identify distribution and abundance patterns for shrimp and groundfish species off Washington 
and Oregon [see ActivitiesA-1.c.(1) andA-1.d(l)J. Computer programs developed bytheODFW 
will allow harvest and effon data from shrimp and groundfish fisheries to be plotted in 5 by 5 mile 
(8.1 by 8.1 km)blocks. These data also can be used to describe favored fishing areas and 
productive habitats where interference with these fisheries should be avoided. Dollar values 
should be applied to average pounds landed in each fishing block as an indicator of economic 
importance. This infonnation will be useful to evaluate the economic consequences oflost fishing 
opportunity related to oil and gas or minerals development proposals. Maps of economic, harvest, 
andeffortdatacanbecompared with proposed 3 by 3 mile(4.8 by4.8km) oil and gas leasing tracts 
to identify areas of potential conflict and to suggest measures that will minimize potential conflict 
with commercial fisheries. 

(2) Survey commercial Dungeness crab fisheries to describe distribution of effort, catch, and 
economic value. 
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There are no logbook data to analyze distribution of catch and effort by the commercial 
crab fishery. We have proposed trawl surveys to describe distribution, abundance, and life history 
of Dungeness crab [see Activity A-1.d.(2)}. These would also provide information about the 
habitats that support the crab population and commercial fishery. However, because the fishery 



is dependent on large adult male crab, a more direct survey method also may be needed to identify 
the specific area-, where crabbing effort and harvest tend to be concentrated. One approach could 
involve aerial surveys to describe coastwide distribution and effort of the fishery and on-board 
observers to estimate harvest by location. 

(3) Survey troll fisheries to describe distribution of effort, catch, and economic value of Pacific 
salmnn. Evaluate potential effects of offshore development proposals on the fishery allocation 
system in the Pacific Northwest. 

Task B-4.b. 
Geophysical 

Surveys 
(fishing success): 

(1) 

The risk of conflict between offshore development activities and troll fisheries for 
salmon is a particular concern in the Pacific Northwest Salmon fisheries in the region are very 
intensively managed io prevent overharvest of wild stocks and to allocate fish among tribal, 
commercial, and sport fisheries in Washington and Oregon. Offshore development activities 
could have serious social and economic consequences for troll fisheries and local communities 
if they affect fishing success or access to established fishing areas. There is a particular concern 
among the 25 treaty Indian tribes of Washington and Oregon which have been granted a property 
right to 50 percent of the harvestable anadromous fish within their normal and accustomed fishing 
areas. Displacement from these areas could have a severe impact on tribal fishermen and on a very 
complex fisheries allocation structure in the Pacific Northwest 

Research is needed to describe the distribution of catch and effort among commercial 
and tribal troll fisheries to minimize the risk of displacement by offshore development activities. 
Study methods described in Activity A-1 .b.(l) to predict the distribution of adult salmon will also 
produce information about the distribution of catch and effort required in this research activity. 
In addition, as development plans for the continental shelf unfold, potential effects on the fisheries 
allocation structure in the Pacific Northwest should be evaluated. The social, legal, and economic 
implications of these effects should be assessed. 

Evaluate the effects of geophysical acoustic surveys on the "catchability" of commercial 
rashes (see also Objective B-1.). · 

In California, commercial fishennen have reported that sounds generated by geophysi
cal survey equipment disperse roclcfish aggregations and reduce fishing success. MMS sponsored 
research to test theeffectsof a single air gun on rock.fish behavior and catch peruniteffortforhook 
and line fisheries (Pearson et al. 1987). Results of experimental trials showed a 50% decline in 
setline catch per unit effort for roclcfish species in response io the air gun. Exposure time in these 
trials was longer than for a typical geophysical survey. In addition, these studies did not evaluate 
duration or distance of impact or the effects that might occur when a large array of air guns is used. 
Research is continuing to address these questions. However, different sound ttansmission 
properties may limit application of California studies to the specific geographic and environ
mental conditions off Washington and Oregon. The need for additional evaluation of effects on 
groundfish species for this region should be reevaluated following results of ongoing studies. We 
also recommend the following research: 

Evaluate the effects of acoustic surveys on the catch rate of commercial salmon tro/lers. 

Results of studies on rockfish catch. and behavior raise additional questions about the 
potential effects of geophysical surveys on troll fisheries for salmon. As discussed above 
[Activity B-4.A.(3)], displacement of migrating salmon or reduced fishing success could have 
severe consequences for tribal and commercial fisheries in the Pacific Northwest Effects of 
geophysical surveys on salmon behavior and migrations are discussed in Activity B-1.a.{2). We 
also recommend research to test the effects of air guns on catch per unit effort by commercial 
trollers if geophysical surveys will overlap in time and space with salmon fisheries off Washing
ton and Oregon. 
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Program Element C. Ecosystem Processes: 

Objective C-1. 
Conceptual 

Model: 

48 Ecosystem Processes 

Describe the physical and biological processes that control the transfer and transport of 
energy and materials in order to understand possible responses of the marine ecosystem to 
individual or cumulative effects of offshore development. 

In Program Element B, we described categories of information needed to assess 
whether a pollutant or other disturbance is likely to cause serious injury to organisms or com
munities that are directly exposed. However, experimental studies of the sensitivity of an 
organism, population, or community to environmental disturbance are not necessarily a 
measure of the changes that will occur in an ecosystem. Materials and energy are transported 
or cycled so that subtle changes at one level of the ecosystem can have more significant 
repercussions ~t others. An environmental studies program must strike a reasonable balance 
between issue-oriented studies needed to describe sensitivities to specific environmental 
effects and process-oriented studies needed to interpret the possible outcome of these effects 
(Figure 2). 

The National Research Council (1985) concluded that the understanding of natural 
variations in marine populations and ecosystems and the inability to apply laboratory studies 
to the field are among the factors that most seriously limit assessment of oil pollution effects. 
Lack of data for representative areas and time periods to describe, for example, variations in 
primary production, nearshorecirculation, or abundance and recruitment of key commercial 
species will similarly limit understanding of environmental risks for the Washington and 
Oregon region. The very high cost of ocean research and the difficulties in sampling a very 
large and highly variable environment require careful planning to design meaningful ecosys
tem studies. We recommend the following research (Figure 6): 

Develop a conceptual model to (1) synthesize existing knowledge about oceanographic 
processes otTWasbington and Oregon, and (2) identify research needed to understand the 
principal factors that control natural variation in selected populations or communities and 
the ecosystem. 



TaskC-1.a. 
Modelling 

Workshop: 

A conceptual model should be developed for the Washington-Oregon region as a 
tool to define research needs. The purpose of the model is not to make quantitative predic
tions but to identify the components and processes of the ecosystem that may be most 
sensitive to environmental change or disturbance. The development and testing of a model 
should highlight deficiencies in our existing information that most severely restrict under
standing of the causes of natural variability in the ocean off Washington and Oregon. The 
model should also provide a useful organizational structure to integrate separate elements of 
this research plan into an ecosystem context. The absence of such a framework during the 
early stages of planning has limited the capacity of other marine research programs to later 
synthesize results. Synthesis is more feasible if the framework for integration is in place 
when the research is planned. 

Conduct a workshop of physical and biological oceanographers and fisheries scientists to 
develop and rerme an ecosystem model for coastal and marine waters off Washington and 
Oregon. 

A workshop of scientists should be convened to develop a mcx:lel of the coastal and 
. marine ecosystem. Walters et al. (1978) used a similar workshop approach to develop a similation 

model of juvenile salmon production off British Columbia. Their results helped to identify 
uncertainties about the factors that control marine production of juvenile salmon. Among these, 
for example, were the rate of renewal of zooplankton in surface waters where salmon feed and the 
relationship between body size and mortality rate of juvenile salmon. 

Figure 7 and the following activities describe the process we recommend to develop a 
conceptual model for the Washington-Oregon coastal and marine ecosystem. Participants in the 
workshop should include individuals who have conducted research and are most familiar with 
physical and biological oceanography of the Northeast Pacific region. Individuals could be 
selected among the technical advisors to this research plan (Table 2). 

Draft Outline for Ecosy5tem Model 
{M) 

Preworkshop Review of Outline 
{SJ 

·-----------• Revise Outline 
{M) ' 

Conduct 
Research 

' I ·----------

Modeling Workshop: 

• P111pare Detailed Submodels (S,L) 

• Prepa111 Composite t.lodel (S) 

• Analyze Sensitive Processes and 
ldentily Research Needs (S) 

Publish Workshop Proceedings 
and Recommendations 

{M,L) 

Figure 7. Procedure for preparing a conceptual model of the coastal and marine 
ecosystem off Washington and Oregon. Individuals responsible for each step in 
the process are as follows: M = Project Manager, S = Participating Scientists, 
L = Leaders of working groups responsible for preparing submode ls ( see text). 
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(1) Prepare a draft hierarchical classification of the major physical and biological subsystems that 
compose the coastal and marine ecosystem off Washington and Oregon. 

A proposed outline ("straw man") for a model should be prepared by a project manager 
and sent for review by participating scientists before the workshop is convened (Figure 7). The 
draft outline should describe the major component submodels that would be used to characterize 
physical and biological processes, but not the details of processes within the submodels. From 
comments on the draft, a revised outline should be prepared to provide an organizational structure 
for the modelling workshop. 

1be scales of processes that control biological variability in the ocean are often poorly 
understood. Physical processes that occur over a large range of spatial and temporal scales may 
interact to determine biological distributions and production in marine ecosystems (Lasker 1978; 
Smith 1978; Walsh 1978; Mysak 1986). We propose that a hierarchical organization be devised 
for a conceptual model to describe both large and small scales of variability that may control popu
lations and communities off Washington and Oregon. 

Figure 8 illustrates a hierarchical classification that could serve as a preliminary organi
zation for an ecosystem model. Appendix A defines the categories we have chosen for this 
classification. Spatial scales range from the entire subarctic Pacific region to the California 
Current system, domains within this system, subsystems within domains, and habitats within 
subsystems. In this example, physical and biological processes would be described for epipelagic 
(upper 200 m), mesopelagic (200m-I 000m), and benthic habitats within and between each major 
geographic subsystem of the Coastal Domain. Appropriate populations, assemblages, or 
communties would be designated as indicators of biological processes in pelagic and benthic 
habitats. 

The principal time scales that control biological processes at each level of the system 
hierarchy also should be described in the model. For example, interannual variation in the strength 
of the California Current, could be a determinant of biological potential along the Washington and 
Oregon coast (Chelton et al. 1982; McLain and Thomas 1983; Fulton and LeBrasseur 1985). On 
the other hand, short-term (clays to months) variability in the onset, duration, and intensity of 
upwelling may be critical to understand productivity within each subsystem of the Coastal 
Domain (Small and Menzies 1981). 

Because decisions that govern offshore development will tend to focus on specific areas 
of impact, a geographical organization for a conceptual model would be useful for resource 
management as well as research. The preswnption of a geographical classification is that it has 
some functional relationship to the organization of biological systems. It will be necessary to 
reorganize many sets of single species data collected off Washington and Oregon to understand 
community and ecosystem levels of biological organization. A number of tasks in the Biological 
Processes Program Element of this research plan were chosen to reformat population data to 
describe the composition and distribution of species assemblages. The results of these analyses 
would be beneficial to determine whether the geographic categories selected for a conceptual 
model are reflected in the composition and distribution of marine assemblages. 

(2) Describe the principal processes that control biological variability within and among the 
component submodels. 
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The details of processes within and among the various compartments of the model 
would be the task of a workshop of oceanography and fisheries professionals. In our example 
(Figure 8), we have suggested that separate submodels be developed to describe transport, 
primary and secondary production, and consumption processes within and between each 
subsystem of the model. The appropriate types of consumer submode ls leading from primary and 
secondary producers should be established before or soon after the workshop is convened. For 
example, a trophic model approach could be used to describe food webs among assemblages of 



Figure 8. Example of a generalized outline for an ecosystem model. Spatial scales range from 
the entire subarctic Pacific to domains and subsystems within the ,wrthern California Current 
region (Vancouver Island, British Columbia to Cape Mendocino, California). The region is sub
divided into Coastal and Transition (Oceanic) domains ( modified from F al'Orite et al. 1976) and 
illustrated in the insert map of the subarctic Pacific. The Coastal Domain is further subdivided 
into subsystems (CDI' CDl, CDJ) as defined in Appendix A. 

125• 124• 
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Task C-1.b. 
Prelease 

Synthesis 
Report: 

Objective C-2. 
Circulation 

and Transport 
Processes: 
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pelagic and demersal consumers. As an altemati ve, population models might be chosen to revie~ 
factors that influence the recruitment of key indicator populations from demersal and pelagic 
habitats. If the latter method is chosen, salmon and groundfish population models might be logical 
choices for these submode ls. Of particular concern should be a description of the physical factors 
that influence recruitment and survival of early life history stages since these are likely to be most 
sensitive to environmental disturbance (see Task C-3.b). 

During the workshop, participants would be divided into separate work groups to 
diagram and discuss the details of processes within the component submodels (Figure 7). These 
groups would be reconvened periodically to discuss results and interrelationships among the 
submodels. When the details of the submodels have been agreed upon, the worlc groups would 
present their findings to the entire workshop and a composite model would be prepared. The most 
sensitive ecosystem processes within and among the compartments would be discussed, and 
priorities forresean:h identified If data are sufficient, computer simulation would be a useful tool 
to evaluate the most sensitive features of the model and to identify critical gaps in our 
understanding of processes. Results and resean:h recommendations would be summarized in a 
final worlcshop proceedings prepared by the project manager and the leaders of each working 
group. 

Prior to leasing for oil and gas and minerals, prepare a written report to (1) integrate and 
summarize prelease information about biological production processes, distribution of 
species assemblages, and location of critical habitats; and (2) provide recommendations for 
managing living marine resources of the Washington and Oregon continental margin. 

Integration and analysis of the prelease studies recommended in this plan with other in
fonnation scattered throughout the published and unpublished literature will be necessary if the 
information is to be useful for ocean management. We recommend a synthesis report for 
Washington and Oregon be prepared as an oceanographic atlas that is structured in the same 
ecosystem or geographic hierarchy (e.g., system, subsystems, habitats, etc.) that is developed 
during the ecosystem modelling workshop. Such an organization would refonnat existing 
information in a geographic context that is needed to make management decisions for specific 
areas of the continental margin. A computerized geographic information system for the 
Washington-Oregon continental margin [see ActivitiesA-1.c.(1) and A-1.d.{l)] would be helpful 
to integrate resean:h results from a variety of infonnation sources. 

A hierarchical organization for a synthesis report would highlight small and large scales 
of variability in the ecosystem that will tend to influence the outcome of management decisisons. 
The component submode! diagrams and other results of the modelling workshop (see Task C-1.a) 
should be presented for each of the subsystems discussed in the report. Important processes that 
may influence biological production and recruitment in each subsystem should be described. The 
report would summarize the distribution of species assemblages [defmed in Activities A-I .a.( I), 
A-1.c.(2), A-1.e.(1 )] and identify areas of high productivity and species diversity. The potential 
sensitivities of subsystems and habitats to disturbance should be described or classified in the 
synthesis atlas. 

Describe circulation and transport proces.ses that influence or control biological production 
and the movement and distribution of materials and energy in estuarine and marine 
environments. 

The processes that transport materials in the water column and at the sediment-water 
interface will determine the distribution of contaminants in the ocean. The areas at risk from an 
oil spill or discharge of drilling fluids will depend on the velocity and direction of currents at the 
time and location of discharge. Research activities to evaluate areas at risk from offshore 
development of oil and gas or minerals are listed in the Environmental Effects Program Element 
[see Tasks B-2.(a), B-2.d, B-3.(a)]. 



Objective C-3. 
Biological 

Production and 
Consumption 

Processes: 

Task C-3.a. 
Primary 

and Secondary 
Prcxiuction: 

Winds, currents, and upwelling also affect biological production processes. The state 
of the production system as determined by physical processes will influence the outcome of 
environmental disturbances that occur at a particular time and location. Additional research is 
needed to better understand the physical mechanisms that control biological variability. Most 
oceanographic studies off Washington and Oregon have described currents on the mid- or outer 
shelf or slope. There is very little information about nearshore circulation processes. It is also 
diff'.icult to compare data sets and interpret results coastwide from studies that have been collected 
in different locations and for different periods of time. In the future, satellite imagery may be very 
useful to develop a synoptic view of nearshore currents and circulation processes needed to 
interpret the physical causes of biological variation. 

The proposed ecosystem modelling workshop (see Task C-1.a) would provide a forum 
to integrate existing knowledge and to identify the studies of physical processes that are most 
needed to understand biological variability. Submodels prepared during the workshop should 
consider the factors that control nutrient regeneration and transport and influence primary and 
secondary production. As discussed above, the model will need to define appropriate spatial and 
temporal scales that characterize physical processes and, in turn, control biological production. 
Scales of physical processes that may be critical to biological production off Washington and 
Oregon include the scale of frontal systems (hours to days, meters to tens of kilometers); the scale 
of upwelling and relaxation events (days to weeks, tens of kilometers); and the scale of seasonal 
and interannual phenomena such as El Nii'lo (months to years, hundreds to thousands of 
kilometers). 

Describe biological production, consumption,and recruitment proc~s and their relation
ship to physical factors in estuarine and marine ecosystems. 

Compare primary and secondary production rates and processes within subsystems of the 
Washington-Oregon region during years of high and low upwelling conditions. 

The coastal upwelling system and associated biological production processes in Oregon 
have been studied extensively (e.g., Peterson et al. 1979; Small and Menzies 1981; Hoyer 1983; 
Smith 1983). However, most of this research was conducted in the 1960s and early 1970s during 
a time of relatively strong upwelling and high productivity. Average spring-summer upwelling 
conditions off Oregon have been weak, and ocean temperatures have been above normal since the 
mid-1970s. The response of the marine ecosystem to decreac;ed levels of coastal upwelling and, 
particularly, the effects on primary and secondary production and zooplanJcton distribution and 
abundance should be studied. Such srudies become particularly important in light of recent 
predictions of global wanning related to increases in atmospheric carbon dioxide. Satellite data 
may provide an opportunity to relate detai,led research at a few sites with coastwide information 
on surface currents, chlorophyll, and temperature. 

Most research on primary and secondary production has focused on the central Oregon 
coast where typical upwelling and Ekman transport processes have been described. Stronger 
upwelling and much greater volumes of transport have been estimated in coastal "jets" off the 
southern Oregon and northern California coast (Interview June 23, 1986 with Ted Strub, College 
of Oceanography, Oregon State Unversity, Corvallis; Abbott and Zion 1987). The biological 
implications of these findings are uncertain. Large differences in the volume or timing of offshore 
transport south of Cape Blanco could dictate very different rates of primary and/or secondary 
production or distribution and survival for larval fish or crab Wld other planktonic organisms. 
Marked differences in the migration patterns for Oregon stocks of chinook salmon from coastal 
rivers north and south of Cape Blanco (Nicholas and Hankin 1988) may be one example of an 
adaptation to distinct production systems off Oregon. The lack of biological infonnation and the 
potential interest in development along the northern California Wld southern Oregon coast suggest 
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Task C-3.b. 
Recruitment 

Factors: 

that the region south of Cape Blanco should be a target for future research. The relative lack of 
information for the coastal and marine region off Washington indicates this also may be an 
important area for future study of primary and secondary production processes. 

Evaluate seasonal and interannual factors that influence larval recruitment and year-cla~ 
strength of commercially important populations of r1Sh and shellfish. 

The importance of interannual variations in the ocean environment are not clearly 
understood but likely play a significant role in year-class strength for commercial fish stocks in 
Washing ton and Oregon ( e.g., Nickelson and Lichatowich 1984; Bottom et al. 1986). The marine 
environment in this region is a physical and biological transition zone between dissimilar water 
masses (Fager and McGowan 1963; McGowan 1971; Favorite etal. 1976). It is influenced by a 
mixture of cold, nutrient-rich water transported southward in the California Cunent and warmer 
water transported northward in the Davidson Cunent (California Undercunent). Species 
composition and zooplankton biomass and production may be affected by year-to-year fluctua
tions in the strengths of currents from the north and south (Chelton et al. 1982; Fulton and 
LeBrasseur 1985). 1be most obvious biological effects have occurred during unusually strong 
El Nino events in the Eastern Tropical Pacific. During El Nino conditions, biologists have 
reported range extensions for tropical plankton and other species, changes in the migration routes 
of salmon returning to the Fraser River in British Columbia (Wickett 1967; McLain and Thomas 
1983) and reduced sire and fecundity of adult coho salmon off Oregon (Johnson 1984). The 
interrelationships between these large-scale processes and local upwelling events on annual 
recruitment of commercial fish and shellfish species off Washington and Oregon are unclear. 

There is a need to better understand biological responses to climatic changes that affect 
the ocean environment in this region. The effects of hydrocarbons or other pollutants may vary 
substantially with the condition of the marine ecosystem at the time of contamination. We 
recommend the following research to evaluate recruitment factors for salmonids and pelagic 
larval fishes: 

(1) Evaluate physical and biological factors that affect growth and survival of juvenile coho and 
chinoolc salrrwn in estuarine and nearshore marine environments. 

Research is needed to understand factors that affect estuarine and early marine survival 
of hatchery and wild stocks of juvenile salmonids. The success of an entire year-class of coho 
salmon is somehow affected by conditions encountered in the ocean during the first few weeks 
after the smolts leave fresh water (Fisher and Pearcy 1988). Although production of Oregon coho 
has been correlated with temperature and upwelling conditions (Nickelson 1986), the specific 
factors that govern survival in the estuary ornearshore ocean remain uncertain [see also Activities 
A-2.e.(1) and B-3.d.(1)]. 

Although estuaries are considered important rearing habitat for many stocks of chinook 
salmon (Reimers 1973; Healey 1982; Simenstad et al 1982; Nicho1as and Hankin 1988), the 
factors that control survival in estuarine or nearshore marine environments or their influence, if 
any, on the abundance of retwning adults are not understood. We recommend research be 
conducted to compare the relative growth and survival of north and south migrating stocks of 
chinook salmon with the distribution of ocean temperature, cholorophyll, or other environmental 
parameters. 

(2) Evaluate factors that influence recruitment of pelagic larval fishes off Washington and Oregon. 
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Test the hypothesis that annual larval abundance and seasonal distribution are controlled by 
differences in ocean currents and upwelling processes within dissimilar oceanographic regimes 
along the Washington, Oregon, and northern California coast. 



Little is known about the factors that control recruitment of pelagic fish larvae off 
Washington and Oregon. Surveys to date have primarily described distribution patterns. As we 
have noted above [Task C-3.(a)], there has been little research off southern Oregon relative to 
other areas of the coast. In particular, research should investigate the effects of strong offshore 
transport processes in this region on the recruitment, distribution, and abundance of groundfish 
larvae. Comparisons should be made among subsystems of the Oregon-Washington region 
(Appencfu A) to test the hypothesis that annual larval recruitment and se.asonal distribution are 
controlled by differences in ocean currents and upwelling processes within different oceano
graphic regimes. 
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Plan Review 

Potential development of petroleum and mineral 
resources on the continental margin raises many more envi
ronmental questions than agency budgets can afford to 
answer. Designation of priorities among the Jarge number of 
possible research activities is an important next step to 
fonnulate state agency budget requests and to encourage re
search activities by appropriate federal funding sources. 
The modelling workshop proposed in this plan (f ask C-1.a) 
will help to identify priorities for studies of Ecosystem 
Processes (Program Element C). However, a workshop 
cannot address priorities among many of the Biological 
Assessment (Program Element A) and Environmental Ef
fects (Program Element B) reseaich activities which also 
have important management implications for Washington 
and Oregon. A review process is needed to select among the 
long list of topics we have identified and to encourage 
reseaich that is deemed most important. 

While this plan was prepared, a number of other 
planning and resource assessment activities began in re
sponse to potential petroleum and mineral development off 
Washington and Oregon. These activities may list addi
tional research needs that will require review before priori
ties for environmental studies are established. Among these 
planning activities are the following: 

1. MMS funds environmental studies to provide 
information related to oil and gas leasing and development. 
Annual environmental studies plans are prepared by MMS 
to identify proposed research activities for the Pacific Outer 
Continental Shelf (OCS) region (MMS 1988a). Research 
needsforWashington,Oregon,andCalifomiaaresuggested 
by state representatives to a Regional Technical Working 
Group, an advisory body to MMS. In 1988, MMS also 
sponsored a conference to identify environmental swdies 
specific to the Washington-Oregon region (MMS 1988b) 

2. A joint Washington-Oregon OCS Technical 
Advisory Group was fonned to review proposed MMS 
environmental studies and to recommend research related to 
offshore oil and gas development. The group includes rep
resentatives from numerous state and federal agencies, the 
Northwest Indian Fisheries Commission, environmental 

groups, private consultants, and research institutions in 
Washington and Oregon. Research recommendations sug
gested by members of the Technical Advisory Group were 
incorporated in the final draft of this plan. 

3. In 1987, the Washington State Legislature pro
vided funds to the University of Washington Sea Grant 
Program (Substitute Senate Bill No. 5533, Ocean Resources 
Assessment Project) to summarize existing.knowledge about 
the state's ocean resources and to identify appropriate study 
topics for the MMS environmental studies program. The bill 
mandates that the director of the Washington Sea Grant 
Program submit results of the Ocean Resources Assessment 
Project to the 1989 legislature. Among the reports that will 
be available from this assessment are a study of state and 
local influence over offshore oil decisions (Hershman et al. 
1988); an evaluation of hydrocarbon potential of the Wash
ington outer continental shelf; a review of coastal oceanog
raphy of Washington and Oregon (Landry and Hickey, 
1989); results of a 3-day workshop to develop a conceptual 
framework for considering future OCS reseaich (Kasperson 
et al. 1989); and an outer continental shelf studies plan. 

4. In 1987, the Oregon Legislature passed a bill 
(Senate Bill 630) that established a 17-mem ber Ocean Re
sources Management Task Force to prepare a management 
plan for ocean resources and activities off the coast of 
Oregon. The plan is intended to coordinate existing state 
agency programs and other interests in the ocean and to 
expand the Oregon Coastal Zone Management Program to 
include ocean resources. The plan will consider not only oil 
and gas development but the full range of ocean manage
ment issues off Oregon. Elements, of the plan will include: 
an analysis of state and federal laws, progams, and regula
tions that affect ocean resources; a study of present and 
future resource uses off Oregon and the management pro
grams for them; maps and other technical information to 

provide information for plan decisions; and research needs 
and other recommendations to improve state management 
programs for ocean resources. An interim plan was pre
sented to the Joint Legislative Committee on Land Use in 
July 1988 (Oregon Ocean Resources Management Task 
Force I 988). The final plan will be submitted in June 1990. 
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Table 3 . Steps to review research priorities and implement a long-term environmental studies 
program for living marine resources of the Washington-Oregon continental margin. 

Step 

I. Identify research needs 

II. Review research needs 

III. Recommend regional research 
priorities (oil and gas issues) 

IV. Review regional recom
mendations and adopt 
state research priorities 

(all ocean management issues) 

V. Encourage priority research 
by potential funding agencies 
and research institutions 

VI. Synthesize results of prelease 
research,recommend 
management structure, and 
re-evaluate research priorities 

• Activity or parties responsible 

• Oregon Department of Fish and Wildflife (this plan) 
• Ecosystem modelling workshop (Task C-1.a) 
• Washington Ocean Resource Assessment Project 
• MMS Environmental Studies Symposium (MMS 1988b) 

• Washington-Oregon OCS Technical Advisory Group 
• Oregon Ocean Resources Management Task Force 

• Washington-Oregon OCS Technical Advisory Group 

• Oregon Ocean Resources Management Task Force 
• Washington State resource agencies 

• State agencies and legislators 

• Sea Grant institutions 
• Federal agencies 
• State representatives to Pacific OCS Regional 

Technical Working Group 

•Task C-1.b of this plan 

Table 3 proposes a review process to identify re
gional and state priorities for environmental studies. First, 
the results of this plan and the recommendations of other 
planning groups (listed above) should be reviewed to iden
tify areas of agreement and disagreement and to develop a 
consensus about research priorities. Reviewers should in
clude the Washington-Oregon OCS Technical Advisory 
Group and the Oregon Ocean Resources Management Task 
Force. We suggest that the Technical Advisory Group rec
ommend a list of regional priorities specific to oil and gas 
development among the objectives, tasks, and activities 
listed in this plan; the results of the MMS (1988b) environ-

mental studies symposium; and the findings of the Washing
ton Ocean Resources Assessment Program. The advisory 
group should develop criteria they will use to assign priori
ties among the large number of potential study topics. The 
influence of development schedules and management deci
sions on future research priorities are discussed below. 
Second, the recommendations of the Washington-Oregon 
OCS Technical Advisory Group should be reviewed by state 
agencies that will use environmental studies to manage 
ocean resources. In Oregon, the Ocean Resources Manage
ment Taskforce is an appropriate group for review of re
search priorities. 
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Development Schedules and Timing of Environmental Studies 

The timetable for research will be controlled in part 
by development schedules for oil and gas and marine min
erals. Offshore development can be divided into explora
tion, prelease, and postlease phases. Research needs within 
each period will differ with the types of management deci
sions that are made. Accordingly, priorities for research may 
be ranked separately within pre- and postlease periods. 

Oil and Gas 

Many of the studies we have proposed apply to 
decisions that will be made during prelease planning for oil 
and gas leasing. Among these are decisions regarding where 
development will and will not be allowed (fable 4, Category 
I). Studies intended to identify critical habitats and potential 
lease deferral areas must be completed prior to the March 
199 I Draft Environmental Impact Statement (EIS) and pref
erably, by June 1990, when the areas included for study in 
the EIS are selected (Figure 9). Although all the studies 
listed in category I (Table 4) may not be completed during 
the prelease period, some may be a prerequisite to more 
detailed research that will be needed during the postlease 
phase. 

In addition to the Biological Assessment projects in 
Program Element A, a number of objectives and tasks from 
other elements of the research plan apply to prelease deci
sions (Table 4; Figure 9). Coastal circulation studies are 
needed during the pre lease period to define areas at risk from 
chronic or catastrophic oil spills (see Task B-2.d). Studies 
of recruitment factors for commercial fishes (see Task C-
3.b) would be beneficial to evaluate environmental risks 
before a decision is made whether to allow development in 
certain regions of the continental margin. Finally, studies of 
the effects of disturbance events on sea lion haul-out behav
ior [see Activity B-1.b.(2)] and on nearshore breeding colo
nies of marine birds [see Activity B-1.c.(l)] would be 
helpful during the prelease period. The lack of previous 
studies on these effects makes it difficult to estimate an ap
propriate sire for buffer zones to protect important wildlife 
colonies. This infonnation will be needed first to define 
deferral areas and later to develop postlease stipulations that 
will minimire disturbance from air and vessel traffic. 

Most studies in the Environmental Effects Program 

Element apply to decisions that will be made during the 
postlease phase of oil and gas development (Table 4; Figure 
9). However, baseline surveys must begin several years 
before the start of development activity to describe natural 
variations and provide a statistically valid design to test for 
postdevelopment effects. For example, proposed studies to 
evaluate chronic pollutant effects [see Activity B-2.f.( l )] re
quire that control and treatment sites be identified and 
sampled several years before drilling for oil. It may be 
necessary to delay certain development activities for suffi
cient periods to establish a valid pretreatment baseline. 

If oil and gas leasing off Washington and Oregon 
occurs as scheduled (Figure 9), only a limited number of the 
studies we have suggested for the prelease phase can be 
completed in time to provide information for the Draft 
Environmental Impact Statement. We recommend all stud
ies in Category IA (Table 4) be among the highest priorities 
for prelease research. These activities will provide areawide 
infonnation that can be generated quickly from existing data 
at a minimal cost. A portion of the logbook analyses for 
Oregon shrimp and ground.fish [see Activities A-1.c.(l), A-
1.d.(1); B-4.a.(1)] has been completed (Starr and Saelens 
1987). Additional analyses will be ne.eded before the draft 
EIS is prepared to compile other years of catch data and to 
examine relationships between physical factors and ob
served patterns of fish distribution. 

We also recommend that coastal circulation studies 
receive a high priority during the prelease period (see Task 
B-2.d and Objective C-2). These are necessary to predict the 
movement of oil spills, to assess risks to critical nearshore 
and estuarine habitats, and to better understand physical 
factors that affect biological distributions and productivity. 
We reemphasize that a technical committee of physical 
oceanographers should review the specific circulation stud
ies that are required, particularly for the nearshore region off 
Washington and Oregon [see Activity B-2.d.{l)]. Finally, 
oil spill contingency planning [see Activity B-2.d.(3)] is also 
an immediate need whether or not offshore development 
proceeds, since tankers regularly transport oil off the Wash
ington and Oregon coast 

Little time is available for prelease environmental 
studies (Figure 9). We recommend that the states specify a 
minimwn prelease research program required before the 
decision is made whether to proceed with a Washington-
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Table 4. Classification of proposed research into categories of information needed to make pre- and postleasing 
decisions during oil and gas development. Many of the Biological Assessment surveys (Program Element A) may also 
apply to decisions about mineral mining activities. Research needs specific to mineral mining are listed in Table S. 

Decision category Research tasks, activities Decision category Research tasks, activities 

I. Prelease Planning II. Geophysical Exploration 

A. Analysis of existing data B-1.a.(2) Disturbance: salmon migrations 

A-1.a.(l) Larval fish (NMFS data) B-1.a.(3) Seismic effects: fish & 

A-1.c.(l) Groundfish (logbook data) invertebrate larvae 

A-1.c.(2) Groundfish (NMFS data) B-4.b.(1) Seismic effects: salmon fisheries 

A-1.d.(l) Shrimp (logbook data) 
A-1.e.(l) Benthic invertebrates III. Postlease Management 

(published surveys) 
A-2.a.(2) Estuarine fish communities A. Predevelopment baseline surveys 

(survey data) B-1.a.(l) Disturbance: fish 
B-4.a.(1) Shrimp/groundfish fisheries B-1.b.(1) Disturbance: gray whales 

(logbook data) B-1.b.(2) Disturbance: sea lions 
C-1.a Ecosystem modelling (production, survival) 

workshop B-2.b. Drilling discharges: hard 

subslrate communities• 
B. New field studies B-2.c.(I) Field development: benthos 

A-1.b.(l) Adult salmon (community survey) 
A-1.c.(3) Adult groundfish B-2.f.(l) Hydrocarbons: benthos 
A-1.c.(4) Juvenile rockfish B-2.h. Hydrocarbons: coastal & 
A-1.d.(2) Crab marine birds• 
A-1.f. Marine mammals• 
A-1.g. Coastal & marine birds• 

B. Post.development surveys 
A-2.a.(l) Estuarine habitats 

Same as above 
A-2.b.(]) Rocky intertidal habitats 
A-2.c. Hard bottoms-kelp beds• 

C. Experimental studies 
A-2.f. Offshore rocky reefs• 
B-1.b.(2) Disturbance: sea lions 

B-I .a.(2) Disturbance: salmon 
(haul-out behavior) 

B-1.b.(2) Disturbance: sea lions 
B-1.c.(l) Distmbance: coastal & 

(haul-out behavior) 
marine birds 

B-2.a.(l) Drilling discharges: 
B-1.c.(l) Disturbance: coastal & 

marine birds 
areas at risk 

B-2.c.(l) Field development: benthos: 
B-2.d. Hydrocarbons: areas at 

risk9 
(bioaccumulation) 

B-4.a.(2) Crab fisheries 
B-2.e Hydrocarbons: pelagic & 

B-4.a.(3) Salmon fisheries neustonic communties• 

C-2. Circulation and transport B-2.g Hydrocarbons: estuaries• 

C-3.a Primary & secondary 
production D. Ecosystem processes 

C-3.b Recruitment factors• 
C-1.a Ecosystem Modelling workshop 

C. Program synthesis C-2 Circulation and transport 
C-1.b Prelease synthesis report C-3.a Primary & secondary production 

C-3.b Recruitment factors• 

"Includes all research activities listed in the plan under this task. 
-
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Oregon oil and gas lease sale. The Washington-Oregon 
Technical Advisory Group should evaluate priorities among 
all of the rese.arch activities listed for prelease decisions 
(Table 4, Categories IA, IB, II, and 111D) or research for 
postlease management that must be started prior to the lease 
sale (Table 4, Category IDA). Research activities that are not 
included among studies for the minimum program level but 

Area Draft Final Lease 
I.D. EIS EIS Sate Exploration ., ., 'f Permits 

I I w I I 

are a prerequisite to more detailed postlease research should 
also be identified. These recommendations should be re
viewed by the Oregon Ocean Resources Management Task 
Force. Joint Washington and Oregon recommendations for 
a minimum prelease program should be presented to MMS 
through state representatives to the Pacific OCS Regional 
Technical Worlcing Group. 

Development 
Plans Approved Production 

I I I I 
1988 1990 1992 1994 1996 1998 2000 

j Prelease Planning (I) -----] 

I Geophysical Exploration (11) ------] 

.-------------------------------------
Predevefopment baseline suiveys (IIIA) .._ __________________________________ _ 

Postdevelopment suiveys (1118) 

Experimental studies (Environmental Effects IIIC) 

I Ecosystem Processes (111D) 

Figure 9. The timing of research needs in relation to the schedule of pre- and postleasing activities for the Washington
Oregon oil and gas lease sale. The schedule of development activities at the top of the figure assumes exploratory drilling 
might begin within a year and production activities within 5 or 6 years of the 1992 lease sale. Roman numerals ( and letters) 
in each box belc,w the timeline co"espond to the decision categories and associated research activities listed in Table 4. 
Dashed lines on boxes indicate that the specific period for which a category of research will be needed to support pre- or 
postleasing decisions is indefinite. 

Marine Minerals 

Many of the coastwide surveys we have recom
mended prior to oil and gas leasing off Washington and 
Oregon (Table 4, Category I) would also provide useful 
infonnation to evaluate proposed mineral dredging opera
tions. Distribution of commercial groundfish catch and 
effort, for example [see Activity A-1.c.(l)J, may be impor
tant to select mining locations that will minimize the risk of 
interference with established fisheries. In addition to nu
merous surveys in Program Element A that apply generally 
to ocean management, some research activities we have 

listed are specific to the effects of commercial mineral 
mining. Table 5 lists research that pertains to exploration. 
prelease, and postlease phases of mineral development We 
recommend this series of sllldies as a protocol for evaluating 
environmental risks of placer mining off the southern Ore
gon coast. Although some individual information require
ments may differ. a similar sequence of research activities 
would apply to other Washington and Oregon coastal areas 
if sand and gravel or placer mining is proposed. 
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Table 5. Classification of proposed re search into cate
gories of information needed to make pre- and postleasing 
decisions for marine mineral mining operations. The list of 
research activities is suggested as a protocol for site evalu
ation and measurement of biological effects for the southern 
Oregon coast. 

Decision category Research tasks, activities 

I. Mineral Exploration 

A-1.f.(2) Northern sea lions 
A-1.f.(3) Nearshore marine mammals 
A-2.c Nearshore hard bottoms-

.kelp beds• 
A-2.d Nearshore soft bottoms• 
A-2.e.(1) Nearshore pelagic fishes 

II. Prelease Planning 

B-3.a.(l) Sediment plume 
B-3.a.(2) Topography and shoreline 
B-3.b.(1) Sediment chemistry 

m. Postlease Management 

A. Predevelopment baseline
postdevelopment monitoring 

B-1.b.(l) Disturbance: gray whales 
B-1.b.(2) Disturbance: sea lions 

(production, survival) 
B-3.a.(3) Topography and shoreline 
B-3.b.(3) Chlorophyll and primary 

production 
B-3.c.(l) Benthic invertebrate 

communities 
B-3.d.(l) Fish communities 

B. Experimental smdies 

B-1.a.(2) Disturbance: salmon 
B-1.b.(2) Disturbance: sea lions 

(haul-0ut behavior) 
B-1.c.(I) Disturbance: coastal and 

marine birds 

• Includes all research activities listed in the plan 
under this task. 
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The first stage of environmental studies will require 
surveys to describe species composition and abundance and 
to identify critical marine habitats within the general region 
of potential mining interest (Table 5, Category I). These 
surveys should be conducted concurrently with geological 
studies of mineral distribution and concentration to insure 
that biological infonnation keeps pace with development 
proposals. A series of more detailed environmental studies 
will be needed when specific areas of development interest 
are selected but before development leases are granted. We 
have recommended studies to evaluate distribution of the 
sediment plume, determine whether toxic chemicals will be 
released during mining, and assess potential effects of dredg
ing on nearshore sediment transport processes (Table 5, 
Category II). 

During this prelease period, detailed biological sur
veys will be needed to choose specific sites for mining that 
avoid important habitats and to develop a baseline for later 
monitoring biological effects (Table 5, Category IlIA). 
Several years of predredging infonnation may be necessary 
to provide a statistical baseline for a site. These surveys 
should be repeated during and after mining activity to 
describe changes and to monitor rates of biological recov
ery. Studies of the effects of noise and disturbance during 
mining operations (Table 5, Categories lIIA and IIIB) may 
a1so become necessary if dredging operations are located 
near important bird, mammal, or salmon populations. 

Synthesis of Prelease Information 

Washington and Oregon will need to quickly re
view, refonnat, and interpret available oceanographic infor
mation to prepare for decisions that will be made prior to a 
federal oil and gas lease sale. Analysis of this infonnation 
is also needed to develop and implement a permanent ocean 
management structure off Oregon as required by the Oregon 
Ocean Resources Management Act (SB 630). The Oregon 
management program is not limited to oil and gas issues but 
must consider all potential resource uses and activities of the 
continental margin. We recommend that an interpretive 
report in the fonnat described in Task C-1. b be prepared to 
synthesiz.e results of all prelease environmental infonnation 
and to evaluate its implications for managing living re
sources of the continental margin. The prelease synthesis 
report should review sensitivity of offshore subsystems and 
habitats to disturbance and recommend sites for lease defer
ral prior to the Area Identification phase of the oil and gas 
leasing program (Figure 9). 



Environmental Risk and Uncertainty 

Resource decisions that affect complex marine 
ecosystems will always be made with imperfect infonna
tion. The principal challenge to resource managers is to 
minimize the risk of long-tenn or irreversible adverse ef
fects. To avoid these effects, "environmental safety factors" 
(Bella 1979) should be applied to decisions about offshore 
resource use. The magnitude of the safety factor should be 
proponional to the magnitude of risk. The greater the 
ignorance about biological resources or the environmental 
effects of a development activity, the greater the safety 
factor that will be necessary for a management decision 
(Bella and Overton l 972; Holt and Talbot 1978; Bella 1979). 

The manner in which uncertainty about environ
mental risks is managed and the specific safety factors that 
are applied to ocean resource decisions will substantially 

influence priorities for the research listed in this plan. There 
are three management options that could be applied to a 
developmen·t activity: prohibit the activity, delay a decision, 
or permit the activity (Figure 10). A decision to prohibit 
development in certain areas may minimize or avoid re
source conflicts. Deferral of high risk areas during prelease 
planning for oil and gas development, for example, could 
eliminate the need to evaluate certain environmental effects 
following the lease sale. A delay in a decision to allow 
development until specific data are available would imme
diately direct research toward priority geographic or subject 
areas. Similarly, the stipulations that are placed on an 
approved offshore operation will also influence priorities for 
reseazch. A "no discharge" requirement for specific con
taminants, for example, would eliminate the need to predict 
or measure their effects, unless industry is interested in 

Decision to Allow 
an Activity 

Yes 

Lease 
Stipulations 

Monitor 
Results 

No Monitoring 
Necessary 

Maybe 

Conduct 
Research 

No 

No Further 
Research 
Necessary 

Figure 10. The need and priorities/or research will be influenced by the decisions that regulate offshore development. 
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gathering evidence necessary to remove such restrictions. 
On the other hand, careful evaluation of offshore operations 
may be necessary if development approval is granted despite 
a lack of infonnation about environmental effects. Detailed 
~eline and postdevelopment surveys may be required to 
measure these effects or, if the risk is considered minimal, 
then simple monitoring programs to review compliance with 
lease stipulations may be sufficient. 

Management criteria for development activities 
and pollutant discharges are applied differently in different 
marine environments and regions of the United States. We 
recommend that Washington and Oregon conduct a thor
ough review of the fedaal lease stipulations and discharge 
criteria that have been applied to oil and gas and minerals 
development throughout the country. This review should 
identify the methods used to minimize environmental risks 
in other regions and indicate management options poten
tially available to Washington and Oregon. Such a review 
would help to anticipate research needs and to recommend 
stipulations that are most appropriate for the particular 
species and environments in the Pacific Northwest 

State legislation requires that the Oregon Ocean 
Resources Management Task Force provide recommenda
tions for a management program for ocean resources within 
200 miles of the Oregon coast A system of management 
zones with specific performance standards for each zone 
might be useful to incorporate environmental safety factors 
into an ocean resources management program for Oregon. 

Management zones have been used successfully 
asa method to protect the diversity of resource values among 
and within Oregon estuaries (e.g., Bella and Klingeman 
1973). Habitats were mapped (Bottom et al. 1979) to help 
coastal planners designate development, conservation, and 
natural management zones within Oregon estuaries. Man
agement zones also have been designated on the Belgium 
continental shelf to regulate sand and gravel mining (OTA 
1987). These include mnes where mining is prohibited and 
areas that permit mining but require various levels of envi
ronmental monitoring. Canada may adopt similar designa
tions to regulate offshore mining (OTA 1987). 

A combination of management zones and per
formance standards may be the best alternative for Washing
ton and Oregon to maintain biological diversity and the 
health and productivity of the marine environment Man
agement zones and standards could be assigned to appropri
ate biophysical subunits of the continental margin (e.g., sub
systems and habitats described in Activity C-1.a) as a means 
to protect critical habitats, to maintain ecological diversity, 
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and to spatially segregate activities that may not be compat
ible in the same location. An appropriate degree of restric
tion could be specified for various types of development 
activity (e.g., exploration drilling, mineral mining, seismic 
surveys, etc.) within each biophysical unit and management 
zone. The following are a few examples of management 
zones that could be considered: 

(1) High Risk Zone: The environmental risk is 
considered too high to justify distwbance. Specific catego
ries of development (or all types of development) are prohib
ited year-round or seasonally because biological resources 
are considered highly valuable, vulnerable to disturbance, or 
slow to recover. Areas in this management category might 
include critical spawning or rearing habitats, regions of very 
high biological productivity, and important fishing areas. 
Representative examples of the principal habitat types in the 
region could be designated for protection under this category 
in an effort to maintain ecological diversity. Geologically 
unstable areas could also be given a high risk classification 
due to the threat to oil platforms, pipelines, or other struc
tures. Other areas may be appropriate for this designation if 
contaminants discharged from these sites are likely to threaten 
sensitive resources in other locations. 

(2) Navigation Zone: Certain activities or the 
placement of permanent structures might be prohibited 
within, for example, shipping lanes, naval training areas, and 
offshore dump sites to minimize navigation hazards. Other 
exclusive management zones (designated areas for fishing, 
dredge disposal, mineral mining, etc.) also may be appropi
ate to minimize potential resource conflicts and to reserve 
areas for priority uses. 

(3) Conditional Zone: If uncertainty about envi
ronmental risks in an area is very high, some types of 
development may be prohibited until the results of research 
indicate that environmental risks can be maintained at an 
acceptable level. Examples of research requirements in a 
conditional zone might include: qualitative surveys to deter
mine the distribution of habitats and species; experimental 
studies to evaluate environmental effects and determine the 
need for lease stipulations; studies of natural processes ( e.g., 
circulation, food webs) to determine transport or ttansfer of 
pollutants; or pre- and postdevelopment sampling to quan
tify environmental effects of an operation. Appropriate 
indicator species or assemblages could be designated within 
conditional zones for experimental studies, monitoring 
programs, or ecological evaluations. Results of research in 
conditional mnes should allow redesignation of these areas 
to permit (number 4 below) or prohibit (number 1 above) 
certain categories of development 



(4) Development 7.one: The risk of adverse 
effects is considered low or can be minimized by lease stipu
lations. Minimum perfonnance standards for leasing agree
ments may be specified for each development zone to 
provide an adequate margin of safety within a particular 
biophysical region (e.g., discharge of contaminants prohib
ited or restricted, operations seasonally restricted). Baseline 
studies or compliance monitoring also may be required in 
leasing agreements for some categories of development. 

One advantage of this approach is that minimum 
standards for infonnation are incorporated into the manage
ment system. The level of commitment to develop is 
detennined by the magnitude of environmental risk and un
certainty. A direct tie between development commitments 

Ecosystem Management 

If, as we have suggested, a primary function of envi
ronmental management is to maintain the overall health of 
marine ecosystems (Lewis 1980), then planning should 
occur at the ecosystem level. Regional management is 
necessary to direct local resource uses in a manner that will 
minimize the risks of single or cumulative effects on an 
entire ecosystem. Species composition and oceanographic 
conditions indicate that the northern California Current 
region (Cape Mendocino, California to Vancouver Island, 
British Columbia) may be considered an ecological unit that 
is appropriate for regional planning and management. 

Management activities within the northern California 
Current region presently are scattered among a large number 
of state and federal agencies whose jurisdictions divide the 
ecosystem along geographic and resource boundaries. Dif
ferent agencies are responsible for managing marine birds, 
marine mammals, sport and commercial fisheries, pollutant 
discharges, dredging and dis~al. and oil, gas, and mineral 
development. Preparation of an Oregon Ocean Resources 
Management Plan (Oregon Ocean Resources Management 
Task Force 1988) represents an important step toward 
integrated management. Ultimately, a regional structure or 

and infonnation needed for decision-making will be particu
larly important as the federal oil and gas leasing program is 
implemented. The Washington-Oregon planning area is 
very large, and ti.me and financial resources available for 
environmen~ studies before the scheduled lease sale are 
limited. An ocean management structure should define the 
level of environmental risk that each state is willing to 
assume given the status of knowledge that exists immedi
ately prior to the lease sale. This structure should insure that 
the most important research keeps pace with development 
proposals so that environmental studies are not merely an ad 

hoc response to decisions that already have been made. Ac
cordingly, as rese.arch provides a better understanding about 
risks, adjustments can be made in the environmental safety 
factors applied to future development activities. 

process will be necessary to coordinate management acti vi
ties in Oregon with those in northern California and Wash
ington. 

Research activities in the Pacific Northwest are also 
segregated among many agencies and institutions. An 
integrated program of research is needed to assure that the 
sum of individual environmental studies yields the under
standing that is required to manage the entire ecosystem. 
This plan addresses several scales of information to support 
ecosystem management in the northern California Current 
region. Areawide surveys are necessary to understand 
large-scale variability and to direct local development 
activities in a manner that will minimize risks to the ecosys
tem. Studies of single and local environmental effects are 
needed to develop lease stipulations, make siting decisions, 
and monitor perf onnance. The high cost of oceanographic 
studies dictates that, wherever possible, individual research 
activities should also consider the broader regional goals 
that are a mutual concern of many research agencies and in
stitutions. It is our hope this plan will encourage cooperation 
among the many research interests in the northern California 
Current region. 

Priorities and Implementation 67 



68 Priorities and Implementation 



References 

Gray whale, Eschrichlius robustus 

69 





REFERENCES 

Armstrong, D.A., J.L. Armstrong, and D.R. Gunderson. 1986. Juvenile Dungeness crab population dynamics in Grays 
Harbor and Willapa Bay and along the adjacent coast, spring and summer 1985. U.S. Army Corps of 
Engineers, Seattle. 

Armstrong, D.A., and D.R. Gunderson. 1985. The role of estuaries in Dungeness crab early life history: A case study in 
Grays Harbor, Washington. Pages 145-170 in B.R. Melteff, symposium coordinator. Proceedings of the 
symposium on Dungeness crab biology and management University of Alamca, Alaska Sea Grant Report 85-
3, Fairbanks. 

Beddington, J.R. 1986. Shifts in resource populations in large marine ecosystems. Pages 9-18 in K. Sherman and L.M. 
Alexander, editors. Variability and Management of Large Marine Ecosystems. AAAS Selected Symposia 
Series, Westview Press, Inc., Boulder. 

Bella, D.A. 1979. An inquiry into the rationale and use of environmental safety factors. Oregon State University, 
Departtnent of Civil Engineering, Corvallis. 

Bella, D.A. and P.C. Klingeman. 1973. General planning methodology for Oregon's estuarine natural resources. 
Oregon State University, Department of Civil Engineering, Corvallis. 

Bella, D.A., and W.S. Overton. 1972. Environmental planning and ecological possibilities. Journal of the Sanitary 

Engineering Division, Proceedings of the American Society of Civil Engineers SA3:579-592. 

Boersma, P.D. 1986. Ingestion of petroleum by seabirds can serve as a monitor of water quality. Science 231:373-376. 

Bottom, D., B. Kreag, F. Ratti, C. Roye, and R. Starr. 1979. Habitat cl~sification and inventory methods for the 
management of Oregon estuaries. Oregon Department of Fish and Wildlife, Estuary Inventory Report 
Volume I, Portland. 

Bottom, D.L., T.E. Nickelson, S.L. Johnson. 1986. Research and development of Oregon's coastal salmon stocks. 
Oregon Department of Fish and Wildlife Progress Reports (Fish), Project number AFC-127, 30 September 
1985 to 29 September 1986, Portland. 

Boudri~, M.A., and G.L. Taghon. 1986. The state of scientific information relating to biological and ecological 
processes in the region of the Gorda Ridge, Northeast Pacific Ocean: benthos. Oregon Department of 
Geology and Mineral Industries, Open-File Report 0-86-6, Portland. 

Brodeur, R.D., B.C. Mundy, W.G. Pearcy, and R.W. Wisseman. 1987. The neustonic fauna in coastal waters of the 

northeast Pacific: abwidance, distribution, and utilization by juvenile salmonids. Oregon State University 

Sea Grant College Program, ORESU-T-87-001, Corvallis. 

Brodeur, R.D. and W.G. Pearcy. 1986. Distribution and relative abundance of pelagic nonsalmonid nekton off Oregon 
and Washington, 1979-84. NOAA Technical ReportNMFS 46. National Oceanic and Atmospheric Admini

stration, National Marine Fisheries Service, Seattle. 

Chelton, D.B., P.A. Bernal, and J.A. McGowan. 1982. Large-scale interannual physical and biological interaction in the 
California Current. Journal of Marine Research 40:1095-1125. 

References 71 



Clark, J.B. 1986a. Ichthyoplankton off Washington, Oregon, and northern California November-December 1983. 
National Marine Fisheries Service, NW AFC Processed Report 86-14, Seattle. 

Clark, J.B. 1986b. Ichthyoplankton off Washington, Oregon, and Northern Calfornia May-June 1982. National Marine 
Fisheries Service, NW AFC Processed Report 87-01, Seattle. 

Cortright, R., I. Weber, and R. Bailey. 1987. The Oregon estuary plan book. Oregon Department of Land Conservation 
and Development, Salem. 

Dethier, M.N. 1988. A survey of intertidal communities of the Pacific coastal area of Olympic National Park, Washing
ton. Unpublished report, National Park Service, Olympic National Parle, Port Angeles. 

Dodimead, A.I., F. Favorite, and T. Hirano. 1963. Salmon of the north Pacific Ocean-Part II. Review of oceanogra
phy of the subarctic Pacific region. International North Pacific Fisheries Commission, Bulletin 13, Vancou
ver, Canada. 

Ellis, S.G., and J.H. Garber. 1986. The state of scientific information relating to the biology and ecology of the Gorda 
Ridge study area, northeast Pacific Ocean: plankton. Oregon Department of Geology and Mineral Industries, 
Open-File Report 0-86-8, Portland. 

Fager, E.W. and I.A. McGowan. 1963. Zooplankton species groups in the north Pacific. Science 140:453-460. 

Falk, M.R. and MJ. Lawrence. 1973. Seismic exploration: its nature and effect on fish. Department of the Environ
ment Fisheries and Marine Service, Technical Report Series No. CEN-T-73-9, Resources Management 
Branch Central Region, Winnipeg. 

Favorite, F., A.I. Dodimead, and K. Nasu. 1976. Oceanography of the subarctic Pacific region, 1960-71. International 
North Pacific Fisheries Commission, Bulletin 33, Vancouver, Canada. 

Fisher, J.P. and W.G. Pearcy. 1988. Growth of juvenile coho salmon (Oncorhynchus kisutch) in the ocean off Oregon 
and Washington, USA, in years of differing coastal upwelling. Canadian Journal of Fisheries and Aquatic 
Sciences 4 5: 1036-1044. 

Fulton, I.D., and RJ. LeBrasseur. 1985. Int.erannual shifting of the subarctic boundary and some of the biotic effects on 
juvenile salmonids. Pages 237-247 in W.S. Wooster and D.L. Fluharty, editors. El Nino North: Nino effects 
in the eastern subarctic Pacific Ocean. University of Washington Sea Grant Program, WSG-WO 85-3, 
Seattle. 

Gabriel, W.L. 1982. Structure and dynamics of northeastern Pacific demersal fish assemblages. Doctoral dissertation. 
Oregon State University, Corvallis. 

Gabriel, W.L., and A.V. Tyler. 1980. Preliminary analysis of Pacific Coast demersal fish assemblages. Marine Fisher
ies Review 42:83-88. 

Good, J.W., R.G. Hildreth, R.E. Rose, and G. Skillman. 1987. Oregon territorial sea management study. Oregon State 
University, Sea Grant College Program, Corvallis. 

Groundfish Management Team. 1984. Status of Pacific Coast groundfish fishery and recommendations for management 
in 1985. Pacific Fishery Management Council, Portland. 

Gunderson, D.R., D.A. Armstrong, Y. Shi, and R.A. McConnaughey. In Press. Patterns of estuarine use by juvenile 
English sole (Parophrys vetulus) and Dungeness crab (Cancer magister). Estuaries. 

72 References 



Harvey, J.T., and D.L. Stein. 1986. The state of scientific information relating to the biology and ecology of the Gorda 
Ridge study area, northeast Pacific Ocean: nekton. Oregon Deparnnent of Geology and Mineral Industries, 

Open-File Report 0-86-7, Portland. 

Healey, M.C. 1982. Juvenile Pacific salmon in estuaries: the life support system. Pages 315-341 in V.S. Kennedy, 
editor. Estuarine Comparisons. Academic Press, New Yoit. 

Hershman, M.J., D.L. Fluharty, and SL. Powell. 1988. State and local influence over offshore oil decisions. University 
of Washington Sea Grant Program, WSG 88-4, Seattle. 

Holt, SJ., and L.M. Talbot. 1978. New principles for the conservation of wild living resources. Wildlife Monographs 
59:1-33. 

Huyer, A. 1983. Coastal upwelling in the California Current System. Progress in Oceanography 12: 259-284. 

Jenkins, K.D. and D.A. Brown. 1985. Detennining the biological significance of contaminant bioaccumulation. Pages 
355-375 in H.H. White, editor. Concepts in Marine Pollution Measurements. Maryland Sea Grant College 
Program. 

Johnson, S.L. 1984. The effects of the 1983 El Nino on Oregon's coho andchinook salmon. Oregon Department of 
Fish and Wildlife, Infonnation Reports (Fish) 84-8. Portland. 

Kasperson, R.E., D. Golding, and S. Toler. 1989. Toward a conceptual framewoit for guiding future OCS research
Workshop report, 10-12 January 1989. University of Washington Sea Grant Program, WSG 89-4, Seattle. 

Krasnow, L.D. 1986. The state of scientific infonnation relating to the biology and ecology of the Gorda Ridge study 

area, northeast Pacific Ocean: seabirds. Oregon Department of Geology and Mineral Industries, Open-File 
Report 0-86-9, Portland. 

Landry, M. and B.M. Hickey (editors). 1989. Coastal oceanography of Washington and Oregon. Elsevier Publishing 

Company, New York. 

Laroche, W.A., and RL. Holton. 1979. Occurrence of 0-age English sole, Parophrys vetulus, along the Oregon coast 
an open coast nursery area? Northwest Science 53: 94-96. 

Lasker, R. 1978. Ocean variability and it biological effects-regional review-northeast Pacific. Rapports et Proces
verbaux des Reunions, Conseil International pour l'Exploration de la Mer 173:168-181. 

Lenarz, W., and S. Moreland, editors. · 1985. Progress report on rockfish recruitment studies at the Tiburon Laboratory. 
National Marine Fisheries Service, Southwest Fisheries Center Administrative Report T-85-02, Tiburon, 
California. 

Lewis, J.R. 1980. Options and problems in environmental management and evaluation. Helgolander Meeresunter
suchungen 33:452-466. 

Ljungblad, D.K., B. Wursig, S.L. Swartz, and J.M. Keene. 1985. Observations of the behavior ofbowhead whales 
(Balaena mysticeths) in the presence of operating seismic exploration vessels in the Alaskan Beaufort Sea. 
U.S. Department of the Interior, Minerals Management Service, OCS Study MMS 85-0076, Alaska OCS 
Region, Anchorage. 

Malins, D.C., and T.K. Collier. 1981. Xenobiotic interactions in aquatic organisms: effects on biological systems. 
Aquatic Toxicology 1:257-268. 

References 73 



Malme, C.1., P.R. Miles, C.W. Clark, P. Tyack, and J.E. Bird. 1983. Investigation of the potential effects of acoustic 
stimuli associated with oil and gas exploration and development on the behaviour of migrating gray whales. 
Bolt, Beranek, and Newman, Inc., Final Report 5366, Cambridge, Massachusetts. 

May, R.M. 1977. Threshholds and breakpoints in ecosystems with a multiplicity of stable states. Nature 269:471-477. 

McGowan, J.A. 1971. Oceanic biogeography of the Pacific. Pages 3-74 in B.M. Funnell and W.R. Riedel, edi tors. The 
Micropaleontology of Oceans. Cambridge University Press, Cambridge, Great Britian. 

McLain, D.R., and D.H. Thomas. 1983. Year-to-year fluctuations of the California countercurrent and effects on marine 
organisms. California Cooperative Oceanic Fisheries Investigations Reports 24:165-181. 

MMS (Minerals Management Service). 1987. Interior Department releases proposed 5-year offshore oil and gas leasing 
program. Pages I-2 in POCS Current Events, May 1987. Minerals Management Service, Pacific OCS 
Region, Los Angeles. 

MMS (Minerals Management Service). 1988a. Environmental studies plan fiscal year 1989. Minerals Management 
Service, OCS Report MMS 88-0024, Pacific OCS Region, Los Angeles. 

MMS (Minerals Management Service). 1988b. Proceedings: conference/workshop on recommendations for studies in 
Washington and Oregon relative to offshore oil and gas development, May 1988. Minerals Management 
Service, OCS Study MMS 88-0090, Pacific OCS Region, Los Angeles. 

Myrberg, A.A. 1978. Ocean noise and the behavior of marine animals: relationships and implications. Pages 169-208 
in J L. Fletcher and R.G. Busnel, editors. Effects of Noise on Wildlife. Academic Press, New York. 

Mysak, L.A. 1986. El Nino, interannual variability and fisheries in the northeast Pacific Ocean. Canadian Journal of 
Fisheries and Aquatic Sciences 43:464-497. 

National Research Council. 1983. Drilling discharges in the marine environment National Academy Press, Washing
ton, D.C. 

National Research Council. 1985. Oil in the sea: inputs, fates, and effects. National Academy Press, Washington, D.C. 

Nicholas, J.W., and D.G. Hankin. 1988. Chinook salmon populations in Oregon coastal river basins: description of life 
histories and assessment of recent trends in run strengths. Oregon Department of Fish and Wildlife, Informa
tion Reports (Fish) 88-1, Portland. 

Nickelson, T.E. 1986. Influences of upwelling, ocean temperature, and smolt abundance on marine survival of coho 
salmon (Oncorhynchus kisutch) in the Oregon Production Area. Canadian Jownal of Fisheries and Aquatic 
Sciences 43:527-535. 

Nickelson, T.E., and J.A. Lichatowich. 1984. The influence of the marine environment on the interannual variation in 
coho salmon abundance: an overview. Pages 24-36 in W.G. Pearcy, editor. The Influence of Ocean Condi
tions on the Production of Salmonids in the North Pacific, A Workshop November 8-10, 1983. Oregon State 
University Sea Grant College Program, ORESU-W-83-001, Corvallis. 

O'Brien, J J., B.M. Woodworth, and DJ. Wright. 1974. The coho project, living resources prediction feasibility study. 
Final report (three volumes). Florida State University, Tallahassee and Oregon State University, Corvallis. 

Oceanographic Institute o{ Washington. 1977. Summary of knowledge of the Oregon and Washington coastal zone and 
offshore areas (three volumes). U.S. Department of the Interior, Washington, D.C. 

7 4 References 



Oregon Ocean Resources Management Task Force. 1988. Managing Oregon's ocean resources. Interim Report to the 
Joint Legislative Committee on Land Use, July 1, 1988. Oregon Department of Land Conservation and 

Development, Portland. 

OTA (Office of Technology Assessment). 1987. Marine minerals: exploring our new ocean frontier. U.S. Government 

Printing Office, OTA-0-342, Washington, D.C. 

Paine, R.T. 1974. Intertidal community structure: e~perimental studies on the relationship between a dominant com
petitor and its principal predator. Oecologia 15:93-120. 

Paine,R.T. and S.A. Levin. 1981. Intertidal landscapes: disturbance and the dynamics of pattern. Ecological Mono
graphs 51: 145-178. 

Pearcy, W.G. and J.P. Fisher. 1988. Migrations of coho salmon, Oncorhynchus kisutch, during their first summer in the 

ocean. Fishery Bulletin 86:173-195. 

Pearson, W.H., J.R. Skalski, and C.I. Malrne. 1987. Effects of sounds from a geophysical survey device on fishing 
success. Minerals Management Service, Pacific OCS Region, MMS 87--0020, Los Angeles. 

Peterson, W.T., C.B. Miller, and A. Hutchinson. 1979. Zonation and maintenance of copepod popuJations in the Oregon 

upwelling zone. Deep-Sea Research 26A:467-494. 

Proctor, C.M., J.C. Garcia, D.V. Galvin, T. Joyner, G.B. Lewis, L.C. Loehr, and A.M. Massa. 1980. An ecological 
characterization of the Pacific Northwest coastal region, volume IV: characterization atlas-watershed unit 
descriptions. U.S. Fish and Wildlife Service, Biological Services Program, FWS/OBS-79/14, Washington, 
D.C. 

Regier, H.A. and G.L. Baskerville. 1986. Sustainable redevelopment of regional ecosystems degraded by exploitive 
development Pages 75-101 in W.C. Clark and R.E. Munn, editors. Sustainable Develq>ment of the Bio
sphere. Cambridge University Press, Cambridge, Great Britain. 

Reimers, P .E. 1973. The length of residence of juvenile fall chinook salmon in Sixes River estuary, Oregon. Fish 

Commission of Oregon Research Reports 4: 1-43. 

Rezak, R., T.J. Bright, and D.W. McGrail. 1985. Reefs and banks of the northwestern Gulf ofMexico: their geological, 
biological, and physical dynamics. Wiley Interscience, New York. 

Schwartz, AL. 1985. The behavior of fishes in their acoustic environment. Environmental Biology of Fishes 13:3-15. 

Shenker, J.M. 1988. Oceanographic associations of neustonic larval and juvenile fishes and Dungeness crab megalopae 
off Oregon. Fishery Bulletin 86:299-317. 

Sherman, K. 1986. Introduction to parts one and two: large marine ecosystems as tractable entities for measurement and 

management. Pages 3-7 in K. Sherman and L.M. Alexander, editors. Variability and Management of Large 

Marine Ecosystems. AAAS Selected Symposia Series, Westview Press, Inc., Boulder. 

Simenstad, C.A., KL. Fresh, and E.O. Salo. 1982. The role of Puget Sound.and Washington coastal estuaries in the life 
history of Pacific salmon: an unappreciated function. Pages 343-364 in V.S. Kennedy, editor. Estuarine 
Comparisons. Academic Press, New York. 

Slotta, L.S. and S.M. Noble. 1977. Use ofbenthic sediments as indicators of marina flushing. Oregon State University 
Sea Grant College Program, ORESU-T-77-007, Corvallis. 

RefCl'eJIUS 7 5 



Small, L.F., and D.W. Menzies. 1981. Patterns of primary productivity and biomass in a coastal upwelling region. 
Deep-Sea Research 28A:123-149. 

Smith, P.E. 1978. Biological effects of ocean variability: time and space scales of biological response. Rapports et 
Proces-verbaux des Reunions, Conseil International pour l'Exploration de la Mer 173: I 17-127 

Smith, R.L. 1983. Physical features of coastal upwelling systems. University of Washington, Washington Sea Grant 
Program, WSG 83-2, Seattle. 

Stander, J.M., and R.L. Holton. 1978. Oregon and offshore oil, concerns and recommendations. Oregon State Univer
sity Sea Grant College Program, ORESU-T-78-004, Corvallis. 

Starr, R.M., and M.R. Saelens. 1987. Identification of important marine habitat Oregon Department of Fish and 
Wildlife, Project Completion Report, Portland. 

Strub, P.T., J.S. Allen, A. Huyer, R.L. Smith, and R.C. Beardsley. 1987. Seasonal cycles of currents, temperatures, 
winds, and sea level over the northeast Pacific continental shelf: 35°N and 48°N. Journal of Geophysical 
Research 92:1507-1526. 

U.S. Bureau of Land Management. 1977. Recommendations for baseline research in Washington and Oregon relative to 
offshore resource development. Research Triangle Institute, North Carolina. 

U.S. Bureau of Mines. 1987. An economic reconnaissance of selected heavy mineral placer deposits in the U.S. 
exclusive economic zone. U.S. Bureau of Mines, Open File Report 4-87. Washington, D.C. 

Waldron, K.D. 1955. A survey of the bull whip kelp resources of the Oregon Coast in 1954. Oregon Fish Commission 
Research Briefs 6:15-20. 

Walsh, J.J. 1978. The biological consequences of interaction of the climatic, El Nino, and event scales of variability in 
the eastern tropical Pacific. Rapports et Proces-verbaux des Reunions, Conseil International pour 
I 'Exploration de la Mer 173: 182-I 92. 

Walters, CJ., R. Hilborn, R.M. Peterman, and MJ. Staley. 1978. Model for examining early ocean limitation of Pacific 
salmon production. Journal of the Fisheries Research Board of Canada 35: 1303-13 I 5. 

Ward, D.H., EJ. Taylor, M.A. Wotawa, R.A. Stehn, D.V. Derksen, and CJ. Leusink. 1987. Behavior of Pacific black 
brant and other geese in response to aircraft disturbances and other disturbances at Izembek Lagoon, Alask. 
U.S. Fish and Wildlife Service, Anchorage. 

Wickett, W .P. I 967. Ekman transport and zooplankton concentration in the north Pacific Ocean. Journal of the 
Fisheries Research Board of Canada 24:581-594. 

7 6 References 



,,. 

k' ·,;, .. . ,,_ . 

-

Appendix 

, - -- --=-=-: 

Sanderling, Calidris alba 

77 



78 



APPENDIX A. 
CLASSIFICATION OF PHYSICAL AND BIOLOGICAL DOMAINS AND 

SUBSYSTEMS OFF WASIIlNGTON, OREGON, AND NORTHERN CALIFORNIA 

A classification of oceanic domains for the subarc
tic Pacific region was described by Dcxlirnead et al. (1963) 
and updated by Favorite et al. (1976). The domains are a 
representation of subregions with distinct physical proper
ties. A similar classification applied on a finer scale to 
Washington and Oregon would provide a logical framework 
foraconceptualmodel(seeObjectiveC-1). Werecommend 

a hierarchical classification be devised to describe processes 
that influence the organization of the marine ecosystem over 
a variety of spatial scales, e.g.,North Pacific region, Califor
nia Current system, domains within this system, subsystems 
within domains, habitats within subsystems. An example of 
such a classification is given in Figure A-1. General criteria 
for defining domains and subsystems follow. 

Appendix Figure A-1. Example of a generalized outline for an ecosystem model. Spatial scales range from the entire 
subarctic Pacific to domains and subsystems within the northern California Current region (Vancouver Island, British 
Columbia to Cape Mendocino, CalifornilJ). The region is subdivided into Coastal and Transition (Oceanic) oomains 
(modified from Favorite et al. 1976) illustrated in the insert map of the subarctic Pacific. The Coastal Domain is further 
subdivided intO subsystems (CD1, CDz, CD1) as described in the text (see Activity C-1.a.1). 
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Domains 

As a first order of classification, Estuarine, Coastal, 
and Oceanic domains can be defined to distinguish among 
brackish water, nearshore, and offshore oceanographic 
properties along the entire length of the Washington, Ore
gon, and northern California (to Cape Mendocino) coast 
(Appendix Figure A-1; Favorite et al. 1976). Separate 
demersal and pelagic divisions should be recognized within 
all three domains to distinguish processes that occur in the 
water column from those that occur at the sediment-water 
interface. A 200 m depth, roughly the edge of the continen
tal shelf and slightly below the depth of the permanent 
pycnocline (100-150 m), is an appropriate coastal-oceanic 

break. The pelagic division of the oceanic domain may be 
further segregated into appropriate depth strata. For the 
purposes of the offshore limits of this research plan (upper 
continental slope), an epipelgic zone (0-200 m) and a 
mesopelagic wne (200-1000 m) may be sufficient. 

Subsystems of the Coastal Domain 

The coastal domain can be subdivided into a num
ber of compartments (subsystems) that define geographic 
areas with similar geological features; similar patterns of 
variation in winds, currents, and upwelling; and, presuma
bly, similar processes that control biological production. 
Strub et al. (I 987) and Landry and Hickey (1989) provide in
formation used to define the following subsystems: 

(1) Washington Coastal Subsystem 

Currents along the Washmgton continental shelf 
follow relatively uniform seasonal cycles. Alongshore 
cWTents are northward in fall and winter and southward in 
spring and summer. In the winter, the Columbia River 
plume turns northward along the Washington coast. South
erly winds and downwelling force cold, fresh, river water 

from the plume inshore the length ofcoastal Washington. In 
summer, northerly winds force the Columbia River plume 
southward off Oregon. During this period, upwelling and 

associ.ate.d Ekman transport processes are a dominant fea
ture the length of the relatively unifonn Washington coast
line. Maximum upwelling off Washington occurs in June, 
one or two months earlier than along the Oregon coast. 
Intensity of coastal upwelling off Washington is generally 
less than off Oregon. 

(2)Northern Oregon Coastal Subsystem (Cape Blanco, 
Oregon to the Columbia River mouth) 

80 Appendix 

This subsystem is a transition zone between the 
uniform seasonal current cyles to the north and larger short

term fluctuations that predominate to the south (Strub et al. 
1987). Interaction between the Columbia River plume and 
coastal upwelling zone is a dominant feature in this region. 
In the summer, northerly winds cause the Columbia River 
plume to shift from the nearshore Washington coast to the 
Oregon offshore region. Sharp density and nutrient gradi

ents occur at the surface where wann, low salinity Columbia 
River water lies seaward of cold, nutrient-rich, upwelled 
water. The offshore density gradient combined with south
ward winds cause strong southward surface flows in this 
region during the summer. In winter, southerly winds and 

resultant downwelling trap fresh water from coastal rivers 

near shore, but the effects are small compared with the 
influence of Columbia River water off Washington. 

It may be useful to further subdivide the region 
between Cape Blanco and the Columbia River into units of 
similar bathymetry that may represent distinct production 
areas. For example, a series of rocky reefs occur on the 
middle and outer shelf between Florence and Cascade Head. 
These banks interrupt the relatively straight bathymetric 
contours that occur to the north and south and may influence 
local current patterns. Production of demersal fish near the 
banks is thought to be very high. By contrast, between 
Cascade Head and the Columbia River mouth, groundfish 
abundance is consistently low (Groundfish Management 
Team 1984). Small and Menzies (1981) also distinguished 
between subregions roughly north and south of Cascade 
Head on the basis of differences in bathymetry that were also 
reflected in patterns of chlorophyll distribution. 

(3) Southern Oregon-Northern California Coastal 
Subsystem (Cape Blanco, OR to Cape Mendocino, CA) 

The wne of upwelling and increased nutrients is 
wider in this region than along the central and northern 
Oregon coast, and influence of the Columbia River plume is 
less. Summer winds and upwelling are stronger and more 

variable than in regions to the north. Off northern California 

and southern Oregon, very strong offshore transport seems 
to occur at depths much greater than is explained by typical 
upwelling processes. These "jets" may represent meanders 

caused by the deflection of southward flowing currents 
around Cape Blanco and Cape Mendocino. Offshore trans

port in a single jet may be equivalent to the Ekman flow pro
duced by coastal upwelling along 1,000 km of shoreline 
(Interview June 23, 1986 with Ted Strub, College of Ocean
ography, Oregon State Unversity, Corvallis). These trans
portprocessescouldhaveanimportantroleinthe production 
and distribution of phytoplankton, woplankton, and larval 

fish and invertebrates. 
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