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NEFC PROGRAM REVIEW - SUMMARY OF RESULTS

AND RESPONSE OF COMMITTEE OF THREE (COT) ON RESEARCH AND STRUCTURE

The Program Review took place October 3-6, 1983. The Program Review
Panel consisted of Allen Peterson, George Grice, John Steele, Ilzzy Barreft,
Bi][ Aron, John Everett, Joe Angelovic, Bill Hargis, Ed Houde, Spencer
Apollonio and Doug Marshall. Immediately after the Program Review, Allen
Peterson prepared the summary of his conclusions and circulated them to the
‘Panel members. Several Panel members (Spencer Apollonio, Bill Aron, Doug
‘Marshall, Ed Houde, George Grice) provided additional written comments.

Following the Program Review, Allen Peterson established a committee to
evaluate the results of the Program Review and to propose redirections in NEFC
research and changes in organizational structure, if warranted. The
membership of the Committee of Three on Research and Structure (COT) is
Michael Sissenwine (Chairperson), Richard Hennemuth, and Carl Sihdermann.

COT met on November 18, 1983, to summarize the written comments of the
Program Review and to respond to them on a point-by-point basis. The comments
were partitioned into three categories: Organization and Planning, Program
Content, and General. There have been several additional discussions relevant
to' the Program Review. This document is a summary of COT's eva]uatioﬁ of the

Program Review.

ORGANIZATION AND PLANNING

(1) Program Review Comment - There was a consensus that the heart of the NEFC

Program should be the Resource Assessment activity in support of fishery

management.



COT's Response - The perception of Resource Assessment as the heart of

the Center is short-sighted, perhaps related to time scales. The Center's
mission concerns living marine resources and their utilization, but
ultimately, human activity associated with exploitation of non-living marine
'resources (e.g., 0i1 and gas) and waste disposal (e.g., offshore dumping and
contaminant loading from rivers) may have a greater impact on the productivity
and health of fishery resources than fishing. These effects occur over a
longer time scale and therefore are less obvious. Nevertheless, they
shouldn't be ignored. The Center mission is probably multifaceted. At
present, the Center suffers from the lack of a clear mission statement. COT
will prepare a draft mission statement for consideration of the BOD and Center
Director.

In order for the Center to provide a scientific basis for fishery
management and habitat protection decisions, there needs to be a scientific
underpinning for these studies. Academic institutions providé some of this
underpinning, but some oceanographic (biological, chemical, physical) studies
require the long-term commitment and broad-scale attention of a federal
laboratory.

It is noteworthy that fisheries management-oriented stock assessments of
the Resource Assessment Division are also necessary for Environmental
Assessment and Marine Ecosytem Divisions' activities. The purpose of the
Environmental Assessment Division's research is to determine the effects of
habitat degradation on fish productivity. Therefore, the distribution and
abundance of the fishery resource is a component of environmeﬁt assessments.
Furthermore, since fish populations are major component of the ecosystem,
results from the Resource Assessment Division contribute to the models and

analyses conducted by the Marine Ecosystems Division.



In summary, the fishery conservation and management-oriented activities
of the Resource Assessment Division are the most immediate priority of the
NEFC. Nevertheless, it would be short-sighted to minimize the significance of
habitat protection-oriented research and the scientific underpinning for their
studies. As a Fisheries Center within the National Marine Fisheries Service,
the studies of fish distribution, abundance and population dynamics will be
critical regard]ess of the sociopolitical issue (e.g., fisheries management,

pollution, marine mammal preservation).

(2) Program Review Comment - There was a consensus that the present structure

of the NEFC is too diffuse and complex, with too many elements reporting
directly to the Center Director without adequate integration among them. On
the other hand, one Panel member did not necessarily think that there were too
many people reporting directly to the Center Director and did not think that
there was much needed in the way of reorganization. He felt that some turf
batf]es had to be eliminated and better cross-walking established.

There were a number of suggestions for reorganization. These called
for: two major Divisions, Management and Ecosystems, with ADP included in
Management; restructuring along the lines of four major activities, Ecosystem
Modeling, Resource Management, Environmental Management, and Technical Support
(including ADP, MURT and remote sensing); and two or three major Divisions,

Assessments, Ecosystems and pérhaps Environment (including AEG).

COT's Response - The specific organization of the Center must reflect its

scientific mission, the Director's style, the history of the organization and
the talents of the staff. It is clear that the organization must accomplish
the following functions: conduct fishery science ip support of resource
management; conduct environmental science in support of habitat protection and

environmental impact assessment; plan, coordinate, and synthesize research;



provide scientific and technical support for Center programs and some non
Center programs (where the Center is uniquely qualified to provide services)
and provide administrative support.

COT will make specific recommendations upon completion of its assignment.

(3) Program Review Comment - In general, the Panel felt that the Center's

Programs should be better integrated, their roles and missions more sharply

focused and prioritized.

COT's Response - The synthesis and coordination function should be

emphasized in the Center organization and within each of its programs.

(4) Program Review Comment - It was recommended that a careful study be made

of how marine ecosystems, environmental assessment and AEG interact.

COT's Response - Elements of all three programs need to be reviewed more

thoroughly. COT will address the question of interactions after these studies

are completed.

(5) Program Review Comment - There isn't enough communication and

coordination between NEFC Programs.

COT's Response - Communication will be enhanced by a mission statement.

One of the criteria for evaluating alternative organizations should be the
effect on communication.

During COT's Discussion, there was particular emphasis on integration and
communication with the Resource Assessment Division. It was pointed out that
the other Divisions of the NEFC lack the analytical and population dynamics
skills that are within the Resource Assessment Division. While ultimately
most NEFC programs support the Resource Assessment Division's fishery

management-oriented mission, in the short-term it will be necessary that the



Resource Assessment Division support other programs if the products of these

programs are to take on population level significance.

(6) Program Review Comment - A better and more focused statement of purpose

and objectives of the Center and its elements is needed. Some Panel members
felt that there was a weakness in policy development and planning,
particularly with regard to obtaining inputs to our priorities and plans from
peer groups and constituencies. There was a general feeling that the Board of
Directors was not effective as a means of setting policy, making plans and

setting priorities.

COT's Response - COT will prepare a written statement of the Center

mission. During COT's review, it will ask several programs to identify the
relevance of their activities. |

-with regard to obtaining input from constituencies, it was recommended
that routine lines of communication be established between the Center and
Fisheries Management Councils. Similar communication networks should be
enhanced between the Center and its habitat protection-oriented
constituencies.

With regard to the Board of Directors, it has now been reorganized to be
more issue- and decision-oriented. While this is a positive step with regard
to planning and making policy, it may diminish communication on scientific
issues. As noted above, such communication should be taken into account in

the evaluation of alternative organizations.



PROGRAM CONTENT

RESOURCE ASSESSMENT'DIVISION

(1) Program Review Comment - The Resource Assessment Division conducts too

many and too frequent resource assessments.

- COT's Response - Detailed annual assessments are required for some

species (e.g., surf clams, sea scallops, and several others). The species
will vary with time. Above and beyond these priority assessments, it would be
useful to conduct assessments of the status of fisheries on a geographic basis
(e.g. the Gulf of Maine, Georges Bank, Southern New England, Mid-Atlantic).
These fishery assessments should include climatic data and other non-
assessment-oriented information available to the Division. They could also
include a socioeconomic perspective, reporting total value of the fishery,
number of vessels involved, and major ports. _
Single species-oriented research within the Division should focus on more
time invariant results (e.g., fish biology population parameters,
comprehensive historic reviews of fisheries). Other resources of the Division
should be used for modeling, evaluation of fishery exploitation and management
alternatives, development of new analytical methods, and more thorough
ana]y;;s of fisheries statistjcs and research vessel survey data. In the case
of research vessel survey data, there should be a more thorough analysis of
sources of variability. The Division should implement a thorough evaluation
of the survey (including survey design, strata definition, allocation of
samples, sampling gear, monitoring of gear performance, sources of
variability, data handling). Needs for additional resources should be

jdentified.



(2) Program Review Comment - There was a perceived need to find better ways

to translate stock assessments into forms useable by Fisheries Management

Councils.

COT's Response - The Division has initiated several actions to facilitate

communication with Fishery Management Councils and the fishing industry. The
Division prepares non-technical summaries of assessments and publishes non-

technical articles in Commercial Fisheries News. It should be recognized that

relatively few scientist have the training or experience to communicate

technical scientific results to a non-technical constituency. The Division

and Center should fully utilize the few that do in critical interactions.
The Center should determine the feasibility of using Séa Grant Marine

Advisory Services to facilitate communication with its constituencies.

(3) Program Review Comment - Greater interaction of stock assessment

scientists with their peers outside of the Center is needed. -In this regard,
it was recommended that we continue substantial interaction with ICES. It was
also recommended that we enhance interaction with other Centers and the US

academic community.

COT's Response - At this time, ICES offers the best opportunity for NEFC

stock assessment scientists to interact with their peers and maintain
awareness of the state-of-the-art. Involvement in ICES is particularly
important for the Resource Assessment Division since there are no comparable
peer environments in the USA.

With regard to interactions with academia and other Centers, the Resource
Assessment Division has been forthcoming. It has played a significant role in

NEFC cooperative agreements with several academic institutions. It



participated in the NMFS Stock Assessment Evaluation Working Group and the
NMFS Bluefin Tuna Assessment Committee.

In the future, NAFO may offer more opportunity for furthér interaction
with stock assessment peers. Peer review would be enhanced by the

establishment of the Fishery Management Council Stock Assessmeﬁt Committees.

(4)  Program Review Comment - One person complained that the routine stock

assessment person assumes there is nothing else in the ocean but the species

they are assessing.

COT's Response - This problem will be partially alleviated by conducting

assessments of entire fisheries, defined on a geographic basis.

(5) Program Review Comment - One Committee member felt that Resource

Assessment staff was isolated from the rest of the Center. He noted their

absence from all sections of Program Review apart from their own.

COT's Response - Certainly the leadership of the Resource Assessment

Division is not isolated from the rest of the Center. The non-leadership
staff of the Division could be more involved with other Center Programs, but
in general they are no more or less isolated than comparable personnel in the

rest of the Center.

MARINE ECOSYSTEMS DIVISION

(1) Program Review Comment - There was general agreement that the magnitude

of ecosystem and environmental monitoring was not justified by the results
that had been obtained to date. It was suggested that a review be made to
determine how often that various surveys and monitoring efforts should be
conducted. While some of the research was described as "first rate," the

program seems to suffer from the "naive belief" that lots of surveys and lots



of data will lead to an understanding of the system. There does not appear to

be a hypothesis to guide program planning.

COT's Response - The Marine Ecosystems Division is attempting to solve

some very difficult problems (e.g., causes of recruitment variability,
biological interactions between fish species). It is unreaiistic to expect
quick solutions. Nevertheless, the Division has been slow to analyze its vast
dat; base.

With regard to routine monitoring, it is time to take an introspective
look at the MARMAP I Program. COT recommends that a working group be
established to review and evaluate the MARMAP I Program and prepare an issue
paper on its utility and limitations. Resource Assessment Division staff

should participate on the working group.

2) Program Review Comment - More emphasis should be placed on sampling post-

larval and juvenile fish and defining their role in the ecosystem.

COT's Response - The need for greater emphasis on post-larval fish has

been identified by the Marine Ecosystems Division. The Division has conducted
much of the research which has led to this redirection. This is a good
example of the Center's leadership role in fisheries science.

COT recommends that the Division prepare an issue paper documenting the
basis of its redirection of recruitment processes research toward post-larval
fish. The issue paper should address the role of physical oceanography in
future recruitment process studies since post-larval fish are less susceptible
to currents.

COT also recommends that the Division identify a method and strategy for
sampling post-larval fish. It should also consider the appropriateness of the

size fraction being sampled by current MARMAP I surveys.
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(3) Program Review Comment - There was general agreement that inadequate

progress has been made toward ecosystem modeling. More emphasis and resources
need to be devoted to modeling in the future. In this regard, it was
recommended that a top-level quantitative ecologist with some knowledge of
physical oceanography be added to the effort. The modeling effort should

incorporate climatic variability.

COT's Response - We need to be realistic about the potential of

modeling. Modeling is the process of formalizing thinking. It should be a
component of all of our research programs. Nevertheless, it is not a
substitute for collecting the right data or doing the right experiments.

There is a role for a modeling unit which has the primary responsibility
of synthesizing ideas and results for Center Programs. Progress in this area
has been slow, and we need to get on with it. It is noteworthy that although
the Marine Ecosystems Division has been given the lead in modeling, the most
highly qualified staff are in the Resource Assessment Division. _The current
informai team approach to modeling, involving Marine Ecosystem Division and
Resource Assessment Division personnel, is inadequate. COT will recommend
alternative structures. The scope of modeling should be expanded from its
current emphasis on multispecies fisheries models to include numerical
physical oceanographic models, pollution-oriented sources and fates models,
and bioeconomic models. COT will recommend that an immediate evaluation of
the current multispecies fishery model (referred to as GEORGE) be

accomplished.

(4) Program Review Comment - Some of the Review Panel questioned the overall

relevance and soundness of Marine Ecosystems Division research.
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COT's Response - By and large, the program is relevant and scientifically

sound, although some redirection (as noted above) is necessary and underway.
Too much emphasis on an all encompassing research product detracts from the
credibility of the Division. There is not enough scientific leadership coming
from the mid-level (GS-12-14) scientific staff of the Division. It is unclear

whether this reflects lack of capability or opportunity.

ENVIRONMENTAL ASSESSMENT DIVISION

(1) Program Review Comment - What the Environmental Assessment Divison

actually accomplishes was unclear to the Panel. A more definite focus,
particularly in regard to outputs and their values, is needed. The monitoring
mode alone is not seen as sufficient. It wasn't clear to the Panel how
pollutants were selected for monitoring, and no system for prioritization is

apparent.

COT's Response - As is the case with the Marine Ecosystem Division, it is

unrealistic to expect quick solutions to difficult problems. Many of the
results to date show no change; this is, in fact, a significant conclusion.
One of the problems facing the Division is to determine the appropriate scale
for future sampling. The Division must do a better job at synthesizing and
packaging results. |

COT noted that collections of benthic samples exist within both the
Environmental Assessment and Marine Ecosystems Divisions. It recommends that
both Division Chiefs comment on the advantages and disadvantages of
consolidating these collections.

COT is concerned about the apparent lack of integration within the
Division, the apparent lack of pollution-oriented modeling, the basis for

prioritization of Division research directions, the validity of sampling
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strategies, the undefined nature of data bases, the relationship of the
Division to the Ocean Assessment Division of NOAA, and the degree of
interactions with other Divisions. Therefore, COT recommends that a two to
three day technical program review be conducted at Sandy Hook. It further
recommends that the Division Chief suggest the format and content of the

review for COT's consideration.

ECONOMICS

(1) Program Review Comment - The majority of the Panel indicated that more

socioeconomic studies in support of fisheries management were needed. One
Panel member felt that economics expertise should be available to all the
Center programs. Another Panel member had a dissenting view, and felt that

economic studies should be left to the Councils.

COT's Response - The Center is already taking steps to supplement its

economics capability. The Center economics research should focus on
bioeconomics. Bioeconomics emphasizes the interrelationship between fish
populations and fish harvesters, and the nature of self-regulation of the fish
population-fish harvesting system. For this reason, NEFC economists should
work closely with NEFC population dynamicists of the Resource Assessment
Division. One alternative is‘that the economics program be included in a

Center level synthesis function.

MANNED UNDERSEA RESEARCH AND TECHNOLOGY PROGRAM

(1) Program Review Comment - The current relevance of the MURT program was

questioned. The Panel felt the activities should at least be integrated into

other elements, and the program should not continue to set its own
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priorities. The cost effectiQeness of Man in the Sea research was questioned,
although one individual noted that new technology may have a better cost-
benefit ratio. One Panel member noted that regardless of the cost
effectiveness of the program, he would rather see such needs contracted for

with academic institutions.

~COT's Response - The cost effectiveness of MURT is a NOAA issue rather

than an NEFC issue. NEFC assumes relatively little of the operational
expense. Difficulty in integrating the program is largely a result of the
inadequacy of the operating budget, therefore MURT must exploit one
opportunity (BLM, gear conflicts, slime, etc.) after another rather than
contribute to a carefully planned program. Nevertheless, MURT has contributed
to numerous NEC priority efforts (e.g., gillnet problems, lobster studies,
surf clam gear development).

At present, MURT is performing two functions. It is pursuing its own
program of research (e.g., submarine canyon ecology) and is providing
technical support to other Center programs. The re1evance‘of MURT's Eesearch
needs to be evaluated. In the future, its research should be compatible with
the prioritigs of the Center mission. If MURT is to function primarily to
provide technical support, then this support should be allocated based on
Center priorities. COT must consider whether or not MURT can effectively

serve both itself and the Center.

AQUACULTURE

(1) Program Review Comment - Aquaculture was generally considered to be

~outside of the central mission and philosophy of the Agency, and should not be
continued in its present form. Nevertheless, the Panel felt that the Milford

Laboratory and its expertise are a national resource that should be
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maintained. Some substantial effort should be made to redefine its role and

to make it viable.

COT's Response - While the Committee accepts that aquaculture for food

production is currently outside the central mission of the National Marine
Fisheries Service (as stated by Dr. Gordon in a memo of November 16, 1983), it
concurs that it would be shortsighted to dismantle the research capability
that exists in the Milford Labortory. The resources of the Laboratory could
be refocused on Center research of higher priority. These resources could be
used for experimental shellfish biology, for studies of shellfish recruitment
variability, or for research in fisheries genetics. Selected oyster stocks
and selective breeding experimenté on oysters should be maintained, otherwise
many years of unique research will be irretrievably lost. Additionally, the
important long-term shellfish industry liaison activity of Milford should be
retained.

COT will meet with the Director of the Milford Laboratory to discuss
alternative schemes for reprogramming resources. Carl Sinderman will prepare
an issue paper to identify alternatives for redirecting resources of the
Aqupcu]ture Division. He will be in contact with members of the Aquaculture,

Resource Assessment, and Marine Ecosystems Divisions.

AUTOMATIC DATA PROCESSING

(1) Program Review Comment - The Panel felt that the ADP Unit should be

reviewed carefully concerning the services it provides and its efficiency.
Some services to elements outside of the Center (Region, Council and States)

are perceived as not being made in a timely and efficient way.
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COT's Response - There is a plan of action that will bring major

components of the Center up to speed within the next year. The plan calls for
a centralized system with outlying nodes. There will be significant progress
in remote data entry of fisheries statistics from the ports and
regionalization of the fisheries statistics data base.

While ADP planning seems adequate, COT is concerned about the past
effectiveness of implementation. There have been too many‘surbrises (e.g.,
cost overruns, mid-year changes in financial responsibility for services).
COT perceives that the communications with the Woods Hole Oceanographic
Institution are unsatisfactory. It is unclear that the Woods Hole
Oceanographic Institution computer system will have adequate capacity to
accommodate all of NEFC's planned usage. There are policy issues that need to
be addressed concerning ADP. To what extent should programming capability be
centralized within the ADP Unit? What is the future role of micro-computers
in the NEFC? How are priorities for ADP services established within the
NEFC? What is the significance of ﬁhe A-76 review?

COT recommends that a detailed technical review of the ADP Unit and the

NEFC ADP plan be implemented.

UTILIZATION AND DEVELOPMENT DIVISION

(1) Program Review Comment - The Utilization and Development Division

activities need to be examined in terms of their specific roles and

missions. It is felt that some of the work should be left to industry.
Nevertheless, it was agreed that the Division and Laboratory should remain in
the NEFC. In particular, the work on monoclonal antibodies should be

continued.
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COT's Response - COT concurs with the Program Review comments. It is

concerned that thé Utilization and Development Division is responding to too
many internal and external masters. The mission of the Division must be
clarified. | |

The Chairperson of COT will meet informally with the Division Director
and key staff to gather information. COT recommends that the Division
Diréctor prepare a brief statement of the pérceived mission of the Division

and how each component serves the mission.

NATIONAL SYSTEMATICS LABORATORY

(1) Program Review Comment - The Laboratory provides a useful service. It

has some unique expertise. While the role of the Laboratory should not be

expanded, the need for additional support was identified.

COT's Response - The perceived need for additional support should be

addressed within the resource review process. The issue of NMFS (e.g.
Research Council) responsibility for its National Laboratories should be

addressed.

PATHOBIOLOGY DIVISION

(1) Program Review Comment - There were relatively few comments about the

Pathobiology Division. One Panel member suggested that the program was more
appropriate for a university. Another suggested that the Division "should
focus again on inshore, manageable shellfish pathological problems rather than

poke around offshore on an ill-defined mission."

COT's Response - There is a need for ongoing monitoring of diseases of

valuable fishery resources. The cooperative effort between the Pathobiology
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Division and the Resource Assessment Division should be continued, but the
sampling design should be evaluated and the anticipated products of the
research program identified. More interaction with RAD to quantify population
Tevel effects of diseases is needed.

The Pathobiology Division has evolved as a center of excellence, but it
is unclear how research priorities are established and how they relate to the
Center mission. COT recommends that the Director of the Division prepare an
issue paper identifying the relevance of its program and NEC
responsibilities. Pathobiology is one area where it may be appropriate for

the NEC to provide a service for the states of the Northeast Region.

GENETICS PROGRAM, STATISTICAL ECOLOGY TASK

(1) Program Review Comment - There was only one written comment. One Panel

member said that he "never quite figured out where fisheries genetics fit into
the Center organizationally, but again it seemed more appropriate to a

university."

COT's Response - Fisheries genetics is important. The effects of fishing

upon gene pool, as it relates to productivity and robustness, may be the
sleeping giant of fisheries science.

Future research in fisheries genetics should be assimilated within a

major program element.

ATLANTIC ENVIRONMENTAL GROUP

(1) Program Review Comment - There was general agreement that AEG should be

consolidated with the other oceanographic work of the Center, particularly if

over 50% of its work is related to the Northeast.
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COT's Response - AEG and the Fisheries Oceanography Program of the Marine

Ecosystems Division have different focuses; broad scale climatic events and
finer scale oceanographic features associated with recruitment processes,
respectively. Nevertheless, since both pollution and fisheries management-
oriented research require physical oceanographic support, this function may
appropriately be included in a technical support unit, or consolidated with a
Division. |

COT recommends that the Director of AEG prepare a mission statement.

Should the Center's physical oceanographic resources be consolidated within
AEG? If so, could AEG provide the necessary physical oceanographic support

for all of the Center programs?

FISHERIES ENGINEERING UNIT

(1) Program Review Comment - It was suggested that the gear work of the

Fisheries Engineering Unit should be made part of the Resource Assessment

Division.

COT's Response - The Fisheries Engineering Unit should provide

engineering support for the development of scientific sampling gear. The most
immediate needs are to provide these services to the Resource Assessment
Division‘and the Marine Ecosystems Division. It may also be appropriate for
the unit to provide services beyond the scope of NEC programs. Reassignment

of the Unit will be considered within the evaluation of RUD.
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REMOTE SENSING

(1) Program Review Comment - It was a consensus that Remote Sensing should

not be an independent unit, but should be integrated within the program
structure. The NEFC Remote Sensing activities should be in closer touch with
activity in other Centers and academic groups. A detailed external review of
remote sensing activity was recommended. Potential users of remote sensing

within the NEFC need to be better informed about it.

COT's Response - COT recommends a technical review of the Center's Remote

Sensing activity in order to realistically define potential products.

GENERAL

(1) Program Review Comment - Expanded communications with constituencies and

academia should be fostered. In particular, the scientists at Woods Hole
should communicate more with those at the Woods Hole Oceanographic Institution
and the Marine Biological Laboratory. One Panel member noted that fisheries
scientists don't seem to talk much to other marine or ecological scientists,
and as a result they aren't taken seriously. Robert May at Princeton was

specifically noted as an academic worth talking to.

COT's Response - Center scientists do a good job at interacting with

academics. In fact, some have frequent contact with Robert May in
particular. These academic interactions are part of the Center's over-
commitment problem.

We do need more technical peer review of stock assessments so that they
will be taken more seriously. Such review can be fostered through continued

involvement in ICES, expanded involvement in NAFO, the establishment of stock
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assessment committees under the auspices of Fishery Management Councils,

initiating NMFS scientific meetings, and sponsoring our owndtechnical reviews.
There is always a need for better communication with constituencies. The

Center is making a significant effort now, and can't do much more without more

dedicated resources or more cooperation from Sea Grant.

(2) _ Program Review Comment - The Panel generally agreed that a more in-depth

review should be made of all the programs to sharpen their role definition and

examine their technical value and competence.

COT's Response - The Center is taking an introspective look at itself

now, but tailoring the vehicle to the particular situation.
A11 of the Center's programs should consider the example of the
Pathobiology Division which has taken the initiative to hold its own Program

Reviews on a routine basis.

(3) Program Review Comment - One Panel member felt that the ratio of

Administrative Service personnel to Program personnel was too high.

COT's Response - COT's perception is that the ratio of administrative

personnel to the Program personnel of the Northeast Fisheries Center is no
higher than in other Centers. The facts should speak for themselves. This

issue is beyond COT's terms of reference.

(4) Program Review Comment - One Panel member noted that Fisheries Management

Councils could benefit from similar Program Reviews, perhaps condensed to a

half a day.

COT's Response - NEFC should conduct constituency-oriented Program

Reviews after it has completed its self-evaluation, redirection and

restructuring process.
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(5) Program Review Comment - A system of redundency and security should be

established for computerized data holdings and for plankton samples that are

being sent to the Polish sorting center.

COT's Response - COT recommends that the Director of the ADP Unit and the

Marine Ecosystems Division, respectively, respond to these concerns.

ISSUES NOT NOTED IN PROGRAM REVIEW COMMENTS

1. Recreational Fisheries.

2. Travel Priority Policy.

3. Data Management and Access.
3a. Standardization of Data Collection and Handling.
3b. Status of Data Collected on Contract.

4., Definition of Program Units - Labs vs. Divisions?. What i§rthe—”
importance of some laboratories (e.g., Chemistry, Deepwater Ports,

Running Seawater, Radiation Source)?
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UNITED STATES DEPARTMENT CF COMMERCE

Natzional Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Northeast Fisheries Center
Woods Hole Laboratory
Woods Hole, Massachusetts 02543

January 3, 1984

To: NEC Board of Directors
From: Allen E. Peterson, Jr.:

Subject: Action Items Recommended by Committee of Three (COT)
on Research and Structure

The Committee of Three has recommended several action items (attached)
based on their evaluation of the NEC Program Review. These actions are
intended to gather more detailed information. I am directing you to
cooperate with COT by fulfilling the responsibilities assigned to you by
the 1ist of actions items.

By necessity, these action items are along the lines of our current
organization. Don't let your thinking and input to COT be constrained by
our current organization. I want to know (through COT) what you think we
should do and what we can do, not just a rationalization for what we are
doing. : .

cc. Edwards
Mustafa
Cooper
Heyerdahl




ACTION ITEMS

Redirection of Resource Assessment activities:

a.

Detailed annual assessments of single species fisheries should
be conducted as required for management purposes.

Detailed assessments of single species fisheries in danger of
collapse should be conducted as necessary.

Annual assessments of fisheries on a geographic basis (e.g.,

Gulf of Maine, Georges Bank, Southern New England, Mid-Atlantic
area) should be conducted. These fishery assessments should
include climatic data, other non-assessment oriented information,
and an economic perspective (i.e., total value of the fishery,

‘number of vessels involved, major ports). -

More emphasis should be placed on time invariant results such
as fish population biology parameters, comprehensive historic
reviews of fisheries, modeling, evaluation of fishery exploita-
tion and management alternatives, development of new analytical
methods, and a thorough analysis of fisheries statistics and
research survey data bases.

. In particular, there should be an evaluation of the survey

(including survey design, strata definition, allocation of
samples, sampling gear, monitoring of gear performance, and
data handling). The need for additional resources should be
identified. -

The redirection of Resource Assessment activity is the on-going
responsibility of the Divison Director within the constraints

of current resources. This redirection will be the basis of
COT's future deliberations concerning reorganization and reallo-
cation to facilitate Resource Assessment activity.

Establish a Working Group to review and evaluate the MARMAP I Program,
and prepare an issue paper on its utility and limitations. Include
consideration of the appropriateness of the size range sample by
MARMAP I. This is an on-going responsibility of the Marine Ecosystems
Division Director, but Resource Assessment Division staff should
participate.

Prepare an issue paper documenting the basis for redirection of
recruitment processes research toward predation and post-larval fish:

a.

Address the role of physical oceanography in future recruitment
processes studies since predation and post-larval fish should be
Tess subject to the effects of circulation than larval fish,
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b. Define a strategy for sampling post-larval fish; 1dentif1cat10n
and sampling of predators of eggs, larvae, and post-larval fish;
and a method of implementing sampling.

It is the responsibility of the Marine Ecosystems Division
Director to provide input to COT by 15 February, 1984.

Evaluate the current structure of modeling efforts between the Marine

Ecosystems and Resource Assessments Divisions, and recommend alterna-

tives if appropriate. This evaluation will be included in COT's

recommendations to the Center Director (Item 17) based on discussions

g}th Marine Ecosystems Division and Resource Assessment Division
rectors.

Conduct a technical and organizational review of the Environmental
Assessment Division:

a. Consider integration within the Division,
b. The apparent lack of pollution oriented modeling,
¢. Criteria for setting priorities of Division research,

d. The relationship between the Division and the Ocean Assessment
Division of NOAA, and

e. The advantages and disadvantages of consolidating benthic
collections retained by the Marine Ecosystems and Environmental
Assessment Divisions.

The review should be conducted by February 10, 1984, The
Environmental Assessment Divisfon Director should propose the
format and content to COT. The Environmental Assessment Director
will be responsible for implementing the review.

Prepare a mission statement for AEG. Include consideration of:

a. The possible overlap of AEG activity with physical oceanographic
activity of the Marine Ecosystems Division,

b. The feasibility of AEG supporting all of the NEFC physical
oceanographic needs,

c. The feasibility of 1ntegrat1ng AEG into a major Center program
element,

d. The responsibilities of AEG to the Southeast Fisheries Center.
The AEG Director should submit material to COT by February 1, 1984.
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11.

12.

13.

14,

15.
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Conduct a review of the activities and mission of the Man Under
Sea Research and Technology Program. The COT Chairperson will meet
with the MURT Director by February 1, 1984.

Prepare an issue paper -identifying alternatives for redirecting
resources of the Aquaculture Division. This document will be pre-
pared by Carl Sindermann with input from appropriate staff of the
Aquaculture, Marine Ecosystems, and Resource Assessment Divisions.
It should be submitted to COT by February 1, 1984.

Conduct a detailed technical review of the ADP Unit and the NEFC
ADP plan:

a. Consider the appropriateness of centra1121ng computer programmIng
ability within the ADP Unit,

b. The role of microccmputers at the NEFC,
C. Criteria for prioritizing ADP services, and
d. Mechanisms for establishing ADP policy.

The ADP Unit Director should recommend content and format to COT
as soon as possible. It is the Director's responsibility to
implement the review by February 10, 1984.

Prepare a statement of perceived mission of the Resource Utilization
Division defining how each Division component serves the mission.
The Division Director should submit a document to COT by February 1,
1984.

Prepare a statement of perceived mission of the Pathobiology Division
and how each Division component serves the mission. The Division
Director should submit a document to COT by February 1, 1984.

Conduct a review of the NEC Remote -Sensing activity at the February
1984 Board of Directors Meeting. The Deputy Center Director will

~ have responsibility for implementing the review. The contents of

the review will be based on consultation with COT and the NEC Remote
Sensing Coordinator.

Consider the adequacy of systems of redundancy for computerized data
bases. This is the responsibility of the ADP Unit Director.

Consider the implications of Marine Ecosystem's dependency on the

‘Polish sorting center. This is the responsibility of the Mar1ne

Ecosystems Division Director.

Consider initiating routine technical program reviews following the
example of the Pathobiology Division. This is the responsibility of
all program leaders. )



16.
17.

18.

19.
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Prepare a document specifying the research mission of the NEC and
jdentifying its constituency. COT will prepare the document by
February 28, 1984.

Recommend alternative Center structures to facilitate accomplishing
Center research mission and effective management. COT will make
recommendations by February 28, 1984.

Establish more formal contact with Sea Grant, Fishery Management
Councils and other Center scientific programs in order to facilitate
communication with constituencies and interaction with peers. The
Center Director will be responsible on an on-going basis. Responsi-
bility for specific activities will be assigned as appropriate.

Conduct a constituency oriented program review after self-evaluation,
research redirection, and restructuring process has been completed.
This will be the responsibility of the Center Director when appropriate.
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UNITED STATES DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Northeast Fisheries Center
Narragansett Laboratory
South Ferry Road
Narragansett, RI 02882 1199

DATE: January 20, 1984

T0: Committee of Three: Richard Hennemuth, Carl Sindermann, Michael
Sissenwinets F/NEC

FROM: Kéﬁ:eth SHEF&?:T Chief, Marine Ecosystems Division - F/NEC2
éUBJECT: Working Group for MARMAP I Evaluation

Based on a request from the Board of Directors and discussion with the °
principal scientists involved in MARMAP I studies in NEFC, a MARMAP I Working
Group has been designated with the following terms of reference:

1. Review the results of MARMAP I Ichthyoplankton and Zooplankton studies.

2. Evaluate the mesoscale strategy of MARMAP I for measuring changes within the
northeast continental shelf ecosystem.

3. Prepare a report suitable for publication as a Technical Memorandum of the
results of the ichthyoplankton studies dealing with spawning biomass
assessments addressing what has been accomplished and outlining future studies
including commentary on sources of error.

4. Prepare a report on the utility of the MARMAP I approach as a means for
measuring spatial and temporal changes in the multispecies ichthyoplankton-
zooplankton components of the northeast shelf ecosystem. Address in the
report the application of this information as a critical basis for resource
assessments and environmental assessments expected of the federal government
in the normal discharge of its federal responsibility as manager and protector
of the living marine resources within the Exclusive Economic Zone.

The Working Group membership includes the following staff scientists.

*** Wallace Smith Sandy Hook/MED - Chairperson
* Wallace Morse Sandy Hook /MED
* Peter Berrien Sandy Hook/MED
* John Boreman Woods Hole/RAD
* Michael Pennington Woods Hole/MED
* John Hauser Woods Hole/AD
** Julien Goulet Narragansett/MED
** John Green Narragansett/MED
** Mark Berman Narragansett /MED

*The next meeting of the Working Group members dealing with survey
3va1uat1ons is scheduled for the Woods Hole Laboratory during the week of 23
anuary.

**The members dealing with the utility of the MARMAP approach will meet at
Narragansett in the following week. Pl

X
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UNITED STATES DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Northeast Fisheries Center
Narragansett Laboratory
South Ferry Road
Narragansett, RI 02882 1199

DATE: February 10, 1

T0: The\png\t
Sissenkipe

FROM: Kennetﬁ:

of Three: Dick Hennemuth, Carl Sindermann, Michael
/NEC .

)erman, Chief, Marine Ecosystems Division, F/NEC2
SUBJECT: 1Issue ngqr: MARMAP I Program

We have initiated a review of our MARMAP I program in parallel with the
preparation of the issue paper on Recruitment. The analysis will not be
completed for at least two months. However, I believe that the perception of
the Review Panel “that the magnitude of ecosystem and environmental monitoring
was not justified by the results that had been obtained to date" should be
addressed at this time.

What appears to have been overlooked by the panel is the utility of
ichthyoplankton surveys as a simple strategy that allows for indexing relative
abundance levels of all fish species within a large marine ecosystem. This is
not a "naive belief" but an established verifiable fact. We have established
criteria for the surveys that are the basis of a sampling strategy built
around logistics and the spawning of priority species. The sampling of the
multispecies ichthyoplankton communities of the Gulf of Maine, Georges Bank,
Southern New England, and the Mid-Atlantic Bight is accomplished with minimal
cost during the autumn, spring, and summer bottom trawl surveys. The list of
important species sampled during these time periods is given by Berrien in the
accompanying reference. In addition, important target species (silver hake,
other hakes, bluefish) spawn in summer and require a separate survey to ensure
coverage of the entire spawning area to obtain samples adequate for estimating
the size of the spawning biomass. The remaining critical time-frame is winter
to sample sand eel larvae. Therefore, as Peter Berrien points out in his
paper with relatively minimal effort we can combine Resource Assessment and
Marine Ecosystems Division operations and monitor the important species with
three dedicated MARMAP I surveys and three joint bottom-trawl ichthyoplankton
surveys.

The survey data base is the analog to the bottom trawl survey for
detecting changes in trends and for several important species. The data base
represents the only means to estimate population levels of sand eel, and other
ecologically-important species. In addition, the fisheries-independent
ichthyoplankton data has been used to corroborate estimates of spawning
biomass of herring, haddock, yellowtail flounder, and silver hake. The biases
and limitations associated with these estimates are being addressed by an
interdimensional task force (MED-RAD) as outlined in the accompanying memo
prepared by Wally Morse. The output of reports based on the MARMAP I data
base have been many and significant. I believe they, in fact, are more thgﬂwh%
commensurate with the effort expended. We have, I believe, through inteq N
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research "trade-offs".achieved the appropriate balance between the federal
responsibility for monitoring ecological change pertinent to fish-stock
production and the need to improve abundance forecasts and management options
through a better understanding of the recruitment process. Reports in
preparation based on the data base are listed in the accompanying memo to
Wally smith. And a partial listing of research papers based on the MARMAP I
ichthyoplankton-zooplankton data base is given in the enclosed report of the
gth Advisory Committee of the U.S.-Polish Plankton Sorting and Identification
enter.

) Somehow, the review panel missed the significance of the ichthyoplankton
surveys in relation to their contribution to our overall fisheries ecosystem
sampling strategy, information base, an research results. The utility of the

'MARMAP I strategy is not lost in the other NMFS Fishery Centers, where surveys
are an important part of their fisheries ecosystem studies. The SEFC is
surveying the Gulf of Mexico 5 x/yr; SWFC surveys the entire California
Current monthly every 3rd year, and the California Bight monthly each year;
the NWAFC is surveying the Washington-Oregon coast and the Gulf of Alaska in
the vicinity of Kodiak and also in the East Bering Sea. Enclosed is a summary
of our collective NMFS activity. I'l1 spare you the voluminous reports issued
from ICES each year based on the utility of ichthyoplankton surveys in
assessments of fish stocks for which the landing data is unreliable, or for
stocks under fishing moratoria.

We agree that it is important to get on with an in-depth analysis of how
we can improve our sampling strategy and how much more information we can

extract from the MARMAP I data, and will provide you with that study when it
is completed.

KS/jkd

Attachments
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February 1, 1984 F/NEC4 : WM

" T0: K. Sherman
Narragansett Laboratory

" FROM:  W. Morse R
Sandy Hook Latoratory

" SUBJECT: Computer simulations of ichthyoplankton sampling for larval
mortality and spawning stock estimations

As a foiiowup to our meeting in Yoods Hole on January 25, T will outline

the results of the discussions and general steps in the proposed computer
simulations. _

¥e examined in detail the methods used for backcalculating MARMAP I

larval catches. A number of critical steps in the calculations were examined

in detail to define areas where computer simulations or analytical investi-

. gation could determine the variability associated with various methods. Among

the most important areas include 1) effects of survey timing and frequency

relative to the spawning production curve; 2) variability of larval mortality

estimataes; 3) effects of within-survey variances of catches; 4) effects of
~seasonal changes in larval growth rate and water temperature; and 5) effects
of non-random distribution of larval length or age groups within the survey
area. It was decided that computer simulation based upon MARMAP I sampling
~frequencies is the best method to answer the questions. :

Simulations can best be divided into two parts. The first part will

investigate cruise or survey timing Qy:

"1. Assuming a "normal" spawning production curve with
random means and variances.

2. Sampling (simulated surveys) would bagin on a fixed
date and surveys added at random times thereafter to
reflect MARMAP I sampling intensity.

3. Total larval production would then be calculated from
the samnles by the "connect the dots" method and
compared to the known production of larvae.

4..?ﬂfthin-survey variance for newly hatched larvae would
then be added to the simulation to investigate its
effect on the calculated production of larvae.

The second part of the simulation follows from the first but includes
larval growth, water temperature and mortality to simulate the length or age

distributions of the catches. Given the production curve of larvae, growth .
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and mortality, age structured samples (surveys) are then taken as above and
used to investigate mortality estimates derived from such survey samples.
Additional complexity will be added by introducing temperature dependent
growth coupled with seasonal water temperature changes, and by examining
within- -survey variances where length (or age) of samples are not randomly
distributed in the survey area. The final steps would be to introduce a
random component in the growth and mortality parameters to determine their
effects on observed nortaiwty and production estimation. L -

"+ To accomplash the sxnulatxon, a working group is needed with people from
MED, RAD and OISDM. I will function as coordinator and supply information
about present methods used for biomass estimation using MARMAP I eggs and
Jarvae data sets. Mike Pennington (MED), John Boreman and Mike Fogarty (RAD)
will develop the specific algorithms and inputs of variables needed for the
simulation. John Hauser (0ISDM) has developed the needed computer programs
and will build and run the simulation on the WHOI, VAX computer.

As a first step in proceeding with the simulation, I am proposing a
1.2 day meeting between myself and Mike Pennington to develop a detailed
outline of the steps of the simulation with input, as needed, from John
Boreman and Mike Fogarty. The outline will form the basis for John Hauser's
~computer implementation.

cc:

J. Boreman

M. Fogarty

M. Pennington
J. Hauser
M. Sissenwine
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1.0

2.0

3.0

List of Studies and Reports Based on MARMAP I Survey Results

Eva]détion of MARMAP Survey Methods

(W. Morse, M. Pennington, J. Boreman, J. Hauser, and M. Fogarty)

1.1

1-2

1.3

Examine the effects of sampled frequency on mofta]ity
estimates of larvae

Examine use of alternative growth estimates on spawning stock
assessments with regard to temperature dependent growth and
constant growth parameters

Compare within and between survey variability

Analyses Based on Ichthyoplankton and Hydrographic Data

(W. Smith, J. Colton and D. Mountain)

2.1

2.2

Retrospective analysis of distribution patterns of haddock
larvae on Georges Bank in‘relation to horizontal circulation,
1977-82

Retrospective analysis of distribution and influence of

“advection on cod larvae on the northeast continental shelf,

1977-82

Assessments of Spawning Biomass for Target Species Based on

Ichthyoplankton Data

(W. Morse, P. Berrien, and J. Boreman)

3.1

3.2

Haddock, 1977-82
(W. Morse)
Cod, 1977-82

(W. Morse)



3.3 Ammodytes update, 1977-82
(W. Morse)

3.4 Cod; based on eggs, 1979-80
(P. Berrien)

3.5 JHaddock; based on eggs, 1979-80
(P. Berrien)

3.6 Comparison between larval methods and egg methods for
estimating spawning biomass
(W. Morse and P. Berrien)

3.7 Investigation of recruitment failure in relation to
hydrographic prey field and reproduction of haddock and cod
stocks on the northeast continental shelf
(W. Morse, D. Mountain, L. 0'Brien, and J. Goulet)

4.0 Distribution and Abundance

(W. Smith, J. Sibunka, A. Wells, J. Goulet, K. Shérman)

4.1 Atlas of ichthyoplankton species distributions
(J. Sibunka, et al.)

4.1.1 Evé]uate use of computer graphics for producing
atlases
(W. Smith, and J. Goulet)

4.1.2 Methodology and location for 1977-83 data
(J. Sibunka et al.)

4,1.3 Atlas projections of ichthyoplankton-zooplankton
species (30-40 spp.)

4.2 Spawning pattern trends of bluefish, summer flounder, and

sand lance on the Southern New England and Mid Atlantic shelf



5.0

4.3

4.4

4.5

4.6

4.7

4.8

3
Distributioh and abundance of ichthyoplankton in.the Mid-
Atlantic Bight: RAP contribution
(W. Smith)
Communities of ichthyoplankton in the Mid-Atlantic Bight
(W. Smith)
Communities of ichthyoplankton of the northeast continental
shelf
(W. Smith, and J. Goulet)
Predator-prey simulations of ichthyoplankton on Georges Bank
(W. Smith, E. Cohen, G. Laurence, et al.)
Estimate of total fish biomass based on MARMAP
jchthyoplankton survey results
(W. Morse, W. Smith, et al.)
Relationship between spawning patterns of ichthyoplankton and
population sizes of fish stocks on the northeast continental

shelf (sand lance, yellowtail, hake, cod, and others)

Contaminants Related Technical Memoranda

(W. Smith, et al.)

5.1
5.2
5.3

5.4

RAP

Georges Bank gas and oil
Offshore pipeline

(Corps of Engineers)
Ocean disposal

(EPA)

Narragansett, RI
January 26, 1984
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LARVAL FISH ECOLOGY WORKING GROUP
Lowestoft, Suffolk, U.K. :
July 1-3, 1981

COMMENTS ON EFFICIENCY OF NEFC MARMAP SURVEYS
Peter Berrien -

National Oceanic and Atmospheric Administration
National Marine Fisheries Service
Northeast Fisheries Center
_Sandy Hook Laboratory
Highlands, New Jersey 07732
USA

Sandy Hook Laboratory Ref. No. 82-2



COMMENTS ON EFFICIENCY OF NEFC MARMAP SURVEYS

Since late 1976, with implementation of the MARMAP program in its present
form, approximately six cruises per year have been conducted in the Gulf
of Maine, Georges Bank, southern New England, and Middle Atlantic Bight
waters (Figure 1). These surveys are designed to sample or measure
ichthyoplankton, zooplankton, and chlorophyll-a density, various hydro-
graphic parameters, and primary production.

Now that some data resulting from these cruises have been analyzed it is
reasonable to try and address some of the questions which always arise
over such large-scale programs; namely, is sampling (in area and time)
insufficient, adequate, or excessive in the attempt to attain major goals
of the design?

The above question (concerning adquacy of sampling) can be addressed from
three approaches, concerning the adequacy of: 1) geographic coverage;

2) sampling frequency over time, i.e. the time interval between cruises; and
3) the number of stations sampled on a cruise. My comments here are con-
fined to the first of these three items, geographic coverage.

At the inception of any large-scale survey, such as those under MARMAP,
investigators have to sample some areas out of ignorance in order to be

sure of good geographic coverage of unknown spawning areas. If it later
turns out that sampling, data handling, and analysis are too costly for

the amount of information gained from certain areas, then perhaps the geo-
graphic coverage should be re-evaluated with possible reductions in mind.
The question becomes: Can some areas sampled be eliminated, either partially
or entirely in order to maximize the information gained from the resources
expended? In the case of these surveys: Do we more than adequately cover
spawning areas of the species of interest; or, are there areas which contri-
bute only insignificantly to the total abundance estimate?

The accompanying tables list the relative amounts of information we have
?ained from four geographic areas for various species as eggs or larvae
Tables 1-4). Obviously the tables are incomplete - not all years are
represented for all species; furthermore, and more importantly, not all
species of interest are presented - the data were not yet available.
Species omitted which would be of interest include butterfish, bluefish,
summer flounder, and possible weakfish, redfish, scup, and hakes (Urophycis
sp.). In the setting up of these tables some information from certain
surveys was necessarily omitted. I only included data when all four subareas



had been sampled; thus incomplete surveys were excluded from this compilation.
In evaluation of the amount of information gained for a given species, it is
important to compare the tabulated percent abundance against the percentages
of area, stations, and survey time which each subarea comprises within the
total MARMAP survey. These latter three values are given on the tables.

The Gulf of Maine appears to be quite important to the abundance estimate
of herring and marginally so for silver hake and mackerel. For these
three species the western portion within the Gulf of Maine contributed
most occurrences while the central portion was generally quite void of
eggs and larvae. The Gulf of Maine would undoubtedly be important to a
census of redfish larvae also. , :

Georges Bank is important to abundance estimates of all species considered
with the possible exception of mackerel. This area would probably figure
prominently in a census of butterfish eggs and larvae. -

Southern New England waters also appear to be important spawning and nursery
areas for most species tabulated, except for herring. Cod and haddock vary
from year-to-year in their utilization of ‘these waters, formerly being more
abundant than recently. In addition to those tabulated, this area would
probably be important to census work for eggs and larvae of butterfish,
bluefish, summer flounder, and weakfish.

The Middle Atlantic Bight is important to mackerel, and in some years to
yellowtail flounder. This area can be expected to be important to census
work on butterfish, bluefish, weakfish, and summer flounder. The high
percentages under "all spp." for both eggs and larvae are heavily augmented
in this area by anchovies, sea robins, hakes, bothid flatfishes, and cunner.

It is apparent from the above that each of the above geographic subareas
sampled is important to some species of interest, Coverage appears to be
adequate for spawning population estimates of Atlantic mackerel, yellowtail
flounder, bluefish, butterfish, cod, haddock, summer flounder, herring, and
sand lance. The only part of the MARMAP survey area which appears to be
re1a§1ve1y non-productive of information is the central and north-eastern
portions of the Gulf of Maine. It might be reasonable to reduce sampling
Intensity in that area. For two species of interest the areal coverage
appears to be inadequate. We do not sample shorward enough to completely
cover the spawning area of weakfish. Nor do we sample far enough seaward
to cqmplete]y describe the spawning area of silver hake. While we might
consider a slight seaward extension of the survey area in order to adequately °
sample silver hake, it would be very difficult if not impossible to fully
describe the spawning area of weakfish which spawns in bays and sounds as
well as the near shore area of the continental shelf.



Tabie 1. Abundance in Gulf of Maine* waters, as percent of abundance in a total
MARMAP survey.

Spawning season ending in
1974 1975 1976 1977 1978 1979 1980

Eggs

A1l spp. 4 ' _ 7.8 10.6 5.8
Limanda ferrugineca _ 6.6

Merluccius bilinearis 18.3
Scomber scombrus ' 1.8

Larvae

A1l spp. ' . 2.8 3.9 8.2
Ammodytes sp. 3.2 3.0 0.2 34 2.5

Clupea harengus ’ 60.8 70.7 99.6
Gadus morhua 1.1 6.1 1.9 17.6 9.7
Limanda ferruginea 3.3 9.6 4.8 1.4
Melanogrammus aeglefinus 1.1 0.5 2.1 5.3 1.6 16.2 5.9
Merluccius bilinearis : 0.5 6.0 19.8

Scomber scombrus ' 5.4 30.9 2.1

*The Gulf of Maine subarea comprised 38% of the area, 29% of the stations and
approximately 32% of the sampling time within a total MARMAP survey.



fable'z. Abundznce in Géorges Bank* waters, as percent of abundance in a total

MARMAP survey.

Spawning season ending in

1974 1975 1976 1977 1978 1979 1930
Faus
All spp. 22.3 32.8 25.7
Lirmendz feryuginea 36.4
Meriucsius pilinearis 37.8
Sccrmier scombrus 0.7
Al1 spp. 28.2 13.3 18.8
Amrodytes sp. 32.7 68.5 3.4 1.4- 18.1
Clupea havengus 30.9 - 28.3 0.1
Gadus morhua 24.3  66.9 4:1.1 85.0 95.3 72.4 B7.5
Lirandz ferruginea 23.2 48.7 42.3  25.6
Melenogrzmmus aeglefinus 44.7 53.6 96.1 84.7 98.4 75.2 88.0
Merlucsius bilinearis 66.4 48.6  54.4
Scomber zcombrus 0.6 32.0 0.7

*The Georges Bank subarea comprises 16% of the afea, 16% of the stations, and
approximately 17% of the sampling time in a total MARMAP survey.



Table 3. Abundance in southern New England* watérs, as percent of

a total MARMAP survey.

abundance in

Spawning season ending in
1974 1975 1573 - 1977 1978 1979 1980

Eggs
A1l spp.

Limenda ferruginea
Mertuceius bilinearis

Seomber scombrus

Larvae

All spb.

Armodytes sp.

Clupea harengus

Gadus morhua 69.8
Limanda ferruginea
Melanograrmus aegléfinus 54.2
Merluccius bilinearts

Scomber scomdrus

51.9
55.5

89.7

56.4 .

86.0

8.2
43.9
9.9
32.9
41.0

29.9

44.3
52.3
8.3
1.5
39.7

42.9
32.9

49.4

33.1

34.2
44.0

1.0 0.3
7.8 2.6
44.5 67.4
8.7 6.1
22.6

AR

*The southern New England subarea comprises 23% of the area, 25% of the
stations and approximately 24% of the sampling time within a total MARMAP

survey.



Table 4. Abundance in Middle Atlantic Bight* waters, as percent of abundance in
a total MARMAP survey.

Spawning season ending in
1974 1675 1976 1977 1978 1979 1980

Egas

A1l spp. 18.0 ~ 26.7 19.2
Limandz ferruginea ’ 1.5

Merluccius bilinearis 10.8 .
Scomber scombrus : 7.8

Larvae

A1 spp. 12.6 38.5 38.8
dmmodytes sp. 33.6 5.3 10.4 429 35.4

Clupea harengus

Gadus morhua 5.9 12.3 13.2 0.6 1.2 2.2 0.1
Limandza ferruginea 23.6 . 2.0 8.3 5.6
Melanogrammus aegleﬁnus

Merluccius bilinearis 0.2 2.5 3.2

Scomber scomdrus 53.0 . 4.2 26.1

*The Middle Atlantic Bight subarea comprises 23% of the'area, 29% of the
stations and approximately 28% of the sampling time within a total MARMAP
survey.
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ABSTRACT

Methods are given to measure the effects of spatial and temporal
differences in fish egg production on the precision of estimates of
total seasonal egg production derived from ichythyoplankton surveys.
The techniques are applied to the results of large séé1e plankton sur-
veys conducted in 1977 and 1979 off the northeastern United States.

For the three species analyzed (Atlantic mackerel, Scomber scombrus;

silver hake, Merluccius bilinearis; and yellowtail flounder, Limanda

ferruginea), the surveys produced estimates of total egg production
having an average coefficient of variation equal to 31%. Estimates
of spawning stock size based on the egg production estimates compared

favorably with other independent assessments of stock size.



INTRODUCTION

Large scale plankton surveys have been conducted off the northeast
coast of the United States since the autumn of 1976 as part of a long-term
monitoring program (MARMAP) of the National Marine Fisheries Service.
Generally, six data gathering cruises per year, at various seasons, cover
the Gulf of Maine, Georges Bank, Southern New England, and Middle Atlantic
Bight waters out to the edge of the continental shelf. One objective of
these surveys is to produce an estimate of the total seasonal production
of eggs spawned by certain fish species. From egg abundance values,
estimates can be made of spawning stock size if other biological infor-
mation such as the sex ratios, fecundity, percent mature, and length fre-
quencies are available. Egg surveys often produce estimates of spawning
stock size which are consistent with estimates derived froﬁ 6ther data
(see e.g., Saville, 1954; Simpson, 1959; Berrien et al., 1981; Lockwood
et al., 1981; Berrien, 1981; Berrien, 1983).

The estimated precision of egg surveys, and hence of the derived
spawning stock size eétimates, is usually based only on the variability
of egg densities over space while the variability due to produbtion
changing over time is ignored (Saville, 1964; Lockwood et al., 1981).

In this paper a technique is described which measures the effect of
varying production over time and space on the precisioh of estimates of °
total seasonal egg production. The method is applied to survey results

for three species, Atlantic mackerel (Scomber scombus), silver hake

(Merluccius bilinearis) and yellowtail flounder (Limanda ferruginea) to

ascertain the approximate precision of the estimates of total egg pro-

duction.



Fig. 1

METHODS
The Data _

Data analyzed in this paper were cél]ected during MARMAP (Marine
Resources Monitoring, Assessment and Predicyion) ichthyoplankton surveys
in 1977 (mackerel and yellowtail) and 1979 (silver hake). The MARMAP
surveys cover much (258,000 kmz) of the continental shelf off the north-
east coast of North America from Cape Hatteras, North Carolina to Nova
Scotia. Subareas for 1977 (Figure 1) were based on the frequency of
survey cruises in each subarea. The unequal effort in each subarea re-
sulted from vessel scheduling problems and, in some cases, from restric-
tions on European vessel operations in U.S. and Canadian waters (Berrien
et al., 1981). Different subareas were usad for 1979 data (Figure 1).

They were based on oceanographic and biological considerafioﬁs, and were
selected so as to allow direct comparisén with population estimates from
cohort analysis.

Ichthyoplankton was sampled with 61-cm bongos fitted with 0.505-mm
mesh neti. Smooth, double-oblique plankton hauls were made at each station
according to standard MARMAP I procedures (Jossi et al., 1975). Sampling
extended from the surface to within 5 m of the bottom or to a maximum depth
of 200 m and was ;onducted at a vessel speed of approximately 1.5 kts.

» Fish eggs were removed from the samples, i&entified and separated into

developmental stages. Numbers of eggs collected were adjusted to no./day/m2

_of sea surface area. Mortality rates were calculated on the observed decline

in numbers with stage mean age. Numbers sampled/mz/day at each station were

then adjusted for mortality to calculate numbers of eggs spawned/mz/day and



these adjusted values were used to derive the estimates of total egg
production for the entire season. For a more detailed account of
sampling and analysis procedures, see Berrien et al. (1981) and

Berrien (1981, 1983).

Statistical Methods

Data from a cruise was used to estimate the mean number of eggs
spawned/mz/day at the time of each cruise. Only part of each survey
area contained the eggs of any particular species, and hence the pro-
portion of nonzeros in the sample estimates the fraction of the area in
which eggs‘occurred. It has been observed (Berrien et al., 1981; Berrien,
1981; Lockwood et al., 1981) that the distribution of the nonzero values
is often Iognormai for egg data. A distribution with a proportion of
zeros such that the nonzero values are lognormally distributed is called
a a-distribution (Aitchison and Brown, 1957). The estimator (c) of the
akithmetic mean (Aitchison and Brown, 1957) and its variance (var(c)]

-(Pennington, 1983) for the aA-distribution are:
D exp (7) 6, (s%/2), m1,
n m

c = x_l: =1,
' n



and
m = m 2,2 m-1 m-2 .2 '
o exp (2y) (76, (s%/2) - (=) 6, (=7 S°)b m>1,
X
var(c) = (-ﬁ-]*)2 R m=1.
o, m=0 (2)
where:
n is the sample size,
m is the number of nonzero values,
y is the sample mean of the nonzero 1oge values,
s2 is the sample variance of the 1dge valués,
x, 1s for m=1 the single nonzefa value,
and

m-1 (m—l)z‘j°1

md(m+1) (m+3)...(m+2j-3)

c..a_.lx
. [ &

With a computer it is easy to evaluate Gm(x) for given values of x and m.
For smaller values of m and/or larger values of x, the-usugl approximitions
to Gm(x) such as exp[(m%l)x] (Jones, 1956) are poor;. For agy surveys,

¢ can be much more efficient in estimating the mean number of eggs spawned/

mz/day than the ordinary sample mean (Pennington, 1983).



The rate (Tt) of production for a subarea at time t (taken to be

the midpoint of sample collection) is then estimated by

where A is the area of the region, and its variance by

Var(Tt) = A2 var(c).

To calculate an estimate of total seasonal egg production (T), the

production rates are integrated over time or

T = T, + ath + ...+ T

a

where a;s...3, are constants which depend on the spacing of the cruises
and tl""’tk are the times represented by each individual survey cruise.

A sequence of plankton surveys is in effect most often a systematic
survey taken over time. For a sequence of k surveys conducted, for example

at monthly intervals, let Tt denote the estimate of total egg

1, tz’...’tk
production based on the k surveys. Then the variance of T is

A t tz,...,tk
given by (Rao, 1973, p. 97):



Var(Tt : ’tk) = E{Var(Tt | ts tz,...,tk)] +

1 Eareee t

1’ 2”"’tk

Var(E(T | t9s thsennt )], (3)
tl) tz’--trtk 1 2 k » .

The first term on the right hand side of equation (3) is the average
variance due to spatial differences in abundance, and the last term is
the variance of the expected abundance for a particular sequence taken

T T

over all possible sequences of monthly surveys. Now if T 90 =+0 T,

1’
are estimates of total egg production based on 2 systematic'month]y

surveys taken with random starts then

is an unbtased estimate of total production,

o

var(T) = £ (T; - T)/2(2-1) (4)
i=1

is an unbiased estimate of its variance, and z-var(T) is an unbiased
estimate of the variance of a single systematic survey conducted at

monthly intervals, i.e., of the left hand side of equation ().



For the data at hand, since the nonzero values from an individual
cruise were distributed lognormally, the production rate for each subarea
and cruise was calculated using equation (1). Alternate cruises were then
used to calculate two estimates of total production for each subarea (or
a combination of subareas if production was low). The average,

(T1 + TZ)/Z’ of the two values is the estimate of egg production in each
subarea and (T1 - T2)2/4 (equation (4) with 2 = 2) estimates its variance.
The final estimate of total production for the entire region is the sum

of the subarea estimates of production and its variance is the sume of
their estimated variances. One reason for calculating subarea estimates

is to increase the number of degrees of freedom for the estimate of the
total variance. But since the variances of the production estimates for
the subareas were considefab]y different, Satterthwaite's formula (Cochran,
1977, p. 96) was used to estimate the effective numbér of degrees of free-
dom. '

It was also desired to-obtain a rough indication of the proportion
of the total variance due respectively to spatial and temporal effects for
the surveys. Equation (2) was used to estimate the spatial component of
variance, which along with the estimate of the total variance, was used in
conjunction with equation (3) to obtain an estimate of the variability due
to time for the present survey design.

Finally, estimates of spawning stock size based on total egg production
were calculated as described in Berrien et al. (1981), Berrien (1981), and
Berrien (1983). It is assumed that the variability of the estimates were
due mainly to the variabi]ify of the egg production estimates and hence the
variability of the spaﬁning stock size estimates reflect solely the vari-

ability of the egg data.



Tables
I&I1

Figs.
2-4

Table III

Table IV

RESULTS

Tables I»and II summarize the statistics used to estimate the egg
production for each subarea at the times }epresented by the individual
surveys. Also given are estimates of the standard error of the estimated
rate of production (c) resulting from the spatial variability at the times
sampled. The daily egg production curves for each subarea and for the
entire region are shown in Figures 2-4.

Table III contains estimates of total seasonal egg production for
each species based on treating the series as two alternating systematic
samples. In parentheses, under the production estimates, are the estimates
of production derived by treating the series as a single systematic sample.
Also in Table III are estimates of the components of sampiing variability
dﬁe to temporal and spatial effects for the surveys as conducfed. Column
6 gives the estimated standard error ofvthe total seasonal egg production
estimates and in column 7 are its effective number of degrees of freedom.

In Table IV are estimates of spawning stock size for each species
based on the egg productioh estimates. Confidence intervals for these
estimates (80% for mackerel and silver hake, 70% for yellowtail) are also
presented. Again, it should be noted that the confidence intervals only

take into account the variability of the egg estimates.

DISCUSSION AND CONCLUSIONS

In practice the dates at which plankton survey cruises are conducted
are spread throughout a season rather than chosen randomly with respect to
time. Therefore, the surveys are effecfive1y systematic in tima. Fcr
natural populations, systematic sampling can be much more efficient than

random sampling, particularly so for populations which vary continuously



(Cochran, 1977, p. 221). Egg production for the three species analyzed
appears to be fairly continuous over time. That is, though the estimated
error of the individual production rates (c¢) for each subarea are re-
latively large, the rates (see TablesI and II) do not vary erratically
over time, but for most subareas, rise to a peak and then decline.

There are various ways to estimate the variance of the results from
a single systematic sample after making some assumptions (Cochran, 1977,
p. 223). Where practical, unbiased estimates of the sampling variance
can be made by dividing the effort into two (or more) systematic samples
with random starts. Though the MARMAP surveys were not designed as two
independent series of surveys, logistics and the large area covered pro-
duced alternate surveys with starts approximately random in each subarea.
A disadvantage of the method used to estimate the total variance is that
it may overestimate the true value, especially if the complete survey,
being systematic in time, has been effective in reducing the variance.

The relative sizes of the variance components (Table III), though
imprecise as reflected by the negative estimate of the time component
for silver hake, indicate the sources of variability for the surveys as
conducted. For example, the proportion of the total variation due to
time was highest for yellowtail flounder and lowest for silver hake. This
results from the fact that one cruise in a subarea accounted for 52% of
the.yellowtai1 egg production (Table I) as compared with 22% from a single
" cruise for silver hake (Table II). The high concentration of egg pro-
duction in a short time period for yellowtail is the reason that the

estimate of the total variance has only 1 effective degree of freedom,
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as a consaquence, the éstimate of seasonal egg production for yellowtail
is the least precise of the three.

One way to assess the accuracy of égg surveys is to compare the
estimates of spawﬁing stock size based 6n;the surveys with other available
estimates. Table IV contains estimates.of Spawning‘stock size derived
both from the egg surveys and from cohort analysis. For Atlantic mackerel

9

the spawning stock estimates based on the egg survey (1.20 x 10° fish) com-

9

pared favorably with cohort analysis (.96 x 10° fish). The estimate for

silver hake from cohort analysis (.77 x 109 fish), though considerably

lower than the estimate based on the egg survey (1.55 x 109

fish), is just
within the 95% confidence interval for the egg survey estimate. Due to
silver hake catches having sharply declined in recent years, the estimate
based on cohort analysis is consi@ered tentative since cohﬁré analysis
tends to underestimate population sizes in a fiéhery with declining catches
(Berrien, 1983). The estimate for yellowtail (1.38 x 10° fish) based on
the egg survey_apbears to be quite reasonable, although no cohort analysis
is available (Berrien, 1981).

There are other possible sources of uncertainty in egg abundance
estimates which have not been addressed here. Errors could result from
insufficient coverage of spawning area and season due either to inadequate
survey design or vessel operations and the vagaries of weather. For in-
stance, an apparently important spawning area of silver hake in the western
Gulf of Maine was not adequate]y'saﬁpied in the summer resulting in egg
estimates that are prcbably low. Another possible, but less worrisome

source of bias in egg census work, could arise through choice of a watar



column temperature which does not accurately reflect conditions ex-
perienced by an egg sample in question. * The application of an inaccurate
mortality rate to egg catches would bias resulting production 1eve15;
However, this effect is minimized by the use of the youngest stage'eggs
to derive the final egg census estimates. Beyond egg production estimates,
errors in any of the following parameters on adults could bias the resulting
population estimates: the Tength-frequency distribution, male-female ratio,
percent mature at size, and fecundity at size.

For the species considered, the egg surveys provide estimates of suf-
ficient accuracy for detecting large changes in the spawning populations.
It should be stressed though, that the data are only from one year for each
species. But if the shape of the production curves proVes to be similar
for other years, then the use of egg surveys for the estjﬁatﬁon of fish
abundance would appear to offer a feasible methbd of monitoriné major
fluctuations in spawning stocks. It represents the only way of estimating
absolute abundance of species for which no fishery exists, and probably is
cost effective in cases where fishery statistics are inadequate to provide

an accurate cohort analysis.
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Figure 1. Ichthyoplankton survey area ; subareas for 1977 (left) and 197 (right).
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APPENDIX IV.

REDIRECTION OF NEFC RECRUITMENT STUDIES



UNITED STATES DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Northeast Fisheries Center
Narragansett Laboratory
South Ferry Road
Narragansett, RI 02882 1199

DATE: January 20, 1984

TO: Committee of Three: Dick Hennemuth, Carl Sindermann, Michael
. Sjssenwine(F/NEC

K%‘bm
FROM: Kenneth SherméﬁT’Chief, Marine Ecosystems Division - F/NEC2

SUBJECT: New Recruitment Initiation: Working Group

A Working Group under the chairmanship of Geoff Laurence will complete a
first draft next week of the Issue Paper requested by the COT on the
redirection of recruitment processes research within the MED. Scientists on
the Working Group include:

Geoffrey Laurence Narragansett - Chairperson
John Green Narragansett

Wallace Smith Sandy Hook

Gregory Lough Woods Hole

Edward Cohen Woods Hole

David Mountain Woods Hole

Emory Anderson Woods Hole

Steve Clark Woods Hole

[ expect that we will have no difficulty in completing the Issue Paper by
15 February.

KS/jkd




UNITED STATES DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Northeast Fisheries Center
Narragansett Laboratory
South Ferry Road
Narragansett, RI 02882 1199

DATE: February 10, 1984

T0: ' ﬁ\gy+ee: Dick Hennemuth, Carl Sindermann, Michael
%b /NEC

FROM: rman, Chief, Marine Ecosystems Division - F/NEC2

4

SUBJECT: Issue P p;r: Redirection of NEFC Recruitment Studies

Periodic reviews of research are an important means for evaluating
progress and correcting shortcomings. I'm pleased to forward to you an issue
paper that describes the importance of recruitment studies on fisheries
science and outlines the redirection of the Division's recruitment studies.
This paper is a development of periodic, rather critical, reviews of the
Division's early-life-history research conducted by our staff prior to the
October Review. These reviews were augmented by the critical synthesis and
evaluation of global fisheries ecology research that took place during Fish
Ecology I, II, and III symposia in which Division staff participated. The
redirection set in motion prior to October is consistent with the comments of
the Review Panel. As you perceptively point out in-your comments dealing with
this issue,

"Program Review Comment - More emphasis should be placed on
sampling post-Tarval and juvenile fish and defining their role in
the ecosystem.

COT's Response - The need for greaater emphasis on post-
larval fish has been identified by the Marine Ecosystems
Division. The Division has conducted much of the research which
has led to this redirection. This is a good example of the
Center's leadership role in fisheries science."*

The role of fisheries oceanography studies in the redirected effort is
critical and we have addressed the importance of this role in the document.
Each of the three Fish Ecology panels underscored the importance of intimate
involvement of oceanographers to sort out the various sources of natural
mortality associated with environmental conditions. We agree and have pursued
this course vigorously during the past seven years in the descriptive mode.
The new direction emphasizes the transition from descriptive models to dynamic
models of water movement. Now that Steve Ramp has returned from the rigors of
two-years of advanced study in marine hydrodynamics at the University of Rhode
Island under Mel Stern, we are confident that we have the in-house capability
and current meter data base to move ahead in this important new area.

*NEFC Program Review - Summary of Results and Response of Committee gfees.,
Three (COT) on Research and Structure. : o
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The issue paper addresses the importance of coupling mesoscale and
microscale approach to measuring variability in abundance and distribution of
the target species, particularly haddock and cod. We have devised our
sampling strategy to maximize both sampling strategies with back-to-back
surveys in spring in an all-out frontal attack for improving mortality
estimates.

The issue paper has been developed by a Task Force of staff from MED and
RAD under the direction of Geoff Laurence. Each of the participants made
significant contributions to what I believe is a first-class paper.

KS/jkd

cc: J. Casey
G. Laurence
M. Grosslein
D. Mountain
W. Smith
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Redirection of NEFC Recruitment Studies

INTRODUCTION

Recruitment variability is considered to be the central problem of
fishery science. In fact, this variability which occurs in the early life
stages of fin fishes before they enter the mature exploited stock is the major
source of uncertainty that impedes the most economical and rational
exploitation of marine fisheries. Justification for recruitment studies has
been considered in detail and endorsed by an international group of experts
(Rothschild and Rooth, 1983). The NMFS has proposed a major new initiative
called FOCI (Fisheries-Oceanography Coordinated Investigations) which includes
comprehensive recruitment investigations in all of the Regional Research
Centers.

Previous research in the Northeast Fisheries Center on recruitment
mechanisms has focused on larval mortality caused by starvation. However,
recent analyses of empirical data and resultant inferential thinking by NEFC
scientists has lead to the identification of new factors potentially
controlling recruitment variability. The hypothetical framework developed is
that recruitment variability is largely determined in the juvenile life stage
and that prerecruit mortality is likely controlled by predation rather than
starvation. Sissenwine (1984) has summarized the reasoning behind this recent
thinking which is based on: (1) a general lack of a clear relationship
between adult spawning stock size and recruitment for any species in the NW
Atlantic except at extremely low population levels; (2) no demonstrable

correlation between larval production and abundance and year class success
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which suggests that juvenile mortality must be significant and affect
recruitment; (3) evidence of prey concentrations in the field which are
adequate for a survival of larvae as indicated by laboratory and modelling
studies; (4) lack of evidence of significant population starvation for field
collected larvae; (5) a high survival rate of larvae in large, predation-free
enclosures; and (6) the identification of fish and invertebrates as predators
oé egg, larval and post-larval stages.

This document represents inter-Divisional thinking (MED, RAD) regarding
the redirection of NEFC research of recruitment processes. An appropriate
research strategy is developed which includes: (1) the formulation of
relevant biological and physical oceanographic hypotheses; (2) logistics of
conducting field research designed to test the hypotheses; and (3) integration
of this research effort with ongoing Center monitoring, assessment, and

modelling studies.
BACKGROUND AND PREVIOUS RESEARCH

While mechanisms regulating recruitment have been proposed since Hjort's
time (1914), several hypotheses have been advanced recently to explain the
large observed fluctuations in recruitment. Cushing (1973) proposed that a
fortuitous coupling of fish spawning with the onset of the vernal bloom is the
key factor in determining a good year class. This theory is generally known
as the "match-mismatch hypothesis." Lasker (1975) demonstrated that the local
abundance of a suitable prey for larval anchovy is critical in the initiation
of first feeding and consequently affects growth and survival. Recently, Iles
and Sinclair (1982) have proposed that the size of a herring stock's spawning
area was crucial in regulating stock size.‘ The size of the spawning area is

hypothesized to be proportional to the stock size and hence time spent in a
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larval nursery area. Other investigators (Bailey, 1981; Parrish et al., 1981;
Bakun and Parrish, 1982) have looked at physical oceanographic indices of
water transport and maintenance of eggs and larvae in nursery grounds. There
has been some success (Bailey, 1981; Parrish et al., 1981; Bakun and Parrish,
1982) in correlating upwelling indices and off-shore transport with year-class
strength. There is sdme indication that physical mechanisms are important in
Eastern Boundary Currents (Bakun and Parrish, 1980). So far this has not
proven to be the case on the northeast Uﬁited States shelf. The shelf in the
northeast is much wider than on the Pacific coast and perhaps this reduces the
influence of off-shore transport. Recently, Laurence and Burns (1982)
examined samples taken in an entrainment feature associated with a warm core
ring for larval fish. Coastal zooplankton species were present, but coastal
larval fish species were not. Also, Smith and Morse (1984) reported no
evidence of significant loss of haddock eggs or larvae across the shelf break
off the northeast U.S. coast potentially attributable to advécfive processes
for the period 1977-82. The lack of correlations between physical proéesses
and larval mortality and subsequent year-class strength for Georges Bank
haddock and silver hake was also noted by Cohen et al. (1982). They looked
for relationships between warm core ring entrainment, Ekman transport and
position of the shelf slope front with egg, larval and post-larval mortality
and subsequent, year-class strength in silver hake and haddock. The time
series of data that they examined was from 1975 to 1981. The time series is
short, but so far there is no conclusive evidence that physical processes set
year-class strength every year on the northeastern shelf. They may, however,
play an important role in particularly good or bad years. For example, 1982
was a year when virtually no gadoid larvae were found on the bank. Physical

transport of eggs and larvae off of the bank may have been responsible for
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their absence. It is also possible that the quarterly averaged data
considered by Cohen et al. (1982) obscured important events that occurred
rarely and for a short time. Another possibility is that due to the shortage
of data, inappropriate physical processes were considered. Recently, Koslow
(submitted) has shown some correlations in year-class strength of different
stocks of the same species that may be due to large-scale physical forcing
(é]imato]ogical-meteoro]ogical) in the northwestern Atlantic. Recruitment may
also be affected by other physical processes such as the effects of
temperature on growth, metabolism and subsequent survival.

Lasker's (1975) critical period theory does not seem to apply to
Northwest Atlantic coastal species since very few feed to any extent on
phytoplankton. Perhaps more importantly, Laurence (1983) has shown that while
starvation mortality is not insignificant, especially in the early larval
phase, there appears to be enough food available on Georges Bank for
maintenance and growth of larval fish populations.

The match-mismatch theory seems to be weakest of the hypotheses tested to
date. The argument that fish have evolved a strategy of spawning in response
to a phytoplankton bloom rather than the subsequent increase in their
zooplankton prey does not seem very compelling. Recently Sherman et al.
(1984) have shown a correlation of larval abundance and zooplankton abundance
in the Northwest Atlantic. However, it appears from Laurence's work (1983)
that average prey density is in excess of requirements. Furthermore, some
species (e.g., sea herring, sand lance) spawn in autumn and their larvae
depend upon winter zooplankton production which is at minimum.

A11 of the hypotheses discussed thus far concentrate on various events in
the very early life stages, i.e., eggs and larval stages. However, there is

no evidence in the literature to date of a correlation of egg or larval
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abundance and recruitment (see Cushing, 1973; Smith and Eppley, 1982; Cohen et
al., 1982). This fact has led to a reconsideration of the data and a new

synthesis of ideas.
A NEW DIRECTION

In order to carry out a total program'of recruitment research, extensive
d;ta on proposed target species (haddock, cod and yellowtail) and their milieu
are necessary. These include abundance estimates at various life stages--
eggs, early larvae, late larvae, early juveniles and late juveniles--
representing a "life table" for the target species covering the critical first
year of life. In addition, there is a need for concurrent measurements of
physical and biological conditions. The physical conditions include
measurement of temperature, salinity and wind stress, as well as direct
measurements of the amount and variability in the recirculation of water on
Georges Bank. Biological conditions encompass growth, biochemical condition
factors, distribution, patho-biological indices, prey availability, predator
abundance, distribution and food consumption (particularly from June through
September). Analysis of the interannual variations in mortality during the
different life stages and attendent physical biological conditions will allow
an evaluation of various hypotheses about timing of mortality and relative
importance of different mortality mechanisms.

The following perspectives attempt to focus and define the above
generalized and extensive data needs into more specific research areas that

increase the probability of determining factors controlling recruitment.

The Biological Perspective

Work at the Northeast Fisheries Center of the National Marine Fisheries

Service (NEFC, NMFS) suggests that recruitment variability is determined by
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interannual differences in post-larval and juvenile mortality rates. Edwards

and Bowman (1979) suggested that silver hake (Merluccius bilinearis) is the

keystone pisciverous predator on Georges Bank. They proposed that silver hake
regulated its own abundance through cannibalism as well as that of other
species by predation. Cannibalism has been shown to be an important mechanism
regulating recruitment in clupeoids (MacCall, 1980) and occurs in other
species such as walleye pollock (Knetchel and Bledsoe, 198l). Cohen and
Grosslein (1982) calculated the daily ration and preferred prey size of silver
hake and concluded that a conservative estimate of silver hake consumption
could equal all of the post-larvae produced on the bank by silver hake, cod,
yellowtail flounder, haddock, and pollock. Cohen and Grosslein (1982) also
showed that mortality rates in the post-larval phase were at least as great as
in the egg and larval stage for cod, haddock and silver hake. This result was
expanded for additional species and years by Sissenwine et al. (1984).
Additional evidence that year-c]ass strength is set after the larval stage
comes from Cohen et al. (1982), who demonstrated a correlation between
mortality from age O (approximately 6 months) to age 1 for silver hake based
on survey indices and year-class strength based on virtual population
analysis. Other NEFC data also shows correlations between survey catch during

the first year of life and subsequent recruitment (Fogarty et al., in press).

Hypotheses .--Predation has been hypothesized as a key element in
structuring marine ecosystems (Landry, 1976; Ohman et al., 1983) and, while
the primary goal of the recruitment initiative is to investigate the role of
predation mortality in setting year-class strength with particular reference
to juvenile fishes, it would be premature to ignore physical processes or
events occurring during the larval and egg stages. It is necessary in

examining the recruitment process to take into account the various mechanisms
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which may be at work to different degrees in different years.

Specific hypotheses are:

1. Predgtion mortality on juvenile fish is the major process regulating
year-class strength. This predation is influenced by numerous factors that
must be elucidated. For example, predation may be enhanced or diminished by
changes in growth rate due to the physical environment or bio]dgica]
interactions (food availability, competition). Predation may also be affected
by changes in the distributions of predators and prey in space (horizontal and
vertical) and time due to both biological and physical causes. Predation in
the sense used here also may be interrelated with parasites and disease which
sometimes have disastrous effects on fish populations. However, these two
factors may also be considered co-variables in their own right.

2. In some years the survival and distribution of eggs and larvae may
dramatically alter recruitment. The lack of cod and haddock larvae on Georges
Bank in 1982 may have been the result of a massive mortality of eggs and/or
larvae. An alternative is that variability of eggs may be a function of the
condition of the spawners in some years. Also, environmental conditions may
affect the fecundity of the fish. There is some evidence for significant
parallel interannual differences in fecundity of haddock on Georges Bank and
Browns Bank in the same calendar years, suggesting a possible region-wide

environmental effect on egg production.

The Fishery Oceanography Perspective

The Oceanography Investigation will contribute to Center recruitment
research in three areas combining process-oriented field work, retrospective
analysis of existing data, and a circulation/physical environment component to
ongoing modelling efforts.

Previous process-oriented studies have shown that cod and haddock larvae
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are carried southwestward from the spawning areas on northeastern Georges Bank
to the southern side of the bank by the local water motions. Subsequently,
the young-of-year are found in fall surveys to be concentrated on the northern
side of the bank. The movement of the juvenile fish from the southern to the
northern side of the bank likely occurs through some continued dependence on
the mean circulation pattern and also some behavioral mechanisms. The
circulation pattern over the western part of Georges Bank includes a
recirculation of about 10-30% of the water from the south side around to the
north in the region of Great South Channel. The majority of the flow on the
southern side, however, continues westward toward the Middle Atlantic Bight.
While the young possess considerable mobility, no hydrographic gradients exist
between the water moving northward through Great South Channel and that moving

westward past Nantucket Shoals to provide directional keys to the fish.

Hypotheses.--Specific hypotheses are:

1. Variations in the degree of recirculation of water probably results
in differential retention and survival of early life stages of cod and haddock
on Georges Bank and directly influences recruitment on Georges Bank.

2. The physical environment may also influence year-class strength in
other ways. For example, elevated temperatures may cause eggs to hatch sooner
and larvae and juveniles to grow more rapidly than usual and consequently be
subject to predation for a shorter time. Colder than average temperatures
could be expected to act in an opposite fashion. Temperature may also affect
egg size and survival as well as affect the spread of disease or parasites.
There may be other environmental linkages with recruitment such as Ekman

transport, rings, and salinity.
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RESEARCH STRATEGY AND FIELD LOGISTICS

Biological

Two recruitment study cruises will be conducted, 11-22 June 1984 and 6-18
August 1984, to determine the distribution and abundance of the older larvae
and juveniles of cod and haddock; to investigate their vertical distribution,
behavior and predator-prey relationships; and to evaluate various sampling
gear for capturing juveniles. Sampling on the 11-22 June 1984 cruise aboard

Albatross IV will be directed toward the pelagic larvae and young juveniles

(15-50 mm), whereas on the 6-18 August 1984 cruise aboard Delaware II, the
sampling emphasis will be on the demersal juveniles and predator stomach
studies. From these cruises and Ichthyoplankton Survey-MARMAP cruises we will
be able to estimate mortality rates on a number of developmental periods for
the Georges Bank spawning population from the egg to early juvenile stage,
which can be related to an index of year-class size at recruitment from the

late summer, fall and spring bottom trawl surveys.

Field Operational Plan

11-22 June 1984, Albatross IV Cruise.--Approximately 6 days of the June

cruise period will be devoted to a survey of the Georges Bank area within the
100 m bottom contour. A grid of 40-50 sampling stations will be occupied
between 10 and 30 miles apart with stations more closely spaced in the shoal
region or where high abundances of fish are observed. Post-larvae and early
juveniles will be sampled by 30 min (1.5 knot) integrated hauls from surface
to near bottom using the 10-m MOCNESS (3.0 mm-stretch mesh), an electronically
controlled opening-closing net. After the distribution and abundance of the
pelagic post-larvae and early juveniles are determined, a suitable station(s)

will be occupied for the remaining 4 days of the cruise to conduct vertical
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distribution studies and at the same time compare the sampling efficiency of
the 10-m MOCNESS vs the 6' IKMT and the Boothbay Depressor Trawl. A 36'
Yankee Bottom Trawl modified with a chain disc sweep also will be used to see
what portion of the population are in the demersal stage near bottom and below
the maximum depth level of sampling with the pelagic trawls and to capture
po§sib1e predators. If time permits, two stations should be occupied to
compare and contrast distributions in the well-mixed vs stratified waters.

An EPSCO cromascope echo sounder will be used to see if juveniles can be
jdentified with a specific return signal, and if successful, the echo traces
can be used to confirm that diel vertical migration and not horizontal
dispersion is responsible for changes in availability. Subsamples of fish
will be preserved and later analyzed for gut content analysis, biochemical
condition factor-growth analysis (RNA/DNA), pathogens, parasites, and otolith
aging analysis to construct growth curves and back calculate the time of

hatching or spawning.

July.--Although not scheduled for 1984, the desirability of sampling

monthly from June to August should be considered in future years.

6-18 August 1984, Delaware Il.--On the August cruise the same 40-50 grid

stations should be resurveyed within 6-8 days using both a Yankee Bottom Trawl
and a suitable pelagic trawl at each station. Juveniles should be sampled
with a bottom trawl in the shoal water by day as they are reported to be
concentrated near bottom, and sampled with pelagic gear at night when they
come off bottom or, ideally with both gear at each time to clarify the
situation. In the deeper stratified waters (>60 m) they are believed to
remain up in the water column associated with a thermocline. Samples of

juveniles will be preserved for the same analyses as indicated for the June
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cruise. The final 4-6 days of the cruise will then be devoted to an intensive
station(s) study of their diurnal variability and a special effort to collect
stomachs of the larger predators caught in the trawls to identify those
species preying upon the juveniles. Again, depending on sampling results, it
may be desirable to select stations to contrast the well-mixed vs stratified

environments.

Fishery Oceanography

Process-oriented studies in two research areas will be conducted to
support hypothesis testing. These studies are:

1. Use current meters and drift measurements to determine the degree and
variability of the recirculation of water in the southwestern portion of
Georges Bank as it pertains to the retention of juveniles on the bank.

2. Conduct cooperative work with the biological tasks to identify the
existence of behavioral mechanisms that retain the young fish on the bank and

any physical keys by which they are controlled.

Field Operations Plan

The field work needed in the recirculation studies above would require

approximately 6 days on Albatross IV in the early spring of 1985 for mooring

deployments and 6 days in the late summer for servicing the moorings. The
behavioral work would be done as part of the biological sampling program.

1. A circulation modelling project will be carried out to include
circulation and water characteristics in relation to rates of water-motion and
observed distribution patterns of larval and juvenile cod, haddock, and
yellowtail by size and age in an effort to measure the influence of advection
on the survival of early life stages.

2. The MARMAP hydrographic data from 1977 to the present is being

analyzed to describe the variability in the physical environment of the Gulf
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of Maine/Georges Bank region. The result of this analysis will be combined
with the fish stock statistics to search for any relation between the physical
and biological variations. Highest priority will be given to examination of
environmental conditions during the spring of 1982 which had unusually low cod
and haddock larval populations. This work will be done in close cooperation
with the Resource Assessment Division and Ichthyoplankton Survey
Investigation.

3. Reirospective analyses of environmental data archives in relation to
recruitment time-series will be conducted in cooperation with AEG and other

NEFC units. .

MARMAP-Ichthyoplankton Survey Perspective

The research strategy will continue to focus on the integration of
information from three sources: shelf surveys, process-oriented field
studies, and laboratory research activities. The 7-year time series of
mesoscale plankton/hydrography information will be augmented by continuing the
shelf surveys that began in 1977. Cruises will be conducted at monthly-to-
bimonthly intervals and cover the continental shelf region from Cape Hatteras,
North Carolina, to Cape Sable, Nova Scotia, an area of some 260,000 km?.

These multispecies surveys are an integral part of the proposed recruitment
initiative. They provide a description of unprecedented scope and accuracy of
the interannual variability in mesoscale temporal and spatial distribution
patterns, abundance, production and mortality of fish eggs and larvae. These
will be the only Center studies conducted on eggs and larvae and this
information is essential if we are to assess the significance of mortality
during the post-larval and juvenile stages. In addition to providing
estimates of mortality during the egg and larval stages, the surveys produce

information on the population structure of ichthyoplankton communities and
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their environment and thereby provide some insights into the causes of

mortality over broad geographic areas.

Field Operations Plan

Plankton samples will be collected on each survey cruise at 170 stations
by double-oblique tows with a 61-cm bongo fitted with 0.333 and 0.505-mm mesh
nets. The 0.505-mm mesh sample will be used for ichthyoplankton analysis.
Previous surveys have collected cod larvae 3-20 mm and haddock larvae 3-15
mm. Survey activity in 1984 And 1985 will emphasize the winter/spring period,
the spawning seasons of two of the target species, cod and haddock. In each
year we will co;duct four surveys during the late autumn through spring
spawning season of cod and three during the shorter winter/spring spawning
season of haddock. The 1984 spring survey immediately precedes the initial
post-larval/juvenile cruise and will provide‘strategica11y important

information on the best location for finding young stages of the target

species.

Ecosystem Modelling Perspective

The time series of available physical data and recruitment estimates will
be analyzed for causal linkages. Regression analysis on recruitment of
several stocks with their predators and alternative prey will be performed.
This research will also involve work with Laurence's larval feeding model to
further refine the estimates of the effect of different prey concentrations on
larval growth and survival. Additional estimates of larval and juvenile food
requirements compared with available food will be made using an analytical
model of total cohort consumption. Multispecies modelling of the first year
of 1life to examine the effects of predation, circulation and temperature on
the survival of éod, haddock, silver hake, herring, mackerel, and yellowtail

flounder on Georges Bank is also proposed. This model will be validated by
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comparing the results of the predicted recruitment with actual recruitment
determined by NEFC data. Further validation will be provided by comparing the
model estimates of consumption and mortality with estimates based on the food
habits data base. The insights into the recruitment process from these
studies will be incorporated into a larger model (GEORGE) that can be run for
sgvera1 years to explore the outcomes of various management decisions on

target and non-target fisheries.
PERSONNEL REDIRECTION AND REASSIGNMENT

*The Larval Dynamics Investigation will redirect its laboratory

experimental and process-oriented field tasks to the biology of juvenile
fishes. This will include all the Investigation personnel (16 positions).
The research will concentrate on age, growth, and feeding studies. Periodic
priority studies of larvae will be conducted if necessary. A renaming of the

Investigation to the Early Life Stages Dynamics Investigation fs in order.

The Fishery Oceanography Investigation will direct its efforts to the

initiation and carrying out of circulation modelling studies dealing with the
coupling of larval and juvenile distributions in relation to vertical and
horizontal advection. This will include redirection of the research of Steve

Ramp and Ron Schlitz. Efforts to examine retrospectively the relationship

between year-class success and environmental conditions will be accelerated

under the direction of Dave Mountain.

John Green, Carolyn Griswold and Joseph Kane of the Plankton Ecology

Investigation have had their positions redefined to emphasize the study of

micronekton. This will direct their efforts to organisms that include
juvenile fishes and potential predators of larvae.

Ray Maurer has been reassigned from the Plankton Ecology Investigation to

the Ecosystem Dynamics Investigation. This changes his research assignment
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from image analysis development to predator-prey interactions of juvenile and

adult fishes. Tom McKenney will be reassigned from the MARMAP I Investigation

to the Micronekton Biomass Task. This changes his research assignment from

quality control of the identification of early life stages of fish to
predator-prey interactions of invertebrate macrozooplankton and juvenile
fishes.

In the Ecosystem Dynamics Investigation the future modelling effort will

be focused chiefly on E1arifying the hypotheses outlined in this recruitment
jnitiative. This represents a narrowing of the original scope of modelling
for the Investiation, which originally involved development of multispecies
fishery models, including the evaluation of alternating long-term management
strategies. The management-related aspects of modelling will be done chiefly

by personnel of the Resource Assessment Division.
PRINCIPAL SCIENTIFIC PERSONNEL

Dr. Marvin Grosslein--responsible for overview within the Marine
Ecosystems Division and coordination and integration with NEFC multispecies
modelling effort and with the Divisions of Pathobiology, Environmental

Assessment, Aquaculture, and Resource Utilization.

Dr. Geoffrey Laurence--Coordinator, responsible for overall research

direction and scientific operations.

Dr. R. Gregory Lough--responsible for logistics and conduct of process-

oriented bio]ogical studies in the field.

Mr. Edward Cohen--responsible for biological direction and coordination

with ecosystem modelling studies.
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Dr. David Mountain--responsible for interaction and research direction of

fishery oceanography studies.

Mr. John Green--responsible for mesoscale micronekton and macrozooplankton

predator-prey studies, sampling logistics, and strategy in field research.

Ms. Carolyn Griswold--responsible for measuring predation impacts of

gelatinous zooplankton on fish larvae and juveniles.

Mr. Wallace Smith--responsible for coordination with ichthyoplankton

survey operations and research results.

Drs. Emory Anderson and Stephen Clark--responsible for coordination with

the Resource Assessment Division.



17
BUDGETARY ITEMS

The “"Juvenile Sampling Task Force" together with the above Principal

following list of gear necessary to conduct initial biological
Third wire winch $3-4
Color fish finder (on loan from RAD/Draper) 9
Nets for MOCNESS (on order) . 7-10
Boothbay trawl (on loan from State of Maine) 2
Midwater trawl 4-6
Conductivity sensor . 12
Miscellaneous (jars, labels, shackles, etc.) 5

Scientific Personnel (J. Green, Chair., Memo 11/22/83) established the

sampling:

K

$42-46 K

Fishery oceanography budget items will be primarily needed in FY'85 and

include:
Buoy modification (FY'84) $10
Instrument preparagion (batteries, servicing) 20
Sinkers | 7
Wire, chain, hardware 10
Micronekton Sampling System Development and test $50

$47 K

$50 K
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Northeast Fisheries Center
Narragansett Laboratory
South Ferry Road
Narragansett, RI 02882 1199

DATE: February 10, 1984
T0: Committee of Three: Dick Hennemuth, Carl Sindermann, Michael
Sissenwine - F/NEC
SICHED ad
FROM: Kenneth Sherman, Chief, Marine Ecosystems Division - F/NEC2

SUBJECT: Issue Paper, Ecosystem Modelling

We have completed our preliminary round of discussions on this topic.
Our issue paper will include a recommendation for reallocating responsibility
for the modelling effort in the Center. The MED will focus on the recruitment
modules and the RAD would then assume major responsibility for moving forward
with the multispecies fishery modules and EAD would be prime developer of risk
assessment modules. To ensure continuity in the modelling approach within
three Divisions we recommend that a modelling coordinator be designated (M.
Sissenwine) to chair three modelling working groups dealing with recruitment,
multispecies management, and environmental assessment:
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A more complete description of the modelling effort in the MED dealing
with recruitment is in preparation and will be forwarded to the COT next week
for review.
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BACKGROUND

Ecosystem modelling in the Marine Ecosystems Division (MED)
was a natural outgrowih of the development of multispecies .
approabhes to fishery management begun at'NEFC more than a decade
aga (Grosslein, Brown and Hennemuth, 1979). Since its
establishment in 1977 the Ecosystem Dynamics Investigation has
been investigating various holistic approaches to fisheries
problems within the framework of the total ecosystem, and has
developed several conceptual models as well as some analytical
and simulation models.

An initial step was the estimation of production and
consumption by the finfish biomass on Georges Bank based on an
energy balance equation (Grosslein et al., 1980) The next step
was to construct an energy budgef for Georges Bank. This
provided for the first time quantitative estimates of production
of the lower trophic levels with implications for fish production
(Cohen et al., 1952). This approach has since been expanded to
consider the magnitude of predation by adult fish on sub-adult
fish and the production of pre-exploitable fish (Cohen and
Grosslein, 1982; Sissenwine, Cohen and Grosslein, 1984). The
energy budget approach has been carried to its conclusion in the
chapter on total productivity for the book on Georges Bank (Cohen
and Grosslein, in press) where all trophic levels from
phytoplankton to apex predators have been included. The chapter
attempts to construct a quantitative picture of the way energy is

produced and utilized on Georges Bank and compares it with other



well-studied shelf ecosystems. This will help establish the most
fruitful lines of investigation for future field, laboratory and
modelling studies. The energy budget has provided a valuable
quantitative framework for understanding the 1imits to fish
production on Georges Bank. It has also yielded major new
insights into the critical recruitment process in fishes. Work
on the energy budget has involved many NEFC scientists and
synthesis of a large data base within the MED as well as other
divisions, and has required frequgnt updating of estimates.

Thus, it has taken a lot of time, particularly for personnel in -
the Ecosystem Dynamics Investigation. Concurrent with these
activities, personnel the Ecosystem Dynamics Investigation were
also carrying out work with the physical oceanographers on thé
nitrogen balance in the Gulf of Maine and on Georges Bank
(Sch1itz and Cohen, 1984) and the role of advection on
phytoplankton, zoop]énkton and ichthyoplankton (Mountain and
Cohen, 1982; Cohen et al., 1982).

Concurrenﬁtwith work on thevenergy budget we have been
developing a multispecies fishery research and management model
called GEORGE (Hahm, 1983). Following a lengthy period of
evaluating candidate models and approaches (involving several
workshops including one at Harvard with Bossert, and extensive
review of other models especially DYNUMES by Lavaestu), it was
decided to construct our own model along the lines of the
Andersen-Ursin model (Andersen and Ursin, 1977)., Due to
constraints on hiring we were unable to recruit an experienced

modeler and obtained a graduate student (Wendell Hahm) to begin



construction of the model, and initiated training in modelling
for Ed Cohen.

GEORGE is a simulation model designed to help evaluate the
natural biological and physical controls over fish production and
for predicting 1ong-term'effects of various management
strategies. Major emphasis has been on evaluating ﬁu]tispecies
predator-prey interactions among adult and juvenile fishes since
it has become apparent that predation on juvenile fishes is a key
factor controlling recruitment variability. A great deal of
effort has gone into evaluating the food habits data base and
developing size selective feeding and electivity functions. We
have patterned the feeding function after Andersen and Ursin
(1977). We have worked closely with Ursin on the problem of
electivity of predators for specific prey as well as the
digestion and growth rates of fish in general. Hahm and Langton
(1980) summarized prey size selection for major fish species of
Georges Bank in a form which could be used in predator-prey
simulations. We have worked with Ursin to refine these
coefficients, and are completing two papers on these problems, a
general digestion rate model for field caught fish (Pennington,
to be submitted) and a comparison of the feeding and growth of
cod from Georges Bank and other North Atlantic stocks (Ursin et
al., to be submitted). Additional work that bears directly on
the precision of input data for the model is that of Pennington
on the statistical properties of MARMAP ichthyoplankton and trawl
survey data (Pennington, 1981; Pennington, 1983) although Hahm

completed the construction of GEORGE and made preliminary



debugging runs we have had problems in validating the present
form of the model against the available data. The model is
unstable and crashes within a year. While some of this
instability may be due to the input data on feeding rates, the
problem is also due to the coding of the model. The processes of
growth, feeding and mortality are carried out consecutively
rather than simultanéously, and the order of execution influences
the model results. In order to properly de-bug the model it will
have to be taken apart and re-coded. The task of re-coding
GEORGE or constructing an alternative model (in either case the
same basic types of equations will be used) for evaluating
management related problems, should now be transferred to the
Resource Assessment Division (RAD). RAD has the expertise for
this, and the problem of modelling the recruitment process alone
({.e. factors controlling year-class success) will require the
full resources of the MED.

Although the concept of GEORGE is still valid, it is a large
scale multi-purpose model of théuecosystem and is probably
premature for the level of understanding we have of the
ecological processes controlling production and variability in
the ecosystem. Energy budget calculations are adequate for
insight into gross patterns, but they are not sufficient as a
basis for simulation of ecosystem dynamics. Recruitment in fish
populations is the single most important process in the field of
fishery ecology and until we clarify the factors controlling
variability in recruitment, especially the role of predation

mortality on young fish, we won't have a valid mechanistic basis



for linking recruitment to lower trophic levels and the physical
environment, or for predictiﬁg effects of various harvest
strategies. This view was shared by the majority of modelers at
the recent special workshop on application of ecosystem models to
fishery management (see report Panel A in Turgeon, 1983). For
the above reasons the MED and the Larval Dynamics and Ecosystem
Dynamics Investigations in particular will focus modelling

efforts on the recruitment problem.

THE RECRUITMENT PROCESS

General Strategy

While much of the recent work done at NEFC points to the
importance of predation mortality on juveniles as the key process
in regulating recruitment, other causes and l1ife stages cannot be
ruled out entirely. In fact, it is very likely that different
processes act to a greater or lesser degree and on different
stages during the first year of 1ife in different years. This
means we must sample all first-year stages of a cohort in order
to have appropriate empirical data for clarifying mortality
mechanisms and testing hypotheses. Another important aspect of
our strategy is that the pace of model development should be
linked to the level of understanding of the processes. In the
case of GEORGE we tried to go too far too fast with inadequate
knowledge of controlling processes, and we generated unrealistic

expectations of predictive capability. This time we intend to



use the models initially to help evaluate and describe the
processes, and then begin to develop predictive models. We
intend to devote sufficient resources for a thorough analysis of
all the data available and relevant data archives as well as
collect critical new data in order to gain adequate insight into
controlling mechanisms.

We will construct several research models (small in
comparison with GEORGE) that will be designed to test various
hypotheses about the recruitment process. These models and the
associated analytical work will be an integral part of the
proposed field and laboratory studies on the first year of life
for target species, as descrfbed in the MED recruitment
initiative. These models will be developed to take advantage of
the djnamic model processor (DMP) developed by John Hauser.
Using the DMP will make it easier to code the models as the
processor takes care of all the input-output chores. ?erhaps
more importantly, using the DMP will enforce a certain amount of
standardization which will make it much easier fé} other modelers

within the Center to use and evaluate the models.

Retrospective Analyses

We intend to carry out a comprehensive series of retro-
spective analyses on various physical and biological factors and
recruitment success for species with long time series (e.g.
Sissenwine et al., 1980; Cohen et al., 1982; Koslow, submitted;
Edwards, 1984). 1In particular we intend to carry out a detailed

regression analysis of recruitment variability for major species



for the years 1977 to date when we have had intensive MARMAP
coverage, ada]yzing abundance and distribution of larval, and
juvenile stages and their predators in relation to the physical
environment and to recruitment success. Haddock, cod and
yellowtail (principal target species of our recruitment
initiative) would be analyzed as well as mackerel, silver hake
and herring (ICNAF series). These retrospective studies will
help clarify the degree of linkage between recruitment and

various possible mechanisms to be included in the model.

Field and Laboratory Studies

In order to adequately test hypotheses about the relative
importance of predation mortality on juveniles of target species,
additional data will be necessary on the various 1ife stages
within the first year of life, including abundance of eggs,
larvae and juveniles at least to age 9 months, and studies on
growth, condition and feeding. These data will be needed to
document variations in the timing and magnitude of mortality, and
whether growth rate and condition (RNA/DNA, parasite load, etc.)
are related to mortality. Estimates of the distribution and
abundance of the predator field, and the food consumed by the
various prédators (particularly those that prey on juveniles of
the target species) is also required, to determine the extent to
which variations in juvenile mortality can be explained by

predation.



Physical oceanographic studies on the re-circulation of
water on Georges Bank vis a vis the life history of the target
species'wi11 also be a part of our recruitment initiative
including the construction of the models. Physical parameters
that should be considered include temperature, stratification,
current pattern (movement of water onto, around and off Georges
Bank), and vertical shear in the flow field (this for looking at
behavioral mechanisms). |

The studies outlined above are all necessary to evaluate the
mechanisms to be modelled as well as to provide the appropriate
data for the models. It is important that these preliminary
studies and data collection be carried out in close cooperation
at all stages between the modelers and the field and laboratory

scientists involved in the recruitment task force.

Recruitment Modelling

Concurrent with the above investigations we will be
constructing a series of research models for the target species,
haddock, cod, and yellowtail flounder; for example, the larval
growth and survival model of Laurence (1983). These models will
incorporate a detailed model of the first year of life, starting
with the egg stage. The growth and surviva] of the cohort will
then be followed for twelve months. Mechanisms that will be
included in the model are size selective predation modified by
the ecology of the predators and prey (e.g. spatial and temporal
distribution of predators and prey, pathobiology, advection and

recirculation of water on the Bank, and the effects of



temperature on the growth and feeding of the target species and
their predators).

These models will be run one year at a time starting from
egg abundance. The number of eggs will come from either MARMAP
survey data or be calculated from fecundity and stock
structure. The number of eggs in the model can be made to follow
a spawning curve so that the survival of eggs spawned at
different times throughout the season can be followed. This may
prove to be a key process in recruitment as recently it has been
shown that in some years, the bulk of anchovy recruits are from
one portion of the spawning curve, i.e., spawned either early or
late in the season; Validation of the models with respect to the
timing, magnitude and causes of mortality in the first year of
life will be accomplished by comparing the abundance of model
cod, haddock and yellowtail during the various stages of the
first year of life with the actual larval and juvenile survey
data in those years for which we‘have data. Using the insight
from these analyses, additional testing wi]] involve comparisons
of the number of recruits predicted by the model with the actual
number estimated by VPA (or trawl survey) for the much longer
time series based on assessment data. We are also going to test
the model by looking at the model food habits compared to the
empirical food habits data base.

Different modelling projects would involve different aspects
of the physical environment. Some specific examples (which do
not include all possibilities by any means) might be: 1) The

onset of larval hatching as related to the spring warming and the
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onset of stratification; 2) The distribution of larvae on the
bank due to circulation of water about the bank; 3) Larval losses
due to cross-shelf exchange processes (storms, warm core rings,
etc.) on the southern side of the bank; 4) The recruitment of
juveniles to the northern side of the bank due to recirculation
of water on the bank; and 5) Large-scale shifts in the
distribution of larval and juvenile predators due to the inter-
annual variability of ocean and atmospheric climate.

There are two possible approaches to providing physical
input to the model: 1) Derive the velocity fields and/or the
distribution of hydrographic variables (temperature, salinity,
and nutrients) from first principles; and 2) Specify the flow
field mathematically and hydrographic patterns as they are known
to exist on the bank from field measurements. These two
approaches in fact have different goé1s: The first elucidates
the physical factors responsible for the circulation on the bank,
while the second provides a statement of conditions as they are
known to exist, irrespective of how they are caused. The first
approach, i.e. starting from first principles, involves solving
the properliy-formulated hydrodynamic equations with the correct
boundary conditions in three-dimensions, a formidable task which
must be done numerically since the relevant non-linear equations
cannot presently be solved analytically. Considerable effort has
already been expended on this approach by other groups, most
notably Applied Science Associates, Inc. (Spaulding, Swanson, et
al.) of Wakefield, R.I., and the Canadian school (Greenberg,

Loder, Garrett, et al.) at Bedford Institute of Oceanography and
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Dalhousie University. These people have dedicated fast computers
and many man-years of effort to produce models that, while
valuable, still do not produce all the known details of the
flow. It should be noted that all the relevant aspects of the
circulation on Georges Bank are not yet known (percentage of
recirculation and offshore volume transport by large storms, for
instance) and our field programs will be continued to provide
these important m{ssing pieces of information. With this
information we will reexamine the existing models with an eye
towards validating them against the known circulation and
applying them to specific recruitment hypotheses. For example,
one area where a first principle épproach may be useful is
response of Georges Bank to severe storms (e.g. Beardsley and
Haidvogel, 1981).

We think that the second approach is more likely to
elucidate the linkages between the physical environment and
recruitment, and it is the approach which can be most readily
implemented within the Marine Ecosystems Division. Therefore, we
will focus on the second approach, i.e. specify particular
aspects of the Georges Bank flow field as known from existing and
future field programs, as needed for input to the specific
research models. This will be done in a timely way and include
adequate variability to approximate the real conditions on the
bank. Secondarily, we will work cooperatively with oceanog-
raphers outside NEFC on exploration and validation of the
theoretical models. For example, we will carry out joint

activities with Dr., John Paul and his group at EPA under our
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existing memorandum of understandihg and also initiate joint
modelling exercises with oceanographers at URI or WHOI as part of
the joint NEFC-WHOI cooperative research agreement.

The research models will provide insight into the recruit-
ment process which can then be used in a model 1ike GEORGE, that
will allow simulation for several years, with feedback from
fishing as well.as the environment on stock structure. We think
this larger model can only be developed with confidence after the
research models are tested and validated. The larger model may
then be used to predict the'potential long-term effects of
various management strateéies on the stocks on Georges Bank.

A1l of the above‘modelling activities focus on natural
mortality factors for selected offshore target species on Georges
Bank. Since Georges Bank is relatively free of contaminants,
natural factors (including parasites and disease) can thus be
assumed to be of primary importance. However in inshore areas,
important target species such as striped bass and winter flounder
are subject to contaminant effects which may very well be
significant‘if not controlled. MED has unique expertise and
facilties at MNarragansett for investigating pollution effects on
early life stages, and thus it seems appropriate for MED to play
a significant role in the NEFC environmental assessment activity,
and particularly within the context of the recruitment process.
Both experimental and modelling capabilities are available, and
both need to be integrated for an effective approach to the
problem. An outline of such a program and how it would be
coordinated with other NEFC groups is given in a recent issue

paper by Laurence (memo of 9 March).
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Cooperating Researchers for Recruitment Modelling

The modelling effort will of necessity involve close working
relationships with numerous researchers within the Division as
well as in other divisions of the NEFC. The data on the
abundance of eggs and larvae will come from the investigators of
the Ichthyoplankton Investigation of W. Smith at Sandy Hook.
Additionally, data on fecundity from W. Morse and others at Sandy
Hook will be combined with data on the stock structure and
fraction mature at age from the assessment, aging and survey
groups at Woods Hole. G. Laurence's group in Narragansett,
together with G, Bolz in Woods Hole, will provide data on larval
growth and survival. Aging data on juveniles will be compiled by
the age and growth unit in RAD and G. Bolz at Woods Hole.

The estimates of juvenile abundance will be made by the
group under the direction of G. Laurence which includes G. Lough,
D. Potter, J. Green and others in Narragansett and Woods Hole.

The retrospective analyses on physical forcings and recruit-
ment will involve the physical oceanography group in Woods Hole
(D. Mountain, R. Schlitz, S. Ramp) as well as AEG. Regression
analysis. of recruitment as the dependent variable vs. the
independent variables of relative prey and predator abundance
will be carried out with M. Pennington.

Determination of species groupings and predator fields will
include the work by S. Murawski, W. Overholtz and W. Gabriel, and
will be incorporated into the recruitment models to describe the
ecological relationships between the target species and their

prey. This includes overlap of predators and prey in space as



-14-

well as grouping predators into functional units with similar
predation characteristics. We also plan to work closely with the
modelling group in the Assessment Division in formulating ideas
about the recruitment process to be included in the model. The
modelling effort will greatly benefit and be better able to
contribute to the Center's recruitment studies if the modelling
process and personnel are c1ose1¥ integrated with the field and
laboratory studies supporting it as well as with the other
modelling studies being carried out within the NEFC.
Investigation of parasite and disease éonditions would be
achieved through coordination with the Pathobiology Division
(Oxford). Research on pollution effects on early life stages
would be a cooperative effort involving the Larval Dynamics
Investigation of MED and the Physiological Effect of Pollution
Stress Investigations of the Environmental Assessment Division at

Milford.
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UNITED STATES DEPARTMENT OF COMMERCE

National Ocsanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Northeast Fisheries Center
Woods Hole, Massachusetts 02543

March 1, 1984 F/NEC: MPS

To: Distribution

JiAe

Subject: NEFC Review of Environmental Assessment Activity

From: Michael P. Sissenwine

The NEFC Review of Environmental Assessment Activity was conducted on 6-7
February 1984, Sandy Hook Laboratory. The agenda and list of participants is
attached. This memo reflects my impressions (some of which are probably
incorrect) of the NEFC's Environmental Assessment Activity. It is not an
attempt to summarize the enormous amount of information presented during the
session. Much of this information is documented in Annual Reports of the
Northeast Monitoring Program (e.g., NOAA Technical Memorandum NMFS-F/NEC-

20). I welcome your comments. They will be most useful if I receive them
prior to 15 March.

Problem Identification:

The ocean ecosystems off the coasts of the United States are valuable
multi-use resources, e.g., food production (for commercial and recreational
use), recreation, aesthetics, minerals, oil and gas, transportation, and waste
disposal. Some of these anthropogenic activities may adversely affect the
food production value of the oceans. The potential of adverse effects is
probably greatest for the Northeast Region due to its dense population and
industrial centers.

Anthropogenic activity can be categorized as (1) ocean waste disposal;
(2) coastal land use, nearshore waste disposal, and ecosystem modification;
and (3) ocean resource use and accidental discharge. These activities result
in habitat degradation due to the introduction of metals, inorganic chemicals,
synthetic organic chemicals, petroleum, microorganism pathogens,
biostimulants, and physical modifications. Some of these anthropogenic agents
have miltiple sources (i.e. non-point source).

The actual "effects" of anthropogenic activity on the food production of
the oceans depends on the biological response of organisms, populations,
communities, and ecosystems to exposure. Exposure is a function of
concentration, duration, and frequency. Thus, the biological effect is
determined by spatial and temporal distributions of anthropogenic agents
relative to the biota. The distribution of anthropogenic agents, or their
“fate", is determined by physical and geochemical processes, many of which are

e
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poorly understood. It is usually difficult to determine the “source" of
anthropogenic agents because of their non-point source nature and the dynamic
nature of the ocean.

Thus, the scientific challenge is one of determining “sources", “fates",
and "effects. It is necessary to know fates in order for society to make :
informed decisions concerning whether or not to proceed with a particular
anthropogenic activity. It is necessary to identify sources in order for
society to take a specific action necessary to remedy an anthropogenic
activity that has already occurred or is ongoing. It is necessary to know
effects in order to judge the cost (in terms of loss in food production) of an
anthropogenic activity.

What is NEC doing?:

The Environmental Assessment Division has primary responsibility for the
NEC's habitat conservation research. The budget of the Division is about 2.7
million dollars of which $600,000 was (at beginning of FY 84) allocated to
support contract research. A significant portion of the research conducted by
the Pathobiology Division is directly related to habitat conservation. The
Aquaculture Division conducts mutagenetics studies that are pertinent to
habitat conservation. The studies conducted by the Resource Assessment
Division, the Marine Ecosystems Division, and the Atlantic Environmental Group
are multipurpose and many of these studies (e.g., spatial and temporal
distribution of organisms, physical oceanography, food chain dynamics, natural
mortality rates, reproductive rates, the value of the fishery) are relevant to
habitat conservation. The Resource Utilization Division supports habitat
conservation research by providing analytical chemical capability.

The 6-7 February review focused on the Environmental Assessment Division
and components of the Pathobiology Division and Aquaculture Division which are
directly related to habitat conservation. These studies are part of the
Northeast Monitoring Program (NEMP). NEMP is a unified NOAA program intended
to monitor and assess various components of the marine ecosystem of the
coastal and shelf waters of the Northeastern United States in order to provide
a current appraisal of the "health" of these waters. The NEMP program is
still in its developmental stages. The goal is to develop a prototype
monitoring program that is cost effective in determining the effects of
anthropogenic activity on the health of coastal and offshore systems, while
p;gviding benchmark studies which will be necessary to evaluate long-term
effects. .

As part of NEMP, the NEFC conducts (1) water-column monitoring and
research, (2) benthic community and sediment monitoring and research, (3)
contaminant analyses, (4) and research on biological effects. The object of
water-column monitoring and research is to determine the annual cycle of
pycnocline development, reduction of dissolved oxygen concentrations, the



Michael P. Sissenwine
Page 3
March 1, 1984

distribution of inorganic nutrients, the distribution of chlorophyll a
concentrations, phytoplankton taxa and rates of primary productivity, and
circulation patterns associated with the discharge from major estuaries.

While some studies have covered the entire continental shelf from Cape
Hatteras to the Gul1f of Maine (e.g., primary productivity studies), the effort
is concentrated on the Mid-Atlantic Bight area, where anthropogenic effects
are most likely. Seabed and water-column respiration studies have been used
to study the causes of hypoxia (the condition of low dissolved oxygen
concentration). Remote sense imagery is used to study continental shelf
plumes from major estuaries, and for coastal habitat assessment (CHARM). This
technology is also promising for the purpose of identifying and monitoring
areas of hypoxia.

Benthic communities and their sediment environments are monitored because
(1) they are potential indicators of anthropogenic changes, (2) benthic
organisms are food of many valuable fisheries resources, and (3) they are the
source of contaminants of some fishery resources through food chain
linkages. In the Mid-Atlantic Bight area, the NEC monitors 25 stations.
Community structure is determined, and contaminant concentrations (both body
burdens and sediment concentrations) are measured. The productivity of
benthic communities is investigated. There are special studies on the effects
of sewerage sludge on the settlement of surf clams spat.

In the Gulf of Maine, studies of benthic communities and associated
sediments have been implemented for Penobscot Bay, Casco Bay, and
Massachusetts Bay. The benthic communities of inshore Gulf of Maine are very
rich in species. Heavy metal and synthetic organic contaminants have been
identified. There is evidence of an increase in concentration of PCBs in the
sediments off of Portland.

Contaminant énaiysés for trace metals are intended to determine
benchmarks for concentrations in sediments, fish, and bivalves. Monitoring
can be infrequent (5 to 10 years). Therefore, target species are rotated.

The New York Bight apex has elevated levels of nutrients and synthetic
organic contaminants. A major scientific problem is to identify the relative
importance of potential sources; e.g., dump sites, sewerage disposal sites,
estuarine plumes. Sulfide levels in the water column are high enough to have
biological effects. These result from the anoxic sediments.

The relationships between the concentrations of contaminants in the New
York Bight area and the total amounts disposed of in dump sites or discharged
from rivers has yet to be determined. There is a model of the residence time
of PCBs in the New York Bight, but it has not yet been tested.

~ Studies of biological effects have focused on physiological, biochemical
and behavioral responses of organisms to contaminant stresses; and the
association of microbial forms, genetic mutations, pathology, and immune
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responses to supposedly degradated environments. Lethal and sublethal effects
have been determined for a variety of contaminants and species of finfish and
shel1fish (juvenile and adult stages). Microbial forms, indicative of human
pollution, have been identified in fish. The incidence of cytogenetic
abnormalities is associated with areas of degradation. Antibodies to bacteria
associated with sewerage sludge have been identified in several species of
marine fish. Antibody profiles can be used to monitor contact of fish species
with pathogenic microorganisms. Behavioral responses of fish to stress have
been demonstrated and are relevant to increased susceptibility to predation.

What have we learned?:

Several benchmarks have been determined: e.g., primary productivity;
phytoplankton species composition; benthic community structure; contaminant
concentrations in sediments, water columns, and tissues; concentrations of
biostimulants (nutrients). The value of these benchmarks will be fully
realized in the decades to come. In addition, numerous methods for monitoring
the condition of organisms and their habitats have been developed. This work °
should lead to more cost effective indices of biological and environmental

The Northeast Monitoring Program has found anthropogenic deterioration in
the quality of coastal and shelf environments of the Northeast Region. There
appears to be a shift in the phytoplankton community towards smaller diatoms
and ultraplankton in the nearshore waters, especially near the mouth of
estuaries. High levels of nutrient loading in the New York Bight apex are
associated with elevated levels of primary productivity. Much of this
productivity sinks to the bottom where it decays, thus contributing to the
problem of hypoxia.

Potentially toxic trace metals are found in high concentrations in the
sediments of several coastal areas. Concentrations of synthetic organic
contaminants are also concentrated in coastal areas, but they are also found
in the tissues of fish throughout the Northeast Continental Shelf.

The vast majority of mackerel eggs collected in the Mid-Atlantic Bight
area suffered from lethal cytogenetic mutations. The chromosomal mutation
frequency in red blood cells of summer flounder in western Long Island Sound
and of red hake larvae near New York Bight dumpsites is elevated. Sand lance
have an elevated frequency of skeletal anomalies in inshore areas in the
vicinity of the plumes from major estuaries.
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NEC Responsibility for Environmental Assessment Research:

The National Marine Fisheries Service has primary federal responsibility
for conservation, management, and development of living marine resources and
for -the protection of certain marine mammals and endangered species according
to numerous federal laws. The Magnuson Fisheries Conservation and Management
Act (MFCMA) provides that living marine resource habitats should be taken into
consideration in the development of fisheries management plans.

In response to this legislation, NOAA has recently established a habitat
conservation policy for the National Marine Fisheries Service. The policy
notes that NMFS past habitat conservation activity has been in response to the
Fish and Wildlife Coordination Act and the National Environmental Policy
Act. These laws gave NMFS an important advisory role, primarily with respect
to reviewing and commenting on proposed federal projects. But as a result of
the MFCMA, NMFS habitat conservation activity needs to be focused on fishery
resources subject to management under the Act. The policy notes that the
safety and wholesomeness of food and products is a relevant concern. NMFS
research Centers will conduct the environmental and ecological research,
including long-term studies, necessary to implement the policy. The needs of
NMFS decision-makers will be an essential consideration in determining
research priorities. Dissemination of the information to the public is, and
will remain, one of NMFS's major objectives.

Most NEC habitat conservation activity is legitimate within the framework
of the policy. Nevertheless, the policy does give a basis for prioritizing
research. It indicates that habitat conservation research should be focused
on (1) fishery resources subject to management under the MFCMA and (2) the
advisory responsibilities of the agency under the Clean Water Protection Act
and the National Environmental Policy Act. Inshore or estuarine research is
appropriate, in cooperatiun wich states, if it relates to the productivity of
fishery resources within the federal conservation zone.

Concerns:

NEC conducts numerous sound scientific investigations relevant to habitat
conservation. The primary concern is that these studies contribute little
more than their collective sum. The goal should be to design and implement a
research program which is more valuable than the sum of its parts. This is
the justification for a long-term commitment to mission-oriented research
within multidisciplinary institutions such as the NEC, NMFS, and NOAA.
Otherwise, there is little advantage over the alternative of sponsoring
numerous short-term independent university or private investigations.

NEC environmental assessment activity is too diffuse, and it lacks
adequate coordination. There is research on phytoplankton, benthos, fish of
various life stages, sediments, the water column, submarine canyons, open



Michael P. Sissenwine
Page 6
March 1, 1984

ocean regions, estuaries, coastal wetlands, metals, synthetic organics,
petroleum, biostimulants, microbial pathogens, biochemical responses,
physiological responses, behavioral responses, immune responses, cytogenetics,
community species composition, sources, fates, and effects.

The rationale for studying specific species, life stages, anthropogenic
agents, or biological effects is unclear. One way of visualizing the problem
is given in Figure 1. The figure indicates the complexity of the problem in
three dimensions (species, life stage and anthropogenic effect). The
complexity is even greater when the biological effect dimension (e.g.
biochemical response, behavioral response) is included.

There is not enough focus on solving specific problems (i.e. a symptom of
indequate coordination). The coordination problem is exacerbated by the large
number of organizationally independent investigations (i.e., a flat table of
organization) conducting habitat conservation research. For example, there
are four habitat conservation related benthic studies (led by Ried, Steimle,
McKenzie, and Larson under contract).and several other benthic studies
elsewhere in the NEC.

The NEC is actively involved in two entities or processes that are
intended to identify problems and coordinate research; i.e., the Regional
Action Plan (RAP) and the Northeast Monitoring Program (NEMP). Unfortunately,
the RAP process has gone too slowly, although there is some evidence that it
is accelerating now. :

NEMP is a vehicle for coordinating NOAA habitat conservation research.
The recent interaction between NEC and NOS (through the latter's contractor,
the Brookhaven National Laboratory) is an example of the problem of
conrdination within NEMP. NOS developed a set of proposed indices of
pollution and solicited NEC's cooperation in testing them on already existing
data. The development of monitoring tools, such as these proposed indices, is
one of the goals of NEMP. Yet NOS and NEC are now pursuing that goal
independently of NEMP,

Some more specific concerns are as follows:

( 1) Biological effects are generally only determined at the organism
level. These effects have not been translated into population effects and to
losses in recreational and commercial fisheries.

( 2) The NEC has failed to use models to focus its studies, synthesize

its data, and test hypotheses. Models are necessary if predictive capability
is to be achieved.
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( 3) There is little evidence that statistical principles and methods are
being used effectively to guide in sampling design and analysis. Some of the
issues are sampling frequency, importance of replicate sampling, random versus
fixed station design, identification of factors that contribute to
variability.

( 4) It is unclear how effective NEC is at transmitting habitat
conservation information to users, e.g., the public, Northeast Regional
Office, Regional Fishery Management Councils, and other agencies responsible
for habitat conservation decisions.

( 5) Much of the NEC habitat conservation research concerns biological
effects and response to exposures. It is unclear whether or not exposures
used in laboratory experiments match exposures (i.e., concentration, duration,
and frequency) measured in the field or predicted by source and fates models.

( 6) NEC research has identified anthropogenic effects which are
associated with .areas of degraded habitat. It is unclear whether or not NEC
has or should conduct experiments to identify the specific anthropogenic
activities that cause the effects. For example, which of the numerous
contaminants of the New York Bight apex cause chromosomal abnormalities in
mackerel eggs or cause skeletal anomalies in sand lance. Of course, these
abnormalities may result from the synergistic effect of several contaminants.

( 7) It is unclear whether or not we know which life stage of fishery
resource species is most fragile with respect to contaminant stress.
Intuitively, I expect that eggs and larvae are the most fragile stages. It
appears that relatively little effort is directed at these stages.

( 8) The NEC is assessing coastal habitats, and developing benchmarks
(CHARM). It is unclear how dependent fishery resources of the federal fishery
conservation zone (FCZ) are on coastal habitat.

( 9) The NEC is studying contaminants that (1) have a biological effect
on resource species, and (2) are a human health hazard. Both concerns are
within the NEC purview according to the NMFS Habitat Conservation Policy.
Nevertheless, it is unclear whether contaminants which are primarily human
health hazards should be investigated from the perspective of habitat
conservation or resource utilization.

(10) Several NEC investigations are concerned with the source of
contaminants, particularly in the New York Bight apex. It appears that there
is adequate involvement of physical oceanographers if an objective of NEC
research is to determine sources.
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(11) Studies of chromosomal abnormalities in mackeral eggs of the New
York Bight appear to be important. Lethal mutation rates can be interpreted
in terms of population and fishery impacts. Unfortunately, it is difficult to
judge the validity of these studies based on the results reported at the
review or on several other occasions. There appears to be more attention to
genetic methods than to experimental design and hypothesis testing. It is
unclear why it has taken so long to analyze samples of mackerel eggs from
MARMAP 1 surveys.

Have chromosomal abnormalities been investigated for other species? Is
it feasible to use laboratory experiments to investigate the cause? Why has
the investigation shifted to mutagentics of blood cells? The results of these
studies will be much more difficult to translate into population effects.

(12) It appears there is a continuing effort to identify additional
indicators of biological stress. There are already numerous indicators of
stress; it would seem more useful to investigate the population level
significance of existing indices.

(13) Significant resources are used to study the species composition of
benthic and phytoplankton communities. Apparently, changes jn community
structure (e.g. diversity) are indicative of anthropogenic agents. But in
many cases it is more cost effective to monitor the agents directly.

Of course, changes in community structure may affect fish production
indirectly. But quantification of the indirect effects is probably more
difficult than quantification of direct effects. The relationship between
benthic (or phytoplankton) production and fish production is a problem of
trophic ecology with broader implications than habitat conservation.

In order to determine the effects of a change in species composition on
fish production, investigations should focus on a specific component of the
benthos that has been reduced in productivity and on the fish species which is
most dependent (based on diet composition) on it. Without a frontal attack on
the problem, it is unlikely that fishery effects can be estimated. Even with
a frontal attack, the odds are not good.

Conclusions:

The NEC has clearly demonstrated that there are areas of degradated
habitat, particularly inshore. It has demonstrated biological effects. It is
now time to design and implement a more cost effective plan. The plan should
have three foci; monitoring, experimental studies and synthesis. Experimental
studies and the synthesis should be focused on "case studies". The results of
monitoring should be instrumental in identifyng case studies. A hypothetical
plan is diagrammed in Figure 2.
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NEC and NEMP monitoring has already identified several indices of
biological stress. Ideally, a subset should be selected which is (1)
relatively easy to measure or observe, (2) clearly associated with areas of
habitat degradation, and (3) has the potential of being interpreted in terms
of population and fishery effects.

With respect to the third criteria, biological effects on reproduction
and early life stage survival have the greatest potential. Fisheries depend
on recruitment (i.e. successful reproduction and survival of early life
stages). As an illustration, consider striped bass. It is frequently argued
that the demise of the population and fishery has been caused by habitat
degradation. If this is in fact the case, then the effect must be on
reproduction or early life stage survival. It is well known that the demise
of striped bass is a result of poor recruitment (since the 1970 year-class),
not a result of abnormally high post-recruit mortality.

More emphasis should be put on experiments on early life stage response
to stress. Pre-recruit fish may prove to be particularly sensitive.
Furthermore, what are labeled as sublethal effects for experiments involving a
relatively few large animals may be analogous to a low level of mortality for
experiments involving numerous small animals. If experiments focus on early
life stages, the latter may be feasible, and there in a greater potential for
estimating population effects.

Studies to identify the causes of biological effects should be focused on
the effects that are most prevalent, and that have population and fishery
significance. If there is population and fishery significance, the effect is
a problem, and it is logical to attempt to identify its cause.

Case studies should facilitate coordination and cooperation between
investigations within NEC, NOAA, and government. NEC's strength is research
concerning biological effects. As a fishery agency, this is also its primary
responsibility. Thus, a cooperative approach to the case study is
appropriate. The cause and effect of hypoxia in the Mid-Atlantic Bight area
should be a candidate for a cooperative case study. Case studies may also be
identified by species. Species should be selected based on their value and
dependence on areas that have been degraded. Striped Bass and winter flounder
met these criteria.

RAP and NMFS should play a significant role in the identification of case
studies. A new habitat conservation research plan needs to be prepared, and
circulated for peer review. As a result of the excellent research which has
been accomplished to date, and a renewed commitment to problem identification,
planning and coordination, a more effective program may be possible at a lower
cost.



Michael P. Sissenwine
Page 10
March 1, 1984

*Distribution

J. Pearce

C. Sindermann

W. Hargis, VIMS

G.P. Patil, Penn. State

V. Bierman, EPA, Narragansett
G. Mayer, NOAA/OAD

G. Knobl, Washington Office
A. Peterson

S. Gorski, Regional Office

G. Ridgway

Angelovic, Washington Office
Rosenfield

Bryson, MAFMC

Hennemuth

Grose, NOAA/NESDIS

Parsons, Washington Office
Sherman

Higgins, Regional Office
Ingham



Egg

::::=,, Unfocused

Larvae

a4
A s 1
Y

WY

T

7

Juvenile

r

~ -

AREES

AU d

il
4D

2
AR

N,
VORLR

W ZRTETH

,
Y

p
Al

Adult AR

NNl
PR

=X

SEED

/.

Focused

Three dimensional array of possible research projects with

Figure 1.
hypothetical examples of a focused and unfocused program.



*s9fouale 19y3lo YIFA paIBUTpPIO0d 3G prnoys L3yl aaojaaayl ‘uoyssym Kiewgad 8,03AN puokaq
al1e Jvyl SOFITATION 9IVOTPUT SOUF[ UIO1§ °*YoIBISI1 UOFIBAIISUOD JeITqey 103 uwfd [eOFIaYlodAy °Z aindij

of3onpoads
ful sjuadwpaadxy™

¢1eATAINg

(8ugpepom) nmausuchm

asuodsay

182180704

Tu:«ﬁﬁ@&ﬁ - N

Juady |
8891318 \

\
\

(Sugrapom) sisayjuig

1093332

Kaaysta

<

303333

uogleIndo

890Fpul

?’

N

02333

luw:owuo.

. 1

_

_

|

I

_

: |
W

£11AT30V

prus8odoxyjuy

Apnag 2ase)

Sutrzoatuow

ATIAMMINA ITATOT



NEC Environmental Assessment Program Review
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NEC Environmental Programs Raview; Sandy Hook Laboratory 6 - 7 Feb.

AGENDA
The presentations will be made by principal investigators (PI)
or task leaders within NEC and selected outside contractcrs to the NEC and
Northeast Monitoring Program (NEMP).

MONDAY, 6 FEBRUARY 1984

1130-[230 Lunch, "Deli-Style"

1230 Introduction: Sindermann, Pearce

315 Water Column Monitoring and Research:

Jay O'Reilly: Phytoplankton Stocks, Production and Eutrophicaticn

1345 Jim Thomas: Seabed and Water Column Respiration; Plankton Communitie#:
Remote Sensing

1415 Benthos and Sediments; Communities, Production. Effects
Bob Reid: The Southern Tier
1445 Peter Larsen (Bigelow Laboratory): Gulf of Maine

‘1515 Contaminant Analysis

Jay O‘Reilly: Nutrients and Trace Metals

1545 Paul Boehm (Battelle NW, Duxbury): Crganics
1615 Discussions/Break
1645 Biological Effects

Tony Calabrese
Fred Thurberg

1730 Anne Studholme: Behavior

: Physiology and Biochemistry; Microbiology

1800: Adjourn



NEC EPR/6-7 FEB 84/SHL/P2

TUESDAY, 7 FEBRUARY 1984

0830 Biological Effects (continued)

Arlene Lonqwell: Genetics

0900 JoAnne Stolen (Drew University/NJMSC): Immunological Responses
0930 .' Aaron Rosenfield: Pathobiology
1000 Summary; Pearce, Sindermann
1030 Full Discussion
1200-
1300 Catered Deli Lunch
1300~
1500 EXECUTIVE SESSION

It should be noted that every task or subtask doing HC work in the
NEC will not have a formal presentation. However. all elements will be subject to
discussion.
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UNITED STATES DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Northeast Fisheries Center
Sandy Hook Laboratory
Highlands, New Jersey 07732

March 13, 1984 F/NEC4:JBP
TO: Dr. Michael P.)Sissenwine
f#myds Ho1elga56ratohy
ket T _sate st
FROM: < Dr. John B. Pearce, Chief

- Division of Environmental Assessment

SUBJECT: Comments on Your Review of DEA Activities (See Esp. SUMMARY)

I received your memo of 1 March in which you provide a review of the
ongoing activities of the Division of Environmental Assessment, based on
the Program Review of 6-7 February. A1l members of the Division appreciated
the time that you and the other members of the COT put into developing the
material in your memo.

You asked for appropriate responses to the summary statements for the
DEA Review and I am providing the