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Arguments are presented in favor of emphasizing population-level

assessments over community/ecosystem-level assessments. The two approaches

are compared on each of four issues: (1) the nature of entrainment/

impingement impacts; (2) the ability to forecast reliably for a

single fish population as contrasted to the ability to forecast for an

aquatic community or ecosystem; (3) practical considerations involving

money, manpower, time, and the need to make decisions; and (4) the

nature of societal and economic concerns. The conclusion on each of

these four issues is that population-level assessments provide the

optimal approach for evaluating the effects of entrainment and impinge-

ment mortality.
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INTRODUCTION

The purpose of this position paper is to argue in favor of the

proposition that population-level assessments of entrainment and impinge-

ment impacts should be emphasized over community/ecosystem-level assessments

and against the converse of this proposition. Arguing in favor of this

side of the coin goes against much of ecology. By def in i t ion, in the

f ie ld of ecology, the basic structural and functional unit is the eco-

system, not the population. Thus, to argue that population-level assess-

ments should be emphasized over community/ecosystem-level assessments

clearly makes me the underdog. This is an important psychological point

to establish, since in most groups the majority sides with the underdog.

Having thus gained the upper hand, I w i l l add an appropriate disclaimer.

The purpose of this f i f t h session is to stimulate c r i t i ca l thinking and

discussion on the following question: At which level of biological

organization, the population level or the community/ecosystem level, can

entrainment and impingement impacts best be assessed? The format for
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this workshop has been deliberately designed to force us as individuals

and as a group to attempt to answer this question. Neither position

paper alone is intended to provide a middle-of-the-road answer. Thus, I

view my position paper as providing me license to overstate a proposition

and to deliberately upset and irritate some people. I expect that a

statistically significant positive correlation between intellectual

provocation and creative thinking will emerge.

My argument is two sided. I will discuss why population-level

assessments should be emphasized (the white side of the coin). I will

also discuss why community/ecosystem-level assessments should not be

emphasized (the black side of the coin). I will compare these two sides

of the coin with respect to four issues: (1) the nature of entrainment

and impingement impacts, (2) the ability to predict (forecast) reliably

for a single fish population as contrasted to the ability to predict for

an aquatic community and ecosystem, (3) practical considerations (i.e.,

cost, manpower, time, and the need to make decisions), and (4) the

societal and economic orientation toward particular species (populations)

we like to catch.

NATURE OF ENTRAINMENT AND IMPINGEMENT IMPACTS

Mortality of fish eggs, larvae, juveniles and older individuals of

a given population, due to entrainment or impingement at power plants,

represents a direct cropping or harvesting of that population. This

type of impact is analogous to fishing mortality. It is different,

however, from impacts that destroy habitat (e.g., a new dam) or that



render a habitat unsuitable (e.g., toxic materials or thermal pollution).

These latter types of impacts may best be assessed in a total system

framework, since it is the system itself that is directly altered.

Entrainment and impingement impacts, however, are much more selective;

only certain life stages or age classes of certain populations (generally

finfish) are directly subjected to increased mortality. Effects on the

community/ecosystem, while potentially real, will only be indirect, and

consequently, probably more difficult to detect. I assert that in

assessing entrainment and impingement impacts, if there are not substantial

(e.g., > 20%) reductions in year-class strength year after year of one

or more of the dominant fish populations in a system, directly due to

power-plant cropping (i.e., entrainment plus impingement combined),

there will not be substantial changes at the community/ecosystem level

due to this power-plant cropping*-- The point is that the direct brunt of

entrainment and impingement impacts is born by select populations at the

higher trophic levels. Thus, we would expect these populations to show

the greatest response, which argues in favor of focusing our assessments

on these select populations. We assume that because of the nature of

entrainment and impingement impacts, these select populations can be

modeled effectively in isolation from the other biota.

THE ABILITY TO PREDICT (FORECAST) RELIABLY FOR A SINGLE rISH POPULATION
AS CONTRASTED TO THE ABILITY TO PREDICT FOR AN AQUATIC COMMUNITY OR
ECOSYSTEM

In order to forecast, one must have an information base and the proper

tools. For present purposes, it is useful to consider tv/o classes of information.



First, there are case histories dealing with similar or different fish

populations or aquatic communities and ecosystems. In addition, there

is a second class of information that is more diffuse, consisting of

bits and pieces of research results that, taken all together, constitute

the raw material of fisheries biology and aquatic ecology. Tools for

predicting exist in the form of computer simulation models that can be

used to integrate the available information and to forecast the results

of alternative scenarios.

The question is not so much what we would like to do, as it is what

we can do now. First, we have a number of fairly well-documented case

histories involving the decline of individual fish populations from

direct mortalities due to fishing (see Gulland 1977) and water diversions

(e.g., Chadwick et al. 1977). On the other hand, we have few well-documented

case histories for aquatic communities and ecosystems, and those we do have

involve systems where the impact of concern was habitat destruction

[e.g., dams (Efford 1975; Salo and Stober 1977)] or habitat alteration

[e.g., toxic materials (Cairns et al. 1977) or thermal pollution (McKellar

1977)].

Second, detailed, age-specific information abounds in the literature

for many species on growth, age of sexual maturity, fecundity, and (to a

lesser extent) mortality. This is the raw material required historically

for the management of individual fish populations. This is also the

information required by population-level simulation models, whether they

be Leslie-matrix, number-based models or bioenergetics-based models.

Finally, population-level computer simulation models are more readily

available, easier to use, and better (although still inadequately)

documented than are community/ecosystem-level simulation models.



One observation I would make is that I am not aware of any licensing

decision to date involving entrainment and impingement mortality as the

primary issue where community/ecosystem-level assessments have played

even a minor role in hearings or in reaching a decision. However, there

are several cases where population-level assessments have played an

important role, the two most notable being the Hudson River power plants

(Indian Point, Bowline Point, and Roseton) and the Brunswick power plant

on the Cape Fear estuary of North Carolina. These are the facts of

history.

Larkin's (1977) reasoning for rejecting the concept of maximum

sustained yield (MSY), which is a population-level assessment tool, may

seem persuasive and equally applicable to population-level assessments

of entrainment and impingement impacts. He concludes with the following

epitaph:

M.S.Y.
1930s-1970s

Here lies the concept, MSY.
It advocated yields too high,
And didn't spell out how to slice the pie.
We bury it with the best of wishes,
Especially on behalf of fishes.
We don't know yet what will take its place,
But hope it's as good for the human race.

R.I.P.

p. 10

The methods we have used for assessing entrainment and impingement

impacts at the population level are certa in ly not perfect (Swartzman et a l .

1978), and alternative? are being sought (e .g . , Sanders et a l . 1980).

However, I maintain that where we are now in terms of information, under-

standing, assessment too ls , and a b i l i t y to forecast, and not where we hope

to be some time in the fu ture , is what determines the influence we have on



decisions made now. As ecologists, community and ecosystem-level assess-

ments are certainly intellectually appealing, but we just cannot bury

an approach (i.e., the population-level approach) that has worked, even

if imperfectly, in favor of "we don't know yet what will take its place."

I argue, as I did at the conference on assessing the effects of

power-plant-induced mortality on fish populations (Van Winkle 1977),

that when substantial entrainment and impingement mortalities are known

or expected to occur, assessments at the population level are the optimum

approach for evaluating the effects of these mortalities:

Multispecies interactions and ecosystem effects v/ere excluded,
not because the program committee judged these areas of research
and assessment to be unimportant, but rather because the committee
felt that assessment at the population level was presently the most
effective approach. For most assessments a sequence of broader and
broader "so what" questions can be asked, starting at the level of
the individual organism (e.g., l-D™) and extending to the ecosystem
level. Although questions_.a.t the°individual level can frequently
be answered with relatively high precision and accuracy, commonly
they are not the critical questions and answers that can solely and
effectively serve as a basis for decision making. On the other
hand, the questions that can be asked at the ecosystem level certainly
are critical, but these questions can rarely be answered in a
sufficiently quantitative manner and with sufficient certainty to
be of appreciable value for decision making (p. xxii)

PRACTICAL CONSIDERATIONS

The practical considerations I have in mind are first, limitations

on resources such as money, time, and manpower; and second, the realities

of decision making concerning the conditions of licenses and permits for

thermal electric power plants.

I maintain that for any given fish population in any given system

where entrainment and impingement mortality of that population is an

issue in reaching a licensing decision, it will take more resources to



assess the potential impacts at the community/ecosystem level than at

the population level. Moving from a single fish population to multiple

populations at multiple trophic levels virtually guarantees that more

money, manpower, and time will be required annually to set up and maintain

a monitoring or research program and to perform an assessment. [In

making this assertion I am assuming that a community/ecosystem-level

assessment would consist of more than indices of diversity (Barnthouse

and Van Winkle 1930)].

The other practical consideration I want to emphasize is that

316(b)-type decisions are going to be made, in part, based on the infor-

mation we provide the decision makers. The studies, research, monitoring,

and assessments are but the means of providing this information; they

are not ends in themselves. Given the time frame within which decisions

concerning licenses and permits are made, which is typically less than

five years from when an assessment is started, the question becomes

whether a population-level assessment or a community/ecosystem-level

assessment which provides reliable and useful information on which to

base a decision can be performed within this time-frame. Certainly, the

answer is not black and white; it is a matter of degree. Hov/ever, I

maintain that population-level assessments will consistently result in

more reliable and useful information, in the available time, on which

to base a decision. Therefore, to do the job required in the most cost-

and time-effective manner possible, population-level assessments should

be emphasized over community /ecosystem-level assessments.



SOCIETAL AND ECONOMIC CONCERNS

Society, in the form of special interest groups, exerts pressures

and asks questions that tend to be population-level rather than community/

ecosystem-level oriented. In particular, sports fisherman and commercial

fisherman are well organized and have recreational or economic interests

that are dependent on only a \iery limited number of the species in an

ecosystem, and on occasion these are the species that are subjected to

entrainment and impingement mortality at power plants. The prime example

of this situation is the striped bass. Wherever striped bass and power

plants have come together (viz., the Hudson River, Chesapeake Bay, and

the Sacramento-San Joaquin estuary), population-level assessments of

entrainment and impingement impacts have flourished. The reason seems

obvious: populatien-level assessments provide the most straightforward

methodology for addressing the questions and concerns raised by society.

CONCLUSIONS

In conclusion, I have presented a position in favor of emphasizing

population-level assessments over community/ecosystem-level assessments.

I have compared these two approaches on each of four issues: (1) the

nature of entrainment and impingement impacts; (2) the ability to forecast

reliably, based on case histories, other scientific information, and models

for a single fish Dpulation as contrasted to the ability to forecast for

an aquatic community or ecosystem; (3) the practical realities of money,

manpower, time, and decision making; and (4) the nature of societal and

economic concerns. On each of these four issues the conclusion is the

same, leading to the "bottom line" that population-level assessments



are the preferred alternative when evaluating potential or actual entrain-

ment and impingement mortality at power plants.
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