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{NTRODUCT ION

Water withdrawn for cooling purposes constitutes one of the largest
non=-consumptive uses of this rescurce today (EPA 1976)}. A major area of
environmental concern assocjated with this withdrawal is the entrainment and
impingement of aquatic organisms, Entrainment refers to the passage of
organisms Through the cooling water system, while impinged organisms are held
against the screens at the intake by the force of the water. Impact from
entrainment and impingement results in the loss of organisms, either directly
through exposure to biccides, increased water temperatures and mechanical
abrasion, or indirectly through increased susceptibility to predation and

dlisease.

Efforts to reduce entrainment and impingement impact have attempted to
incorporate information on fish and shallfish behavior into design
moedifications of intake structure and operation. Cne of The first such
medifications was To reduce intake velocity. The rationale was that {ow
intake velocities reftative to swim speeds would allow fish To avoid the
intake current. Other design modifications utilizing behavioral information
have included bubbie screens, developed to act as a fish barrier, and
velocity caps which convert vertical water movement into a horizontal flow.
Experiments avaluating these modlfications have resulted in conflicting |ines
of evidence. For example, studies on the effectivensess of velccity caps
indicate that the change in flow direction from vertical to horizontal
reduces impingement (Weight 1958; Maxwell 1973). However, in an experiment
by Hanson et al. {1978}, juvenile chincock salmon and bluegill avoided
vertical flow flelds and had a higher impingement rate under horizontal flow
conditions., Similar conflicting exporimental results have been cbtained in
studies on_+ha aeffectiveness of bubbie screens (Bibko et al. 1974; | ieberman
and Muessig 1978).

The main premise of utiiizing behavioral information to modify the
design or loccation of intake structures to reduce impacts is logically sound.
However, several problems have prevented its sffective implementation.

First, informaticon on the behavicral response cof aquatic organisms to



parameters associated with intake sfructures is sparse and scmetimes
contradictary. Second, most experiments on fish and shellfish bahavior
evaluate single stimulus/responsa situations in laboratory settings. A third
problem invelves the dichotomy which sometimes exists between the responsa of
the individual and popuiatian ievel response. These problems are exemplified
in a study of fish distribution in relation to effluent from a puip and paper
mill, Kelso (1977) found high fish densities in the vicinity of a paper mill
cutfall, though the residency time for individual fish was short. Thus while
individual fish exhibited an avoidance reacticon in response to the ocutfall
piume, the distribution of the population appeared related to the
concentration of benthic invertebrates with [ittle regard to the plume. A
partial soiution to these problems lies in recognizing that organisms
integrate and prioritize a great many stimuli Into their behavioral response
under natural conditions (Meadows and Campbel! 1972). Development of logical
criteria for inciusion in the design and locaticn of intake structures wil)
require evaluation of community ieval response in a multiple
stimulus/response framework, as well as prioritization of the
stimuli/response relationships.

In an earlier report {Neitzel and McKenzie 1981), the available
information on behavior patterns and biclogical and environmental stimuli
which might affect the behavioral response of aquatic organisms in the
vicinity of intake structures were reviewed. In that report a flow diagram
was assembled to crganize this information into a multipie stimulus/response
framework. The diagram matched biologicat input with decisions pertaining to
intake location, design and operation (Figure 1).

The cbjective of this report is to present an approach for assessing
multipla stimulus/response ralations, The approach will stress
stimulus/response relations influencing fish and shellfish distribution. The
response of an organism to the stimuii produced by an intake may t2ke the
form of a taxis or a change in same physiological parameter such as
respiration. However, those responses which resuit in a change in the
temporal and spatiai distribution of the organism are of primary concern,
since proximity to an intake increases the probabilify of impingement ana

entrainment. By concentfrating on factors related to the distribution of fish
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and shellfish, we can evaiuate the relationship between behavior and intake
stimuli on a general level, where intake and environmental stimuli are
associated with spatial and temporal distribution categories, and on a mcre
specific functional level, where an attempt is made to define the specific
factor{s}) conftreoiling the distribution (e.g., evaiuating the effect of
ablotic and biotic factors on the distribution of selected fish species).

In tThis report we examine fwo methods for assessing muitiple
stimulus/response situations. In the first, a general approach is followed
with no attempt to define the relationship for individual stimuius/respeonse
situations. Instead, emphasis is placed on temporal and spatial distribution
of the population as a behaviorai endpeoint resulting from the integration of
multiple stimuli by & group of organisms. A model is propesed in which
species distributions are described quantally within spatial and temporal
categories. Categorizing distribution in this manner makes maximum use of
available or sasily cbtained information. |t also offers an efficient method
for organizing information and documenting the decision process. This
approach can provide biological input inte engineering questions on intake
jocation and on modification to intake design and operaticen (Figure 1). It
does, however, give a static picture of where fish and shellfish are

distributed and is not a predictive model.

The second approach encompasses functional retafionships between
environmental and biclogical stimuli and responses such as swim speed and
preferences for temperature, salinity, etc. For this approach, mathematical
equations are presented which relate the effect of many stimuli to a singie
response. Examples include the effect of temperature, salinity, disscived
oxygen concentration, or sex and age on swim spead, or the effect of
temperature, dissolved oxygen concentration, food habits, and habifat
preference on gistribution. The develcopment of these relaticonships requires
that biclogical responses be measured over a range of stimuius levels. This
requirement, coupied with the paucity of data available for input into these
equations, {imits the current appiicability of this approach. In spite of
the difficulties in using this approach, [t does provide infermation
pertinent to understanding and resoiving questions reiating fo impingement

and entrainment.



While the two approaches are described separately, it is intended That
they be used together. Thus functional relationships can be evaluated to
define the distributicon of a particular fish or shellfish species., This

information can then be used ¢ define the categeries and respenses in the

categerical approach.



APPROACHES FOR ASSESSING MULTIPLE STIMULUS/RESPONSE SI1TUATIONS

CATEGORICAL APPRCACH

Understanding the spatial and temporal distribution of a speciaes
requires information on a pietheora cof physical, chemical and biologicai
parameters. For example, the distribution of fish within a lake is known to
be Infjuenced by ftemperature preferences, dissolved oxygen levels, presence
of food and predators, and preferancas for depth and substrate (Neill and
Magnuson 1974; Wurtsbaugh et al. 1975). It is possible To simplify this
dascription; for example, in a lakae, the distribution of fish could be
specified according To species presence or absence in the pelagic, litteorai
or penthic arsas of the lake. Temporal cateqories could be designated as
summer, winter, and day, night. Though such broad spatial and temporal
categories are not indicative of the cause-effect relationship which
determines observed behavior, they aliow The consaguance of the behavior, tha

distribution, to be described simply.

Design and operaticnai characteristics of water intake structures can
also be defined within broad spatial and temporal categories. Thesa
categories provide the basis for developing twe matrices, one incorporating
information on the biclogicai characteristics of the area, and the other,
intake design characteristics. Comparing the mafrices using matrix
multiplication, measures the coincidence in the area cccupied by both fish
and shallfish and the intake. This coincidence can be used to assass the
potential for impact.

One benefit of this approach is that existing or easily obtained
informaticn may be used. Environmental regulations generaily require
pret iminary assessment of resident populations at a proposed water intake
site. Thus with |ittle additional effort, information that wouid aid in
assessing the impact of different |ocations and design chacteristics could be
assembled. Further, this approach allows noncommensurate types of
information to be inciuded in the same anaiysis. Additionally, categorical
medals can be constructed to evaiuate various scenarios entailing different

nypothetical cperating conditions and fish and shellfish distributions.








































































