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ABSTRACT 

Task I efforts examined the available fisheries management techniques and 

assessed their potential application in a confirmatory monitoring program. 
The objective of such monitoring programs is to confirm that the prediction of 

an insignificant impact {usually made in the FES) was correct. Fisheries 
resource managers have developed several tools for assessing the fish 

population response to stress (exploitation) and were thought potentially 

useful for detecting nuclear power plant impacts. 
Techniques in three categories were examined; catch removal, population 

dynamics and nondestructive censuses, and the report contains their 

description, examples of application, advantages and disadvantages. The 

techniques applied at nuclear power plant sites were examined in detail to 

provide information on implementation and variability of specific approaches. 

The most suitable techniques to incorporate into a monitoring program 

confirming no impact appear to be those based on Catch Per Unit Effort {CPUE) 
and hydroacoustic data. In some specific cases, age and growth studies and 

indirect census techniques may be beneficial. 

Recommendations for task II efforts to incorporate these techniques into 

monitoring program designs are presented. These include development of 

guidelines for; 1) designing and implementing a data collection program; 

2) interpreting these data and assessing the occurrence of impact, and 
3) establishment of the monitoring program's ability to detect changes in the 

affected populations. 
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THE APPLICATION OF FISHERIES MANAGEMENT 
TECHNIQUES TO ASSESSING IMPACTS 

1.0 INTRODU,TION 

This study, sponsored by the U.S. Nuclear Regulatory Commission (NRC), 

reviews, evaluates and amplifies fisheries management techniques for 

application to assessing impacts from thermoelectric power plant operations. 

As the state-of-the-art and technology of siting, constructing and 

operating major thermoelectric power plants progresses, it is reasonable to 

expect that the severity and probability of significant aquatic impacts will 

decline. However, there will always be a degree of uncertainty about the 

ecosystem response to the added stress resulting from the operation of power 
plants. Thus, it car; be anticipated that monitoring programs will be 

conducted at some level during several years of plant operation. This study 

is concerned with the determination of the appropriate level and methodology 

of monitoring in these circumstances. This report covers the first phase of 

the study and presents a review and evaluation of techniques available. Also, 

recommendations are suggested for additionally needed research to amplify 

and implement selected techni~uP.s as the basis of monitoring programs. 

Development of this project is based on the hypothesis that techniques 

developed to provide guidance for fisheries resource management can also be 

used to assess impacts from power plant operation. In addition, it is 

hypothesized that the current state-of-the-art is such that the potential for 

reduction of a fish population due to power plant operation can be reasonably 

separated into one of two general categories: 1) power plants whose effects 

are expected to be small, but of some significance, and 2) those that will 
have a very low potential for producing significant effects. The basis for 

separating these two categories is the prediction that the potential for a 

population reduction either is or is not significant. 

of monitoring programs should reflect this difference 

impacts. 
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When the potential for suppression of the fisheries is judged to be 
significant, the objective of the monitoring program is to quantify that 
potential and magnitude of impacts. Numerous problems, approaches and 

research areas have been identified and some are being addressed for 

monitoring power plants in this category. 

For those sites where potential for depletion is judged not significant, 

the objectives of the monitoring program differ from the above situation. 

Under these circumstances, the objective is to confirm that no significant 
impact has occurred. It is the investigation of monitoring program design 

under these circumstances that is the subject of this report. 
Throughout this report, basic assumptions about the nature of the 

resultant monitoring program are made. The first assumption made is that it 

will be sufficient to only monitor selective finfish and shellfish 

population(s). These populations should be major contributors to the value of 

the aquatic resource and their position at or near the top of the trophic 

structure indicates that these populations will most likely reflect any 

significant impacts in the lower trophic levels. Thus, examination of the 

applicability of fisheries management techniques for detecting impacts is 

restricted to important finfish and shellfish populations in this report. 

Also, larvae and juvenile stages of these fish are assumed to be the ones most 

likely impacted. 

One of the important objectives of an overall impact assessment and 

monitoring program is to elucidate cause and effect relationships. 

Achievement of this objective is necessary to assign responsibility for 
impacts and design mitigative or remedial actions. Limited predictive 

capability and the complexity of the potential cause and effect relationships 
suggest that a very extensive ecosystem monitoring program is required. The 

role of the contemplated monitoring program, therefore, is assumed to 

contribute only partially to the understanding of the underlying causal 

mechanisms and the primary requirement to be met is the detection of 

population change. 
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A monitoring program should act in a confirmative role to resolve any 
uncertainties about predicted impacts, as well as provide an assessment tool 
for longer term impacts. Thus, several important or desirable characteristics 
of anticipated monitoring programs are: 1) costs lower than those for 

baseline/operational studies, 2) independence from estimates of absolute 
abundance and the often associated simulation models, 3) the ability to 
provide warning of major changes, 4) provide indications of trends (e.g., weak 
year-class), 5) long term monitoring capabilities and 6) development of a 
monitoring program of limited complexity (i.e., based on simple sampling 

procedures). 

1.1 FISHERIES MANAGEMENT TECHNIQUES - AN OVERVIEW 

Fisheries management, agencies and techniques were developed from the need 
to control man's ability to over-exploit fisheries resources. The earliest 
exploited fisheries resources were characterized by: 1) single species (often 
ecosystems which were dominated by the exploited species), 2) a management 

objective of obtaining "maximum sustainable yield" (MSY), 3) stocks that could 
be assumed to be at or near equilibrium conditions and 4) stocks subjected to 
a single fishery. Modern fisheries management problems have few, if any, of 

these characteristics. In the search to increase the fishing harvest, fleets 
have begun exploiting multiple species ecosystems in which "target" species 
vary with relative abundance. The application of economic principles to 
fisheries management has replaced MSY with the concept of "optimal sustainable 
yield" (OSY) which has both economic and biomass production objectives. large 
catch capacity and capitalization within modern fishing fleets have increased 
their ability to change fish populations on time scales that are inconsistent 
with equilibrium assumptions. Many fish stocks are also subjected to a suite 
of environmental stresses. Techniques to manage fisheries resources 
characterized by these attributes are evolving, and a combination of these 
techniques may be appropriate for a variety of power plant monitoring 
applications. 
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A large amount of literature and numerous techniques are available for two 

approaches not addressed in this report, yield-per-recruit and 
mark-recapture. The yield-per-recruit techniques examine the optimum yield 

from fish that survive to a large enough size to be captured by the fishery. 

Thus, these techniques consider only the fate of fish that are recruited to 
the catchable portion of the fish population. While these techniques are 

potentially sensitive to changes in growth and mortality rates, they deal only 

with the adult stock and would not likely be useful for impact assessment. 

Mark-recapture techniques are not addressed because the level of effort 
required to obtain reasonable population estimates from mark-recapture 

applications is generally beyond the anticipated scope of the monitoring 

programs. Several excellent publications are available which present, review 

and evaluate application of these techniques (e.g., Seber 1973). 
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2.0 CATCH REMOVAL TECHNIQUES 

2.1 CATCH PER UNIT EFFORT 

Advantages and Disadvantages 
Catch per unit effort (CPUE) is a major fisheries management tool and one 

of the most commonly used techniques for environmental monitoring. Often 

chosen for monitoring because of its well developed methodology, CPUE is 
relatively inexpensive when commercial catch data are utilized because no 
additional effort is required. 

A disadvantage of using CPUE is that both catch and effort must be 

estimated. Although CPUE can potentially provide information for detecting 

catastrophic changes, there is often a time lag between the affected life 

stage and first age collected. If commercial catch data are utilized, there 

is often an additional time lag before data are available for consideration. 

These time constraints could impede effective impact assessment. 

Description 

CPUE, a technique sometimes used in conjunction with nuclear power plant 

monitoring programs, is defined as catch (C) divided by the effort (f) exerted 

to obtain that catch (i.e., C/f). The catch of a species is generally 

measured in numbers or weight, and effort per unit time can be in terms of 

tows, hauls, fishing trips, number of vessels, number of anglers, or number of 
licenses issued. A drastic drop in CPUE could indicate a decline in stock 

abundance as a result of increased fishing pressure, environmental variation 
or an adverse impact due to some man-induced stress. Having some knowledge of 

the effects of changes in fishing pressure and environmental conditions on 
catch, and making some allowances for these effects, enables CPUE to be used 

as an index of variation in population abundance. 

There are three major assumptions made in using CPUE as an abundance 

index: 1) the rate of the catch is proportional to the population size (N), 

2) each fish has an equal probability of being caught (seldom realized due to 

gear selectivity) and 3) there is a constant proportion between C. N and 
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fishing mortality (F). When the fish population is assumed closed, meaning 
the effects of natural mortality, recruitment, immigraton and emigration are 

presumed negligible, absolute abundance estimates can be made [Seber (1973, 
chapter 8) addresses open population assumption cases]. If the data is 

collected over a long season, mortality, recruitment and migration could be 

occurring and serious errors in population estimation could result (Ricker, 

1940). When the fish population is assumed closed only during individual 
sampling periods, CPUE can be used as an abundance index. The extent to which 

these assumptions are met is partially dependent on the sources of the 

information and the characteristics of the fish population. 

Catch and effort data can be obtained from commercial catch data, sport 

fishery data and survey data. Fish commission records, license records, 

market receipts and vessel log books are often used to obtain corrunercial catch 

data. Commercial catch data are generally readily available making its use 

attractive for it's low cost, reliablity and lack of need for additional field 
sampling. However, it is often difficult to standardize effort in commercial 

fisheries. Technological improvements in gear, vessel design and engine 

power, navigation equipment, hydroacoustical equipment, etc., and improved 

within-fleet communication and coordination have caused changes in fishing 

effectiveness. Searching times in many fisheries have diminished 

considerably. Some of these changes can lead to gear saturation in a fishing 

area which tends to reduce the effectiviness of the fishing effort. In these 

cases, the vessels do not operate as independent units and additional problems 
in measuring unit effort are introduced. The tendency toward use of larger 

fishing boats means that larger catches can be handled which further alters 
the fishing power. Economic factors can play a part in determining the effort 
expended as well. Market demand can influence the amount of effort directed 
toward specific species, a change in the targeted species and quantities 

rejected, regardless of stock abundance (Jones, 1976). Stock densities can 

also influence effort allocations. Such changes make quantification of the 

effort for commercial fisheries data difficult. 

Occasionally fishing success in an area is determined by the rate of fish 

movement from adjacent areas and the size of the stock influences the rate of 
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replacement (e.g., territorial fish). Therefore, variations within a range of 
stock abundance might simply lead to changes in the distribution of fishing 
effort rather than changes in the CPUE (Jones, 1976) and changes in abundance 
might be masked. 

Sport fishing data, often not as readily available and less reliable than 
commercial data, can be obtained by creel census, volunteer reporting, review 
of license records and punch cards. When minimum effort methods (e.g., a 
license review, an effective volunteer reporting program or creel census of a 

limited access area) are employed, sport fishing data can be a relatively 
inexpensive method of environmental monitoring. A detailed creel census, or 

one covering a large area can be expensive. (A thorough discussion of creel 
census is in the following section.) Increased public awareness of a 
monitoring project can be potentially beneficial. For species important to 

sport fishermen, high public visibility can increase anticipated 
participation, and thus this technique should be considered. Problems 
associated with assuming closed populations and independent units of effort 

are similar to those mentioned for commercial fisheries. 
Some of the previously mentioned problems in meeting major assumptions of 

CPUE abundance indicies can be virtually eliminated when careful planning and 
implementation of a well developed sampling program is made for the collection 
of CPUE data from a research vessel. If the sampling period is relatively 
short, the assumption of a closed population is likely to be valid (Seber, 
1973). Units of effort, as dictated by the sampling scheme, can be made 
independent and exact effort and catch data obtained. The major disadvantage 
of research vessel CPUE data is the cost to implement such a data collection 
program. Obtaining adequate numbers of samples and sampling the range of the 
targeted species often becomes cost prohibitive. This leads to less than 
desirable sampling intensity and associated increased variance in the data. 

Assuming constant catchability (each individual having the same 
probability of being caught) is a poor assumption independent of the data 
source. Several factors can cause variations in catchability. Differences in 
size, sex, time, location and behavior within many populations affect capture 

vulnerability. Environmental factors such as water temperature, wind action 
changes, water level fluctuations (Neill and Magnuson, 1974) and forage food 

availability (Forney, 1966) also affect the catchability coefficient. These 
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environmental conditions, which can alter growth rates, recruitment rates and 

migratory behavior regardless of population density, vary throughout the 

waterbody, as do individual responses to them. 

Gear construction (ground length, number of hooks, hook spacing, net 

material, mesh size, groundline material size) also affects catchability and 

is dependent on the species and size targeted. Gear can decrease in 

efficiency with time when U1e presence of a netted fish alarms other fish or a 

hooked fish leaves fewer hooks available causing a decline in catch per unit 

time. On the other hand, the presence of a caught fish sometimes attracts 

other fish, increasing catch with time. A point is reached when gear is no 

longer effective (i.e., gear saturation point) and should be removed, emptied 

and reset. A decrease in gear efficiency causes a decrease in catchability. 

Since most conruerci3.l and sport fisheries exploit adult members of fish 

poulations, CPUE indices based on these data can only be used to document 

changes in this segment of the population. Most power plant impacts are 

hypothesized to occur in the egg, larval and juvenile stages. Thus, the 

effectiveness of sucll CPUE indicies is dependent upon the age of recruitment 

into the fishery. Whenever there is a relatively long time interval between 

these life stages (periods of 4 to 10 years for some species) or between 

collection and availability of the data (up to 2 years for some agencies), 

CPUE cannot effectively be employed to detect impacts. Under such conditions, 

CPUE indices wou-ld not likely forete'll the collapse of a population in time 

for preventive rneasures to be taken. In most cases, these problems can be 

dealt with by separating the CCltch into age groups and using the youngest 

fully recruited gt·oup as t~le index of population status. Directing fishing 

effot'ts (research vessels) toward the youngest available age groups can reduce 

the interval between population changes and their detection. 

The propor·tion of the ~opulation removed has a direct bearing on the 

ability of CPUE techniques to quantify population abundance. If a small or 

insignificant proportion of the population is caught (e.g., research vessel 

catches). CPUE can be used as an index of relative abundance by simply 

monitoring year-to-yeu.r variation in population abundance. If the total fish 

population is substantially reduced by removals (generally commercial 

fisheries), absolute abundance estimates can be calculated from CPUE data 

using regression models (leslie, Delury, Moran, Seber-leCren, Zippin, etc.). 
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These estimators are based on regressing CPUE or Log (CPUE) on cumulative 
catch and are based on Leslie•s equation (Ricker, 1975): 

where C = catch taken during time interval t, f = fishing effort during 

interval t, q = catchability (fraction of the population taken by 1 unit of 

fishing effort) and N = mean population size during interval t. Application 

of the model most appropriate to provide estimates of initial population size 
and catchability is dependent on specific circumstances. 

Jones (1976) used CPUE as an index of stock abundance of haddock, whiting 
and cod in the North Sea. Correlating the estimates made from CPUE data with 
estimates based on virtual population analysis (VPA: the sum of the catches 
for a particular cohort throughout its lifetime) showed that research vessel 

CPUE seemed to provide a better index of abundance than commercial vessel CPUE 
(Jones, 1976). Research vessel CPUE estimates correlated significantly with 

VPA estimates for haddock, but not for whiting. However, the whiting 
estimates were better correlated with VPA estimates for research vessel 
catches than for commercial vessel catches. In general, stock estimates based 

on commercial vessel CPUE for all three species did not correlate 
significantly with estimates based on VPA. An evaluation of monitoring 
techniques supporting this conclusion is in the Specific Site Investigation 

section of this report. 

Tow net CPUE data was used by Johnson (1958) to estimate population 
densities of fingerling sockeye salmon in a large multibasin lake system. 
Johnson concluded that if the assumptions are true, the 95% confidence 
interval of the catch is + 35% to + 49% of the mean value. The nature of the 

tow net fishing effort would probably make it difficult, in most cases, to 
apply enough units of effort to appreciably reduce this confidence interval. 

CPUE data have been utilized effectively to show changes in fish 
populations and, therefore, could be valuable in nuclear power plant impact 

assessment. Except in some bulk-caught fisheries where species are not 
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separated, CPUE is excellent in species discrimination. CPUE data can easily 

be used in conjunction with other techniques (hydroacoustics, tagging, age 

structure, creel census, growth and mortality, aerial surveys, egg/larval 

surveys, optical (SCUBA) surveys, etc.) and auxiliary biological data such as 

length, weight, year class, sex, etc. can be obtained. Information used to 

measure CPUE can also be used in estimating rates of fishing and natural 

mortality (Beverton and Holt, 1956, 1957, 1959; Garrod, 1976; Paloheimo and 

Dickie, 1965, 1966), year class strength (Nelson et al., 1967), in setting of 

size, bag, catch and season limits and quotas by regulating agencies and in 

estimating the variability and selectivity of fishing gear (Roessler, 1965; 

Hamley, 1972). Thus, use of CPUE looks promising for environmental 

monitoring, and the versatility of CPUE data makes it a popular monitoring 

choice. 

2.2 CREEL CENSUS TECHNIQUES 

Advantages and Oi sadvantages_ 

Estimates of total catch and effort provided by creel surveys of a sport 

fishery can be used to estimate relative or absolute abundance of fish. Creel 

census techniques have the advantage of good species discrimination as well as 

providing data to estimate age and sex ratios. However, samples of the fish 

surveyed are not necessari1y representative of the actual composition of fish 

in the aquatic communh:y, but are dependent on the fishing techniques used. 

There are numerous disadvantages in the use of creel surveys. Roving 

creel surveys efficiently use available manpower, but possess serious 

statistical limitations. Creel surveys employing stratified sampling 

procedures have good statistical properties, but inefficiently use manpower. 

The estimates of catch and effort from creel census generally have high 

va1~iance unless intensive sampiing programs are used, and have a potential for 

large: bias. Most importantly, if impact to fish populations occurs as a 

reduction in either production or juvenile survival, then a time lag will 

exist be!ween the time of the impact and a change in CPUE. 
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Description 
The information obtained from a creel census can consist of numbers of 

fish caught, effort expended on the catch, proportions of marked or tagged 

fish in the catch and a variety of additional data, such as species, sex and 

age composition of the catch. The principle objective of a creel census is to 

obtain an estimate of the number of fish harvested and the total effort 

required for the catch or an estimate of CPUE. Secondarily, the information 

collected in a creel census can be used to obtain estimates of relative or 

absolute abundance as described in the previous section. 

Two types of creel census can be distinguished, a complete census which 
yields catch and effort data for the total fishery and a sample census which 

provides estimates of total catch and effort. The methods used in a complete 

creel census are varied, but require little discussion since procedures and 

interpretation are straight forward. Complete census of fishermen are 

possible only when there is limited access to the sport fishery and/or there 

is a sufficient number of trained personnei capable of interviewing all 

anglers over prolonged periods of time (Eschmeyer, 1936, 1937; Needham, 1937; 

Thompson and Hutson, 1950). No statistical inference or assumptions about the 

sampling procedure of a complete census are necessary because of the complete 

enumeration. CPUE techniques can be immediately applied to the data 

collected. 

Implementation of a sample creel census requires careful delineation of 

study objectives, and must be firmly based on the principles of sampling 
theory. Typically in a sample census, only a fraction of the fishing season 
is sampled and only a fraction of the anglers present are surveyed during any 

sampling period. The sampling intensity of a survey is a function of the cost 
of sampling, the accuracy of the estimates desired and the (estimated) 

probabilities of obtaining that accuracy. 

There are two basic types of sample creel census, the roving creel census 
and a creel census based on stratified sampling. The two methods differ in 

the means used to collect the data and the nature of the data collected. In 

the roving creel census, the interviewer actively canvasses anglers and 

11 



obtains information on catch and effort expended up to the time of the 
interview. In the census procedure based on stratified sampling, the 
interviewer takes a more passive role by letting the anglers report at the 
completion of their fishing day. 

Ideally in a roving creel census, the interviewer starts at a randomly 
chosen point along a well defined route which carefully covers the entire 

fishery with the direction of travel randomly chosen. The interviewer is also 
assumed to travel at a constant rate, a rate faster than the anglers may be 
moving about the fishery. The mathematical theory of a roving creel census 
was developed by Robson (1961). The characteristics of a roving creel census 

(Robson, 1961) include: 1) an open ended sample where the number of 
interviews is not predetermined, 2) the census constitutes a systematic rather 

than a random sample, 3) the probability of interviewing an angler is 
dependent on the length of time fishing, the rate and direction the 
interviewer travels and the starting point of the survey resulting in unequal 
and unknown probabilities of selection, 4) only incomplete information of 

catch and effort is obtained from any one angler and 5) a distribution for 

fish abundance is assumed. The objective of the roving creel census is to 
obtain either an estimate of the mean catch per day by an angler (Malvestuto, 
1978) or an estimate of total catch (Robson, 1961). 

In creel census methods using stratified sampling, the population of 
fishermen using the sport fishery is stratified conceptually through time and 
space. Robson (1960) presents a detailed description of the mathematical 
theory underlying this census procedure. The geographical area of the fishery 
is divided into N segments each exhibiting approximately the same fishing 
pressure, and the fishing season is stratified into weekly periods which are 
further subdivided into weekday and weekend periods. Weekday and weekends are 
distinguished because different degrees of fishing pressure are often found 

during those periods. For D days in a given stata, d days are randomly 
selected and a crew of n interviewers census on n randomly selected 

geographical 
the d days. 

areas without replacement and independently chosen for each of 
The interviewers spend the entire day at the sites recording the 

number of anglers present continuously and the anglers total catch as the 
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fishermen leave at the end of the day. An additional counter (n+l) 
systematically traverses the fishery on the days of the census counting .the 
total number of anglers present on the entire area according to the N 
geographical areas defined. Letting BK represent the length of one fishing 

day where B is the time needed for one complete traverse of the fishery, then 
a random sample of k time intervals from K are surveyed by the counter. 

Characteristics of a creel census using these stratified sampling procedures 
include: 1) an open ended sample, 2) the census constitutes a stratified 
random sample, 3) the probability of interviewing an angler independent of the 
time fished 4) complete information on catch and effort obtained from each 

angler surveyed and 5) a distribution free procedure. This type of sample 
creel census can produce unbiased estimates of total catch and total effort 

for the fishery and associated variance estimates. 
Sample creel census techniques are beset with problems in implementation 

and interpretation of the results. Creel census techniques, as given by 
Robson (lg6Q, 1961), are mathematical developments of the procedures and can 
only be approximated in field studies. The stratified sampling procedure, 
although statistically sound, is not designed for efficient operation in the 

field. Field personnel are stationary and dependent on the anglers coming to 
them rather than the interviewers actively seeking the fishermen. The roving 
creel census is efficient, but contains a number of serious statistical 
problems. 

In addition to the assumptions in sampling, when comparing sampling 
results for different time intervals, all assumptions inherent in CPUE 
techniques must be valid. Little control can be expected over the types of 
fishing techniques used during the survey periods. Eschmeyer (1937) found 

considerable shifts in the type of fishing conducted (e.g., still fishing, 
trolling and casting) and the types of bait used (e.g., artificial and live 
bait) between consecutive years at a fishery. With shifts in fishing 
practices, the species of fish caught and CPUE probably will change. Thus, 
the nature of the sport fishery can change requiring data on species 

composition within the catch and the amount of effort directed toward these 

species. However, as the amount of information required per interview 
increases, angler participation may decrease. 
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The sample creel census techniques differ considerably in their 
statistical properties. The stratified sampling procedure uses a ratio-type 
method to estimate total catch from estimates of total effort and the catch 

rate obtained during the survey (Robson, 1960). The estimation procedure 

employs standard sampling theory to obtain estimates of both the parameters 

and their variance estimates. A creel census using stratified sampling is 

independent of any assumptions about the distribution of the fish population 

or the nature of the fishing process. 

A major characteristic of the roving 

fishing data is collected from anglers. 
creel census is that incomplete 

Use of the incomplete data requires 

making assumptions about the fishing process. Estimates of CPUE from roving 

creel surveys are based on the assumption that the success rate of anglers at 

the time of an interview is an unbased estimate of the catch rate of the 

entire day of fisl1ing. This implies that the waiting time between successive 

fish caught is identically distributed as a Poisson random variable (Robson, 
1961). Violations of this assumption can result in bias of considerable 

magnitude (Robson, 1961). F-or example, if fish are in schools, the distribution 

of the time spent searching for or catcf1ing the first fish in the school will 

not be the same as those for the second and third fish caught from the school. 

The roving creel census uses systematic sampling procedures with unequal 
and unknown probabilities of selection. The nature of such surveys prevents 

computation of variance estimates. The roving creel census provides estimates 

of either total catch or CPUE. fv1alvestuto et a1. (1968) presents a method of 

estimating the mean daily catch and its variance using a roving creel census, 
but the validity of the statistical procedures outlined ·is in serious doubt. 

By defining the fish creeled as the population to be estimated, a 
mark-recapture method can be used to obtain an estimate of total catch 

(Regier, 1971). In this procedure, anglers are contacted while fishing and 
the fish in the cr-eel are inspected and marked inconspicuously. Subsequently, 

as the anglers leave the fishery, a sample of anglers are contacted and the 

numbers of marked and unmarked fish recorded. Using the procedures and 

assumptions for a Petersen type estimator, estimates of total catch and its 
variance can be computed. 
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How well creel census techniques will be able to detect changes in 

population size will depend on the nature of the demographic change and the 

type of sport fishery. Changes in density of fish in sizes below the legal 

length or below sizes preferred by fishermen can go undetected by creel census 

techniques (Thompson and Hutson, 1950). Changes in productivity would not be 

detected until affected age classes entered the exploited population. This 

problem suggests the importance of collecti~g data on fish released by 

fishermen. Use of creel census data generally assumes that the catch rate 

will indicate changes in the quality of anqling in game fish populations 

only. Shifts in species composition can only be detected if both catch and 

effort data on individual groups of species are collected. 

Interpretation of creel census data may be difficult. Variation in 

indices from creel censuses may be related to variation in the quantity and 

quality of forage food for game fish (Von Geldern and Tomlinson, 1973) and not 

fish abundance. There is evidence to suggest an inverse relationship between 

catch rates and the abundance of forage food for various warm water game 

species (Bennett, 1954; Lux and Smith, 1960; Forney, 1961). 

Other methods of analyzing creel census data are available. Murphy (1955) 

used analysis of variance techniques for Ln~el census Jata \~mbody, 1954) to 

determine if significant changes in catch had occurred between years. Factors 

included in the analysis were time periods within a day (morning vs afternoon 

fishing), days of the week and years. Mottley (1946) used covariance analysis 

to determine if differences in catch existed between years within a fishery. 

The catch data was transformed to square roots and analyzed using effort as a 

covariate. Validity of the var·iance analysis procedure depends on the 

assumptions of the analysis of variance, nature of the sampling schemes and 

the basic assumptions inherent in analyses of all CPUE data. 

Creel census as a tool in fisheries management is not used exclusively to 

determine quantitative changes in fish abundance. Estimates of harvest rates, 

evaluation of fishing regulations and stocking operations, determination of 

how, when and where fish are caught and as an educational aid for anglers have 

been other objectives. Creel census has been used to show trends in catch 

data which may be related to fish abundance and to determine maximum sustained 
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yields for various sport fisheries. Regier ( 1971), in a discussion of creel 

census techniques, stated he had not encountered 11 Catch estimates in the 
literature, for relatively complex lake-angler systems, which survive critical 
examination or the demand for a degree of precision necessary for ecological 

research." 

Few examples have been found in the literature which provide both point 

and confidence interval estimates for either catch or effort. Needham (1937) 

incorporated tag-recaptures of planted trout with sample creel censusing to 

obtain population estimates of trout in a small lake in California. 

Moyle and Frank lin ( 1956) described a creel census of 12 lakes ranging in 
size from 312 to 5,111 acres and having total area of 15,136 acres. The 

sampling design allowed one man to census two lakes in a 40 hour, 5-day work 
week. The census procedure was conducted weekly for the 12 lakes over a 

2 year period of time. The sampling scheme provided estimates of total 

harvest and effort, but was not designed to provide valid estimates of 

variance. 

Green (1972) presented a description of a creel census of a 117.5 acre 
warm-water lake in central New York. Combination of complete and incomplete 

fishing trip data were collected from anglers. All anglers present at the 
time of the census were interviewed on this limited access lake. The census 

was divided into shore fishing, boat fishing and ice fishing and sampling was 
conducted either in the morning or the afternoon. The apparent accuracies of 

the subdivided estimates of total annual effort ranged from~ 23% to = 31% at 
the 95% confidence limits. Apparent accuracy of the estimates of total catch 

for different fish species ranged from= 38% to= 84% at the 95% confidence 
limits. Green ( 1972) concluded that in order to reduce the confidence 

intervals to! 10% for total catch, an nearly complete census would be 
necessary. To reduce the confidence intervals to + 50% of the mean, the 

sampling intensity would have to exceed 40% of the fishing season. 
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2.3 REGRESSION INOJCES 

Advantages and Disadvantages 

Regressions techniques for estimating fish production (yield) or standing 

crops based on total dissolved solids (TDS) in reservoirs, or on the 
morphoedaphic index (MEI: total dissolved solids divided by mean depth) in 
lakes seems to be a promising aid in the assessment of impacts due to nuclear 

power plant operation. Advantages of this technique include: 1) potential 
improvement of the impact assessment capability of CPUE and creel census data, 

2) infrequent sampling (generally only once per year), 3) simple procedure, 

4) forecasts of production, 5) species independent and 6) useful among a 

variety of climatic regimes. The major disadvantages are: 1) the necessity 

that estimates of fish yield or standing crop be available, 2) applicability 

limited to reservoirs and lakes and 3) the application of these predictive 

equations to the potentially impacted ecosystem appears to be of unproven 

validity. 

Description 

Standing crops and productivity of fish populations are potential 

indicators of ecosystem response to power plant induced mortalities. 

Population perturbations may be due to the effects of several natural and 

man-induced stresses. Before the direct effects of thermal stress, 

impingement or entrainment from power plant operation can be assessed, 

assessment of other stresses must be made. It appears that regression 

analyses of the relationship between MEl and fish productivity in lakes and 

TDS and fish standing crop in reservoirs are potentially useful methods for 

partially explaining the variability in fish yield. Although cause and effect 

relationships between MEl or TDS levels and fish yield cannot be established, 

methods of estimating fish standing crop and productivity may be useful in 

providing indices of average expected ecosystem status and thus help identify 

impacted environments. 

Correlation and multiple regression analyses of the relationships between 

fish yield and abiotic variables have been made for lakes and reservoirs by 
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several authors. Rawson, 1952, investigated large lakes and reported mean 

depth to have a large influence on fish yield (Ryder et al., 1974). 

Ryder et al. (1974) reported that Northcote and Larkin, 1956, found TOS to be 

the most important variable for predicting fish production in small lakes. 

Fish yield regressed on mean depth in lakes had the highest significant 

correlation of any abiotic factor (Ryder et al., 1974). The relationship of 

fish yield in the multiple regression on mean depth and TDS left only 25% 

unexplained residual variance when climatic variability was minimized (Ryder 

et al., 1974). Thus, the MEI was formulated with TDS exerting more influence 

in shallm'i lakes and mean depth exerting the dominating influence in deep 

lakes (Ryder, 1961). 

Data for fish production were obtained from published CPUE or creel census 

data and analyzed by regression analysis (Ryder et al., 1974). For comparative 

estimates, both TDS and mean depth appear useful in estimating productivity. 

They both describe complex ecosystem interrelationships rather than each 

representing only one environmental variable (Ryder et al., 1974). TOS may be 

more useful in predicting fish yield than any of its component ions since 

individual ions may be mere susceptible to variation in time and space or 

biological flux, and TOS levels are more stable (Ryder et al., 1974). TDS 

does vary seasonally and, to a certain extent, varies parallel to seasonal 

variations in productivity Once the seasonal variability of TDS is 

understood for a set of lakes, sampling can be reduced to the time of the year 

representing the mean annual condition (Ryder et al., 1974). 

Mean depth, as described by Ryder et al. (1974), represents interassociated 

variables within the ecosystem in that: 1) it is inversely correlated with 

shore development and the extent of the "euphot~rc-littoral" zone, 2) it is a 

direct correlate of area (Hayes, 1957), 3) it is an exact correlate of volume, 

~Y definition, when area is held constant, 4) it plays a role in the 

modification of the climatic and edaphic regimes, 5) it may be related to 

mixing depth and 6) it may give historical information on processes within a 

water body. Mean depth is estimated by dividing the volume of a lake by its 

ar::a or averaging depth transects prorated per unit of area. 
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Climate. the geoloqy of the watershed and the morphology of the lake basin 
are tnree critical influences on productivity (Ryder et al., 1974). To select 
a set of lakes suitable for regression techniques, Ryder et al. (1974) listed 
the following criteria to reduce tt1e complexity of the relationship between 

fish yield and other parameters: 1) the lakes must have relatively 
homogeneous climatic conditions; 2) ionic ratios in the lake should be fairly 

constant; 3) the lakes should have approximately proportional flushing rates 

per lake volume; 4) inorganic turbidity should be within the same order of 

magnitude for all lakes and 5) fishing effort on a variety of species should 

be moderately intensive to ·fntensive for a number of years. If regression 

analysis based on U1ese criteria shows a substantial deviation from the 
expected regression line for a particular lake, an atypical environmental or 

biological condition may be suspected (Ryder et al., 1974). 

Published CPUE and creel census data were utilized in the study of 166 

southern reservoirs by Jenkins (1977). Similar reservoirs were grouped in 

order to reduce variability and increase standing crop predictability. TDS 

was the most important variable in the correlation analysis of environmental 

factors with fish crop in these reservoirs. The addition of other variables 

(e.g., reservior area, age, mean and maximum depth, water level fluctuations, 
etc.) into multiple regression equations did not significantly increase the 

accuracy of the re·lationship. For each reservoir group, regressions of 

standing crop on TDS showed relatively high coefficients of determination 

(R2 
= 0.63 to 0.81). At equal TDS levels above 50 ppm, differences in the 

predictPd crop estimates were thought to be a quantitative reflection of the 

effects of nutrient passage rate, rather than the concentration of nutrients 
per unit volume (Ryder et al., 1974, from Aggus and Lewis, in press). 

In individual reservoirs, fish standing crops are known to vary up to four 
times minimum levels in response to nutrient inflows and varying environmental 

conditions (Jenkins, 1977). However, over a long term, levels seem to 

fluctuate around a stable predicted mean based on average TDS content. Close 
agreement between observed and predicted mean standing crops for Bull Shoals 
Lake suggests the method can be used to evaluate stressed reservoir 

environments (Jenkins, 1977). 
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Jenkins (1977) also attempted to investigate the sensitivity of the 
regression of standing crop on TDS via estimated production from Patten 1 S 

(1976) Lake Texoma Cove Model. A hypothetical increase in water temperature 
of 3°C applied to the model decreased the range of variation of all model 

compartments, including gross production and respiration. While total 
ecosystem biomass increased only 1.6%, vertebrate biomass increased 33.3%. 

Using the TDS prediction technique, a 33% change in fish biomass in Bull 
Shoals lake would require three successive years of sampling (Jenkins, 1977). 

Fish standing crops vary considerably during the aging process in new 
reservoirs due to rising water levels and nutrient input. Environmental 
conditions, and therefore fish biomass levels, tend to stabilize after five to 

ten years of impoundment (Jenkins, 1977). If eutrophication occurs in later 
years, total fish standing crops may increase. Thus, knowledge of 
successional changes in fish crop as a result of reservoir aging is important 
to the assessment of man-induced stresses within new reservoirs. 

Production indices offer potential methodology for identifying nuclear 

power plant impact in lakes and reservoirs. Correlations between fish yield 
and the MEl or fish yield and TDS levels cannot be interpreted as direct cause 
and effect relationships. Therefore, it is impossible to assess the validity 
of the regressions accuracy in predicting yield when a power plant is 

present. The power plant may not effect fish yield, but may alter the MEl, 
TOS levels or the relationship between the MEl or TDS and yield. Thus, 

additional research efforts are needed to refine these indices and establish 
their validity for impact assessment. 

2.4 SPECIFIC SITE INVESTIGATIONS 

Advantages and Disadvantages 
Advantages and disadvantages of the fish sampling techniques applied at 

two nuclear power plant sites were investigated to evaluate their suitability 
and usefulness in designing monitoring programs. Fisheries monitoring 

programs at the proposed Kiket Island nuclear power plant and at San Onofre 

Nuclear Generating Station were examined by personnel at the University of 
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Washington. The university study identified aspects of environmental 

monitoring programs important for Task II development. Specific site 
application of various CPUE techniques disclosed the necessity for gear and 
deployment variability to be taken into account in monitoring design (e.g., 

net shape, net and mesh size, towing time, towing speed, positioning of gear 

in the water column, time sampled, targeted species, age group and habitat). 

The UW report makes a significant contribution to this year's study and was, 

therefore, included as a chapter of this report. 

Description 
Fish sampling methods from two nuclear power plant monitoring studies were 

examined. The first was the University of Washington's 3-year Kiket Island 

project in North Skagit Bay, Washington. It was designed to study the 

potential impacts of a proposed nuclear power plant on juvenile salmonids 

migrating from the Skagit River and marine species diversity in Skagit Bay 
(Stober and Salo, 1973). The second study was part of the environmental 

monitoring program for the San Onofre Nuclear Generating Station (SONGS) on 
the southern coast of California (Southern California Edison, 1975, 1976, 

1977), and included other supplemental programs. The techniques examined 
include townetting and beach surveys for juvenile salmonids, otter trawling 

and trynetting for marine species at Kiket Island, and gillnetting, acoustic 

survey, lampara netting and sport and commercial catch data analysis for 

San Onofre. 
The three major concerns in the technique evaluation were: 1) the 

method's variability and its ability to detect large population changes within 

a species, 2) the additional information, such as length-frequency, which the 

method provided and 3) the lag-time until the change was detected by the 

techniques. Because the fish populations changed with time, means, standard 
deciations, coefficients of variation and confidence intervals were calculated 

for measurements within individual survey periods. For the townets, beach 

surveys and trynets, these were daily periods. Gillnet data were also 

computed daily, but the control and discharge areas were considered 

separately. Acoustic variability was computed for each survey period of two 
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to four days. Because there were not enough replicates to compute otter trawl 

variability on a daily basis, the results of the fourteen biomonthly surveys 

were combined and variability was computed by station. 

Since each sample in a period was assumed to be from the same normally 

distributed porul'ation, the 95'' confidence intervals for selected periods of 

eac~ technique were constructed with the t-statistic. The percentage of 

confidence intervals with lower boundaries at or below 0.0 (points at which no 

decrease can be proven statistically) was then tabulated by gear and presented 

in Table 2.1 along with the ranges for means, standard deviations and 

coefficients of variation. 

Two species were selected from each type of study to examine in detail. 

These included pink (Oncorhynchus gorbuscha) and chum salmon (Oncorhynchus 

keta) for the Kiket Island juvenile salmonids program, English sole (Parophrys 

vetulus) and Pacific tomcod (.M._icrogadus proximus) for the Kiket Island marine 

diversity study, and Queenfisll {Seriphus fl_9_l__j_tus) and white croaker 

(Genyonemus lin~tus) for the San Onofre iOlonitoring program. 

Generally, thes~ species 'ttere picked because they were among the most 

numerous at the site and, therefore, had the most data. At least three of the 

species had some commercial interest (pink and chum salmon, English sole), and 

because of their large ~umbers, each species v-:as assumed to be important in 

the local ecosystem. Other spr;;cies, such as tile nor'thern anchovy (Engraulis 

mordax), were more abundant tr.an the selected species at various times. 

However, their unpredicta!Jle migtation ratterns precluded any local analysis 

of population change. 

Kiket Island was deve~oped a" a research project and a number of methods 

were used to monitor salmonid populations and migration routes. Most of these 

were variations on a trawl-tyoe tc~o,~net and included 5- and 10-min surface 

tows, 10-min midwater tows at J, 30, and 60 ft at fixed locations, and night 

tows for each of the above (Stober and Salo, 1973). 

The net, which was towed by two boats, had a 10-ft x 20-ft opening and was 

43 ft long, with graduated panels of mesh from 3 inches at the leading edge to 

0.25 inches in the coc! end (Stober and Salo, 1970). It was usually towed for 

10-min and then brought on board and emptied in the usual manner. However, 
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Table 2.1. Summary of gear variability. 

-----

5 min 

Range of period 
Means 

1.05-73.85 

--------------

fish/tow 

10 mi t1 .20-103.04 

Range of period 
Standard 

deviations 

3.26-127.27 

1.29-222.67 

Range of period 
Coefficients of 

variation 

161-573 

194-401 

Beach Survey 18.94-27190.44 fish/l/4 mi 27.00-32109.91 60-198 

Trynet English sole .00 .41-11.93 08-244 

fish/tow 

Tomcod .00-12.75 .50-13.52 87-220 

Otter trawl English sole 30.17-390.25 20.11-436.91 67-123 

fish/trawl 

Tomcod 257.58-406.91 197.95-614.23 77-173 

Gillnet Ser ipu s .17-76.33 .52-54.97 19-116 

fish/net 

Genyonemu s .00-61.25 .51-48.70 13-175 

Acoustic 1.58-9.60 gr;rn2 5.72-32.88 343-694 

Lampara Seriphus 43.00-137.39 83.75-157.14 114-174 

fish/set 

Genyonemus 13.69-49.67 20.20-95.69 147-193 

----- ·---------------------- ------

-% -Confidence 
intervals 

containing 0.0 

25 

87.5 

38 

66 

100 

0 

33 

0 

33 

0 

0 
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for the 5-min tows, the net was emptied by an additional man in a skiff over 
the cod end. This was more expensive, but faster because the net did not have 
to be retrieved each time and a continuous course could be followed. 

The primary advantage of the net is that it obtains quantitative estimates 

of small fish which would pass through a larger mesh net, yet the net is large 
enough that gear escapement and avoidance are much less than with the smaller 

plankton-type nets. Also, the technique is fast enough that many samples can 
be taken, increasing the power of the technique. 

The major disadvantage of the townet is that it must be used in open 
water. It is unsuitable for sampling the shallow, uneven or debris-strewn 
shorelines where many species of young fish are found. The net is also 
unsuitable for sampling larger fish because the problems of gear avoidance and 
escapement become severe. 

Although all townet methods showed the expected migration timing for pink 

and chum juveniles [starting in late March, peaking in late April or early May 

with the increase in river discharge, and dropping to almost zero by June 
(Fig. 2.1)] and each picked up the large natural fluctuations in pinks and 

chums between years, the 5-min daytime surface tow was the most suitable for 
monitoring the populations of juvenile pink and chum salmon in the open areas 

of Skagit Bay. The catch/tow was fairly large, as was the variability 
(Table 2.1), but the large numbers of samples (approx. 50 per day) increased 

the power of the technique and brought the 95% confidence limits into a 

workable range. 
The 10-min tows had a slightly smaller variability (Table 2.1) which was 

probably due to averaging the heterogeneous fish distribution over a 10-min 
span instead of just 5 min, but the smaller number of samples decreased the 
power and increased the size of the confidence intervals. This difference was 
obvious when the 95% confidence intervals were compared for the two methods. 

Of the eight periods in 1971 and 1972 for which intervals were computed, only 
two (25%) of the 5-min intervals included zero while seven (87.5%) of the 
10-min tow intervals did so. With such a large portion of the intervals 

including zero, it was unlikely that any population decrease, even a major 
one, could have been documented by the 10-min tows. 
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Figure 2 .1. Mean catch/tow and selected confidence intervals for 
pink salmon in 1972, 5 min and 10 min townets. 
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The 5-min tows in 1970 also had a high proportion (75%) of confidence 
intervals containing zero, however, the mean catch/tow was also much smaller 
than in 1971 and 1972. Under such conditions of low density, sampling effort 
could be increased to further reduce the size of the confidence intervals. 

Fortunately, gross differences in townet catches seem to be predictable from 
the adult escapement data for the Skagit River (Ames, personal communication) 
for the previous year so that sampling effort can be planned in advance. 
However, just three years of data (two for pinks, one for chum) is not 

conclusive in this respect. 
The midwater tows were unsuitable for monitoring population change in 

juvenile salmonids because at least 90% of the fish were taken at the surface 

when 0, 30 and 60-ft depths were sampled. This gave extremely small catch/tow 
values at 30 and 60-ft so that population decreases could not have been 
detected by those tows. The surface midwater tows were slightly less variable 
than the regular 10-min tows because of the fixed, similar sample sites. 

However, the decreased variability was offset by the decreased confidence that 
the entire population was being sampled. If only the three fixed locations 

were sampled, a change in migration patterns of the local populations could 
lead to the conclusion of a drastic change when none had occurred. 

Night tows generally gave slightly smaller catches and coefficients of 
variation. However, the tows were unnecessary because the differences in the 
coefficients of variation were small (.05), inconsistent and insufficient to 
justify the increased sampling costs. 

In addition to the townets which measured offshore abundance, a beach 
survey was used to get semi-qualitative estimates of juvenile abundance along 
the shoreline. This consisted of walking the shoreline or cruising it in a 
small boat and visually estimating the numbers of juveniles in each 
quartermile section (Stober and Salo, 1970). 

There are a number of problems with the beach survey, particularly the 
effects of wind, weather and time of day on visibility. There are also 
problems with fish avoidance, and with estimating the number of fish in large 

schools. 
On the other hand, the beach survey is about the only method of population 

estimation along a rocky, obstructed or steeply sloping shoreline. Beach 
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seines can be used, but they need a fairly shallow, uniform bottom to be 
effective. Thus, they are limited to a smaller number of sampling sites. 
This reduces the usefulness of the beach seine and confidence that the true 
populations are being sampled. 

Even with its semi-quantitative results, the beach survey was necessary 
for the Kiket Island monitoring program because the majority of juvenile pink 
salmon stayed along shore and remained unavailable to the townets as they 
migrated out of the bay (Stober and Salo, 1971). This would not have been a 

problem except the townet catch and beach survey results for pinks were 
apparently unrelated, and using just one method could have seriously 
misrepresented their abundance. The beach survey was not required for 
juvenile chum salmon because they moved into the open water and became 
available to the townet before they left the bay (Stober and Salo, 1971). 

Other studies have tended to show similar correlations between townets, 
beach surveys, and beach seines for both chum and pink salmon (Bax et al., 
1987; Schreiner, 1977). However, these studies have concentrated townetting 
along the shorelines instead'of equally covering the inshore and offshore 
areas as in the Kiket Island study. 

Two gears, the otter trawl and the trynet, were used to sample demersal 
fish in Skagit Bay (Stober and Salo, 1973). The gears were both designed to 

be towed along the bottom by a single boat. However, they were designed to 
fish different areas and to capture different fish. The otter trawl fishes 
deeper and generally catches larger fish. The trynet was designed to capture 
small fish in relatively shallow water. 

The major differences between the gear were in the size of the net, the 
size of the cod end mesh and the speed of the tow. The otter trawl had a 
10-ft x 20-ft opening, a 1.5-inch cod end mesh, and it was towed at about six 
knots. The trynet was smaller, with a 3-ft x 10-ft opening and a .25-inch cod 

end mesh. It was towed at about 3 knots. 
The areas sampled by the gears were also different. The otter trawl 

sampled three mid-bay areas, two of which were about 90-ft deep and one which 
was 18-ft deep. The trynet sampled three nearshore shelf areas with an 
average depth of about 20-ft. 
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Since the gears are similar, they have many of the same disadvantages and 
limitations. They do not work well over very rugged or obstructed bottoms, 
and they cannot sample the shoreline areas. Also, there are problems with 
species catchability and selectivity by the net. Illumination, water clarity 
and the size, shape and speed of the trawl directly influence catchability 

(Chestnoi, 1968; Martyshevski and Karatkan, 1968). There is even some 
evidence that catchability is affected by the density of fish in that 
increasing density may disperse more fish into the upper layers and make them 

unavailable to the trawl (Ulltang, 1977). 
Selectivity is also very important with these gears. The habitat, size, 

shape and swimming speed of the fish determine what enters the net and cod end 
mesh size determines what is retained. Generally, the most vulnerable species 
are the slow, semidemersal fishes. True demersal species, such as flatfish, 
are somewhat less vulnerable because they tend to burrow into the mud bottom. 
In one study, only 13% of the flatfish population was picked up by an otter 
trawl during the day (Christensen, 1967). This percentage can be increased 
considerably by trawling at night when the flatfish are more active. 

The Kiket Island data for English sole and tomcod for both methods 

contained large variations in abundance (CPUE) within years. Most of these 
changes were cyclic as shown by the tomcod catches/10-min trawl (Fig 2.2). 
These changes were expected since both English sole and tomcod are known to 
migrate from deeper water in winter to shallower water in the spring (Ketchen, 

1956; Hart, 1973; Sacetersdal, 1967). However, the timing of the cycles 
varied between the otter trawls and the trynets, as well as between the two 
deep otter trawl stations (90ft) and the shallow site (18ft). This 
discrepancy was probably due to differences in temperature and salinity 
between depths. The same reasoning can be used to explain the similarity 
between the shallow (18 ft) otter trawl and the trynet (20 ft) results. 

Age compositon tended to be cyclic and related to depth, especially for 

the English sole. Again, this was expected since English sole have been shown 
to move further offshore as they grow older (Clemens and Welby, 1961) . 
However, it was impossible to use length-frequency data from the trawls to 

follow a given year class of English sole between periods of years. 
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Although not tested, there seemed to be a correlation between age 
structure and CPUE for English sole from the otter trawl because the highest 
catches were during winter when the length-frequency was skewed to the left, 
and the catch was smallest in June and August when the larger fish were 
present. However, there were enough unexplained fluctuations in CPUE that the 
relationship is unconvincing. 

Too few trynetting periods with large enough samples sizes to construct 
length -frequency diagrams were available to draw any strong conclusions, but 
the English sole data seemed to follow the same pattern as observed for otter 
trawl. 

Age composition for tomcod did not show a cyclic pattern, nor were there 

indications that the length-frequencies changed significantly with depth, even 
though CPUE did (Fig 2.2). However, the length-frequency was sufficiently 
variable between periods that it was impossible to distinguish any but a very 

large year class. 
Since the smaller and therefore younger fish are generally found in 

shallow nearshore areas, the trynet is the better of the two gears to use in a 
monitoring program for English sole and tomcod. Changes in the overall 
population size will be reflected in the juvenile populations. The younger 

the fish sampled, the smaller the time iag between impact, detection and 

corrective action. However, because of the small catch/tow values and the 
fairly large variance of the trynet, more samples per day or longer tows must 
be taken to bring the confidence intervals above zero. 

The San Onofre monitoring program was developed to monitor the impacts of 
an existing power plant on fish. The program was sited along the open 
coastline. Four monitoring techniques were used at the San Onofre site: 
gillnetting, acoustic survey, lampara netting and sport and commercial catch 

and effort data. 
The gillnet survey, which was performed to satisfy ETS requirements, 

consisted of quarterly 24-hr sets of twelve 150-ft experimental gillnets. Two 

fixed stations were sampled: one near the SONGS discharge and a control about 
four miles southeast of the plant. After an initial period of experimentation 
to see which substrates and depths produced the best catches, the nets were 
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oriented perpendicular to shore and set on the bottom over a cobble substrate 
in 9 m of water (Southern Calif. Edison, 1975a). 

The gillnet's greatest advantage was that it sampled pelagic and highly 
mobile demersal species. It also gave a fairly low variability because the 
24-hr sets tended to average out the patchy distributions and activity periods 
of the fish. The 24-hr sets also gave catches per net which were large enough 
to allow reasonable, non-zero confidence intervals from a small number of 
nets, especially for Seriphus (Table 2.1). 

The primary disadvantage of the gillnet is its high selectivity for 
species and size. This can be somewhat reduced by using experimental gillnets 
with their panels of different sized mesh. Some selectivity will always exist 
and its effect on abundance estimates and length-frequency distributions must 

be considered. Other limitations of the gillnet are its high selectivity 
against non-motile bottom fish, such as some flatfish, and its tendency toward 
gear saturation and reduced fishing ability. The net also samples an unknown 
area so absolute abundance estimates are not possible. 

Although the catch per net for Seriphus in the control area varied 
considerably over a year, it followed the expected migration pattern very well 
(Skogsberb, 1939) (Fig 2.3). The variability and the confidence intervals for 
the sampling periods were also fairly small so that a large change should have 

been observed ~ad it occurred at the sampling sited (Table 2.1). 
Since the control sampling site was a single fixed location, it is 

possible that a large change could have occurred, but it was not great enough 
in that particular location to be noticed. Conversely, a local change might 

have occurred around the sampling site due to changes in migration routes or 
feeding habits and it would have been interpreted as a major population change 
for the entire region. 

The obvious way to avoid this problem would be to select sample sited over 
a larger area. The different stations should increase the variability within 
periods slightly, but keeping station depths and substrates similar, the 
increased variability should be worth the increased spatial resolution. 

The catch per net for Genyonemus in the control area was much less 
variable than for Seriphus. Again, this follows the expected pattern since no 
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Figure 2.3. Mean gillnet catches and selected confidence intervals 
for Seriphus and Genyonemus. 
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pronounced seasonal migrations have been reported for this species. However, 
the catch per set is much lower than for Seriphus, and a number {33%) of the 
50% confidence intervals include zero, so a population decrease would be 
harder to detect. Neither the catch per net for Seriphus nor Genyonemus 

followed the expected pattern in the discharge areas. This was probably due 

to near-field plant effects. 
The sample size of Seriphus and Genyonemus in each period was generally 

too small to draw any conclusions on length-frequency. However, in each 
sample of Seriphus, there was a large group of fish around 135 mm long and 

about 2 years old. If there was a poor year class of Seriphus, it should 
become obvious by the second year when they become catchable by the gillnets. 

A series of seven acoustic surveys was conducted between September 1976 
and June 1977 to determine the effect of a SONGS shutdown and resumption on 

the resident fish populations. Each survey, which lasted about four days, 
measured the fish density along a number of transects in the vicinity of the 
plant. These transects were changed slightly between periods, but in general 

they included 3-mile transects along the 5, 7, 10, and 20 meter contours, as 
well as transects perpendicular to shore near the SONGS discharge. During 

three of the surveys, lampara net samples were taken to provide species 
compositon of the acoustic targets. 

Since both Seriphus and Genyonemus are usually found above the bottom 
in small schools (Skogsberg, 1939) during the day when most sampling was 

conducted, 
effective. 
These data 

the acoustic monitoring should have been and appeared to be 
The acoustic results supported both the gillnet and lampara data. 

sets suggested populations decreases during winter (September-March) 
and increases in the spring (June), although species composition at the site 

changed during the course of the survey. The acoustic results also supported 
the gillnet observations of greater fish density over cobble (hard) substrate 
than over soft substrate. 

Even with the precision and continuity of acoustic data, this method is 
generally unsuitable as the sole bases for a monitoring program. The lack of 

species identification or other biological data force estimates of change to 
be based on density only. This might suffice in a system with only a few 
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species, but in more complex systems, such as San Onofre, a drastic population 
decrease in one species could easily be masked by population increases in 
other resident fish or by influxes of migrant species. 

Lampara netting was used to sample species composition during three of 
the acoustic survey periods. In lampara netting, a long, deep net is deployed 

in a circle around an area or a school of fish, similar to purse seining. As 
the net retrieved, the ends or wings of the net are pulled together and the 

fish are trapped in the bag of the net. 
Advantages of the lampara net include the ability to catch swift pelagic 

species which would outrun or avoid most other gears, and it can capture 

specific schools of fish. Once an area is encircled, the method is relatively 
nonsize selective, except for fish small enough to pass through the meshes of 
the net. However, bias is introduced when the net is aimed and schooling fish 
may be selected more often than scarce, non-schooling ones. Also, size and 

age biases may be introduced because fish of similar size tend to school. 
Aiming the net can cause biased population estimates. However, the net must 
be aimed at fish by visual or acoustical techniques or they are very 

inefficient, because of a large percentage of empty sets. Thus, random 

deployment of gear needed to reduce the biases results in inefficiencies and 
an unsatisfactory bases for quantifying fish populations. 

Too few periods were sampled to determine the effectiveness of the 
lampara nets in following population and age composition changes. However, 

the catch data for Seriphus and Genyonemus tended to support the gillnet data 
indicating an increase in the populations from February to June. There were 
two obvious differences from the length-frequency distributions of the 
gillnets. First, the lampara nets picked up smaller Seriphus, about 40 mm 
compared to 100 mm for gillnets during the January-February period. This was 
probably related to differences in minimum mesh size. The second difference 
was that the lampara nets did not seem to pick up any of the larger specimens 

of either Seriphus or Genyonemus. This might have been due to a near-field 
effect, but is was more likely the result of the visual selection of schools 

of smaller fish or net avoidance by large fish. 
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This method is unsuitable for a monitoring program because the aiming 
necessary to make the technique effective would tend to bias the species 
composition and relative abundance estimates, and fishing only certain schools 
would bias the observed length-frequency distributions. 

Sport and commercial catch and effort data from the California Department 
of Fish and Game were also used to monitor fish populations at the San Onofre 
site (Southern Calif. Edison 1975b, 1976, 1977). This method was inexpensive 
because no field work had to be done, but it was also ineffective for 

monitoring population changes in Seriphus and Genyonemus. The largest problem 
was that neither of the fish were sport or commercial species, so no valid 

catch or effort data was collected. Values were available, but they were 
probably much too low because of released or uncounted fish. Any estimate of 
effort was inappropriate because queenfish and white croaker were not the 
target species. 

Even if the fishes had been sport or commercial species, the data would 
not have been effective in determining population change because the changes 

in fishing gears, regulations and in the effort directed toward a particular 
species would have made evaluation very difficult. The larger blocks for 
which the statistics were compiled (10 mi x 10 mi) would also have tended to 
spatially mask any effect. 

Finally, the compilation of the data is very time consuming, so it may 
take may years before the statistics are available. This is an unacceptable 

lag for a monitoring program, especially when it is added to the lag between 
juveniles and recruitment by the fishery. Available commercial and sport 
statistics for San Onofre were not comparable to other methods because of the 
two year compilation lag. Catch-effort data were available for 1973-1975, 
while other methods were used at varying times from 1975-1977. 

Site Specific Findings 
l. Of the sampling techniques for juvenile salmonids used in the Kiket 

Island Study, the 5-min daylight surface townet was the most useful for 

detecting population changes of pink and chum salmon in open water. The other 

townet techniques were rejected because of high variance, low catch/tow, or 
cost. 
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2. Beach surveys, although only semi-quantitative, were necessary for the 
salmonid monitoring program because of the large numbers of fish inshore and 
the lack of a strong correlation between townet and beach survey results. 
This was especially true for pink salmon because they tended to stay along the 

shore as they migrated from the bay . 
3. Both the otter trawl and the trynet were effective for monitoring 

seasonal changes in abundance for English sole and tomcod. The trynet is more 

desirable because it samples younger fish, diminishing the time lag between 
the population change and its detection. 

4. Length-frequency data for English sole and tomcod were too variable to 
follow individual year classes from year to year. 

5. Although selective for size and species, gillnets were effective in 
monitoring the seasonal abundance changes of queenfish and white croaker. 

They also detected the expected seasonal changes in length-frequency for the 
queenfish, but individual year classes could not be followed from season to 
season or year to year. 

6. The acoustic survey technique provides data for precise estimates of 
fish biomass in the San Onofre area. 

7. The lampara net is unsuitable because the aiming of the sets, which is 

necessary for efficient sampling, tends to bias species composition, 

length-frequency distribution and relative abundance estimates. 
8. Sport and commercial catch and effort data from San Onofre were 

invalid for queenfish and white croaker because they were not sport or 
commercial fish. The available statistics were also of limited value because 
of the large size of the statistical area and the 2-yr time lag for compiling 
the data. 

The advantages, disadvantages and applicabi l ity of the reviewed sampling 
methods are summarized in Table 2.2. 
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Method 

Townet 

Beach Survey 

Otter trawl 

Trynet 

Gi 11 net 

Table 2.2. Summary of sampling methods applied at the reviewed sites. 

Advantages 

Gives quantitative estimates 
of abundance 

Fast enough that many repli
cates can be taken 

Can sample rocky, obstructed 
or irregular shorelines 

Many replicates possible 

Quantitative technique 
Generally gives large 

sample sizes 

Quantitative technique 
Generally catches smaller 

fish 

Relatively inexpensive low 
variability with 24 hr 
sets 

Can sample pelagic fishes 

Di sadv ant ages 

High escapement and avoidance 
by larger fish 

Limited to open water 

Semi -qua 1 it at ive 
Depends on good weather 

conditions 
Poor species differentiation 

Many problems with selectivity 
and changing catchability 
of fish 

Generally poor for pelagic 
fishes 

Many problems with selectivity 
and changing catchability 
of fish 

High escapement and avoidance 
by larger fishes 

High selectivity for species 
and size 

Does not sample non-motile 
fishes 

Samples unknown area 

Applicability 

Samples juvenile fish 
populations in open 
water 

Estimates juvenile popu
lations along shore
lines 

Samples benthic species 
in deep areas with 
fairly uniform bottoms 

Samples small benthic fish 
in relatively shallow 
water 

Samples most motile fishes 
in fairly shallow areas 
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Method 

Acoustic 
survey 

Lampara net 

Sport and 
commercial 
catch and 
effort data 

Table 2.2. Summary of sampling methods (cont•d.). 

Advantages 

Gives continuous record 
of fish biomass through
out transects 

Precise because of 
large sample size 

Can capture swift pelagic 
species 

Can capture specifir. 
schools 

Net is relatively non
selective 

Inexpensive because no 
field work is involved 

Gives large sample sizes 
Gives overall picture 

instead of just local 
changes 

Can monitor migratory 
species 

Di sadv ant ages 

Does not give species compo
sition or other biological 
data 

Normally poor for bottom 
fishes 

Initial relatively expensive 
investment 

Sets must be aimed to be 
efficient 

Deploying method may create 
strong biases in species 
composition, length-frequency 
and relative abundance 
estimates 

Only good for sport or com
mercial fish 

Changes in gear, regulations 
and effort make analysis 
difficult 

Large statistical blocks mask 
changes 

Two yrs required before statistics 
are complied and released 

Applicability 

Monitors biomass change 
with distance for pelagic 
and semi-demersal fishes 

Samples species composition 
and age distribution of 
selected fish schools 

Monitors population changes 
in sport or commercial 
fishes 



3.0 POPULATION DYNAMICS AND FISH CHARACTERISTICS 

3.1 RECRUITMENT MODELS 

Advantages and Disadvantages 
Recruitment data are theoretically responsive to changes in fecundity, 

mortality rates of prerecruit larval and juvenile stages and growth rates. 

Potentially, the method can provide data for the detection and prediction of a 
catastrophic impact on a fish stock early enough for implementation of 

management changes to reduce the impact prior to loss of the stock. Extensive 
catch data for commercial stocks can be utilized in some cases, and data taken 

once a year might be sufficient for use of the method in other cases. 
Disadvantages in using recruitment to monitor impacts, however, include very 
large and poorly understood natural variation in recruitment. Additionally, 
the fitting of the spawner recruit model requires extensive data (good 
estimates of both spawning stock and subsequent recruitment) over a wide range 
of stock sizes. 

Description 
The relationship between numbers of fish in the spawning stock and the 

number of offspring they produce is important to fisheries management. 

Natural controls tend to stabilize unexpected populations through compensatory 
mortalities and limits on maximum stock size (Ricker 1954). Theoretically, if 
a model to estimate recruitment were available, measured recruitment could be 
compared during or after imposition of a potential impact and the prediction 
model would estimate the magnitude of the impact. Such an index would be 
responsive to effects on fecundity, prerecruit mortality rates or growth of 
young fish, to the degree that subsequent density-dependent mortalities would 
fail to compensate for the early losses. For most iteroparous stocks (i.e., 
individuals who spawn in more than one year) it would be theoretically 
possible to detect a catastrophic reduction in recruitment in time to abate 

the impact prior to extinction of the stock. 
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The large variability and general lack of data for an extended range of 
spawner stock sizes preclude a precise understanding of the stock-progeny 
relationship, however. Recruitment curves have been described by Ricker 
(1954) and by Beverton and Holt (1957) which attempt to define the 
relationship between spawner and recruit stock sizes (Figure 3.1). While 
Ricker (1975) discusses both curves in detail and provides methods for 
parameter estimation, the variation in recruitment and paucity of data 
prevents determining which curve is more appropriate for obtaining precise 

parameter estimates for nearly all stocks. Also, data from many fish stocks 
do not support either stock-recruit curve. Several investigators have 

examined effects of environmental factors on recruitment using regression 
methods, but even these have not been sufficient for devising a useful 
predictive model for impact analysis. 

Recruitment to fish stocks (i.e., the number of new individuals entering 
the catchable stock) results from reproduction and growth of young fish to a 
catchable size or from movement to the fishing grounds from the nursery 
grounds. The number of recruits added each year is usually highly variable 

and fluctuations may exceed an order of magnitude from one year to another 
(Nelson, Ingham and Schaaf, 1977; Shepard and Withler, 1958; Burd and Parnell, 
1973; Carlander and Payne, 1977; Forney, 1976). Typically recruitment of a 
given year class is spread out in time due to differential individual growth 
and to differences in catchability (i.e., the probability that an individual 
fish will be taken with a unit of fishing effort) with size. 

The age of recruitment of a species is dependent on growth rate, movement 
of the stock and the particular gear employed by the fishery. It is 
appropriate to refer to recruitment to a particular gear type and size or to a 
particular fishery. 

Intutitively, recruitment is influenced by factors effecting fecundity, 
reproductive rate, mortality of prerecruit stages and growth of young fish. 

Food availability, predation rate and growth rate (Cushing, 1969); rate of 
warming, storms and currents (Busch, et al., 1975); cannibalism (Forney, 
1976); transport by wind driven currents (Nelson, Ingham and Schaaf, 1977); 
and water depth (Burd and Parnell, 1973) have been shown to effect year class 
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strength. The potential effects of power plant impacts on recruitment are due 
to possible effects of thermal or chemical discharges on fecundity, migration 
and reproductive fitness of adult (i.e., spawner) stock or on the viability 
and growth of eggs and young fish. Mortalities due to impingement of young 
fish on intake screens or passage of ichthyoplankton through cooling systems 
would be expected to influence recruitment. However, they may be of little or 

no importance at the population level. 
Compensatory mortalities (i.e., those whose rates are density dependent 

and increase with increasing stock size) tend to reduce the influence of the 

above factors and stabilize recruitment. For example, increased mortality, as 
a result of power plant impact, may be compensated by increased fecundity, 

increased juvenile survival rates or decreased intraspecific competition. 
In comparison, mortalities due to environmental variables are less likely 

to be density dependent and tend to increase the variability of recruitment. 
One can even imagine depensatory mortality rates which decrease with 

increasing density (e.g., for very low stock sizes, reproduction rates could 
fall). 

Recruitment will reflect most significant changes in a fish stock. The 
problem, however, is to separate effects of the power plant from other factors 

influencing recruitment and to arrive at a suitable statistical test with 
sufficient power to detect an ecologically significant change with a high 

degree of confidence. 
A model of recruitment is required which accounts for most of the 

year-to-year variation for the species of interest and which may be used to 

accurately predict recruitment based on the set of environmental and 
biological data required for the model (Nelson, Ingham and Schaaf, 1977). 
Given a prediction and its variance, one may measure actual recruitment and 
statistically compare the estimate with the prediction. Should a significant 

difference be detected, assuming the model to be correct, one must reject the 
hypothesis that there has been no significant change in the population. 

Estimates of recruitment may be derived from catch-curves (i.e., plots of 
log catch per unit effort vs. age classes in the catch) after using scale 

counts or age-length analysis of random samples of the catch to determine age 
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composition. It is important that the gear be comparable over time, since 
recruitment estimates are dependent on the gear utilized. Selection of the 
species to be examined should be based on its ecological and economic 
importance, and an extensive long term data base must be available on which to 

base the recruitment model with a sufficient number of degrees of freedom to 

estimate the residual variance accurately. This limits application to a 

species for which long term records are available. In most cases, a 
sufficient data base will not exist (with the possible exception of a 

commercially exploited stock). Thus, the method would be inappropriate at 
many sites due to the requirement for a long term data base. 

Should a suitable data base be available, however, the first step in 
utilizing the method is development of a model of recruitment. The simplest 

model would be to assume constant recruitment and investigate the variance 

from year-to-year about the assumed level. For most species this variance 

will be large and, therefore, a plant-caused reduction would not be detectable 

at a reasonable confidence level. 
Stock-progeny relationships have been examined as a means of estimating 

the optimum spawner stock size and allowable catch to maximize yield to the 

fishery. These efforts have resulted in two forms of "spawner-recruit" curves 

with initial slopes greater than unity and which decrease monotonically with 

increasing spawner stock size. The Ricker (1954) curves are dome shaped, with 
a negative slope at high stock size, while the Beverton and Holt (1957) curves 

are hyperbolic and approach a horizontal asymptote (Figure 3.1). Both curves 
cross the 11 exact replacement line" which has a slope of one. In order to 

maintain a constant stock size and, therefore, a sustained yield, the number 
of fish represented by the distance between the exact replacement line and the 

spawner-recruit curve may be harvested. It can be shown that yield is 

maximized by maintaining the stock at the level which corresponds to a slope 
of unity on the spawner-recruit curve (first derivative= 1). Allen (1973) 
examined the effect of variation in recruitment on this conclusion. The most 

practical application of the technique is to similparous stocks (i.e., single 

spawners) when the harvest may be regulated to permit survival of a fixed 

number of spawners. Pacific salmon, for example, are harvested during 
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spawning migration, and escapement may be monitored and permitted effort 
adjusted during the fishery to al1ow the target number of spawners to reach 
the spawning ground. 

Ricker (1975) discusses both classes of curves in detail and gives methods 
for fitting them to a data set. Due to great natural variability in 

recruitment, an extensive data set is required in order to fit the curves. 
The data set should include a wide range of spawner stock sizes. Thus, for 

most applications, a long term commercial fishery is needed to produce the 
required data set. For management application, the greatest interest is in 

determining the level of stock size where the optimal sustainable yield to the 

fishery can be obtained. Stock progeny curves have been fitted to several 

data sets for corm1ercially exploited fish stocks (Ricker, 1954; Shepard and 
Withler, 1958; and Cushing and Harris, 1973). The outstanding feature of 

these curves is their large residual variance, which causes very wide 

confidence bands (Cushing, 1969). Only in a very limited number of cases is 
the data base sufficient to predict the parameters of the curve with 

reasonable precision {e.g., Garrod's (1967) Arcto-Norwegian cod data). 

In addition to the large natural variability in recruitment, errors in 

estimating both parent and progeny stock sizes contribute to the variance. In 

general, spawner-recruit curves are poor predictors of recruitment due to the 
large number of factors other than stock size which are not considered in 

fitting the curve. Thus, we conclude that a more complex model for the 

species of interest would be required. 

One could continue to improve the model by adding relevant factors to it 
such as temperature, timing of food availability, etc. until the variance in 

predicted recruitment was reduced to the point that an impact could be 
detected. However, with each factor added to the model, additional data are 

required to fit the model parameters and to make the prediction. More 
recruitment data are required to provide a sufficient number of degrees of 

freedom to accurately estimate the residual variance. Previous attempts to 
develop complex models to describe recruitment have been useful in identifying 

factors contributing to the variability, but they have generally failed to 
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accurately predict the number of recruits (Larkin, 1973). In some cases, such 
models appear to predict recruitment reliably for an extended time span and 
then suddenly fail (Cushing, 1969). 

The method utilizing recruitment models assumes that all factors exerting 
an effect of greater or equal magnitude to the desired impact detection are 

known and correctly included in the model, and the distribution of 

recruitment (without impact) about the model prediction is known. 

the actual 
It a 1 so 

assumes that accurate estimates of the model driving functions are available 
for the period of interest. Recruitment estimates and their variance and 

bias, if any, must also be available. Failure to include all of the important 

factors in the model will result in a large variance, increasing the minimum 

detectable impact or possibly resulting in a Type I error (i.e., an impact is 

indicated where none actually exists). 
The time lag between occurrence of the impact and its appearance in the 

data is dependent on the time span from the impacted life stage to the age of 

recruitment. In addition, data analysis time must also be considered, but 
could be minimized with technique improvement. Thus, the approach of a 

population collapse could be detected (at least for iteroparous species) and 

the impact abated prior to extinction of the stock. 

This technique would be practical only in a small number of cases for 

examining the impact of a power plant on fish stocks. The large number of 
factors which influence recruitment, the difficulty in fitting a model to 
quantitatively describe recruitment and the extensive data base required prior 

to operation all tend to prohibit use of the method. Thus, we are forced to 

conclude that the state-of-the-art is not sufficiently advanced to permit 
useful application of recruitment models to quantitative impact evaluation, 

even of catastrophic effects. 

3.2 GROWTH RATES 

Advantages and Disadvantages 

The advantages of this technique are: 1) conceptually, growth rates 

should be among the first indicators of stress, 2) data need be collected only 
once or less per year. The disadvantages include: 1) changes in population 
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abundance have not always led to changes in growth rate and seem dependent 
upon the complexity of the ecosystem, 2) the statistics for estimating and 
evaluating growth rates are not well developed and 3) there may be an 

exceedingly long time lag between changes in population size and subsequent 

growth rate changes. 

Description 
The study of fish and fish populations routinely includes the collection 

of data on three characteristics of the fish; age, length and weight. De Bant 

(1967) clearly states the prevalence of such measurements in the following 
way: 11 literally every comprehensive study of a fishery relies on some method 11 

of measuring age and growth in the catch or population. The validity of such 

a statement is easily confirmed by reading any of the fisheries literature 

that deals with either population or catch. Parallel to this extensive 
reliance on age and growth parameters, there exists a large amount of 

literature on the techniques for measuring, estimating and interpreting these 

parameters (De Bant, 1967). The study of age and growth has become a powerful 

tool in describing the present status and past history of a population and in 

predicting the future course of a fishery under a given set of conditions 

(De Bant, 1967). 
In fisheries applications, the calculation of growth rates is fundamental 

to assess the effects of differences in fishing rates, or in age or size of 

first capture on the yield obtained from the stock. Changes in fisheries 
regulations, based on these estimates, have been proposed based on predictions 

of as little as 10% gain to the fishery (Ricker, 1969). Such a technique, 
therefore, appears to possess great potential for use in monitoring power 

plant impacts on the fish populations. 
The basic information required in the estimation of growth rates is the 

size (length or weight) of individual fish for two or more times during the 

period for which the growth rate is desired. In general, length (1) and 
weight (w) data are interchangeable and related by the equation w = a. 16. 

Thus, the remainder of the discussion will focus on growth in length. 

Two basic approaches are available for obtaining these data. One method 
is to measure individual fish from a single year class at successive times 
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during their life span. Another method is to measure individuals from several 
year classes collected at one time and to utilize the relationship between 
length and other meristic characters. The most common relationship used is 
the proportionality between body length and scale size. The length of the 

scale radius, focus to growth annulus, can be used to calculate fish length at 

the time of annulus formation. This technique is commonly referred to as the 

"back calculation" method and requires a structure (scales, spines, otoliths) 
for age determination and assumes a linear relationship between size of these 

structures and fish length. 

The two approaches of estimating growth rates differ considerably in their 

assumptions and applicability. Although a rapid data aquisition is possible 

with time specific sampling procedures, the estimation requires an assumption 
of equilibrium conditions in the population studied. The assumption of 

equilibrium conditions and constant recruitment, mortality and growth rates 

may not be valid in the population subjected to an impact, however. When 

successive measurements are taken on individuals of a single cohort through 

time, no assumption of equilibrium conditions is necessary. Use of a cohort 

specific procedure to estimate growth rates will usually result in, however, 

in a long time being required to estimate the growth rates. 

Several mathematical growth models are available for estimating growth 
parameters from age-length data. 

presented in Table 3.1. The von 
Several of the common formulations are 

Bertalanffy growth model is commonly applied 

and is discussed in further detail in this report. The principles and methods 
described below are applicable to any of the growth models and no special 
significance is intended by the selection of the von Bertalanffy model. 

The von Bertalanffy equation fits most of the observed data of fish growth 

(Beverton and Holt, 1959). The procedures for estimating the parameters range 

from fits-by-eye (Ford-Walford plots) to vigorous statistical procedures 
requiring two independent samples (Bayley, 1977). Most studies ordinarily use 

least squares techniques to fit the parameters. While most studies terminate 
upon obtaining estimates of the parameter of interest, K, the growth rate and 

L , the maximum size that a fish can obtain, further comparisons of 

prestressed and stressed populations can be made using these parameters. 
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Table 3.1. Alternative Mathematical Equations for 
Representing Growth of Fish 

Exponential 

Logistic 

von Bertalanffy 

Gompertz 

Richards (1959) 

when N = l 
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The original formulation of this growth curve by Putter in 1920 was 
reached by considering growth as a function of the difference between faa~ 

intake and elimination rates (Ursin, 1967). The relationship was rediscovered 
by von Bertalanffy in the 1930 1 s and has retained his name in fisheries 
literature. Alternatively, it can be derived by starting with the 

differential equation: 

dl "K(Loo-L) 
dt 

integrating with respect to t and setting t 0 as the theoretical age at which 
L = 0 (Gulland, 1969). In addition, it can also be derived from the 

generalized growth form (Richards, 1959) by assuming that m " 2/3, Table 3.1. 

The length-weight relationship is generally assumed cubic (w =aL3) in order 

to apply these equations to estimating growth rates in units of weight. 

Bayley (1977) presents procedures for estimating the growth rate in weight 
when two independent samples are available. 

The existence of the above arguments has led many authors to incorrectly 
interpret the parameters, K and L~, as laws of nature rather than descriptive 

data summaries (Knight, 1968). However, the parameters are clearly population 

indices and suitable for comparison between populations or year classes within 
a population. 

Ricker (1975) defines two growth rates for a population of fish. The 
population growth rate is the rate that can be calculated based upon the mean 

size of the surviving fish at successive life stages. The true growth rate is 
estimated from the increase in length by an individual fish. Whenever there 

is size selective mortality occurring within the population, the two estimated 
growth rates will not be equal. 

Size selective mortality acts within a year class for most, if not all, 
populations (Ricker, 1969). Fishing and natural mortality on larger 

individuals is commonly greater than total mortality on the smaller 
individuals within an age group, exce~t in the first or second age group. The 

effect of such size selective mortality was described in detail by Lee in 1912 
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and subsequently has become known as ''lee's phenomenon 11 (Ricker, 1969). lee's 

phenomenon has been observed in many species and shows an increasing proportion 

of fish in a year class to have had a slower growth rate during earlier years. 
Two important conditions are necessary if growth rates are to be 

successfully employed as a population monitoring index. The first is that 
there is a relationship between the growth rate and the status of the stock. 

The second is that this relationship is sufficiently sensitive to reflect or 

portray major changes in the population. 

It is rather intuitive that growth rate represents an integrator of the 

conditions experienced by a fish. Fastors such as abundance and nutritional 

value of forage food, competition between species, temperature and length of 
the growing season undoubtedly exert control over increases in weight of 

individual fish. The degree of control and the effects of population density 

on the growth rate appears to be site specific (i.e., ecosystem, population 

and habitat dependent). Numerous fishery investigations have observed 

reductions in population density and measured subsequent growth rate increases 

(Backiel and leCren, 1967). Explanation of these cases is based on the 
hypothesis that the growth rate is dependent on food supply which is affected 

by population density. Such evidence implies that growth is density 

dependent. Beverton and Holt (1957) state that "the variation of growth with 

density in fish populations is perhaps the best established of the density 

dependent effects which we consider in this paper ... in fact, it is rare to 

find a case where changes in growth have not occurred ... 11 Although the effect 
has been documented, the type of relationship between population density and 

growth rate is not entirely clear (Backiel and LeCren, 1967). 
Beverton and Holt (1957) examined several possible models for fitting some 

empirical data for plaice and haddock. They were successful in describing a 

relationship between stock abundance in either numbers or biomass and the L= 
parameter of the von Bertalanffy growth equation. However, other authors have 

not been successful in establishing a satisfactory relationship (Backiel and 

LeCren, 1967). 

Backiel and LeCren (1967) present several case histories and conclude that 

changes in growth rate have not always followed changes in population density. 

As a generalizatiJn, the likelihood of establishing a relationship is inversely 
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proportional to the complexity of the ecosystem. Thus, while growth rate is 

intuitively linked to population density, the relationship is not simple and 
other factors may mask or confound the situation. 

The Freshwater Biological Association has conducted fishery research on 

lake Windermere, England since the early 1930 1 s (Bagenal, 1970). A large scale 

experimental fishery was initiated in 1941 and has continued to the present. 

Considerable effort has been expended on this research and the resultant long

term data base is unique in fisheries research. The fishery reduced the perch 
population 45% each year from 1941 to 1944. By 1948, relatively constant pop

ulation densities were established and since then average abundance (numbers) 

has been about 3% of the 1941 level (LeCren, 1958). The pike population was 
also subjected to a similar fishery, but after an initial reduction in numbers, 

the population rose to densities greater than the pre-fishing period (Bagnel, 

1970). The effect of these removals on the growth rate of these fishes has 

been a major component of the Windermere research program. 
leCren (1949) reported that the reduction in density had not affected the 

perch Growth rate. Subsequent analysis with additional years of observation 

led leCren ( 1958) to conclude that a significant increase in growth rate had 

occurred. The analysis based on the 1941 through 1956 data assigned approxi
mately 2/3 of the variability in growth rate to temperature changes. The 

annual rate was also found to deviate from the long term mean by more than 65% 

about once every twenty years, and by 32% about once every three years. The 
growth rate of the young-of-the-year and age I fish was not correlated with 

either potential egg deposition (a potential measure of year class strength) or 

adult fish density, LJen though these varied 6- and 100-fold, respectively, 
during the period. A significant negative relationship was found between 

growth rate and density of second year fish. An increase in growth rate was 
characteristic of year classes only after 1941. The adults and those becoming 

adults during 1941 and 1942 had constant growth rates similar to the 

pre-fishing year classes. By 1955, the increased growth increment resulting 

from the reduction in density (3% of 1941 density) was approximately 5-10 times 
the pre-1941 increment. 

The removal of perch was discontinued in the north basin in 1947 and in 

the south basin of Windermere in 1965. However, the increased growth rate and 
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reduced population density continued despite the cessation of large scale 

removals (Bagenal, 1977). Studies of the pike population, a major predator on 
young perch, paralleling the perch studies, show changes in the pike population 

presumably contributed to changes in perch population dynamics. Although 
several hypothesis are available to explain the Lake Windermere experimental 

results, few are conclusive and demonstrate the difficulty of reaching firm 

conclusions in long term population experiments. 

The fish populations in Oneida Lake have been extensively studied and 

reported on by Forney ( 1965, 1966, 1971, 1972, 197 4) . These efforts have 

examined the growth rates, densities and relationships among yellow perch, 
walleyes and smallmouth bass. In general, these studies have shown that annual 

growth rates are influenced by temperature and the relative availability and 

density of forage fish. The density of smallmouth bass, for example, remained 

fairly constant during the study period, 1956 to 1970. The long term growth 

rate was also relatively stable, but annual growth increments varied consider

ably. In addition, the annual growth increments did not show the same trends 

among all age groups indicating a difference in response to factors regulating 

growth by young and old bass. Major changes in other fish and benthic popula

tions in the lake did not have a measurable effect on the smallmouth bass 

growth rate, indicating that the growth rate was either insensitive to these 

changes or compensatory effects were present. 
The investigations into the factors controlling first year growth of 

walleye examined 
(Forney, 1966). 

temperature, food habits and abundance of forage fish 
The length attained during the first year of growth varied 

approximately by a factor of 2. Length attained by July 1 and a May-June 

temperature index were highly correlated. However, the correlation tended to 
decrease in successive months and it was unclear if temperature continued to 

influence growth after July 1. The larger growth increments corresponded to 

years in which fish formed the major portion of the diet, but abundance of 

yellow perch was not correlated with walleye growth. Although yellow perch 
were generally the most abundant and an important contributor to diet, 

apparently other forage species contributed to the relationship of growth and 

food. 
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Gerking { 1966) investigated the growth of bluegill sunfish in eight 
northern Indiana lakes. The eight lakes were chosen to minimize the 
influences of climate and lake morphometry. Close inspection of the growth 
within a year delineated considerable differences in the 
lengths, ranging from 4 to 8 months for the eight lakes. 
rate was demonstrated to be dependent upon the length of 
but the differences between lakes were not attributed to 

growing season 
The annual growth 

the growing season, 

the obvious factors 
examined by Gerking. Changes in temperature did not help explain the 

differences in growth or length of growing season. Measurements of dissolved 
oxygen and primary production also did not correlate with length of growing 

season. The primary conclusion drawn from these data was that while bluegill 
growth varied considerably among similar lakes, no reasonable causative 

mechanism could be found. 
The use of growth rates to monitor population changes will, at best, 

document population density changes that have already occurred. The nature of 

the relationship dictates that changes in growth rate occur after changes in 
population density. The time required for the population change to be 

reflected in the growth rate is probably a function of the species, ecosystem 
and severity of the population change. Zawisza (1961) reported considerable 
changes in population density from heavy exploitation without subsequent 
growth rate changes until a serious 11Winter kill" occurred (Backiel and 

LeCren, 1967). Another extreme and notable example is the growth rate of 
perch in Lake Windermere which did not demonstrate a change until 14 years of 
data had been analyzed (LeCren, 1958), subsequent to a tenfold reduction in 
density. Thus, while the use of growth rates to predict yield over a range of 
population densities is central to fisheries management, the ability to 
predict population density changes based on growth rates does not exist. 

3,3 AGE COMPOSITION AND ASSOCIATED SURVIVAL/MORTALITY RATE 

Advantages and Disadvantages 
The principal advantages of this technique are the relatively well known 

population responses to stress (i.e., overfishing) and the fact that all 
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required data can be obtained from the catch. Thus, changes in the catch 
curve could be accompanied by indications of the mode of impact and potential 
migitative action. Data collection efforts could be minimal when information 
is ootained from an existing fishery. 

The disadvantages tend to outweigh the advantages; 1) the likely mode of 

impact (i.e., a long term declining trend in survival to recruitment) is not 
easily detected; 2) little information is available on the early life stages, 

the stages most likely to be impacted; 3) the estimation of the mortality rate 
is difficult and without an adequate statistical basis and 4) the technique 
relies heavily on the existence of equilibrium conditions and is overly 

sensitive to fluctuating year class strength. 

Description 
The number of surviving individuals through time is an integration of the 

stresses encountered by a group or cohort within the population. The general 
method of estimating survival rates from census data is common in human 
demographics and has been applied to fisheries management since age determina

tions were first made. The method relies on the comparison of numbers present 
in successive age groups (time specific), or in the same group in successive 
years (cohort specific), to estimate mortality rates. As in the case of 
determining growth rates, considerable differences exist between the 

assumptions and applicability of these two procedures. The time specific 
sampling to estimate mortality rates assumes equilibrium conditions while the 
cohort specific procedure is independent of this assumption but requires 
several years of data. The rate of reducton between years is represented by 

the mortality rate and fisheries application attempts to identify natural 
mortality (M) and mortality due to fishing (F). Estimation of M is key to the 

procedures for estimating yield, which depend on M, F, growth rate and stock 

recruitment relationships. In addition, the relative abundance of juveniles 
and adult individuals provides information on spawning success and 

reproductive potential. 
In general, the length of lifespan and mortality rate is inversely related. 

Mortality rates and maximum age in fish range from 0.01 and 50-100 years, 
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sturgeon to values greater than 1.0 and approximately 1 year for some of the 
minnows (Beverton and Holt, 1959). The majority of commercially exploited 
fish populations have M values in the range of 0. l to 0.8. 

The major difficulty in applying the method to fish populations, as 

contrasted to the human demographic situation, is obtaining an accounting of 
births and deaths. Mortality rates during the early life stages are generally: 
1) highest during the first year, typically 1 out of 103 - 105 survives, 
2) highly variable, resultant size of the cohort surviving the first year often 
varies by 2 or 3 orders of magnitude and 3) the least understood as census data 
are generally not available. The natural mortality rate is usually estimated 

from the reduction in numbers that cannot be accounted for by any other means. 
The age structure of a population (i.e., the proportion of the population 

in each age category) may be used to estimate the mortality rate for the stock. 
An estimate of the age structure is generated by plotting log catch frequency 

in each age category against age (catch curve). Catch curve data are obtained 
by sampling commercial landings or experimental catches to determine age 
composition. A common method involves a stratified random sample of otoliths 
or scales from a fixed number of fish in each of many length categories. The 
otoliths or scales are then examined to determine age, and the age-length data 
are used to estimate the number of fish of each age in each length-stratum. 
The population age-structure is then estimated from the strata estimates 
(Seber, 1973). No estimates of the variance of the age-frequency data are 
available. 

Two responses of a fish population to overfishing are easily recognized in 
age structure or catch curve data. Overfishing, which seriously reduces the 
spawning stock, can be reflected in reduced abundance of the youngest age 
classes and, thereby, shifts the catch curve toward the older age classes. A 

shift towards the younger age classes is often the result of growth over 
fishing. Reproduction and recruitment may remain relatively constant, but 
older age classes are greatly reduced in numbers. 

Young fish which are not yet fully recruited to the gear employed are 
underrepresented in the catch curve. Thus, the catch curve has an ascending 
left limb. Assuming stationary age and constant mortality for fully recruited 
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left limb. Assuming stationary age and constant mortality for fully recruited 
fish, the right limb of the catch curve decreases linearly when the ordinate 

is in log units, and the slope is related to the mortality rate. More often, 

recruitment is variable from year-to-year and mortality rates vary so that the 

right limb of the catch curve is nonlinear. One may correct for random 

variations by averaging several years data if the level of effort is fairly 

constant. Variations in recruitment may be handled by following a cohort 
(year class) over several years, again assuming constant effort and 

catchability. 

An impact effecting only fecundity or survival to recruitment might result 

in a transient decrease in the younger age-frequencies of the catch curve 

without deflecting the slope. After a time period equal to the maximum age in 

the stock, a new stationary equilibrium may be established and the original 

catch curve slope will recur, although perhaps accompanied by a reduced catch 

per unit effort. Therefore, investigating mortality or changes in the age 

structure fails to detect impacts on prerecruit stages. 

An impact effecting all recruited stages causes the right limb of the 

catch curve to descend more quickly, indicating a higher mortality rate. The 

younger year classes are then relatively more strongly represented in the 

catch curve. This type of impact might result in an increase in the portion 

of the stock in the youngest recruited age categories. 

The sampling required for determining age-structure involves catch per 
unit effort data which would likely be a better indicator of a catastrophic 

effect, especially the effect as a result of impacts to younger (larvae and 
juvenile) fish. The need to follow the population for several years if 

recruitment is highly variable {which is usually the case, as noted above), 

results in a substantial lag between occurrence and detection of an effect. 
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4.0 NONDESTRUCTIVE CENSUS 

4.1 HYDROACOUST!C TECHNIQUES 

Advantages and Disadvantages 

Hydroacoustic surveys can provide estimates of fish density with small 
variance and only a moderate potential for bias. Using hydroacoustic 

techniques, good spatial and temporal coverage of a fish community can be 

achieved independent of fishery catch statistics. Operational costs of 

acoustic surveys are low, but initial investment in equipment can be 

substantial. Under favorable conditions for acoustic surveys, no other 

fishery management procedure can provide the quantity of information, the 

accuracy or the speed of data acquisition. 

The major limitation of hydroacoustic techniques is poor species 

discrimination requiring additional sampling to determine species 

composition. Hydroacoustic survey techniques are also limited in their 

ability to study demersal fish and their use in aquatic systems with high 

ambient noise levels. 

Description 

Hydroacoustical techniques can provide an alternative to the traditional 

methods of mark-recapture and CPUE techniques in the quantitative study of 

fish populations. The study of hydroacoustics is among the most rapidly 

developing of all quantitative procedures to study the population dynamics of 

fish. Major advancements in methods of data acquisition and data processing 
are continuing to take place. Characteristics such as real time estimates, 

independence from fishery catch statistics and low relative cost make it an 

attractive methodology. The major limitations of acoustic techniques are poor 

species discrimination, lack of biological samples and unsuitability for study 
of demersal fishes. 

The hydroacoustic technique can be divided into two phases, data 

acquisition and data processing. The methods of acquiring acoustic data can 

be highly specialized for the specific environment of the study, but in 
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general, consists of a transducer which emits a high frequency sound impulse 
into the water and an apparatus to receive and record the rebounding signal. 

In ocean and lake environments, the transducer is usually mounted or towed by 

a boat with the transducer and sound impulses directed either downward, 

horizontally or upward, depending on the spatial distribution of the target 

species. Lord et al. (1976), however, found a system of free-floating 

acoustic buoys with upward-looking transducers effective for studying salmon 
in the high seas. In river environments, transducers may be fixed to the 

bottom and directed upward, as in the case of studying migrating salmon smolt 
(Johnson and Mathisen, 1975). 

For the usual case of the transducer fixed to a boat, echo sounding is 

performed while the boat transects the Sur'vey area with acoustic data, boat 

speed and location continuously recorded. The form in which acoustic data are 

recorded will depend on whether echo counting or echo integration is planned. 

For both acoustical procedures of echo sounding, the target information is 

usually recorded on an echogram which provides a pictorial representation of 

the acoustic data and on magnetic recording tape. 

Echo counting and echo integration differ in the manner of interpreting 

the returning sound impulses recorded. Schematic representations of the 

structural components to an echo counter and echo integration data acquisition 

system can be found in Ehrenberg and Lytle (1971) and Ehrenberg (1974). For 

echo counting, fish densities are computed by determining the effective volume 

of water sampled, the total number of pings (sound impulses) over which the 
fish were counted, and the number of fish detected. Since echo counting 

assumes a direct relationship between the number of fish present and the 

number of returning echoes, counts of echo returns are recorded during the 
survey. In echo integration, the density estimates of fish are based on a 

relationship between the strength of the returning sound impulses and the 

biomass of fish presPnt. Thus, in echo integration, a function of the impulse 
intensity is recorded during the surveys. When fish are of uniform length, 

the biomass estimates from echo integration can be converted to numerical 

estimates. 
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Data processing of acoustic information involves the use of computers and 
the development of programs to analyze the volumes of data collected by 
1coustic surveys. Recently developed programs allow the water column to be 

stratified into as many as 50 depth intervals (Thorne, 1977) and segregation 
of echo returns into depth intervals and length classes of fish (Nickerson and 

Dowd, 1977) to improve accuracy of the estimates. The estimates of density are 

often expressed in terms of fish number or biomass per unit area or volume of 

water surveyed. However, with estimates of survey area size, these estimates 

of density can be readily converted to estimates of total abundance. 

The mathematical justification of abundance estimates from acoustical 
techniques rests on a mixture of statistics and physics developed with the 
objectives of fisheries management. The mathematics necessary to fully utilize 
acoustical data appears to be lagging behind the technical achievements of the 

field. 

In order to understand the mathematics of abundance estimation by 
acoustical techniques, a knowledge of the acoustical apparatus is necessary. 

Components to an echo integration system, for example, include a TVG 
~:time-varied-gain) amplifier, a square law detector, a r·ange gate and an 

integrator. The function of the TVG amplifier is to equalize the returning 

signals received from fish at different distances from the transceiver. The 

5quare law detector produces a signal proportional to the squared level of the 
:J.mplified signal from the TVG. The function of the range gate is to segregate 

the returning signals according to depth interval, and the integrator 

Kcumulates the echo data for a selected time period (t 1, t 2) or number of 

Pings. The output from the integrator can, therefore, be expressed as 
r {t

1
t2 F2(t) dt where F(t) is the transducer voltage after emerging from 

the TVG at a given timet (Moose and Ehrenberg, 1971). 

The development of a mathematical model for abundance estimation by 
dcoustics starts with an assumption about the distribution of fish within the 

survey area. The Poisson distribution has been assumed in the models of echo 
integration proposed by Moose and Ehrenberg {1971) and Ehrenberg and Lytle 

:1972). The model assumes that the number of fish, N, in a volume of water 

surveyed, V, is Poisson distributed as P(N=n) = (~V)ne Av/n! where A is 
the average density of fish in the area. Using the assumed distribution for 
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the fish as Poisson, the expected value for the output of the integration 
E (I), is a function of the average density of fish and a sea 1 i ng parameter 
related to the expected value of the signal received from a single fish. 
Moose and Ehrenberg (1971) found the expected value of I to be E(I) = 

V(t 1, t 2)AE(F2)T0 /2 where V(t 1, t 2)A =average number of fish per 
unit volume, the parameter of interest, and E(F2)Tp/2 = an expression of the 
expected value of the returned signal from a single fish. By equating the 
expected value of the integrator output to its observed value and dividing by 
an estimate of the expected voltage output for an individual fish, an unbiased 
estimate of fish density is obtained. If only the relative abundance of 
populations is needed, the integrator output can be used as an index, but this 

assumes the size distributions of fish for the populations are identical. The 
assumption of constant size distribution is necessary because the expected 
return signal from a fish depends on the mean target strength of the fish in 
the population, which is a function of size and species composition. 

The development of the above acoustic model relies on a number of 
simplifying assumptions about the biology and physics of the system. Moose 

(1971) lists four categories for the assumptions of the integrator model: 
1) nature of the integrator signal, 2) proposed ideal nature of the beam 
pattern and plane wave in water required to make the mathematics tractable, 
3) Poisson distribution of the fish or schools of fish in the water body and 
4) independence of the amplitude and phase of signal impulse and the number of 
fish detected. Moose (1971) concluded that assumptions l and 3 were not 

unrealistic, but assumptions 2 and 4 needed consideration. 
Moose (1971) stated that assumption 2 may be invalid if strong signals 

return from the outside edges of the beam pattern or when the beam pattern is 
very broad and fish densities are not constant with depth. The third 
assumption implies that there is a homogeneous density of fish in the volume 
of water insonified. The validity of assumption 3 needs verifiction for 

various aquatic systems. but can be partially satisfied by stratifying the 
water column according to fish densities. 

Along with point estimates of density, a measure of the variability in the 

estimation procedure is necessary to evaluate the accuracy of the acoustical 
techniques and the reliability of the estimates. A review of the literature 
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on applications of acoustical techniques to estimate fish abundance indicates 
no uniform procedure is used to estimate the variability associated with 
density estimates. 

When assumption 4 of Moose (1971) is valid, the integrator input, I, is a 
function of a number of independent variables such that I should be approxi
mately normally distributed. An empirical investigation by Johannesson and 
losse (1977) found that the observed distribution of I from a survey of the 
northern Sea of Marmara for anchovy (Engraulis encrasicholus) and horse 
mackerel (Trachurus meditenaneus) could be satisfactorily approximated by a 
normal distribution. Ehrenberg and lytle (1972) and Moose and Ehrenberg 
(1971) gave expressions for the variance of the integrator output, and hence 

for density estimates by echo integration. Employing normal theory and an 
estimate of target strength, point estimates and confidence interval estimates 
for fish density can be calculated. 

~· 

The variance expressions for.I do not appear to be used in practice, 
however, and serve only in the theoretical evaluation of the technique. 
Alternative methods using the observed variability in acoustical measurements 
have been suggested for the construction of confidence intervals for density 

estimates. lozow {1977) stated that natural variability of the environment 
and the uncertainty of the true value of the acoustic parameters (i.e. target 

strength) are two sources of error in acoustic surveys. Acoustical observa
tions of nonoverlapping volumes of water along a transect can provide 
observations on which to base variance estimates. Using m independent echo 
integration readings and n independent measurements of target strength, lozow 

(1977) provided expressions for point estimates and confidence interval 
estimates of fish density incorporating these two sources of error. 

Nickerson and Dowd {1977) found density readings for 5 minute intervals 
along a transect to be lognorma1ly distributed. Assuming the data to be 
serial correlated and normally distributed, Nickerson and Dowd (1977) provided 
expressions for point estimates and confidence interval estimates of fish 

densities from the survey. Using acoustical readings from nonoverlapping 
volumes of water along the transect, the variance associated with acoustics 

could be calculated using the suggestions of Nickerson and Dowd (1977), 
ignoring the error associated with estimating target strength. 
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Another method to obtain an estimate of the error associated with the 
acoustic survey is to replicate the entire survey n times. Using normal 

theory, the mean and standard deviation of the mean, confidence intervals can 
be constructed for fish density. Thorne ( 1977) and Johannes son and Losse 

(1977) used a replicated survey technique to measure the variability in their 

acoustic estimates of fish densities. 

In both echo counting and echo integration, the calculation of the mean 

value of the acoustic scattering cross section, or target strength*, of the fish 

monitored is necessary to compute abundance. In echo integration, the mean 

scattering cross section is needed to scale the output to obtain abundance esti

mates. For echo counting, target strength is needed to compute the effective 

sampling volume. The accuracy in calculating this parameter directly affects 

the reliability of the population estimates. Considerable effort has gone into 

the methods of calculating target strength both directly (Johannessen and Losse, 

1977) and indirectly (Ehrenberg, 1974; Ehrenberg et al., 1976). 

The development of the dual-beam transducer in recent years promises to 

provide improved accuracy in density estimates as well as provide information on 

the size composition of fish populations (Ehrenberg, 1974; Ehrenberg et al., 

1976). The reason for the improved accuracy is that the dual-beam transducer 

can provide an estimate of the scattering cross sections of individual fish 

in situ during the acoustic survey, something that could not be done previously. 

Previously, the scattered cross section was estimated in controlled, but 

artificial conditions and represented as a regression of target strength on fish 
length and the acoustic frequency used (Johannessen and Losse, 1977; Cushing, 
1964; Love, 197la; Love, 197lb). With the regression relationship, it is 
assumed that the length distribution of the fish population is known. Also, in 

laboratory conditions, target strength is usually measured from the dorsal 
aspect of the fish, which assumes this is an accurate representation of the 

scattering cross section of the fish in nature (Ehrenberg et al •• 1976). 

Midttun and Nakken (1971) found that the target strength taken at the dorsal

lateral aspect of fish may be as much as 20 dB higher than the head-tail aspect 

* The scattering cross section, o, and target strength, TS, are related by 

TS = 10 log10 ( 4°,) 
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of target strength. For anchovy with a target strength of -58 d8, Shibata 
et al. (1971) thought a total acoustical system error of less than 10 dB was 

needed to keep the accuracy of estimation within 10 times the actual size of 

the fish stock. Shibata et al. (1971) estimated error of': 6 dB in his study 

of anchovy. Johannessen and Losse (1977) estimated their system error to be 

+ 1 dB in a study of anchovy and horse mackerel with a mean target strength of 
-49.4 dB. 

The field survey methods used in hydroacoustics to compute population 

estimates are varied and still in the developmental stage. The lack of 

uniformity in survey methods is, in part, the result of the various environ
mental conditions and spatial distributions of fish observed. An objective of 

a survey design should be to provide maximum coverage of a population for a 

given amount of effort and for a given degree of accuracy. Assuming a log 

normal distribution for fish density, Nickerson and Oowd (1977), using computer 

simulations, found that a zig-zag survey pattern minimized the variance of 

estimation of fish density for a given survey lengtr1. Acoustic surveys also 

tend to be conducted along transect lines for maximum efficiency of the ship 
and time, but tend to produce observations which are serial correlated 

(Nickerson and Dowd, 1977). Standard survey techniques using random sampling 

and stratified sampling do not appear to be common acoustical survey procedures 

to compute estimates of fish numbers or variance estimates. 

The major source of error in acoustic surveys is the result of the 

distributional characteristics of the fish (Thorne, 1977). and their distri

bution influences the choice of acoustic technique to be used. Ehrenberg and 
Lytle (1972) graphically represented the relationship between the normalized 

mean square error of estimation, E I (N - E(N)) 2jtiE(N)I 2, and fish density 
for echo counting and echo integration procedures. At low fish densities 

(<10-4 fish/m 3) echo counting has a smaller mean squared error than echo 

integration. At higher fish densities, the error rate by echo counting 
increases substantially, while the error rate for echo integration declines. 

The reason for the change in accuracy is that as densities increase, the chance 

for two or more fish to be identified as a single individual increases with 

echo counting. For echo counting to detect individual fish distinctly, the 

individuals must be separated in depth by an amount greater than the length of 
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a single sound impulse (Ehrenberg and Lytle, 1972). Kelso et al. (1974) and 

Dowd (1967) found a separation of 75 em and 25 em, respectively, was needed 
between fish to discriminate between individuals using echo counting. 

One advantage of the hydroacoustic technique is its ability to provide real 
time estimates of fish abundance. Survey time is a function of the size of the 
study area and the degree of accuracy desired. The speed with which the acous

tic surveys are conducted can provide observations on within day, as well as 
between day variation in density and distribution, depending on the size of the 
survey. Repeated surveys can provide the means to study spatial and temporal 
changes in distribution of the fish and provide the necessary data to obtain 
estimates of the variance of the estimated fish densities. These data can be 
used to study the response of fish communities to sources of potential stress. 

Assuming a constant relationship between length-weight data and age, 
acoustics can provide information on the age structure. Tanaka and Ou (1977) 
were able to use a relationship between measurements of target strength and the 
number of sound impulses rebounding from individual fish to construct length 

distributions of fish stocks in a small lake. Hydroacoustics is also sensitive 
enough to detect changes in the survival rates from one life stage to another 

(Mathisen and Nunnallee, 1975). Assuming a linear relationship between egg 
deposition, as measured by total number of adult females and the number of fry 

established in the limnetic zone, Mathisen and Nunnallee (1977) detected a 
reduction in the survival rate of sockeye salmon spawn between years. 

Although acoustical techniques have been applied by fishermen and 
fisheries biologist since World War II, the use of hydroacoustics in monitor
ing programs to date has been small. Acoustics have been used to study the 
response of fish in near shore communities to the discharge of thermal 
effluents at nuclear power plants (Kelso and Minns, 1975; Spigarelli et al., 
1973; Coutant, 1970). The objective of these studies was to monitor spatial 
and temporal changes in the distribution of fish, but not changes in abundance. 

Apparently, the first use of acoustics to monitor potential changes in the 
abundance of fish species at a nuclear power plant was at San Onofre, 
California (personal communication Gary Thomas, 1978, Fisheries Research 

Institute, University of Washington, Seattle). 
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In surveys of anchovy and horse mackerel in the Black Sea of Marmara, 

Turkey, Johannessen and Losse (1977) used the survey technique appropriate for 
the spatial distribution of the target species. When the fish were distributed 
in fairly continuous layers, echo integration was used to construct isopleth 

maps of fish density for the survey area using a zig-zag transect method. When 
the fish were congregated in schools, sonar was used to construct isopleth maps 
of school frequencies and echo integration used to estimate mean school sizes. 
Standard stratified sampling procedures were used to estimate fish abundance 

from the isopleth maps. On a small survey area of 43 km2 (12.6 nautical 
miles 2). replicated surveys resulted in an apparent accuracy of+ 30% at the 
95% confidence limits (Johannessen and Losse, 1977). 

Acoustical surveys were performed on the spawning populations of Pacific 
hake (Merluccius productus) in Port Susan, Washington (Thorne, 1973}. Echo 
integration was performed along zig-zag transect lines across Port Susan and 
Possession Sound in surveys that took approximately 3 hours to complete. The 
standard deviations of the population estimates were less than 10 percent of 
the estimated densities. The estimated variances were computed from the 
variability in fish abundance exhibited along the transect lines. The results 
of the surveys of Pacific hake prompted Thorne (1977) to conclude that the 
"potentia 1 of acoustic assessment far exceeds in accuracy, economy, and 
timeliness of any present alternative method of fish stock assessment." For 

similar studies on a single species fishery occurring in midwater regions and 
in uniform densities, acoustical techniques are probably preferred. 

Echo counting techniques were used to estimate the density of demersal 

fish on the Scotian Shelf near Nova Scotia (Nickerson and Dowd, 1977). In a 
zig-zag survey design covering a 8814 km2 (2570 nautical miles2) area in 
approximately 60 hours, population estimates with an apparent accuracy of 

+ 25% to + 51% at the 90% confidence limits were obtained. The confidence 
intervals were computed from the observed variability in density along the 

transects, assuming normal theory and adjusting for serial correlation among 
the observations. 

Echo integration techniques were used to estimate anchovy biomass off the 

shores of Peru (Johannesson and Robles, 1977). The 16,144 km2 (4707 nautical 

miles2) area was surveyed during the course of 6 days using parallel 
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transects set roughly perpendicular to the coast. Population estimates were 

computed by constructing density isopleths of the survey area and using strati
fied sampling procedures. Variance estimates were computed using the variabilty 

in integration readings, but did not include possible errors resulting from the 

contouring. The apparent accuracy was + 11% at the 95% confidence limits. 

A replicated survey technique was used to estimate herring (Clupea 

harengus) abundance at Carroll Inlet, Alaska and Boca de Finas, west of Prince 
of Wales Island. During 2 and 3 day periods, 7 and 20 replicated surveys, 

respectively, were performed at Carrol Inlet which is 0.2 km2 (0.05 nautical 

miles2) in size. Four replicate surveys were conducted at Boca de Finas in an 

area measuring 9 km 2 (2.6 nautical miles 2) during a 2 day period. Using the 

standard deviation of the mean among the replicated surveys as a measure of 

error, coefficients of variation of 18% (14 observations used), 14% and 9% were 

observed at Carrol Inlet and Boca de Finas, respectively. 

Hydroacoustic surveys of 18 to 30 day duration were performed on four areas 

10,289 to 58,305 km2 (3,000 to 17,000 nautical miles2) in size to estimate 

anchovy abundance off the coast of California (Mais, 1977). No measure of the 

accuracy of the surveys was given. Mais ( 1977) stated that changes in fish 

abundance would be difficult to detect, but detection of major changes in 

abundance were thought possible by comparison of the estimated number of fish 

schools between survey regions. The survey was conducted along transect lines 

perpendicular to the coast with increased sampling intensity when high fish 

densities were encountered. The patchy nonrandom distribution of the anchovy 
schools was given as a reason for difficulties in surveying the population. 

Implementation of hydroacoustic survey methods at nuclear power plants will 

have to be site specific. Suitability of acoustic methods to a site will 

depend in part on the amount of ambient noise present in the aquatic 
environment. Ambient noise is the noise detected by the receiver of the 

acoustic system when no transmissions are occurring. The ability of acoustics 

to detect fish is a function of the target strength of the fish, the ambient 

noise level and the power of the transceiver. Sources of the noise include the 

flow of water across the transducer, surface waves which increase with wind 

strengths, oceanic turbulences, noises of animals along with instrumental noise 

including that from the ship 1 S propellers. Ambient noise generally decreases 
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with increased water depth, increasing frequency of the sound transmission and 

with decreasing engine noise (Cushing, 1973). 
In a feasibility study of hydroacoustics in the Columbia River at Hanford, 

Washington, Johnson and Mathisen (1977) suggested monitoring the ambient noise 

level as a function of river parameters (e.g., discharge and flow rates) over a 
period of time up to one year prior to implementation of an acoustic monitoring 

program. The data collected on noise levels could provide a means to assess 

the usefulness of acoustics at a site. Monitoring of ambient noise levels is 

relatively inexpensive and should precede employment of acoustic techniques. 

Habitat type may greatly influence the suitability of acoustics for 

monitoring. Different sets of problems exist in acoustic surveys depending on 
whether the study is to be conducted in fast moving or still water. The 

turbulence associated with rapidly moving water produces air bubbles and carries 

with it debris which can interfere with acoustic surveys (Johnson and Mathisen, 

1977). At sites where difficulties might arise (e.g., in rivers), premonitoring 

assessment of acoustics to the specific site is important. 
Hydroacoustics is severly limited in its ability to differentiate between 

fish of different species during the course of a survey. In ecosystems with a 

large variety of fish species present, such as in pelagic environments, 

simultaneous netting is necessary to obtain data on species composition. The 

accuracy of capture method depends on the vulnerability of the fish populations 

to the sampling gear employed. Thus, properly performed acoustic surveys of 

fish populations also require a variety of sampling gears and procedures for 

·:dentificaton of the fish species detected by the survey. 

The biases present in the use of netting to accompany acoustic surveys are 
some of the same biases present in alternative methods of population study 

which are based on catch statistics. The use of acoustics to accompany netting 

operations can provide a measure of the vulnerability of the fish species to 
the gear used (Cushing, 1973). Information on the percent efficiency of the 
gear and what segments of the fish community might be avoiding the capture 

operations can be obtained from simultaneous use of acoustics and netting. 
Hydroacoustics is also limited in its ability to survey the first 1 to 

2 meters of water with traditional downward facing transducers, and its ability 
to detect fish resting on the bottom. Craig and Forbes (1969) designed acoustic 
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gear which could count fish as close as 20 to 30 em above the sea bed, but could 
not detect fish actually on the bottom. The importance of these limitations is 
dependent on the species of fish studied and perhaps on the time and planning of 

the monitoring program. 
An advantage of hydroacoustics is its independence from fisheries catch 

statistics. No data from commercial or sport fisheries is needed to construct 

population estimates by acoustic techniques. Unlike techniques requiring the 
exploitation of the populations studied, such as creel census and CPUE, 
acoustical surveys allow the study of nonexploited populations or populations 

of endangered species. 
From the examples presented, it seems reasonable to conclude that hydroa

caustic survey techniques can readily provide information on large scale changes 

in fish abundance. The suitability of acoustics to the objectives of monitoring 
fish abundance will depend on the environmental conditions of the site and the 

distribution behavior of the target species. Under conditions favorable for 
acoustic surveys, no other estimation procedure can provide the quantity of 
information, accuracy of estimation and speed of data acquisition on the 
demographics of fish. A properly performed acoustic survey should provide not 

only information on fish abundance, but provide information on the spatial and 

temporal distribution of the species and perhaps on size distribution. 

4.2 INDIRECT CENSUS TECHNIQUES 

Advantages and Disadvantages 
Indirect census techniques, visual surveys and counts at dams or weirs, 

possess the advantageous characteristic of non-destructive sampling and large 
areas (e.g., aerial surveys) can often be surveyed. Reasonably complete 
population enumeration is often possible at dams and weirs. 

A major disadvantage is the inability to standardize or quantify the 

sampling procedures. Also numerous uncontrollable environmental factors 
generally necessitate subjective decisions by the observer. Species identifi

cation is not always possible and multispecies situations are difficult to 
census correctly. 
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Description 
Several fisheries management situations utilize visual observation 

techniques to census fish populations. These techniques rely on either the 

transit of an observer over the range of the population or passage of the 
population past a point or structure. As the observer transects the area 
inhabited by the species of interest, the number, and with certain techniques, 
the location of individuals encountered are recorded. The observer may conduct 
the survey via foot, boat, plane or SCUBA. Eberhardt (1978a and 1978b) 
provides excellent description, discussion and examples of transect survey 
methods. Since these techniques were primarily developed and applied to 
terrestrial situations, their application to fisheries populations is site 

specific and useful in only a limited number of cases. 
In general, the hardest problem to resolve is variability between 

observers. Often the only practical solution to this problem is to have a 
single observer conduct all of the census activities. While this approach is 

feasible for studies spanning a few years, it does not appear to be feasible 
for a long term monitoring program. Exceptions to this do exist as shown by 
Watson (1977). Variability is also introduced by several conditions under 
which observations are made. Some of the important conditions are: species 

habits (e.g., flushing distance), water clarity, transect speed of the 
observer, light and sky conditions, aircraft type and pilot and water depth 
(Eberhardt, 1976; Seber, 1973). 

Migratory species can potentially be enumerated traversing dams, weirs or 
narrow channels. Mechanical or visual counting of these fish can be accomp

lished with reasonable accuracy. Since application is dependent upon the 
existence of the physical structure, this method is probably limited to west 
coast streams where hydroelectric dams are common. The method is also dependent 
on migrating fish. Migrations of the stock are usually linked to the spawning 
portion of the population. As previously discussed, monitoring a spawning stock 
may introduce a time lag between the occurrence of the impact on the immature 

stages and its potential detection. 

The problems and limitations mentioned lead to the conclusion that indirect 

census techniques will be useful only under rather restrictive circumstances. 
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5.0 SUMMARY AND RECOMMENDATIONS 

The material presented in this report is based on a review of over 200 

published articles and books. These references include both the theory and 
development of fisheries management techniques and results of their 

application to specific cases. l~onitoring techniques utilized at one 

operating and one proposed nuclear power plant site were also reviewed and 
their application evaluated. Three broad categories of fish population 

indices are examined and the results presented. Catch and removal techniques, 

the first category, constitute the majority of fisheries applications. A 

related regression approach for predicting fish yield is also included in this 

category. Population dynamics and individual fish characteristics are 

considered in the second category. Population indices based on non 

destructive census techniques form the third category. Techniques and summary 

descriptions are presented in Table 5.1. 

The techniques that appear to best meet the criteria of desirable 

characteristics for monitoring programs confirming no impact are those based 

on CPUE and hydroacoustic data. In some specific cases, age and growth 

studies and indirect census techniques may be beneficial in detecting 

catastrophic deviations from predicted impacts. 

The site specific review indicated choice of fishing gear, method of 

deployment and temporal application are critical to the application of CPUE 
techniques. Estimates of variance and confidence limits show that the 

decision framework needs development. The regression approach to predicting 
fish yield or standing crop potentially provides additional information to 

increase the ability to effectively deal with these large CPUE variances. 
Recommended Task II efforts are divided into three subtasks: 

A) development of guidelines for designing and implementing a data collection 

program, B) development of guidelines for interpreting these data and 

assessing the occurrence of significant impacts and C) establishment of the 

monitoring program's ability to detect major changes in ecosystem structure. 
Subtask A should address the following questions: 1) given a power plant 

site, what is the optimal monitoring design and strategy, 2) for selected 
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methodologies. are there technique deficiencies that should be corrected, 
3) for a selected technique. what data collection devices should be deployed 
and 4) for specific sites and species of interest. when and how should the 
field program be implemented? Subtask B needs to consider techniques for 
analysis and interpetation of data including; 1) evaluation of each year•s 

data and comparison with previous data. 2) establishment of 11 normal" 
variations and expected ecosystem responses from nonpower plant stresses and 
3) a framework for decisions and potential actions based on monitoring 

information. Subtask C must deal with quantifying the ability of the proposed 
programs to detect impact. These efforts should address those situations when 

no impact is detected and the degree of certainty that can be placed on 
stating that no impact is occurring. 

The objectives of subtask A should be met by examining a number of nuclear 
power plant sites and their associated monitoring data. A minimum of four 

sites should be selected that meet the following criteria: 1) representative 
of geographical regions and ecosystems typical of power plant sites with low 

potential for producing significant impacts, and 2) data available for at 

least one of the desired techniques. Investigation of CPUE techniques are 
recommended for these selected sites including: 1) age specific CPUE focused 
on the young-of-the-year, 2) gear types and deployment, 3) sampling design, 
times and frequency. 4) variance estimators and 5) regressions with abiotic 
variables to explain observed variations. Hydroacoustical techniques should 
be developed similarly and results correlated with other estimates. Site 
characteristics should be identified that provide a basis for evaluating the 
potential usefulness of growth rate and indirect census techniques. 

The recommended efforts within subtask B form a progressive analysis and 
decision framework. First, available statistical techniques to analyze and 
evaluate the results of one year of sampling data should be reviewed and 

evaluated. Mean, variance and confidence limits are anticipated as a minimal 

data reduction set. Development of guidelines for evaluating the time series 
of observations to separate impact from normal variations and other responses 
to nonpower plant stresses is the second aspect. The third component that 

should be developed is guidelines for the decision process and potential 
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responses to the information produced by the previous analyses. Criteria for 

decisions need to be developed for at least three levels of impact indicated by 

the monitoring program; 1) no evidence of any impact, 2) evidence suggesting 

impact may be present and 3) evidence confirming a catastrophic impact has 

occurred. It is anticipated that these decision criteria would be useful 

information to the regulatory agencies. 

The major objective of subtask C is to demonstrate the detection capability 

of the monitoring methods. It is recommended that the efforts of this subtask 

be devoted to an investigation of the sensitivity or ability of the monitoring 

program to detect impact. When a monitoring program yields evidence of no 

impact, the question arises whether the no impact hypothesis is supported or 

the measurement technique is merely unable to identify the impact. This 

dilemma should be researched by examining ecosystems with a history of major 

changes in structure or stress leve·ls. Such examp"les potentially will provide 

evidence that the monitoring techniques would detect changes of similar 

magnitude. The inferential approach appears to be most feasible since 

information on a power plant with documented major impact, is unavailable. 

Efforts and information of the three subtasks should be integrated to 

optimize monitoring efforts and the probability of reaching valid conclusions. 
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