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ABSTRACT

Cousens, N.B.F., G.A. Thomas, C.G. Swann and M.C. Healey. 1982. A review
of salmon escapement estimation techniques. Can. Tech. Rep. Fish.
Aquat. Sci. 1108: wvi + 122 p.

This report was prepared to provide a review and assessment of
salmon escapement estimation techniques used in the Pacific MNorthwest by
Canadian and U.S. government agencies to enumerate .spawning salmon popula-
tions. Pertinent information was collected from a literature survey and
during interviews with fisheries scientists and biologists in the Pacific
Northwest. The review portion of this report is subdivided by techniques.
Topics covered for each technique include a short discussion of methodology,
locations where these techniques have been used, an outline of effective
use and related problems, and a summary of available accuracy and precision
data, as well as any information providing comparison of techniques. An
annotated bibliography and list of persons interviewed are also included.

Key words: escapement estimation, spawning, salmon, review, bibliography.
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RESUME

Cousens, N. B. F., G. A. Thomas, C. G. Swann, and M. C. Healey. 1982. A
review of salmon escapement estimation techniques. Can. Tech. Rep.
Fish., Aquat. Sci. 1108: vi + 122 p.

Le présent rapport vise & passer en revue et & évaluer les
technigues pour 1'estimstion du nombre de saumons de remonte que les
organismes canadiens et américains emploient dans le nord-ouest du Pacifigue
pour dénombrer les populations reproductrices de ssumon. L'information
pertinente a été recueillie dans une série d'ouvrries et au cours d'entrevues
avec des scientifiques et des biologistes des :-:-nes desns le nord-ouest du
Pacifigue. Pour chaque tecnhique passée en revue, les détails suivants sont
donnés: bréve discussion de la méthode, endroits ol cette technique a été -
utilisée, exposé des aspects pratiques et des problémes s'y rattachant, et
résumé des données disponibles sur la précision et l'exactitude. On inclut
aussi toute informstion permettant de comparer les techniques, sinsi qu'une
bibliographie annotée et une liste des personnes interrogées.

Mots-clés: estimation des saumons de remonte, fraie, saumon, passage en
revue, bibliographie.




INTRODUCTION

This review of salmon escapement estimation techniques was conducted
to provide a comprehensive report which compiles and reviews information on
the principal techniques currently used in the Pacific Northwest by Canadian
and/or U.S. government agencies.

Information was compiled by literature search and interviews, and
was reviewed over a three month periocd. Literature dating from approximately
1930 to the present was searched while interviews were held with persons
currently involved with salmon escapement estimation. Consequently,
both historical and current state of the art information has been included.
While the literature search is considered to be complete, it may not be
exhaustive, and it is possible that some papers may have been inadvertently
omitted. This is most probable for references not in the primary literature,
several of which were identified but could not be located.

Telephone interviews were conducted with a number of prominent
workers in the field of salmon escapement estimation from Alaska to Calif-
ornia. Much pertinent information was cobtained from these conversations and
has been incorporated in technique discussions.

Discussion of each technique is subdivided into several sections,
as follows: a brief summary of methodology, a listing of areas where this
technique is used, a discussion of effective use of each technique with
consideration of related problems and limitations (as well as the applica-
bility of different techniques to different stream conditions), and a
summary of available information dealing with the accuracy and precision
of the technique (including technique comparisons where available). General
comments on the suitability of a technique for use in B.C. have been included
when appropriate.

This review was designed to summarize available escapement estima-
tion information, rather than provide a comprehensive treatise; therefore
references to pertinent papers are made throughout the discussion of each
technique to allow the user to obtain additiomal information on the above
aspects, as required. However, this study is net intended specifically as
a manual for selection and application of enumeration techniques, and hence
detailed field procedures and extensive recommendations are not given.

It has become apparent during the course of this study that the
accuracy (and occasionally precision) of many of the escapement estimation
techniques used have frequently been tested in practice, or the results
compared with those obtained using one or more other techniques. However,
much of this information is not available in the literature and is contained
in the data files, unpublished results and intermal agency memoranda of
experienced workers. As a result, much of the comparative information
presented herein was obtained directly through telephone and personal inter-
views with fisheries scientists and biologists involved with salmon escapement
estimation.

The nature of escapement estimation also leads to introduction of
numerous modifications to a procedure by different workers, often to overcome
specific local problems or variations in conditions. As a result, independent
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estimates of accuracy of a particular technique as given in the literature
or during interviews may not always be directly comparable, due to the effects
of these modifications.

The body of this report is divided into three main sections - the
technique by technique review, an annotated bibliography and a summary of the
interviews conducted. Appendix A has been included as a guide to abbrevia-
tions used to identify government agencies throughout this report.

REVIEW OF TECHNIQUES

Each technique has been reviewed individually. and discussion has
been subdivided under a pumber of subheadings to assist users in locating

discussions of various agpects of each technique. These subdivisions are:
Methodology

Areas of Use

Effective Use and Problems
Accuracy, Precision and Technique Comparison.

Sources from the bibliography portion of this paper are referred to
by reference number, while information obtained from interviews has been
referenced as personal communication.

ANNOTATED BIBLIOGRAPHY

Within this section, references have been grouped by technique and
then arranged alphabetically within each technique. A unique number has been
assigned to each reference and is used throughout the text to refer to
that specific reference.

A cross-referencing system was developed to assist users of this
bibliography because many papers dealt with more than one technique. Each
paper has been fully referenced: only once, under the primary technique dis-
cussed in the paper. To provide access to all information on a
specific technique, a "see also reference numbers..." statement has been
included at the end of each section in the bibliography.

Each reference was annotated by including a prepared abstract or
summary, where obtainable. If these were not available, pertinent sections
from an introduction were included or a brief statement regarding the tech-
niques discussed in the paper was prepared.

In addition, a 'notes' section was included to assist users in
determining whether a paper is appropriate to their needs. Four categories
of information are listed in this section - methodology, problems, evaluatior
and technique comparisons.

References included in this bibliography contain varying amounts
of pertinent information, ranging from references dealing exclusively with
a specific aspect of estimation techniques (e.g. evaluation), to papers
containing only a brief statement on some aspect of escapement estimation
{e.g. problems, accuracy, etc.).



The literature search agsociated with development of this bibli-
ography was conducted primarily at the Pacific Biological Station during
one month of intensive effort, although some references were obtained from
biologists interviewed, as well as from the library of J.C. Lee and Associates
Ltd.

The search was continued using a variety of media until the same
references consistently reappeared. This was taken as an indication that
the literature had been thoroughly searched.

Criteria for inclusion in this bibliography were fairly broad, and
required only that a paper deal at least partially with a specific aspect of
salmon escapement estimation technique (e.g. methodology, problems, precision
and accuracy, etc.). Papers using a technique to produce an estimate of a
specific escapement were generally excluded, uniess they also dealt with
one or more evaluative aspects, as outlined above. The literature was searched
back to approximately 1930; therefore date of publication was not a detar-
mining factor for inclusion in the bibliography.

A wide variety of sources were searched for pertinent references,
including fisheries-related journals, various unindexed government agency
report series, computerized data bases and published literature compilations.
In addition, reference sections of pertinent papers were searched. A more
detailed list of most sources is given below.

Indexed Publications

Prominent fisheries-related publications, including:

- Journal of the Fisheries Research Board of Canada

- Canadian Journal of Fisheries and Aquatic Sciences

-~ Canadian Fish Culturist

- Transactions of the American Fisheriles Society

- Progressive Fish Culturist

- International Pacific Salmon Fisheries Commission Bulletin

- California Fish and Game

- U.S. state fisheries bulletins, e.g. WDF

Inindexed Publications

- technical reports, bulletins, leaflets, etc. put out by Alaska,
Washington and’Oregon state agencies, available at the Pacific
Biological Station library. '

- technical, data and manuscript reports of the Canadian Department
of Fisheries and Oceans.
Computerized Data Bases

- ASFA. Aquatic Sciences and Fisheries Abstracts. 1978-1982. Infor~
mation Retrieval Ltd. Arlington, Va.

- BIOSIS Data Base. 1969-1982. Biosciences Information Service.
Philadelphia, P.A.



Computerized Data Bases, cont'd.

- NTIS. National Technical Information Services. 1964-1982. U.S.
Department of Commerce. Springfield, Va.

Literature Compilations

Holmberg, E.K. and R.M. Bush. 1969. A guide to the salmonid literature
compilation, 1960-1964. TFisheries Institute, College of Fisheries,
University of Washington. Seattle. 190 p.

Holmberg, E.K. and R.M. Bush. 1969. A guide to the salmonid literature
compilation, 1960-1964. Fisheries Institute, College of Fisheries,
University of Washington. Seattle. Microform collection.

Maxfield, G.H. 1967. Pacific salmon literature compilation - 1900-1959.
Instructions and index. U.S. Dept. Interior, Bur. Comm. Fish.,
Biol. Lab., Seattle. 20 p.

Maxfield, G.H. 1967. Pacific salmon literature compilation - 1900-1959.
Microform collection. U.S. Dept. Interieor, Bur. Comm. Fish.,
Biol. Lab., Seattle. 20 p.

INTERVIEW SUMMARIES

To gather information on new techniques not well documented
in the literature, as well as unpublished information, a series of inter-
views were conducted. Prominent workers in the field of salmon escapement
estimation in Alaska, B.C., Washington, Oregon, California and Idaho were
contacted by telephone. A series of pertinent questions were prepared in
order to standardize the information obtained during each interview.

Every biologist involved with salmonid escapement estimation was
not contacted, but it is felt that the interviews provided a representative
sample of the work being conducted in the Pacific Northwest. In some
instances it was not possible to interview prominent researchers, due to
their unavailability. In these cases, required information was obtained
from colleagues and/or co-workers, whenever possible.

The interview summaries section lists the researcher's name, agency,
address and phone number, organized by state or province, along with a brief
sumnary of techniques discussed. Details of each interview have not been
included in this section, as pertinent information from interviews has been
included in reviews of the appropriate techniques.

a



REVIEW OF TECHNIQUES

FOOT SURVEYS

Methodology

Estimation of salmon escapement from surveys on foot of spawning
grounds and counting of live and/or dead spawners is one of the oldest
methods used for obtaining population estimates, and also one of the least
standardized techniques currently in use. The earliest estimates simply in-
volve the use of the peak live count (before die—off of spawners) or the peak
live plus dead count {at or shortly after the peak of spawning activity) as
an estimate of the spawning population, without further adjustment.

: It has long been recognized that such counts usually produce serious
underestimates of total escapement (2, 17 and 20) and represent an index
of abundance at best. To obtain a more accurate estimate it is necessary
to correct for turnover within the spawning population with time. The
simplest procedure involves several surveys of the spawning ground spaced
apart by an interval equal to the stream residence time of spawners, the
live counts from each survey being added together to produce an estimate of
total escapement (Anderson, pers. comm.; Hyatt, pers. comm.). However,
numerous problems arise from variations in run timing, survey timing and
interval, and stream residence time from year to year, which seriously reduce
accuracy and consistency of the resulting estimates. This is particularly a
problem when some fish present are either holding in pools or migrating
through spawning areas, rather than actually spawning at the time of
counting.

Other procedures involve some method of adjusting a2 count made at
or near the spawning peak to compensate for underestimation due to the
turnover of spawners. One procedure used by IPSFC involves frequent
(sometimes daily) surveys of spawning grounds to obtain separate live and
dead counts through the peak of spawning activity. The sum of the peak
live count and accumulated dead count is then multiplied by a counting
index (1.8 for sockeye) which has been developed from comparison of similar
counts with weir counts or Petersen mark/recapture estimates for the system
in previous years (Woody, pers. comm.).

A second method frequently quoted (but not evaluated) in the
literature involves the average of several live counts taken through the
spawning period and including the peak, on the assumption that the total
number of spawners utilizing a given stream section (R) is equal to the
average number of live fish (M) multiplied by the ratio of length of time
live fish are present (D) to average stream life of individual fish after
reaching the section (T) (21). The value 'D' is obtained either from
historical information or from repeated surveys, and 'T' could best be ob~
tained from a small scale tagging study if not already available. The
formula for calculation of the total population estimate is R = MD/T;
this procedure is sometimes referred to as the 'factor 5' method because
in the original description the ratio D/T was given as 35/7, or 5. The



escapement estimate was therefore five times the average live count, though
this relationship may not be appropriate for all systems.

This procedure may be further refined by counting only spawners
in shallow riffle spawning areas, where counting errors are minimal, and
omitting fish holding in pools where counting variability is great (25).

A sufficient number of surveys is required to produce an index of abundance
throughout the spawning period. If only a proportion of the available
spawning grounds are surveyed, this becomes a stream indexing system, and
baseline data for the entire stream is required for comparison to obtain an
escapement estimate in addition to an index of relative abundance (25).

Another variation which is occasionally useful involves stripcounts,
where only spawners occurring in narrow strips across the stream are counted
{130; Hyatt, pers. comm.). Narrow counting strips (e.g. 1l m wide) are
marked off at a fixed interval throughout the spawning areas, and the total
escapement estimate is obtained by multiplying the total length of spawning
ground occupied by the average number of spawners per meter of counting strip
width. A single peak count might provide a reasonable escapement estimate
if spawning occurs over a brief period, but the results of several surveys
spaced apart by the average stream life of the spawners would be added
together to produce a population estimate when spawning occurs over a
prolonged period (Hyatt, pers. comm.).

In order to avoid the errors introduced by turnover of spawners, it
is possible to estimate escapement entirely from dead recoveries during foot
surveys of all or a portion of the spawning grounds (2). Surveys must be
frequent (preferably every day, but at least every three days), all dead
within reach along shore must be recovered and removed from the stream (or
marked to prevent recounting) in a consistent and uniform manner, and the
survey area(s) must be a defined and constant portion of the spawning area
available. If the dead recovered then represent a reasonable and constant
portion of the total dead, the accumulated dead recovery total may either
be used as an index of relative abundance of spawners, or if the ratic of
recovered dead to total dead is known, the total escapement may be estimated.
Care must be taken to recover only recently dead fish to avoid a bias due
to long-dead carcasses being refloated and deposited in the recovery area,
and additional effort is required to obtain an accurate sex ratio due to
differential drift of male and female carcasses (2).

More recently there has been a trend away from estimation of
escapements from the accumulated results of extensive ground surveys of
spawning areas throughout large watersheds or coastal stream management
areas. This is largely due to the greatly increased cost and limited
efficiency and accuracy of this type of survey. Instead, effort is being
directed towards intensive survey and assessment of escapement to specific
streams or spawning ground areas within streams, where spawners can be
enumerated accurately and consistently from year to year. Such areas as
appear representative of salmon escapement to the surrounding watershed
as a whole are considered index systems, and the careful enumeration of
spawners in these areas alone can provide estimates of escapement to an



entire watershed or area of similar coastal streams once the data base for
such calculation has been established. This approach permits standardization
of method and concentration of survey effort where the greatest accuracy and
reliability can consistently and economically be obtained. In theory, the
results may then be extrapolated to produce reliable escapement estimates

for the area represented by one or more index systems. A further discussion
of stream indexing techniques is included as a separate topic in this report.

Areas of Use

Historically the technique of obtaining counts by surveying spawning
grounds on foot has been used for-estimation of escapements of all species
of Pacific salmon within 2 range from California to Alaska, and predates
most other methods. This technique in its various forms is still widely
used throughout this range, either for producing direct escapement estimates or
for producing a partial index from which an overall escapement estimate can be

inferred from baseline data.

In B.C. the majority of estimates of escapement are made by DFO fishery
officers or guardians from foot surveys. Occasionally, on inaccessible
streams (e.g. above canyon areas) observations of fish at the mouth during
migration are used as rough indices of abundance for escapement estimationm.
Usually the count of live plus dead at the spawning peak is either used
directly or may be adjusted by a correctiom factor to produce an estimate of
total escapement. In addition, some tributary systems are intensively surveyed
as index streams, from which escapement information may be extrapolated
to an entire drainage area (Anderson, pers. comm.). Adjusted peak live
plus accumulated dead counts are used by the IPSFC for enumeration of pinks
and sockeye in tributary systems of the Fraser River, where conditions are
appropriate, minimal manpower is available and great accuracy is not required
(Woody, pers. comm.). This technique is often combined with more reliable
methods, particularly mark/recapture, to provide additional information on
distribution of spawners and spawning success.

In Alaska, foct counts are used to determine spawning distribution
among tributaries of some large systems, to survey small systems where ’
aerial survey is not appropriate, and to provide additional information
for calibration and adjustment of aerial counts, particularly in connection
with intensive aerial survey of index areas (Jones, pers. comm. ; Rogers,
pers. comm.}. In the Wood River Lakes system, peak live plus dead
counts during carefully timed surveys are used as indicators of escapement
to various tributary spawning areas. These counts are then used to apportion
spawning distribution from estimates of total escapement obtained from other
methods, such as tower or sonar counts (Rogers, pers. comm.).

A similar situation exists in Washington, where most spawning ground
surveys for chinook, coho, chum and lake-spaanng sockeye salmon are .
completed from the air. Foot surveys are used in place of aerial surveys in
some small headwater tributaries and are carried out once per year in smail
non-index areas during peak spawning, to determine spawning distribution.
Escapements are calculated relative to index values from one or more base
years, from intensive survey of a limited number of index areas and analyses

a



of the resulting spawner abundance curves {Ames , pers. comm. ; legt, pers.
corm.; Orrell, pers. comm.; Wood, pers. comm. ). Pink salmon in mainstem
spawning areas of major river systems cannot be enumergted ylsgally while
alive due to depth and turbidity. Carcass counts obtained durlng.foot
surveys are used to provide estimates of relative abunda?ce from index
areas of rivers, and escapement is calculated from baseline data produced
from mark/recapture studies (Orrell, pers. comm. ).

In Oregon foot surveys once per Week are u§ed for deve19pment of
spawner abundance curves for index stream areas, prlmarlly.for wild coho )
stocks. Escapements are calculated from comparison of estimates of relative
abundance from spawner abundance curves with similar data for one or more
base years. Supplemental (non—index) areas are §urv?yed_once per season
during the spawning peak to determine relative distribution of spawners

(88; Nickelson, pers. cowm.).

Effective Use and Problems

Foot surveys in general may provide estimates of escapements which
range from being reasonably accurate to highly inaccurate and unreliable,
depending on where and how they are implemented. Estimates based on peak
live plus dead counts alone without further correction, are only reliable
in small shallow systems where fish and carcasses are highly visible, and
where migration into spawning areas and spawning occur over a relatively
short period of 7 - 10 days. This situation: may occur with pink salmon, but
it is rare with other salmon species (Rogers, pers. comm.). Where spawning
occurs in waves or continucusly over a period longer than the stream-—
life {or redd-life) of individual spawners, a correction factor for turm-~
over of spawners between counts is necessary, and variability is increased
(2, 21 and 25; Gjernes, pers. comm.; Woody, pers. comm.). Escapement
estimates based on counts which include estimates of fish holding in deep
pools are particularly unreliable and better estimates can be obtained by
restricting enumeration efforts to shallow riffle areas, then applying a
correction factor (21 and 25). Where spawners are evenly distributed and
readily observed throughout lengthy shallow riffle areas, the strip count
method may be used to quickly and efficiently obtain estimates of the spawning
population at a particular time (Hyatt, pers. comm.). However, uneven
distribution of spawners will bias estimates, and care must be taken to
account for turnover of spawners in the final escapement estimates whenever
spawning activity occurs over a period considerably longer than the average
life of fish on the spawming gravel. Escapement estimates from visual counts
in a stream or stream index area are probably most realiably obtained with
repeated surveys and calculation of escapement from a spawner abundance
curve {Ames, pers. comm.).

Estimation of escapement from dead recovery alone is a feasible
alternative in systems where carcasses are available from streambanks in
a manner consistently proportional to die-off, particualarly where a major
proportion of spawning is not readily observed (as in turbid or deep water
river spawning situtations) and live counts are thus impractical. The
previously described conditions for this method should be met, and base-
line data which include reliable escapement estimates from another method
(such as mark/recapture) will be required for comparison if escapement



estimates rather than indices of relative abundance are desired (2). As
intensive dead recovery effort is required for reliable estimates, this method
may be effectively combined in terminal spawning situations with a Petersen
mark/recapture study for comparison, though additional costs are involved

for tagging operations.

Foot counts are subject to a variety of factors which may introduce
bias or limit reliability of resulting escapement estimates, in addition to
those already discussed. These mainly concern personnel experience and ability,
stream characteristics, fish migration timing and weather conditions.

There is considerable experience involved in accurately counting
fish in a stream and estimating numbers of fish in groups, and evidence
has snhown that inexperienced personnel tend to greatly underestimate fish
in schools and show great variability in counts (7, 10, 16 and 92; Anderson
pers. comm.; Withler, pers. comm.; Woody, pers. comm.). Individual observers
tend to show a consistent bias in estimating fish numbers; where frequent
changes of personnel are involved, accuracy becomes largely a matter of
chance and consistency between estimates is lost. In addition, experience in
determination of salmon escapements by other more reliable methods (such as
mark/recapture or weir counts) is particularly helpful in improving accuracy
of counts from foot surveys, and without such comparative experience an
observer's accuracy need not increase (7 and 10).

Any factor which reduces visibility of some or all members of a
spawning population will adversely affect visual counts and cause under—
estimation (10, 21, 24 and 26). Turbidity from silt, glacial runocff or
humic conditions, spawning in deep water of main river channels, and migration
and spawning during freshet conditions all seriously affect reliability of live
and dead counts. Deep pools can obscure both live fish and carcasses from
cbservers, and high discharge conditions can obscure spawners and wash car-
casses and spawned fish into deep water areas of pools, river channels or
lakes where they cannot be counted (5, 21 and 26).

Foot survey techniques {and most other visual techniques) are best
suited to shallow, clear headwater tributaries of large systems with stable
flow patterns {(10; Withler, pers. comm.}. In inland areas, where rainfall is
less than in coastal areas, weather conditions are less likely to interrupt
or prevent survey schedules. Unstable flows are characteristic of most small
coastal drainages in the Pacific Northwest due to runoff during periods of
high rainfall, and present major problems for enumeration of most species.
This is particularly true of pink salmon, which frequently enter a stream
during freshet conditions and.spawn over a short period (7 - 10 days)

(10; Rogers, pers. comm.). Under such conditions spawners cannot be counted,
and many small streams are often either unsafe or impossible to walk, so that
a survey during the spawning peak may not be possible each year.

Chinook, chuin and coho often present similar problems when runs
occur late in the year, the latter being particularly difficult to observe
on the spazwning grounds. Coho are noted for penetrating to the headwaters
of river systems and spawning during high flow conditions when access on
foot is most difficult, and have even been found to spawn under ice in frozen



northern systems (Gunstrom, pers. comm.). Sockeye often present the 1ea§t
problems because of their early migration and spawning habits. I? additioen,
live counts and especially redd counts becowe difficult and unreliable when
multi-species spawning occurs, and redds are rapidly obscured by algal
growth in nutrient-rich stream waters (Orrell, pers. comm.).

Aceccuracy, Precision and Technique Comparison

The reliability of salmon escapement estimates produced from visual
counts obtained during spawning ground surveys on foot has often been criti-
cized, but has only rarely been critically examined in the literature, either
directly in controlled experiments or in comparison with other techniques.
Numerous comparisons with other methods have been made, but the results of
these comparisons are largely unpublished and exist in the files of many
experienced fishery biologists and scientists, where they are available only
by direct communication. Most of the following information has been obtained
in this manner.

It is generally agreed that estimates of escapement based on uncorrect-
ed peak counts during spawning periods will underestimate the true value
to some degree, barring an unusually excessive positive bias in counts.
The degree to which escapement may be underestimated varies greatly with
experience of the observers, stream character and conditions when surveyed,
timing of the survey in relation to the true spawning peak, and duration of
the spawning peak in relation to the length of time spent on the spawning
gravel by spawners (2, 24, 25, 26 and 27).

Direct evaluation of the effect of experience on accuracy and
precision is not available, but it is known that inexperienced observers
usually produce low, sometimes extremely low, estimates, with great variability
(10, 92; Anderson, pers. comm.; Withler, pers. comm.; Woody, pers. comm.). 1In
Alaska, Washington, and studies by the IPSFC in B.C., use of inexperienced
personnel for visual spawning ground surveys (on foot or aerial) is avoided, and
new personnel are trained by experienced personnel before being required to
make counts independently.

Under 1ideal conditions in small, shallow clear-water streams, and
when the spawning peak is short (7 - 10 days) so that nearly all spawners are
on the grounds at once, an accurately timed peak live plus dead count may in-
clude 80~90% of the weir count or mark/recapture estimate (Rogers, pers. comm.;
Tarbox, pers. comm.). These conditions are often met with pink salmon spawning
in small coastal streams in Southeast Alaska (and presumably also in B.C.), but
are uncommon with other species. A similar level of accuracy was obtained in an
unpublished study at Big Qualicum River in B.C., where intemsive repeated
surveys of chum spawning grounds were carried out with experienced personnel
in a hatchery-controlled system; this procedure would be costly to attempt
on a large scale (Anderson, pers. comm.).

Agreement to within 15Z of a mark/recapture estimate was obtained
with visual estimates from foot surveys under near ideal conditions, while
enumerating sockeye escapement to Clemens Creek (Henderson Lake, B.C.) in
1981 (5). Counts were made prior to the spawning peak and included estimates
from large schools in pools. The level of accuracy achieved was due mainly
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to the unusual circumstance that virtually the entire spawning population
entered the stream over a period of a few days. A peak live plus dead count
was prevented by exceptionally high discharge conditions, and is not avail-
able for comparison.

Under less than ideal or '"mormal" conditions for the majority of
foot surveys, where spawning occurs in waves over a period of several weeks,
peak counts usually underestimate true escapement values from weir counts or
mark/recapture studies by 30% to 50%, due mainly to turmover of spawners.
Environmental conditions limiting visibility will further reduce accuracy (3;
Rogers, pers. comm.; Tarbox, pers. comm.; Withler, pers. comm.; Woody, pers.
comm.). In some situations far more serious underestimates are obtained, as
is well illustrated by a 1980 study in Yakoun River, Queen Charlotte Islands,
B.C. A mark/recapture study involving tagging of over 2,400 fish and examination
of nearly 20,000 carcasses was carried out to estimate the pink salmon spawning
population. An initial escapement estimate of 545,967 fish was obtained, which
was reduced by 30% to compensate for probable overestimation by the Petersen
method due to tag loss. This resulted in a final escapement estimate of
382,177 pink salmon, with 95% confidence limits of 306,955 and
471,488 fish. A routine foot survey of the spawning grounds resulted in
escapement estimates of only 60,000 to 80,000 fish (Kadowaki, pers. comm.).

Estimates based on adjusted counts, such as those used in IPSFC
studies (peak live plus accumulated dead count, multiplied by a correction
factor for the appropriate species) are considered to have an accuracy of
+ 30% when made by experienced personnel under ideal conditions in small
clear streams with stable flows (Gjernes, pers. comm.). Under average
conditions, accuracy may be no better than + 50%, though tests of accuracy
have not been carried out (Woody, pers. comm.). However, the estimate
approximates the true population total, rather than consistently being an
underestimate. This method is more costly than a peak plus live plus dead
count survey, but less costly than an extensive mark/recapture study (Gjernes,

pers. comm.).

The probable accuracy of estimates based on the 'factor 5°'
averaging method and related methods involving calculation from spawner
abundance curves depends largely on how well the variables in the calculation
formula apply to the area surveyed. Accuracy of % 104 to % 15% of weir
counts has been obtained from spawning abundance curves under ideal conditions
(Flint, pers. comm.). These methods are widely used in connection with
escapement estimation from index stream techniques. (A more extensive
discussion of these technigues is included under Index Streams in this
report.) -

Very few attempts have been made to determine precision of estimates
of escapement based on visual counts made during foot surveys. Willis (27)
has shown that in shallow riffle areas of small systems with ideal conditions
of visibility, differences between mean counts of coho spawners made inde-
pendently by three surveyors were not significant at the 95% level of proba-
bility. It was also shown that means of counts made at different times of
day (morning, noon, afternoon) were not significantly different at this level.
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Sheridan (25) demonstrated that for counts made only on shallow
riffles under ideal conditions, variability between counts by different
observers was greater than between counts by the same observer, but the
difference between observers was only significant at the 95% level once in
eight trials. Under more normal conditions simulating a typical foot survey
(2,400 m) and involving counts of salmon in both pocls and riffles, variationm
was considerably higher between counts by different observers and between
repeated counts by the same observer. This increase was attributed to prob-
lems of estimating fish holding in pools, and at times variation in pool
estimates appeared approximately random. Some mean counts between observers
were significantly different at the 95% level, while others were not. It
was recommended that counts during foot surveys should be restricted to
riffle areas where the greatest precision may be attained, and that surveys
be made at intervals through the spawning period to obtain sufficient
information for a spawner abundance curve, from which an escapement
estimate can then be calculated.
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SNORKLE AND RIVER FLOATS

River floats, either in a small boat or using a wetsuit, face
mask and snorkle, are techniques used sporadically where conditions permit
and are not well documented in the literature (4, 13, 21 and 130). A down-
stream float by boat or inflatable raft may be used as an altermative to
foot surveys in small clear water systems without major rapids. Access to a
point upstream of the survey area is usually required, either by road or
by airplame, for launching the boat, though in some larger streams it is
possible to motor to the headwaters then drift back downstream.

Snorkle floats are used primarily to obtain visual counts of
cryptically coloured species (mainly chinook, coho and particularly steel-
head) which tend to hold in deep pools or be sparsely distributed under
cover along stream banks. This technique may be combined with foot surveys
in some situations where shallow riffle areas alternate with deep pools,
and may be the only practical method of enumerating spawners visually in
canyon situations.

Both techniques are essentially visual surveys at a point in time,
and as such suffer all the limitations outlined previocusly regarding
escapement estimation from counts during foot surveys. Hence any individual
survey count represents an index of escapement at best, and will usually
underestimate total escapement. Float surveys are additionally limited to
narrow streams due to the low angle of visibility and problems of surface
reflection, and accuracy decreases as stream width increases (Anderson,
pers. comm.). Both techniques are limited by stream flow conditions and
turbidity, and have the further disadvantage of providing only one-way
coverage of the survey area, thus restricting the amount of information that
can be collected.

Accuracy of these techniques has not been reported in the literature,
though errors similar to and possibly greater than those noted for foot counts
might be expected under similar conditions. In Washington, flcat counts at
7-10 day intervals are used to construct a spawner abundance curve for
sockeye in the Cedar River, from which total escapement is estimated. These
estimates are usually within 57 of estimates generated from indexed tower
counts (Ames, pers. comm.).
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DIVE SURVEYS

Diving surveys using SCUBA gear have seen very limited use as
a means of obtaining rough estimates of lake-spawning sockeye populations,
though this problem is more commonly overcome by enumerating escapement during
or prior to lake entry. The technique may be useful where spawning occurs at
depths beyond the range of visibility from the surface, and involves under-
water survey of established or probable spawning areas by SCUBA divers and
visual enumeration of spawners or redds. ‘

Dive surveys of lake spawning sockeye populations have been carried
out from time to time in several lakes on Vancouver Island, B.C., but very
little information is available in the literature and standardized spawner
enumeration or escapement estimation techniques have not been developed.
Early surveys were carried out in Great Central Lake to determine sockeye
spawning distribution along the lakeshore and with depth. These indicated
that from 50% - 75% of spawning occurred at depths below the range of
visibility (3 m) in the three areas surveyed (5), but no attempt was made
to estimate escapement on the strength of these surveys.

A more extensive study of deep water lake spawning was carried
out using diving surveys in Kennedy Lake in 1980 (4), during efforts to
evaluate sockeye escapement to the lake as part of the Lake Enrichment
Program undertaken by DFO. Spawners and carcasses were counted in known
spawning areas by two divers swimming along depth contours at 3 m depth
intervals. The study supported the results of earlier dive surveys which
suggested that the total number of spawners present at a given time within
spawning areas in Clayoquot Arm of Kennedy Lake was approximately twice the
number observed from the surface or from aerial surveys. The surface count
might thus serve as an index of spawners present, though this relationship
did not hold in other portions of the lake, and would not be adequate for
estimatimation of total escapement due to turnover of spawners. A logical
approach to escapement estimation in this and similar situations (if a less
costly alternative such as mark/recapture was not feasible) might thus in-
volve the completion of several aerizl surveys during the spawning period to
allow construction of a spawning abundance curve from shoreline counts. Partial
escapement estimates from the curve might then be adjusted to represent total
escapement on the basis of index values established from underwater surveys
(or a2 reliable independent estimate of total escapement).

Underwater counts individually represent only an index of abundance,
as is true of any other fixed time visual count. A series of surveys and an
estimate of residence time at the redd site would be necessary for a reliable
estimate of escapement from a spawner abundance curve {as discussed with regard
to foot surveys). In addition, diving surveys are limited by weather
conditions and underwater visibility, time available for the comparatively
slow survey procedure and the resulting relatively high cost. A diver
propulsion system of some sort to which fish showed minimal avoidance would
be an aid to efficiency (4), but survey time will still be considerable
when spawning areas are large due to a diver's limited working time at
depth and in cold water.
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OBSERVATION TOWERS

Methodology

Counts of migrating salmon are made at a point in a_river at
which the majority of the fish passing can be observed. Observations are
made from elevated shore positions or from land-based or floating towers.

Various aids are employed to enhance visibility and counting
efficiency. PFolaroid glasses reduce glare reflected fromthe water and hand
tallies and audible timers increase enumeration efficiency. Background
panels attached to the river bottom silhouette passing fish. The FRI used
wire mesh panels coloured light grey in rivers of Bristol Bay area, since
sockeye had been observed to avoid white panelled areas of river bottom (29).
[Morley (105) observed no such avoidance reaction in sockeye passing over
white background panels in the Sproat River in British Columbia.]

V-shaped turbulence reducers anchored upstream of the
observation point reduce surface current surge and waves (29), and
vertical pickets attached to turbulence reducers shape subsurface currents
to minimize surface disturbance. It is recommended that these structures
be anchored in at least four feet of water so that fish migration is not
disturbed.

High intensity flood lamps, used to illuminate night migrationm,
have produced avoidance reactions in migrating Bristol Bay sockeye, and
floodlights are aimed slightly offshore from the main path of fish travel
so that any avoidance reaction will be directed toward the river bank.

Fish are counted as they pass through the dimly lit area inshore of the light
beam focus (29). Red floodlights were used to illuminate sockeye migration
at night in the Sproat River because previous studies have shown dark adapted
fish to be insensitive to these wavelengths of light (105).

Counting schedules are devised so that counting time is
reduced without introducing undesireable error (30). The IPSFC, testing
the tower counting technique in the Fraser River system, made periodic
24-hour diel counts from one bank of the river and infrequent counts from
the opposite bank to account for diel variations in migration and bypass
(Woody, pers. comm.). Atnarko River (Bella Coola system) pink salmon are
enumerated by DFO personnel during two thirds of the preferred daily
migration time (morning and evening) and one third of the intervening low
intensity periods (Anderson, pers. comm.). The 1981 Sproat River sockeye
migration was enumerated continuously during daylight hours and night
migration was interpolated from 24~hour counts made every four to ten days
during the migration period.

In Alaska (particularly Bristol Bay), counts made for ten
minutes every hour on both banks of the rivers are extrapolated to estimate
hourly escapements (Meacham and Rogers, pers. comm.). Estimated hourly
escapements are summed to produce daily and seasonal total escapement
estimates. In Washington, the WDF calculates the total Cedar River sockeye
escapement by applying counts made during approximately six hours of each
day to base year data.
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Areas of Use

The tower counting technique has had limited use in British
Columbia and Washington but is widely used in Alaska. Sockeye, spawning
over approximately twenty miles of the Cedar River, Washington, are
enumerated from a tower (Ames, pers. comm.). The IPSFC tested the technique
in the Thompson Canyon and Chilko River of British Columbia (Woody, pers.
comm.). DFO personnel have employed the technique in a number of river
systems, including the Atnarko River (Anderson, pers. comm.) and the Sproat
River (105). The tower counting technique has been used by the FRI in the
Wood River Lakes system in Bristol Bay, Alaska, since the early 1950's
(Rogers, pers. comm.), and the ADFG make extensive use of tower counts in
the rivers of the central region, especially Bristol Bay.

Effective Use and Problems

Tower counting is effectively used to estimate total escapement
at single-channel points of clear rivers supporting bank oriented salmon
migrations. The technique is mainly used to enumerate sockeye and pink
salmon migrations since these species seek the low current velocity areas
adjacent to river banks. Sockeye and pinks in Alaskan rivers typically
form migratory 'bands' which continuously move upriver and contain a minimal
proportion of incidental species (29). Species of salmon that do not exhibit
this migratory habit (coho, chinook, chum) have been enumerated from towers
on narrow, shallow rivers (30).

In Alaska, very large sockeye runs have been enumerated from
towers. Escapements as high as 3,000,000 fish have been counted in the
Wood River Lake system (Rogers, pers. comm.) and daily passage has reached
approximately 1,000,000 fish in rivers of Bristol Bay (Meacham, pers. comm.).

To obtain accurate estimates of escapements from tower counts, an
observed migration must have an even temporal and spatial distribution
(Woody, pers. comm.). Error is introduced into escapement estimates when
migratory patterns deviate from the optimum, and this error is compounded
by counter {(observer) variation and poor visibility.

In wide rivers, salmon migrations that are not bank oriented
cannot be accurately enumerated from towers. Chinook and ccho salmon will
migrate in high velocity, mid-channel areas (Meacham, pers. comm.), and at
low densities, sockeye form schools which exhibit erratic behavior (29).

At high migration densities, sockeye salmon stack vertically
in the river, and counts must be made in blocks of as many as 1,000 fish
(Rogers, pers. comm.). Enumerating fish in groups is a less accurate method
than enumerating individuals.

Poor visibility due to overcast skies, turbid water, river
surface disturbances, and glare results in counting errors. Floodlamps used
to increase visibility at night have produced avoidance reactions in fish.
High intensity lamps with red and amber lenses produced avoidance reactions
in Kvichak River sockeye and the lights poorly penetrated turbid water.
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Low water levels in the Cedar River, Washington, promoted an
increase in the proportion of the daily sockeye total passing the counting
tower at night. Since counts were made only during the day, the tower count
underestimated the escapement. A similar increase in night migration
at low water levels was noted during Sproat River and Stamp River sockeye
migrations in 1979 (105).

Visual discrimination of salmon species during mixed species
migration may be difficult and may thus introduce additional error. Morley
(105) estimated * 10%Z error in escapement estimates due to possible incorrect
differentiation between sockeye and coho in the Sproat River.

Tower counting requires less manpower than mark/recapture
techniques and produces results of equivalent accuracy. The IPSFC
discontinued tower counting in the Fraser River because mark/recapture
techniques supplied more incidental biological information, such as,
arrival times, relative distribution of a population, and spawning success
(Woody, pers. comm.). It was also noted that there are very few
locations on the Fraser River drainage area suitable for tower counting.

Aceuracy, Precision and Technique Comparison

Tower counts made under suitable conditions are considered to
provide relatively accurate estimates of total escapement, and thus provide
the basis of comparison for studies of the accuracy of other salmon escape-
ment estimation techniques in Alaska. Escapement estimates from test
fishing (126), aerial counts (94, 95), and side scan sonar counts in
Bristol Bay (104), and side scan sonar counts in Cook Inlet (107) have been
tested for accuracy using tower counts as the standard for comparisom.

Fishery biologists have provided estimates of the accuracy of the
technique under various conditions, though it has only occasionally been
evaluated directly in the literature. Tower counts made by the IPSFC on the
Thompson and Chilko Rivers were considered within * 15 - 30% of the actual
escapement (Woody, pers. comm.). The accuracy of tower counts made on clear
rivers in Alaska by FRI and ADFG personnel is thought to be = 5 - 10% (Rogers

and Meacham, pers. comm.).

Accuracy of daily sockeye escapements estimated by tower counts
in Alaska depends upon the frequency and magnitude of fluctuations in
migration intensity and the frequency and duration of counts (29). A daily
counting schedule is adopted which reduces counting time with a minimal
sacrifice in accuracy (30). Tests by the FRI in the Kvichak River showed
that reliable escapement estimates (relative error = % 6%) could be obtained
from short duration counts made every hour (29). It was recommended that
counts be made for 20 minutes during the peak of migration. Following this
strategy, the 1959 sockeye escapement in the Kvichak River was estimated to
be 689,613 £ 3.99% (95% level of confidence). '

ADFG reevaluated a 10 minute/hour daily counting schedule (30).
It was found that the relative error in the estimated hourly counts
cancelled over an entire season, and relative error of less than 10Z was



- 18 -

estimated for season counts. It was suggested that 20 minute counts
be made every hour if the migration was erratic, concentrated, or short

term.

Variations between single point counts made by different
observers can be large; however, this variation is generally unbijiased
and the relative error cancels out over the migration period. Variation
between observers was tested for the Kvichak River sockeye run and, though
the range of variation between individual five minute point counts was
- 22.1% to + 17.9%Z, the difference between total counts made during 32
counting periods was only 1.0Z (29).

Several technique comparisons have been made in the Pacific
Northwest. Estimates of escapement made by tower counting and mark/
recapture on the Chilko River were within approximately 5% of each other
(Woody, pers. comm.). Sockeye escapement in the Cedar River, Washington,
estimated from a series of float counts was within 5% of a WDF tower
count {Ames, pers. comm.). The USFWS counted sockeye by a tower and
at a weir on the Egegik River, Alaska, in 1956 and 1957. The respective
escapements were 984,908 and 1,063,877 (- 7.4% relative error) in 1956
and 712,124 and 631,001 (+ 12.9% relative error) in 1957 (30).
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AERIAL COUNTS

Methodology

Aerial counts of salmon on the spawning grounds are commonly
made from slow flying airplanes which provide good stream visibility while
flying at low altitudes. Both helicopters and fixed wing airplanes are
used; the latter are used more commonly because they are much cheaper to
operate, though the hovering and slow flight capabilities of helicopters
can be extremely useful. Surveys are most commonly flown at a constant
altitude of 100 - 200 m, at speeds of 120 - 160 km/hr , though lower
altitudes and flying speeds may be used on narrow streams in flat terrain,
particularly when surveying by helicopter (31, 32 and 35). Recommendations
concerning altitude in relation to flying speed are given by Eicher (32).
The survey is flown in such a manner that the observer is between the
sun and the objective to avoid glare; polaroid glasses are worn to minimize
reflection. The pilot attempts to keep the observer in continuous visual
contact with all fish in the survey area, which may require circling while
large schools of fish are enumerated (35). Use of a plane with bubble windows
for improved downward vision is extremely helpful (89).

Usually an experienced observer will count a group of ten fish,
mentally envision ten such groups as a block of 100 fish, then divide each
school into similar blocks of 100 fish, accumulating the total of blocks
counted on a hand counter. Where large schools or dense concentrations
of spawning occur, blocks of 1,000 fish may be used (31, 32 and 35).
Counts and other information are recorded on pre-printed forms in standard
format. Usually three surveys are flown, when possible, to ensure ob-
taining a count near the spawning peak despite variations in timing.

A refinement of the technique was used to enumerate chinook
spawners in the Morice River, B.C. (34). Eight helicopter surveys of the
spawning grounds were made at short intervals throughout the spawning
period, with independent counts of spawners (not including fish holding
in pocls) being made by two observers on each survey. In addition, aerial
photographs were taken on some flights and counts made from the photographs
were used to develop a correction factor (0.96) for adjustment of aerial
counts. Mean corrected counts were plotted against time to produce a
spawner abundance curve , the area under the curve thus providing a measure
of total spawner days. As spawning ground observations indicated residence
time at the redd-site was significantly shorter for late-arriving than
early-arriving females, tHe area under the curve was subdivided into portions
representing fish on the spawning grounds before and after the spawning peak.
Escapement estimates were calculated separately for each portion of the
spawning period using the appropriate mean residence time, and the two

estimates were combined to indicate total escapement. This procedure resulted

in a reliable escapement estimate with 2 narrow 90X confidence interval, and
is suggested for application when reliable estimates of spawning escapement
are required and cannot be obtained directly from a counting facility or
from a mark/recapture program (34). The procedure may be used for other
species than chinock salmon with little or no modification where conditions
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are appropriate for aerial counting, and a similar technique is extensively
used in Washington in conjunction with the overall index stream system for
escapement estimation (Ames, pers. comm.).

Areas of Use

Aerial surveys from fixed wing airplanes are used extensively in
Alaska for enumerating sockeye, pink and chum salmon, and less frequently for
enumeration of chinook and coho. These surveys generally involve a SLngle
trained cbserver and experienced pilot, and spawning grounds are often
surveyed three times to ensure counting during the spawning peak. The peak
counts serve either as indices of relative abundance for estimation of total
escapement from base vear data or established expansion factors (as in
S.E. Alaska), or they may be used to apportion tributary spawning distribution
to a mainstem total escapement estimate, obtained from sonar or tower counts
(as in the Wood River Lakes district) (Gunstrom, pers. comm.; Meacham, pers.
comm., Rogers, pers. comm.).

In British Columbia, fixed wing aerial surveys are frequently
used by DFO personnel for enumeration of pink salmon in otherwise ilnaccessible
non-glacial rivers of the central coast region. Independent counts from two
observers are averaged and the survey is repeated if the counts differ
greatly. Surveys may occur more than once during the spawning period in a
given system in order to obtain a peak count, which is used directly (or
in some cases adjusted upwards) as an estimate of escapement (Andersom, pers.
comm.). Some chinook escapements are enumerated by helicopter survey to obtain
a peak count, as in the Harrison River in the Fraser River system.

Aerial surveys using both fixed wing airplanes and helicopters
are employed extensively in Washington state for enumeration of chinook,
coho and occasionally chum salmon. Fish or redd counts are obtained at
approximately weekly intervals during spawning from intemnsively surveyed
index areas. Escapements to index areas are then calculated from spawner
abundance curves (which have replaced the use of peak counts in recent
years) and overall escapement is obtained by comparison of index area
escapements with base year data (Ames, pers. comm.; Orrell, pers. comm.).

Effective lUse and Problems

Aerial surveys are particularly useful for obtaining counts of
spawners quickly and efficiently in areas where access to the spawning
grounds is difficult or impossible by other means, and when the streams
to be surveyed are too numerous or widespread to obtain sufficient counts
by conventional ground-based methods. They also provide immediate rough
estimates of escapement which are valuable for in-season stock management
purposes (Anderson, pers. comm.; Meacham, pers. comm.). Aerial surveys
have proven useful in Washington for obtaln1ng chinoock redd-counts from
spawning grounds in rivers too large and/or too wide and deep to permit
counting with a foot survey or float survey (Orrell, pers. comm,)

The aerial survey technique is best suited to broad shallow
clear-water streams and rivers with little or no overhanging vegetation,
particularly inrelatively flat terrain, and is well suited to survey of
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shallow lake-spawning areas (32). The technique is of course not effective
in glacial or otherwise turbid waters where excessive humic staining occurs,
or where spawning occurs in deep water beyond the range of visibility. ‘
Best results are obtained with sockeye, pink and chum salmon, which are
coloured in contrast to usual background colours and spawn in large
aggregations, thus being readily visible and easily counted. Coho may

also be counted successfully by aerial survey in some situations (Flint,
pers. comm.). Chinook, being cryptically coloured and also often widely
dispersed during spawning, are less easily detected and counts may be less
reliable (Rogers, pers. comm.). This difficulty and the aforementioned
problem of decreasing residence time during the spawning period (34) have
been avoided in Washington state by counting chinook (and sometimes coho)
redds rather than fish, as redds are highly visible for a known period of
time before becoming obscured by growth of bottom flora in the stream.

This method requires careful determination of conversion factors for redd-
life, false redd ratio and sex ratio, to achieve accuracy in each system
surveyed (Ames, pers. comm.; Orrell, pers. comm.). However, redd counts
are unreliable when two species spawn concurrently or have overlapping
spawning periods on the same grounds, as may occur with chum and coho
(Flint, pers. comm.). Live counts are also of limited reliability under
these conditions due to the difficulty of accurately distinguishing species
from the air {(Gjernes, pers. comm.; Wood, pers. comm.).

As with all spawning ground surveys, a peak count does not represent
total escapement or even a consistent portion of total escapement, due to
variability in spawning timing and duration. This count is at best an index
of escapement based on a usually unknown proportion of the total spawning
population and should be treated as such (31 and 34). Consequently, peak
cougts'may not produce reliable escapement estimates even when treated
as indices, and a more reliable estimate can be obtained by developing a
spawner abundance curve from a series of counts made throughout the spawning
pgrlod, then calculating escapement from the curve on the basis of residence
time on the spawning grounds (34; Ames, pers. comm.; Orrell, pers. comm.).
It all spawning grounds in a system are repeatedly surveyed, an escapement
estimate could be calculated directly from the curve, while, if only
represen?ative and easily surveyed index stream areas are included, escape-
ment estimates for these areas would serve as indices for calculation of

Eotal escapement from base year data or previously established expansion
actors. :

F3

Accuracy of estimates derived in this mamnner will depend on
accuracy of both zerial counts and the determination of residence time,
but will be consistent from year to year, barring significant alteration of
the method or of the spawning area itself, or an undetected change in
residence time. As a result, escapement estimates could be justifiably
compared between years, while estimates based on presumed peak counts
during a single census often cannot, due to variability in spawning
duration and timing (34).



- 22 -

A number of personnel factors have been found to affect the
reliability of "aerial counts, the most significant of these being experience
of the observer (32). Inexperienced aerial observers tend invariably to
overestimate numbers of fish, and usually choose too low an altitude,
thereby reducing the period of time available for enumeration of each group
of fish. Observers in Alaska undergo extensive training involving both
still photographs and colour motion pictures of fish aggregations, as well
as test flights over groups of known numbers of fish, before being required
to produce independent aerial counts of fish on the spawning grounds for
escapement estimation. Pilot experience is also considered important, as
the pilot and observer must work efficiently as a team to produce reliable
estimates. .Fatifue has been found to reduce efficiency of both the pilot and
observer, and Eicher (32) suggests a maximum of six hours of survey effort
per day, with landings for short breaks as required to minimize fatigue.
Bevan (31) recommends the use of only one cobserver for all surveys (at least
where comparison of estimates between streams or between years are likely)
because observers vary individually in their estimates of the same population,
and any factor to correct for observer differences will itself vary from
stream to stream and from year to year.

Quality of illumination is an important consideration; surveys
made late in the day at low sun angles require continual transition between
sunshine and deep shade, and result in poor estimates (32)., In rugged
terrain with steep hills and narrow V-shaped river valleys, as are common
along much of the B.C. coast, aerial surveys may thus be limited to a few hours
in mid-day when the sun reaches the valley floor. In some such systems
the low sun angle during the fall and winter months prevents penetration of
sunlight to some or all portions of the streambed, even at mid-day. Where
this situation occurs, aerial surveys might be more successful on bright
cloudy days than during clear sunny weather (4). Rugged or highly uneven
terrain may also require all or part of the survey to be flown at altitudes
considerably above the usual 150 - 200 m optimum (unless a helicopter is
used). Accuracy of estimates decreases as altitude increases above 200 m,
though rough subjective estimates are possible at higher altitudes (32).

Aerial surveys are also subject to the usual limitiations of
all spawning ground surveys due to poor weather and temporary high dis-
charge and high turbidity conditions, these being most sericus in coastal
systems. In addition, and again particularly in coastal situations, aerial
surveys are often hampered by fog and low cloud either in the survey area
or at the airplane base, when ground surveys would still be feasible. These
conditions can easily delay a survey up to a week or more and cause the
spawning peak to be missed, resulting in a very poor escapement estimate or
no direct estimate, when these are based on peak counts. The method of
calculating escapement from a spawner abundance curve produced from counts
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made at intervals through the spawning period is less vulnerable to complete
disruption, because the survey schedule is more flexible and more data is
obtained. A data point for a missed or delayed survey may be interpolated
from adjacent points, or subjectively estimated from similar curves for
previous years or for other similar streams in the same year.

Accuracy, Precision and Technique Comparison

Fish can be enumerated most reliatbly from the air when dispersed
on the spawning grounds at the spawning peak, both in streams and on lake
beaches. Less reliable estimates of numbers and an indication of run timing
can be obtained from observation of schools at river mouths and in lakes
prior to spawning. Sctudies by the USFWS in Alaska indicate that while
observers on the ground can often enumerate spawners in small narrow streams
accurately, they cannot consistently provide the accuracy of experienced
aerial observers in estimating numbers of fish concentrated in river mouths,
in broad streams or densely crowded spawning grounds and in lakes, mainly
because of the poor viewing angle available to ground-based observers (32).
However, accuracy of aerial live counts is greatest when fish are evenly
distributed on spawning grounds in shallow, clear water rivers, and decreases
when fish are clumped or densely schooled (Gjernes, pers. comm.).

The most reliable counts from fixed wing aerial surveys are
obtained with sockeye and pink salmon, which spawn in relatively dense
aggregations. Accurate counts of chum salmon may also be obtained where they
spawn in shallow water, though mainstem spawners" in large rivers may be
difficult or impossible to enumerate accurately. Coho and particularly
chinook are often difficult to count in this manner, because their widely
dispersed spawning distribution necessitates detection of individual fish
rather than groups, and some fish are easily overlocked (Gunstrom, pers.
comm.; Rogers, pers. comm.). Accurate aerial counts of these species are
often best obtained from a helicopter at low altitude and require good
weather and counting conditions.

In a study for the FRI in the late 1950's (31), Bevan investigated
the sources and extent of variability in aerial counts of pink salmon spawmning
grounds in two streams on Kodiak Island, Alaska. The study did not examine
the question of accuracy of aerial counts and resulting escapement estimates,
other than to advise the use of peak counts only as indices representing a
proportion of total escapement. It was found that the variance about the
mean of independent counts by two observers increased as the mean count
increased, and that one standard deviation of an observer's count will be less .
than = 50%, and usually less than % 25%, of his mean count. In addition,
differences between means of replicate counts by different observers, and
between means of replicate counts by the same observer when made in different
counting units {(i.e. blocks of 100 and 1,000 fish) were highly significant.
The relationships between closely timed pairs of counts by different observers
also varied in a highly significant manner between different streams and
between years within the same stream, greatly complicating any attempt to
equate counts by different observers or adjust them to a common basis.

It was concluded that an aerial observer could be expected to
reliably detect spawning ground population differences of t 50%
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(i.e. approximately two standard deviations of his expected mean count), but
that acceptance of smaller differences would require an evaluation of variance
in the observer's estimates. The use of only one observer and one counting
unit was recommended to minimize variability, and it was pointed out that

if more than one observer is necessary, a factor to correct for observer
differences may vary between streams and between years(31).

In central and S.E. Alaska, aerial surveys are considered the least
accurate of the various enumeration methods used, providing good estimates
of relative abundance only. Peak counts from spawning ground surveys are
used primarily as indices, either for apportioning spawning distribution
to escapement totals determined by reliable mainstem enumeration methods,
or for estimation of escapement to tributary systems through the
application of established expansion factors which correct for under-
estimation from various sources in each system (89). Consequently,
consistency of method to maximize precision of index counts from year to
year is considered as important as accuracy of counts in obtaining escapement
estimates that may be reliably compared between years.

Peak counts obtazined from aerial spawning ground surveys in Alaskan
rivers usually range from 40% to 60% of tower counts considered to be
reliable, though variability of accuracy between systems is great (Meacham,
pers. comm.; Rogers, pers. comm.). Under good conditions in some Bristol
Bay . area rivers, aerial peak counts by experienced observers are often
within 30% of tower counts; accuracy to within 20% of the tower count was
~obtained in a trial under ideal conditions, allowing full visibility of the

entire spawning ground population (Meacham, pers. comm.}. There is also
considerable variability between species, with peak counts of pink and
sockeye salmon usually being the most accurate estimators of escapement,

Fixed wing aerial counts of pink salmon in the B.C. central
coast region at the peak of spawning are considered to be accurate to
within + 20%Z of the fish present in most instances, though the peak count
would be expected to underestimate total escapement to some degree (Anderson,
pers. comm.). Peak counts may produce more reliable escapement estimates
of pink salmon than of the other species because of their short spawning
period. However, no direct evaluation of the accuracy of these .escapement
estimates was encountered in the literature.

A study of the sockeye spawning population of the Chilko River
in 1969 by the IPSFC compared the results of a mark/recapture study with
an estimate obtained by visual count from a helicopter at an altitude of
50 m (Gjernes, pers. comm.). Using experienced observers under ideal
conditions, a peak count of 80,000 sockeye was obtained, which was within
5% of the mark/recaptrue estimate of 76,000 fish. Two independent counts of
beach—spawning sockeye in Kennedy Lake (Vancouver Island, B.C.) in 1980,
involving both aerial counts from a helicopter at an altitude of about
50 m and surface counts from the foredeck of a boat on successive days,
produced almost identical estimates of visible spawners. The two values
differed by approximately 3% in a total lake-spawning population of about
5,000 sockeye, though this count was only a partial escapement estimate
due to additional deep water and river spawning (4).
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Peak counts of chinook are made annually from helicopter surveys
in the Harrison River and Bear River by DFC personnel, with 85Z to 90% of
the spawning population thought to be present at the peak and about 95% of
these expected to be enumerated (Anderson, pers. comm.). Repeated survey
of the upper Morice River chinook spawning population by helicopter in 1979
indicated that the peak aerial count included only 52% of the total
escapement estimate determined from a spawner abundance curve, using
visual counts corrected by aerial photography and accurate determinations
of residence time (34). The overall correction factor for aerial counts
was 0.96, indicating a slight overcounting in comparison with counts
from photographs. An estimate of 2,826 spawning chinook salmon was obtained,
with 90% confidence limits (based on residence time variability) of 2,611
and 3,084 (differences of 8% and 9%, respectively, from the escapement
estimate). The final estimate was considered to be slightly conservative,
primarily because of a shorter residence time in males (unmeasured) than
in females (measured), failure to detect 'jacks' from the air, and a small
proportion of undetected deep water spawning.

A similar technique used in Washington involves frequent aerijal
surveys of redds or fish within index areas to produce spawning curves,
and calculated escapements to index areas are then extrapolated to give
total escapement estimates for chinook, coho and sometimes chum salmon.
Very little accuracy information is available at present, at least partly
because the major emphasis so far has been on consistency of method to
ensure that comparable indices of relative abundance are obtained from
year to year, rather than on accuracy of final estimates. However, results
of a mark/recapture study in the Duwamish~Green River system by the USFWS in
1976 to determine chinook escapement were compared with those from an
aerial redd survey by WDF, using both initial and revised base year data.
The initial estimate from the spawming curve and index system procedure
was about 10% lower than the wmark/recapture estimate, while the updated
estimate from the index system using more accurate base year data was only
2% lower than the estimate from the tagging study (51 and 87; Ames,
pers. comm,).
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PHOTOGRAPHIC ENUMERATION

Methodology .

Photographic enumeration has been experimented with as a means of
providing a more precise method for year-to-year comparison of escapement
estimates with fewer personnel and at lower costs than many other estimation
techniques. Two photographic enumeration techniques were developed -
aerial photography and photography from counting towers.

In the late 1940's studies using aerial photography were conducted
in the Bristol Bay area by the USFWS (32 and 35). These studies employed an
aircraft on floats that could safely and easily maneuver at speeds under
145 km/hr and allowed good visibility ahead and down. An aerial camera
was mounted on the underside of the aircraft. A combination of film, filters
and developer were used that would give the highest contrast between fish
and background and make the best use of light rays transmitted by water.

Representative areas were chosen to provide indices to
adjacent spawning grounds because photographing all, or a large portion, of
the spawning grounds would require prohibitive quantities of film and time,
and extensive facilities to process and interpret photographs. The mouths
of rivers, beach spawning areas and portions of easily identifiable
spawning grounds were covered.

Timing of photographic trips, important if pictures are to be
valid indices, was coordinated with peak spawning periods which in turn
were substantiated through foot surveys.

Photographs were interpreted by counting fish in squares on a
plastic grid superimposed on the print. Depending on the density of fish,
individual fish counts or estimates based on water surface area covered and
visible shadings of fish density were used. Lines were drawn on the photo-
graphs, connecting prominent objects which served as reference points; fish
bounded by these lines were those counted in successive years.

The use of time-lapse photography as an automatic counting
method from counting towers was developed in the Bristol Bay area, Alaska,
in the early 1950's (36). This method of enumeration required a 6 m
observation tower, a camera, a lighting system for night photography, a
power supply and a timer control. Off-white flashboards were used to in-
crease the contrast between the fish and the background and proved to be
a necessary element of photographic enumeration with a camera placed in
a tower. V-shaped log booms in front of the camera field were necessary
to create a consistently smooth water surface so that sharp, well-defined
negatives could be obtained.

Photographs were taken of migrating salmon at intermittent,
evenly spaced intervals. A frequency of one frame per minute with an
exposure duration of 4 - 6 seconds was attempted. The number of fish in
a photograph corresponded to a counting period equal in length to the
time required by the average fish to pass the camera field.
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To make a total escapement estimate, the number of fish
photographed were multiplied by a conversion. factor. This was most
conveniently determined as the ratio between the actual number of fish
passing (determined by direct visual counts) and the number of fish
photographed in a given time interval. The conversion factor changed
with migration density and time of the season; these changes occurred in
a regular manner so that a set of conversion factors were standardized
for a given situation.

Areas of Use

Aerial photographic techniques were initially applied to
enumeration of spawning sockeye populations in the Bristol Bay area of
Alaska in the late 1940's and early 1950's (32 and 35), though these
techniques are not discussed in recent Alaskan literature. Aerial photo-
graphy is useful for training of aerial observers, verification of aerial
counts and development of correction factors for these counts in broad
shallow spawning areas of clear-water streams and stream index areas. The
techniques may be especially useful for verification of aerial counts in
areas of heavy fish concentrations, where visual counts are least reliable.
Aerial photographs (35 mm) were recently used successfully for determination
of a correction factor for aerial (helicopter) counts of spawning chinook
salmon in the Morice River, a tributary of the Skeena River in B.C. (34).

Photography from counting towers was utilized to enumerate
sockeye escapement from Nushagak Bay to the Wood River lakes (Bristol Bay
area, Alaska) (36). Salmon in this system moved along the river banks
in 1 - 2 m deep water and swam close to the bottom. The water at the tower
sites was relatively clear. This technique is also not discussed in recent
literature, and may have been replaced by visual tower counts and sonar
counts.

Effective Use and Problems

The use of aerial and tower-based photographic enumeration
provides a permanent record of indices to spawning escapement, removes
much of the human error introduced by different observers, provides
greatest accuracy when large schools are encountered, and reduces the
necessary manpower (32, 35 and 36).

Aerial photography is an effective method for estimating
abundance of salmon on beach spawning aeras, on broad spawning grounds
and in areas of heavy fish. concentrations, where visual counts from the
bank of the stream are most difficult to obtain (32 and 35). This method
also provides a permanent index for rating wvisual counts, free of the probiems
of human memory and error (32).

However, chinook 'jacks' were not readily identifiable in
aerial photographs of the Morice River, B.C., spawning grounds due to
their relatively small size and light colouration, and chinook spawning
in depths greater than 5 m were not detected in the photographs (34). “In
addition to these limitations, the technique is not effective in streams
with overhanging vegetation or in systems subject to high turbidity or
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humic staining, and might not be applicable in steep—sided coastal
valleys where all or part of the riverbed often does not receive sunlight

during the fall and winter months.

The greatest technical problems associated with aerial photographic
enumeration result from the high light demand of the necessary filters and
from camera movement, both of wich resulted in some blurring of the picture.
As no one filter is effective in all situations, several different filters
(yellow, green and polaroid) are required, depending on the stream substrate
and water depth, so that fish are revealed in maximum contrast. Fast film
speeds (ASA 1000, or greater) and high shutter speeds are necessary to
accommodate this high light demand and minimize blurring from vibration and
forward motion of the plane.

Problems in scheduling photographic trips to collect representative
data at peak spawning times are reduced by conducting visual (aerial or foot)
surveys at intervals during the spawning period and by determining the
variation in run timing over several years.

The technique is particularly applicable to verification of aerial
counts in index areas, which are selected, in part, for their suitability
to aerial survey techniques. The method has been used for this purpose
in Alaska, and has been used successfully for development of correction
factors for aerial counts in B.C. (34).

The tower—-based photography system requires a minimum of
attention, permits large-scale studies that were formerly not possible, and
can be operated by inexperienced personnel (36).

The practicality of this method rests upon the premise that the
conversion factor for a river system will remain comstant. If this is not
the case, a set of conversion factors must be established for every season.
Depending upon the cause of the variation, these factors could be
determined during brief service visits to the unit in the field. The
conversion factor is a direct function of the migration speed of the
salmon, which in turn is primarily affected by escapement level and time
of the season (36).

The efficiency of this technique varies from stream to stream
and depends upon the existence of a well-defined salmon migration path near
the river bank. 1If this path should shift with changes in water level,
conversion factors may have to be recalculated for each seasonal change.

Photographic enumeration increases in sampling accuracy with
increasing escapements, since migration speed approaches constancy for
escapements of 100,000 fish or more per day (36), whereas visual counts in
this same situation would decrease in accuracy because observers would tally
by groups of 10 or larger to keep pace with the flow of fish.

The frequency of one frame per minute was found to be
impractical due to the amount of labour involved in processing and
analyzing such quantities of film. The effect of reduced picture frequencies
of from one frame per 2 minutes to one frame per 80 minutes was examined.
For this particular study, the error was less than 5% in most cases, even at
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a frequency of one picture per 80 minutes. At an interval of ten minutes
between pictures, power requirements were reduced to a point where the
unit could be operated 3 - 5 days from a single high-grade storage battery
with a capacity of 150 ampere-hours.

The use of artificial lighting during night operations gives the
clearest and best defined picture because the silvery sides of the salmon
act as reflectors of the directional light source. Care must be taken
to ensure that the light source is not sufficiently strong to cause some fish
to avoid the counting area in the camera field.

Aceuracy, Precision and Technique Comparison

Accuracy of the results of aerial photographic enumeration was
considered comparable to or superior to that of aerial or ground visual
surveys. Eicher (32) stated that the photographic method provided the greatest
accuracy when large schools of salmon were encountered. Neilsen and Geen (34).
used photographic enumeration to determine a correction factor (0.96) for
aerial visual counts, based on the assumption that the accuracy of aerial
photographic enumeration methods was higher than that of aerial visual counts.
However, no quantitative information on accuracy or precision was given and
no further information was available in the literature or interviews.

However , counts from aerial photographs of spawning grounds
during the spawning peak will suffer the same limitations as any other
peak count in estimating total escapement, and will generally underestimate
escapement to some degree. Hence accuracy of escapement estimation will
ultimately depend either on the reliability of factors used to convert
the peak count (an index of relative abundance) to an estimate of total
escapement, or on the reliability of determination of stream residence times,
if a spawner abundance curve based on results of several surveys is used.

Escapement estimates derived from the tower-based photographic
enumeration method were compared to estimates from a series of intermittent .
visual counts. The product of the number of fish photographed each day and
the observed conversion factor yielded daily escapement estimates. These
estimates showed little deviation from those based on the visual counts. The
total escapement estimates from these two methods differed by 5,239 fish or
0.6%, with the photographic estimate béing the lower (36).

An approximation to universal conversion factors valid in the
Wood River lakes system for certain intervals of migration density was
chbtained by fitting a curve to the daily conversion factors determined
in this study. The efficiency of the calculated conversion factors was
tested in terms of the deviation of the seasonal estimate from the estimate
based on observed conversion factors and that based on visual counts. The
maximum deviation between any two of these three estimates was 21,762 fish or
less than 32 of a total escapement of close to 900,000 fish.

A picture frequency of one frame per minute gave a seasonal
estimate differing by approximately 2% (16,000 fish) from that obtained
through visual counts. When the picture frequency of the photographic
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technigque was reduced, the deviation, or error, was less than 5% in most
cases for a total escapement close to 900,000 fish, even at a picture frequency

of one exposure every 80 minutes (36).

The maximim error involved by the indicated reduction in picture
frequency was calculated as the standard deviation of the different estimates
within each picture frequency group. This standard deviation was expressed
in percentage deviation from the expected mean. A high probability level
(P = 0.01) was selected to include any extreme variability in migration
patterns. At 2 minutes between exposures, the percentage deviation was less than
1%; at 10 minutes, the percentage deviation was approximately 6%; a percentage
deviation of 122 was reached at the 80 minute maximum interval between

frames (36.)
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FENCE COUNTS

Methodology

Permanent and temporary fences constructed on streams and rivers
have been used extensively by fisheries personnel to obtain accurate counts of
adult fish migrating upstream to spawn. These fences are generally low,
pervious dams, which obstruct fish passage; however, a more recent development
has been the construction of dams to serve a similar purpose as fences (129).

Adult salmon migrating upstream are either counted through a
fence or are directed to traps attached to the fence where they are removed
by dip net for examination purposes and are released unharmed to continue
upstream. In situations where fish are counted through a fence, flashboards
are situated in front of gates in the fence. The flashboards increase the
contrast between the fish and the background where fish and substrate
colouration are similar or where turbidity of the water may restrict visi-
bility.

Observers generally use hand counters to keep a tally of fish
as they pass through the fence. When several species are migrating at the
same time, a multi-bank hand counter can be used to keep the tallies of
each species separate.

A thorough discussion of various types of permanent and
temporary fences with their uses and problems are found in the literature
(37, 41, 42, 43, 44, 45, 46, 129 and 130). These may be either sturdy
structures that remain in the stream or river the year. round, usually with
removable panels that may be inserted to obstruct fish passage during
migration and removed to permit minimally restricted water -and debris
passage, or they may be comparatively frail structures which are constructed
as required each year and subsequently removed. Numerous other artificial
restrictions to fish passage, such as fishways and locks, also provide an
opportunity to enumerate salmon as they migrate past a point where they can
readily be cbserved.

Areas of Use

Almost every country with rivers supporting migrating fish
has records of fences being used to trap fish (129). Counting fences
are presently used in all provinces and states of the Pacific Northwest
from Alaska to California to enumerate escapement of all Pacific salmon
species.

a

Fences are generally constructed on rivers where variations
in water flow and water depth are minimal, such as at lake outlets (129;
Withler, pers. comm.), so that the possibility of a fence wash-out during
freshets is reduced as much as possible.

Effective Use and Problems

Fish counting fences are constructed on rivers when an accurate
count of adult salmon escapement is required. Because initial construction
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costs are high, permanent counting fences are only used on rivers with
important salmon runs and/or hatcheries, such as the Babine River (Withler,
pers. comm.). As lake spawning sockeye are difficult to enumerate,

the use of fence counts to estimate escapements before the salmon enter

the lake have proven to be effective (42 and 130).

The effectiveness of fences as counting sites is influenced by
many factors. The choice of the building site is extremely important,.
The streambed and banks should not be made up of material that is readily
eroded and they may require reinforcement; banks should be of a height that
the surrounding area is not inundated during freshets; and the site should
be as wide as possible to reduce the water pressure on the fence. These
factors affect whether the fish are counted through the fence or bypass it
during freshets.

‘ The design details of the fence are also important to prevent
wash-out during freshets, prevent small fish squeezing through the pickets
or dowels and minimize debris collection.:

The variation in water levels and particular height of flood
levels over several seasons should be examined to ensure that the height
and stability of the fence is adequate and that fish will not bypass
the fence during high water levels. The occurrence and amount of ice
accumulation during winter months and spring break-up in northern or interior
areas should also be examined as these factors may determine the type of
fence constructed.

The removal of fences during freshets to avoid wash-outs, broken
dowels or pickets, wash-outs and delayed installation of fences due to high
water levels may allow fish to pass upstream without being counted and thus
result in an underestimate of escapement.

Accuracy, Precision and Technique Comparison

Fence counts are generally regarded by researchers as the most
accurate technique available for escapement enumeration (when all fish pass
via the counting gates or traps) as the result is supposedly an absolute
count of escapement. Consequently, this method is used as a standard to
which results of other enumeration techniques are compared for determination
of accuracy, and no information on accuracy and precision of fence counts
appears in the literature. Counts of fish passing a fixed point of
restricted but not obstructed passage, such as a fishway, appear to have
little in common with regard to accuracy, which is largely a function
of local conditions at the counting site and the amount of variation in
these conditions that may occur.
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MARK /RECAPTURE

Methodology

The Petersen mark/recapture method of population estimation is
based on the general principal that the number of individuals in a pop-
ulation of unknown size may be estimated by marking or tagging a represen-
tative sample of individuals, releasing these to become distributed
throughout the population, then cbtaining a second sample at random for
examination. Knowing the original number of individuals marked (M), the
number of individuals examined for marks (C) during the recovery phase,
and the number of marked individuals recovered (R), it is then possible
to calculate an estimate of the total population size (N) from the ratio
of marked to unmarked individuals examined, employing the basic Petersen
formula N = MC/R. .

Numerous variations of the basic mark/recapture method have been
developed to meet a wide range of population assessment requirements in both
fisheries-related and other disciplines (131). The method as applied to
estimation of salmon escapement generally involves capture, tagging and/or
marking and release of fish during their migration toward the spawning
grounds. Tags are recovered during periodic surveys on foot of the spawning
grounds throughout the spawning period (as well as from any fisheries
intercepting tagged salmon), and the numbers of tagged and untagged
carcasses encountered during each survey are recorded. Usually carcasses
are either marked or removed from the stream when first counted to prevent
recounting on subsequent surveys. After spawning and die—off are complete,
an estimate of the escapement may be calculated from the combined results
of all surveys, using either the above formula or one of several modifica-
tions.

It has been shown that in many situations the original Petersen
formula (N = MC/R) is biased in that it tends to overestimate the true
population, particularly when tagging and/or recovery sample sizes are .
small (131). A number of minor modifications of the original formula are
possible to reduce or eliminate bias under specific conditions. The
adjusted Petersen estimate most commonly used has the formula
N* = (M+1)(C+1)/(R+1), and provides an unbiased estimate of N whenever
(M+C) is greater than N. Whenever MC is greater than four times N, the
probability of negative statistical bias will be less than 2%, and in
practise the probability of statistical bias can be ignored if recaptures
number at least 3 (for 95X confidence) or 4 (for 99% confidence). The
adjusted Petersen formula is preferred in most situations, though the
discrepancy between estimates by both formulas decreases as the number of
recaptures (R) increases, and becomes slight at large values of R (131},

Technically, 'marking' refers to some form of superficial mut-
ilation for purposes of later recognition, such as fin clipping or branding,
while 'tagging' implies the affixing of coloured identifying tags to fish
for the same purpose. The latter technique is most commonly employed, often
involving the use of brightly coloured (and sometimes individually numbered)
plastic 'Petersen' disk tags, attached by a nickel pin inserted through
the flesh beneath the dorsal fin. These tags are particularly conspicuous
and are readily observed on both live fish and carcasses. When tag loss
occurs (either naturally or due to unauthorized collection by memebers of
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the public) paired circular scars from the disks usually remain to indicate
the fish had been tagged, though information from tag colour or number is
lost. Other types of tags, such as tubular plastic 'anchor'or 'spaghetti'
tags, or clamp-on metal jaw or opercular tags may be used in some situationms,
though close inspection of carcasses may be necessary to avoid overlooking
tags and tag loss may be less readily apparent. Fin clips and other types
of marks are particularly inconspicuous and are easily overlooked on the
spawning grounds, and may be obscured by or confused with fin erosion

and other forms of damage occurring naturally during spawning. However,
some marking techniques (particularly the adipose fin clip) may be useful
in addition to tagging in detailed studies when tag loss is of concern, and
a second mark which cannot be lost is desired to sllow estimation of the
magnitude of this factor (58). The term 'mark/recapture’ is subsequently
used herein to refer generally to procedures involving tagging and/or
marking methods unless specifically stated otherwise.

Capture and tagging is normally carried out at some point on the
migration route before the spawming ground is reached, though tagging on
the spawning grounds is a feasible alternative in some situations. Ideally,
tagging should occur sufficiently near the spawning grounds to minimize
effects of straying and tag loss, while still allowing adequate mixing of
tagged and untagged fish throughout all spawning areas utilized (82).

In practise, tagging is usually carried out in the estuary or mouth and
lower reaches of small coastal stream and lake systems, but may occur scme
distance upstream in large rivers, wherever fish are readily obtained.
Beach seines (or boat-operated seines in deep water) are generally used to
capture samples for tagging, as this gear involves minimal selectivity for
sex and size range. However, gill nets are sometimes used when other gear
is not appropriate or available, and both fishwheels and large cylindrical
Fyke traps have been used effectively, primarily in glacially turbid rivers
in Alaska where gear avoidance is minimized.

Ideally, a fixed proportion of daily migration would be tagged,
so that a constant tag ratio is maintained throughout the rum: a single
survey of carcasses on the spawning ground would then provide the necessary
information for calculation of a reliable escapement estimate (55). How-
ever, in practise this is nearly impossible to accomplish unless a weir is
used, in which case fish can simply be counted and a Petersen estimate is
unnecessary.

In nearly all instances tagging is disproportionate, with either
a constant number being tagged each day, or more commonly with fish being
tagged in numbers determined by the availability of fish or the capacity
of the tagging operations. Consequently, the ratio of tagged to untagged
fish fluctuates from day to day and is not known precisely. The often
bell-shaped, and sometimes bimodal or more complex curve of daily salmon
migration, in combination with varying (and often decreasing) mean stream
life during migration and spawning, further complicate the matter of
obtaining a reliable escapement estimate on the basis of the ratio of tagged
to untagged carcasses (55, 65 and 82). As a result, the most accurate
estimate of escapement is usually obtained by surveying the spawning grounds
frequently (usually at intervals of one to ten days) throughout the period
of die-off to minimize carcass loss due to freshets, examining and marking
or removing all carcasses and recording the numbers of tagged and untagged
carcasses on each survey, then calculating the population estimate using
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the cumulative numbers of carcasses examined and tags recovered after die-
off is complete. When tagging is disproportionate, the cumulative tagged
proportion of carcasses examined may vary widely from the actual ratio of
tagged to untagged fish in the population until die—off is largely complete,
and population estimates based on tag recoveries prior to this time are of
limited value for estimation of escapement (55).

Estimation of salmon escapement by the mark/recapture method is
based on the assumption of a random mixing of tagged individuals throughout
the entire spawning population. In addition, either the tagged salmon or
the recovered carcasses (and ideally both) should form a representative
random sample of the escapement for a reliable estimate to be obtained (131).
These assumptions are often particularly diffiecult to satisfy in practise,
and departure from their limitations may introduce considerable bias into
the Petersen estimate. The difficulties arise from incomplete mixing of
tagged and untagged salmon between the tagging site and the spawning
grounds, and from changing age and sex composition and spawning ground
destination of migrants passing the tagging site as the run progresses,
resulting in an uneven distribution of tagged salmon on the spawning
grounds (82).

In some situations these difficulties can be at least partially
overcome by Schaefer's modification of the Petersen method, for use with
stratified populations (131). While this procedure, like the basic Peter-
sen method, is also most reliable when either tagging or subsequent
sampling for tag recovery is random and without bias, Schaefer's method
is more reliable than the latter is the more common situation where mixing
of tagged individuals in incomplete and some stratification exists. This
method remains applicable in the limiting situation where the spawning
population is completely stratified with respect to tag distribution. The
spawning population is generally stratified by time of tagging and either
time or location of recovery, for calculation purposes; the resulting
components of the population are estimated separately and summed to pro-
duce an escapement estimate. This procedure requires the use of either
numbered or colour coded tags for identification of tagging date.

Unlike most other methods of escapement estimation, the mark/
recapture method permits design of the field study to achieve the desired
levels of statistical accuracy and precision in the estimate, whenever a
reasonable guess at the magnitude of the spawning population can be made
in advance. This is accomplished by selecting appropriate levels of tagging
and recovery effort in relation to expected population size, using graphs
constructed for this purpose and described in detail by Robson and Regier
(80). The procedure is briefly summarized for the 25X level of accuracy
by Ricker (131). Should the escapement greatly exceed expectations, so
that the selected levels of tagging and recovery effort would no longer
provide the desired accuracy and precision (and if this fact is apparent
before the field program is completed), it may still be possible to
achieve these goals by appropriately increasing the number of tags applied
or carcasses examined for tags, or both. However, it is important to
realize that while theoretical accuracy and precision, as related to total
escapement and sample sizes, may be easily predetermined in this manner,
the procedure will not overcome bias arising from failure to meet one or
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more of the assumptions on which reliable mark/recapture estimation is
based, and a statistically reliable but highly inaccurate estimate may be
produced under these circumstances. [Ricker (131) reviews and discusses
these assumptions in detail, and they are considered briefly here in the
section concerning 'Effective Use and Problems’.]

Areas of Use

Historically, estimation of population size on the basis of the
ratio of marked and unmarked members dates to 1783, when Laplace estimated
the human population of France on the basis of the total number of births
and the ratio of births to population totals in a sample of parishes (53
and 58). The method of tagging and recapture was first applied to esti-
mation of the magnitude of fish populations by Petersen in 1896, who used
the ratio of tagged to untagged individuals in samples to calculate a
population estimate for plaice (and for whom the technique has been named
in the literature). Estimation of Pacific salmon populations by this tech-
nique {as well as studies of migration of tagged individuals) was first
attempted in the northern North Pacific by Japanese workers in 1938 and by
the IPSFC in the Fraser River, B.C. in 1939.

The technique was applied more extensively to salmon populations
in the Pacific Northwest in the 1940's and particularly after 1950, when
numerous variations of the procedure were developed, both for estimation
of spawning escapement and the more complex estimation of total return of
a stock prior to commercial harvest and subsequent escapement to spawn (53).
The technique has since been widely used throughout the Pacific Northwest
for obtaining reliable escapement estimates of salmon populations and for
calibrating or checking other often less accurate escapement estimation
techniques.

Petersen mark/recapture techniques are used in B.C. primarily on
large rivers supporting major salmwon runs, where suitably reliable escape-
ment estimates cammot be obtained by other methods. The IPSFC tags
sockeye {every four years, when large escapements cannot be counted vis-
ually) and pink salmon in the Fraser River to obtain escapement estimates
{(Woody, pers. comm.). Carcasses are examined for tags and are pitched on
at least two or three days each week throughout the spawning period {(up
to six weeks) on selected sockeye spawning grounds, and throughout the
entire system for pinks. The latter utilize both the mainstem and tributary
systems for spawning, and separate tag/recovery studies are carried out
on tributary streams to estimate spawning escapement to these systems,.

The combined total of estimates frdm tributary streams is then subtracted
from the overall escapement estimate and the difference is considered an
estimate of Fraser River mainstem spawning.

The DFO also uses mark/recapture methods to some extent in B.C.,
either directly or through contract studies by bioclogical consultants, on
large systems and some smaller coastal systems where an accurate estimate
is desired and weir counts are impractical. As the technique is labour-
intensive and therefore costly, it is utilized in systems supporting
escapements of a sufficient magnitude to justify the large expenditures
involved (Anderson, pers. comm.). A number of such studies have been
carried out in recent years, involving all five Pacific salmon species,
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as part of the preliminary studies, monitoring and evaluation of specific
projects within the Salmonid Enhancement Program (5, 60. 61 and 69).

In Alaska, mark/recapture techniques have been used extensively
for both in-season estimation of total return prior to commercial harvesting
and for estimation of escapement (53, 54, 64 and 71). The method has been
used to evaluate and calibrate the results of other escapement estimation
procedures such as tower counts and aerial surveys, and has played an im-
portant role in collection of base year data for development of stream
indexing techniques, for estimation of escapement from indices of relative
abundance. The technique has been used most extensively with sockeye and
pink salmon, but has been applied for estimation of escapements of all five
Pacific salmon species. Mark/recapture methods are not widely used on a
routine basis for enumeration because of the large amount of effort
required and the resulting high cost (Rogers, pers. comm.). Estimations
of a similar level of accuracy and reliability are often available using
less labour-intensive procedures, such as tower counts, and consequently
mark/recapture studies are generally carried out on large systems supporting
major runs which cannot be enumerated effectively by other technigques.

In Washington, mark/recapture studies are now used by USFWS
primarily for collection of reliable base year escapement data, for
incorporation in the stream indexing system used by WDF. Escapement estimates
in subsequent years are calculated from comparison of index area counts
with those obtained during the base year, for which total escapement was
estimated independently (Cole, pers. comm.). Recent studies have been
centered mainly in the Puget Sound area of Washington State, which has been
surveyed extensively by the USFWS during the period 1974-1980. Spawning
populations of chinook, chum and coho have been studied, often through
projects conducted jointly with local Native Indian bands. The mark/
recapture technique is thus used primarily as a specialized tool for
obtaining detailed baseline information on a particular stock, rather than
as a routine methed of escapement estimationm.

A similar situation occurs in Oregon, with escapements of most
wild stocks (primarily coho) being estimated using a comprehensive index
stream system. Base year data may be obtained or updated using mark/re-
capture methods where appropriate, but the procedure does not appear to
be used for routine estimation of escapements to any great extent.

In California, a modified version of the Petersen mark/recapture
technique using a Schaefer multiple-census procedure is employed by the
CDFG to estimate spawning chinook populations in two major river systems -
the Sacramento River/San Joaquin River system and the Klamath River/Trinity
River system (78; Rawstron, pers. comm.). The method involves tagging of
fresh carcasses and counts of tagged and untagged carcasses during frequent
surveys on foot of the spawning grounds throughout the spawning period.
Fresh carcasses are tagged on each survey and old carcasses are pitched
and tags recovered. The resulting calculated estimate of carcasses is then
used as an index of relative abundance rather than a total escapement
estimate.
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Effective Use and Problems

The mark/recapture method has been used to estimate salmon spawning
escapements in a wide range of situations, including both large and small
rivers, tributary systems and lakes, with varying degrees of success. The
method may be applied to salmon stocks whenever migrating adults are
accessible for capture and tagging at some point prior to reaching (but pref-
erably near) the spawning grounds, and when spawned—out carcasses are
available for periodic inspection during and immediately following the
die-off period. However, there are a number of assumptions which must be -
satisfied if a reliable population estimate is to be obtained, and violation
of one or more of these assumptions can introduce considerable bias (131).
These conditions are often difficult to satisfy in a practical manner, and
the degree to which they may be met is often at least partially beyond the
control of the investigator.

A well-designed mark/recapture study is both time-consuming and
labour intensive (and therefore costly), and is made more so by the need to
incorporate adequate safeguards to ensure that all the necessary assumptions
are met as nearly as possible and that violations are quantified. As a
result, this technique is not normally used for routine escapement estimation
when other less costly techniques of adequate reliability are applicable.
Mark/recapture may be used routinely in situations where reliable estimates
are required and other techniques are not suitable (usually in major river
systems supporting large escapements, such as the Fraser River), or where
statistically supportable base year data 1is required for one or several
years for evaluation of a project or establishment of an index system of
escapement estimation. The procedure has the added advantage of providing
considerable incidental information regarding migration timing and variationm,
migration routes, stock separation, and spawning distribution and success
(Anderson, pers. comm.; Rogers, pers. comm.; Woody, pers. comm.).

The majority of technical problems associated with estimation of
salmon escapements by mark/recapture techniques concern violation of one or
more of the basic assumptions underlying the reliability of population
" estimation by this method. These have been considered in detail by various
authors, including Cameron (55), Howard (65) and Schaefer (82), and are
summarized and discussed for a broad range of applications by Ricker (131).
A more recent discussion specifically concerning migrating salmon populations
in Puget Sound, Washington is given by Eames et al (59). These assumptions
and the major effects of their violation will be discussed here briefly in
the context of estimation of spawning escapements subsequent to any
commercial harvest which may occur, It should be clearly apparent that
any fishery occurring between the point of tagging and point of recovery
(such as a native food fishery) must be monitored closely to ascertain both
total catch and capture of tagged fish, so that appropriate adjustments
can be made prior to estimation of escapement. The more complex problem
of estimation of total stocks prior to commercial harvest, from tagging
offshore and return of tags recaptured in a2 commercial fishery as stocks
migrate through the fishing area, is beyond the scope of this study, but
is discussed by Bevan (53), Eames et al (59), Reisenbichler and Hartmann
(79), and Vernon et al (84).



The underlying assumptions of the mark/recapture method as dis-
cussed by Ricker fall generally into two categories; those relating to
biasing of the tagged:untagged ratio in the recovery sample through loss
of tags from the sampled population, and those concerning the distortion
of this ratio away from the true value due to irregularities in the distri-
bution of tagged fish with respect to the total population, or a comsistent
bias in both tagged and recovered samples. Assumptions belonging to the
first category are as follows:

1) Marked fish suffer the same natural mortality as unmarked fish.

2) Marked fish are no more {or less) vulnerable to any subsequent'fishing
effort than are unmarked fish.

3) Marked fish do not lose their identifying mark during migration and
spawning.

4) All marks are recognized and recorded during recovery operations.

Violation of one or more of these assumptions will result in a
selective reduction of the proportion of tagged fish in the populationm,
often without the knowledge of the investigator, producing what has been
referred to as a Type (1) loss (or Type A error, by Ricker), equivalent to
a reduction in the number of fish tagged (72). The result of this type of
bias, if not detected and accomodated in the estimation procedure, will be
a reduction in the number of tags available for recovery from that expected,
and hence an overestimation of the escapement (131).

In practice Type (1) losses do commonly occur during salmon mi-
gration and spawning, with frequently at least one and often several of the
above assumptions being violated during the course of a mark/recapture
study (53, 58, 59, 68, 72, 76 and 82). As Type (1) losses can occur through-
out migration and spawning their effect is cumulative, and the magnitude of
the resulting overestimation of the true population (without compensating
adjustments) thus increases with the distance between the tagging site and
the spawning ground recovery location (59, 82 and 84). The strategy for
dealing with Type (1) losses, since they camnot be totally eliminated,
involves the use of techniques which minimize these types of losses, and
incorporation of precautionary measures which permit evaluation of the
various sources of error and adjustment of the resulting escapement
estimates. :

Loss of tags due to tagging mortality is reduced by use of fish
handling procedures which minimize stress and trauma during tagging oper-
ations, and an indication.of probable mortality may be obtained by noting
the condition of each fish when released (53, 58 and 131}. The latter
procedure is most useful when numbered tags are used and each fish can be
identified, asa fish in poor condition on release can be discounted from
those tagged, and can be recognized and ignored if it should survive and
be subsequently recovered. Tag shedding, another common source of bias,
can be minimized by care to ensure secure tag application, and can be
substantizlly reduced by use of small (6 mm) clear buffer disks on the
outside of each coloured Petersen disk to minimize disk failure (68).

Tag loss can be estimated by double-tagging (with numbered tags) a pro-
portion of those fish released, or by using a readily recognizable secondary
mark (e.g. a fin clip or opercular punch) in addition to the primary
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tag (53, 58, 62 and 8l). Tag scars may also be used as indicators of tag
loss in some instances, though these are far harder to find than tags, and
may heal rapidly (53 and 131; Woody, pers. comm. ).

Failure to recognize tags during recovery operations is also a
common problem, particularly when recovery crews are inexperienced and pitch
carcasses too rapidly, without thorough examination. The problem may be
largely eliminated by use of experienced personnel where possible and by
careful examination of carcasses, while removal of tags during pitching
and subsequent re-pitching of a proportion of the carcasses to recover
missed tags permits estimation of the magnitude of this source of error
(131; Woody, pers. comm.). IPSFC studies have indicated up to 10%Z of
available tags may be overlooked during the first examination (85) and
inexperienced crews working in areas of heavy carcass accumulations may
miss up to 25% (Woody, pers. comm.)}.

Selective removal of tagged fish, as might occur if tagged fish
were more likely to become entangled in gill nets than were untagged fish,
is a more difficult problem to detect and evaluate, and losses of this type
often pass undetected or are included in mortality (131). Careful monitoring
of the fishery is required to ensure reporting of all tags. Sampling of
the migration using a relatively non-selective gear type such as a seine
may be the most likely method of detecting any selective bias in the fishery,
by comparing the proportion of tagged fish taken by the two methods. (It
should be noted that reduced vulnerability of tagged salmon to capture
by a fishery, perhaps due to temporary behaviour modification following
tagging, as noted by Bevan during a 48~hour period following tag application
with pink salmon (53), will produce a population overestimate on the basis
of the tagged proportion of the fishery catch, while population estimates
based on spawning ground recoveries will underestimate the original unfished
population,)

Emmigration of tagged fish from the population under study repre-
sents another source of tag loss often included in overall mortality.
Significance of this factor decreases as distance from the tagging site to
spawning grounds decreases (59), but even fish tagged on the spawning
grounds have been recovered in a different stream or river system on
occasion. The magnitude of 'straying' cannot be determined unless an
effort is made to recover tags from at least the spawning areas of
adjacent systems, though this effort may not be justified when tagging
occurs well above the mouth of the system under study and adjacent systems
would not otherwise be surveyed.

The second category of aisumptions, concerning the distribution of
tagged salmon within the total population and the recovery sample, generally
requires random mixing of tagged fish throughout the entire population (or
precautions such as stratification of tagging and recovery samples when
mixing is incomplete). It is commonly stated that either the tagged
sample or the recovery sample must be random if an unbiased population
estimate is to be obtained, and it is recommended as a precautionary
measure that attempts be made to collect both samples randomly to increase
reliability (131). However, it is frequently difficult or impossible to
obtain simple random samples of wild populations {(59) and it is generally
recognized that salmon tagged during migration are rarely completely mixed
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throughout the population, even after completion of spawning and die-off,
but are usually stratified to some degree with respect to time and
sometimes other factors as well (53 and 131). This situation may often be
accomodated by appropriate stratification of samples as recommended by
Schaefer (53), but estimates thus obtained are often not significantly
different from those obtained from the simple method without stratification

(59).

Junge (66) has shown that both samples may be non-random (i.e.
selectivity may exist) without introducing bias in the population estimate
provided that the sources of selectivity in the two samples are independent
and are also independent of the mark status in the second (recovery)
sample (59). If the sources of selectivity are not independent, then a
valid estimate is obtained only if sufficient mixing occurs to provide a
uniform distribution of tagged individuals with respect to the source of
selectivity prior to collection of the recovery sample. Where mixing of
tagged individuals is insufficient, it becomes necessary to distribute
recovery effort over the entire spawning area throughout the period of
die-off and a method of stratifying the populatlon may be required to
produce a reliable estimate.

Selectivity in the tagging sample is minimized by use of fishing
gear with minimal selectivity, such as a seine, and by continuation of
tagging throughout the major portion of the migration. However, some
selectivity is often present, as for example with seines in which males of
some salmon species (e.g. sockeye, coho, chum) become readily entangled
by their prominent teeth, and are thus caught in greater abundance than
females (Geen, pers. comm.). Also, because of major fluctuations in
migration intemsity, proportional tagging is nearly impossible to achieve
and some selectivity in relation to age and/or size is frequently present.

Selectivity in the recovery sample may be minimized by frequent
and thorough coverage of all or the major portion of the spawning area by
recovery crews throughout the die—off period. However, selectivity may
persist with regard to sex, as females tend to die in the shallows near
their redds and be more easily recovered than males, which are more mobile
and often die in deeper water after spawning (58). Additional selectivity
of recoveries with respect to fish size is often apparent, and may occur in
relation to time or location of recovery, or may be imposed by freshet
conditions which wash out carcasses from aspecific component of the pop~
ulation and limit recovery to other components (55). It is particularly
important to avoid selectivity with regard to time of death in the recovery
sample, as this factor will not usually be independent of time of m1gratxon
past the tagging location,

Accuracy, Precision and Technique Comparison pw

As mentioned previously, the Petersen mark/recapture method
includes a simple procedure for selecting the appropriate sizes of the tagged
and recovery samples to achieve desired levels of theoretical accuracy and
precision in the population estimate, when the order of magnitude of the
escapement can be estimated approximately in advance (80). Having obtained
an escapement estimate, it is generally a simple procedure to calculate
95% or 992 confidence limits for this estimate (131). However, these pro-
cedures imply that all assumptions necessary for an unbiased estimate of the
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population have been fully satisfied, a condition which rarely applies in
the estimation of salmon escapements. More commonly a variety of Type (1)
losses of tags from the population prior to tag recovery will introduce a
degree of bias which, if not detected and corrected before calculation of
an estimate, will result in overestimation of the true population. 1In
addition other sources of bias involving selectivity in tagging and
recovery samples and non-uniform distribution of tagged fish, if not elim-
inated, may introduce further tendencies to overestimate or underestimate
the true value. As a result, the theoretical accuracy and precision of a
Petersen mark/recapture study may be considered reliable only when adequate
precautions have been made to eliminate or correct for violations of the

basic assumptions.

An independent measure of the accuracy of a mark/recapture
estimate of salmon escapement is of course rarely available to the inves-
tigator except in the unusual situation where the mark/recapture study is
carried out in conjunction with a fence or weir count, and such studies
are understandably scarce in the literature, Howard (65), in initial studies
of the method by the IPSFC at Cultus Lake, B.C., obtained estimates which
exceeded actual counts through the fence by only 3% for both 1938 and 1939
escapements (13,342 and 73,189 sockeye, respectively), when proportionate
tagging was carried out at the fence immediately below the spawning grounds.
By contrast, Brett (17) obtained mark/recapture estimates for Babine Lake
sockeye which were approximately twice the actual count, when proportionate
tagging was carried out at the fence a considerable distance below the
spawning grounds. Schaefer (82) noted that agreement between estimates
from tagging at the mouth of spawning streams and tagging downstream in the
main river decreased as the distance of the downstream site from the spawning
grounds increased, the disagreement resulting from overestimation by the
downstream estimate (due mainly to Type (1) losses). A similar effect was
noted by Vernon et al (84) in a study on the Glendale River in 1961,
Estimates from tagging pink salmon at the weir and at two locations below
the weir overestimated the weir count by 17%, 34X and 41Z, respectively,
again presumably due to Type (1) losses that were not taken into account.
However, estimates based on spawning ground recoveries of tags passed through
the weir from the two downstream tagging locations were within 6% of the
weir count.

A study on the Yukon River (1976-1978) and Tanana River (1979-1980)
indicated that Petersen population estimates for chum salmon in each year
were consistently higher than the sum of catch and observed escapement (as
indicated by aerial peak counts) (54). Discrepancies between documented and
estimated escapements ranged from 36% to 253%Z; the aerial peak counts were
considered to be minimum values which underestimated the true escapement
considerably, while the Petersen estimates were thought to be inflated by
failure of fishermen to report all tags taken. As the primary objective
of the study was identification of stocks and migration routes rather than
estimation of populations, other factors which may have resulted in losses
of tags or tagged fish were not taken into account, and these factors may
also have contributed to inflation of population estimates.

A detailed mark/recapture study was carried out by Eames and
Hino (58) on Big Beef Creek, Washington, in 1980-81 in conjunction with an
adult weir and trap. Coho were enumerated as they were dipped from the
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trap and every fourth coho received a numbered jaw tag for identificatiom,
as well as a secondary fin clip for subsequent assessment of tag loss, before
being released upstream. Tagging was proportional to migration and sources
of Type (1) losses were evaluated and taken into account before escapement
was estimated. Selectivity by sex and size in the recovery sample was also
determined. A population estimate of 1,482 coho was produced, which under-
estimated the weir count of 1,613 coho by approximately 8%, While the weir
count and Petersen estimate agreed fairly closely, the confidence interval
for the latter (1,048 - 1,808) was much wider than anticipated due to a low
tag recovery rate during spawning ground surveys, resulting in part from
carcass losses during freshets.

In IPSFC studies using mark/recapture technigues in the Fraser
River for estimation of sockeye and pink salmon, a 95% confidence interval
of 20% of the estimated value is considered to indicate a 'good' (i.e.
quite reliable) result, while 952 confidence intervals of 40% and 60X are
considered to indicate 'average' and 'poor' results, respectively (using
Ricker's formulae for confidence intervals). The accuracy of the technique
is considered to be quite variable between areas, but has rarely been
measured independently. Comparison of a Petersen population estimate with
a tower count on the Chilko River produced agreement within 107 between
estimates (Woody, pers. comm.). In general, accuracy of mark/recapture
estimates in DFO and IPSFC studies is considered to average *25% to #30%
(Anderson, pers. comm.; Gjernes, pers. comm.),
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INDEX STREAMS

Methodology

An escapement index is a measure of the relative magnitude of a
salmon population from counts made on selected spawning grounds. The index
is used to compare escapements from year to year, but is not a measure of
absolute escapement. Counting surveys are made on index areas (or survey
units) within river systems. Index areas are chosen because they are
accessible, stable, have good visibility and are representative of the
spawning grounds of a drainage area. Aerial and float surveys are made
on larger rivers and foot surveys are made on small tributaries. Index
area counts are expanded to estimates of total escapement using either
spawning ground area expansion factors, or calibration factors developed
through comparison with escapement estimated by an independent method for one
or more 'baseline' years.

In Washington state, the WDF make-aerial redd-count surveys of index
areas to emumerate chinook salmon. Historically, peak index area counts were
applied to a base year factor to estimate total escapement (87). The base
year factor was calculated during a year for which the total escapement had
been estimated by an independent (often subjective) method.

The technique has been refined in the Skagit River to more accurately
accommodate in—season fluctuations in the magnitude of chinook migration
(Ames and Orrell, pers. comm.). Redd counts from a number of surveys made
during the spawning period are plotted against time to form a spawning curve.
The area under the curve (AUC), an estimate of a total redd-days, is divided
by a value representing redd-life (21 days) to calculate the number of redds.
{(Redds are normally visible from the air for about 21 days before becoming
obscured by algal growth.) Correction factors for the number of false redds
{0.95) and the number of fish/redd (2.5) are applied to the redd number to
calculate index area escapement.

To estimate coho escapement, spawning curves are plotted from counts
of live and dead coho salmon in terminal index areas, and the area under the
spawning curve (total fish-days) is related to base year data to produce an
estimate of total escapement within a drainage area (Flint, pers. comm.).

Base year data is being updated by more accurate estimates of total escapement
from mark/recapture surveys made by the USFWS. Chum salmon escapement is
similarly calculated by relating counts of live and dead, and live and
dead/mile, to 1968 base year data.

Pink salmon are difficult po count while on their mainstem spawning
grounds due to water depth and turbidity; therefore estimates are made from
carcass counts (Orrell, pers. comm.). A range of escapement values are
obtained by directly relating total carcasses to base year data and by
regressing total carcasses and carcasses/mile against base year data.

In Oregon, coho wild stocks are enumerated by the ODFW on 40 standard.
survey units, each approximately one mile long (Nickelson, pers. comm.).
Counts of live and dead coho are used to construct spawning curves and the
area beneath the curve (total fish-days) is divided by coho stream life



