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INTRODUCTION

The search for a common theme which unites the management of the commercial
fisheries for adult salmon across the thousands of miles of coastline between
Kotzebue Sound and Dixon Entrance is now focused on migratory timing. Migra-
tory timing is abundance as a function of time in a fixed geographic reference
frame. The "fixed geographic reference frame" is most often a commercial fish-
ing district, some of which have been established in Alaska for thirty years,
or more.

The problem of sharp fluctuations in annual abundance which occur in the Pacific
salmons has led to the use of the proportion of total abundance as a function of
time, the migratory time density. The migratory time density of a stock in one
Tocale is usually less variable from year to year than the corresponding migra-
tory timing. Indeed it is the regularity of the time densities of salmon migra-
tions which offers hope for standardizing some of the harvest control procedures
for all adult salmon fisheries.

The present purposes are: 1) to deliver a brief history of migratory timing
research within the context of commercial fisheries management, and particularly
of harvest control, 2) to describe standard methods for the description of migra-
tory timing behavior, 3) to discuss the migratory timing of salmon in Alaska as
recorded in the predominately unpublished literature records, and 4) to provide

a partially annotated bibliography of published and unpublished work to serve as
an entry point for fisheries research in migratory timing.

The motivation for studying migratory timing is the need for high precision
information in harvest control situations. The ultimate challenge in commercial
marine fisheries management is the proper division of a biological population
into two categories; dead and alive. All of the multi-disciplinary efforts which
are focused to determine the proper level of harvest count for little if the
fishing operation cannot be directed to achieve the specified harvest level.
Unfortunately, research on the design and implementation of harvest control meth-
ods which are capable of achieving any specified Tevel of harvest are usually
subordinate to the determination of the "right" level of harvest such as the
maximum sustainable yield (MSY), the total allowable catch (TAC), or the optimum
sustainable yield (0SY) and derivatives. An accurate knowledge of migratory
timing and its sources of variability counts among the most powerful tools
available for precision harvest control.

Nowhere is the need for precision harvest control more evident than in the white
hot atmosphere of the Alaskan salmon fisheries. Harvest events which require a
year to develop, and longer to interpret, in many of the world's major commercial
fisheries, are condensed to a span of four weeks, or less, in the fisheries for
adult salmon on the shores of the eastern Bering Sea and Gulf of Alaska. At the
pinnacle of intensity in Alaskan salmon fisheries is Bristol Bay where annual
migrations in excess of 70 thousand metric tons of sockeye salmon have passed
through the harvest areas in less than four weeks. At the peak of the migration,
a period of three to four days, the harvest control authority may be compelled to
decide the fate of U.S. $5 million worth of salmon every 12 hours. The conse-
quences of a decision cannot be reversed, for once the salmon escape the harvest
districts, they are lost to the fishery, and harvested fish will never contribute
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progeny to future fisheries. The search fo precision harvest control is of
critical economic and biologic concern.

The regularity of the timing of Pacific salmon migrations had been established
by the results of commercial fisheries Tong before scientific inquiry was
launched. Basic biological knowledge of the 1ife cycle, mode of reproduction,
and critical habitat had to be addressed before more subtle attributes could be
studied. One of the first published critical accounts of migratory timing in
Pacific salmon concerned pink salmon in Southeastern Alaska (Davidson et al.
1943). Migratory behavior was considered to be a genetic phenomenon whose
expression could be modified by environmental factors, and that interpretation
has not been altered by any subsequent work. One of Davidson's co-authors,
Elizabeth Vaughan, subsequently published two papers (1947, 1954) which should
be regarded as the foundation of the quantitative analysis of migratory timing
behavior. Vaughan (1954) suggested characterizing pink salmon migrations by a
generalized probability density function, which is essentially the approach der-
ived and implemented independently by Mundy (1979).

The dominant source of critical evidence on migratory timing in Pacific salmon
is the work of the International Pacific Salmon Fishing Commission (IPSFC)
(Ki1lick 1955; Gilhousen 1960; Henry 1961). Evidence based on tagging and scale
pattern recognition demonstrated that timing of Fraser River sockeye salmon was
unique to each stock and that the timing relation between stocks was preserved
over hundreds of miles in marine and fresh waters. Other investigators of note
during this period include W.F. Thompson (1940; 1945; 1951; 1960), M.B. Schaefer
(1951), L.A. Royal (1953), W. Sheridan (1962), D. Bevan (1962), and D. Narver
(1963).

Although the distinction is somewhat arbitrary, 1965 marks the beginning of tran-
sition from the definition of basic biological knowledge toward the application
of that knowledge in the Pacific salmon fisheries. (While the IPSFC had been
using timing information for some time in 1965, it cannot be considered as rep-
resentative of the management of salmon on the Pacific Rim). Authors such as
Royce (1965), Paulik et al. (1967), Mathisen and Berg (1968), Dahlberg (1968),
Bevan and Lechner (1970), Rothschild and Balsiger (1971), Lord (1973), Roberson
and Fridgen (1974), Walters and Buckingham (1975), and Mobrand (1977) each had
the concept of utilizing migratory timing, often including some quantitative
measure of migratory timing, in fisheries management.

Notable among the fisheries biologists who work outside the realm of salmonids
are Saila (1972, 1980) and Leggett (1972, 1977, 1978). The analysis of the time
series of monthly CPUE of New Zealand rock lobster (Saila et al. 1980) is of
considerable interest. Saila has an established record of research in the quan-
titative description of migratory behavior. 1In his review of the ecology of
migration, Leggett (1977) successfully combines concerns relevant to fisheries
management with the theory and research of general ecology.



METHODS
Elementary

Mathematical descriptions of the standard methods of describing and using, migra-
tory timing information are provided under ADVANCED METHODS. A simplified des-
cription is provided here, but the use of mathematics ultimately is not to be
avoided.

The basic data, catch and effort by fishing period, are familiar to fisheries
biologists. The use of these data to construct a frequency distribution of time
(see Sokal and Rohl1f, 1969, Box 4.3, p. 60) may also be familjar to many, but

the computation and interpretation of a mean, variance and measures of skewness
and kurtosis for timing data are usually alien to fisheries workers. The compu-
tation of the mean date of the migration (see ADVANCED METHODS) is identical to
the computation of the mean of the birth weights of male Chinese illustrated by
Sokal and Roh1f (1969). The computations of the variance, skewness, and kurtosis
of the migratory time density are almost the same as the computation of those
values illustrated by Sokal and Rohl1f above (see Box 6.2 for skewness and kurtosis).
The class marks are dates, coded as integers, 1,2,3,...and the frequency of each
date is the catch or CPUE for that date.

The computational methods normally employed for length, weight, and other common
types of fisheries data are not recommended here (other than to aid understanding)
because other methods better serve to emphasize key concepts of time which are
crucial to harvest control operations.

The catch or CPUE of a single life history stage of a population which is moving

in a single direction through a harvest area will be called n;, where i denotes

the time period (day, week or month) of the observation . The n;'s constitute

the migratory timing of the population in the harvest area. Calculate the migratory

time density by dividing each n; by the total catch or CPUE for the season,

'%1ni’ where & is the number of time periods fished. The time density is f;; there-
l:

fore,
g
£, = ni/ igln' (1)

1z 1

The mean of the migratory time density is estimated

and the variance js estimated

L -
sz =5 (I-t)2? £,
i=1 <

Example: A season is divided into five time intervals, i = 1, 2, ..., b.
The following catches are obtained:



b n f(i)

1 0 0

2 5 0.25

3 10 0.50

4 5 0.25

5 0 0
in,= 20

t = (1)(0) + (2)(0.25) + (3)(0.50) + (4)(0.25) + (5)(0)
0.50 + 1.50 + 1.00

1]

t = 3.00

52 (1-3)2 (0) + (2-3)2 (0.25) + (3-3)2 (0.50) + (4-3)2 (0.25)

+ (5-3)2 (0)

1]

0+0.25+0+0.25+0

0.50

The migratory time density of a single year based only on catch is not very satis-
factory for describing migratory behavior or for use in harvest control. The
fishery may not cover every day of the migration or the fishery may start late

or early. The best image of migratory behavior, when only catch data are avail-
able is to average the migratory time densities across years:

}\h
It
g
IRYE]

£, (4)
j=i 1J

where £ig is the proportion of catch on the ith time interval in the jth year
(season$ for m many seasons.

It is frequently necessary to discuss the relative timing of a migration; is the
run on time or not? The confidence interval about the grand mean of migratory
timing, t, is used here,



which is the arithmetic mean of the annual mean date of migratory timing. The
(T-a)% confidence interval is found as in Sokal and Rohl1f (here Students - t is
denoted "»" to avoid confusion),

1
2

+ b (52 /m)?
t

[l

o, m-1

where the estimate of the variance of the grand mean of migratory timing
=1 7 y 1 . (6)

For example, the value of Students - t at « = 0.05 and m-1 degrees of freedom is
multiplied into the standard error of the grand mean, and this quantity is added
and subtracted from the grand mean to define a 95% confidence interval.

If an annual mean date of migration falls below & - by, m=1 (S2 /m)? the migration
t
is early and if Ej is greater than the upper bound on the 95% CI, the migration is

late.

Note that the variance of the migratory time density given above is an "uncorrected
variance," but for Alaskan salmon fisheries the difference between a corrected
variance and an uncorrected variance is negligible. The average migratory time
density, £;, was calculated by Mundy (1979) by adding catches plus escapements,

not proportions, on time intervals across years (equation 6, p. 27). Such a pro-
cedure weights years of high abundance (catch) unequally against years of low abun-
dance. Since there is no apparent relation between abundance and migratory timing
over a wide range of abundances, the procedures of averaging proportions is preferred.

No assumptions regarding the form of the migratory time densities is made. Many
possibilities (novmal, logistic, inverse gaussian) have been investigated, however
the preceding methods are flexible and adaptable to the fisheries for adult salmon
in Alaska because they are distribution free. The use of Students-t to place a
confidence interval on the grand mean is justified by the Central Limit Theorem
and borne out by experience.

Advanced

The use of models of migratory behavior in the harvest control of Pacific salmon,
and in other commercially exploited organisms which exhibit large interannual
fluctuations in abundance (see Babcock 1982), may have been inhibited by the
unsuccessful (and unpublished) application of various models to numerical data.
The introduction of models of the cumulative proportion of the migration as a
function of time was an important step in understanding the potential of a know-
ledge of migratory behavior in harvest control.



The preceding discussion has assumed that the current catch or CPUE of a time
interval will be compared to some measure of historical performance to guide a
harvest control decision. As previously discussed for sockeye salmon in Bristol
Bay, the objective of any active harvest control decision is to further the goal
of attaining a fixed level of harvest, a quota (TAC), or the complement of a
catch quota, the escapement goal.

Historical performance is provided in the form of numbers between zero and one.
Observations of CPUE and commercial catch must be converted to proportions of
total, in order to compare observaton to expectation. The conversion is accom-
panied by dividing each observation by a scaling factor which converts the num-
erical observation to a proportion of total. Let r be expectation, zero < g <

1, 0 be observation and s be a scaling factor. The scaling factor is total annual
catch or CPUE. The objective is to select s so that differences between expecta-
tion and observation will be minimized where

(E,=0./5)? (7)

t
error(t) = 1
1=

1

expresses the difference between observation and expectation. Equation 1 1is an

upward opening parabola which expresses error as a function the value of s, the
scaling factor.

error

n>



The value of s for which error is minimized is found by taking the first partial
derivative of equation 1 with respect to s, setting the first derivative equal to
zero and solving for s.

error(t) = I (E? - 2E0/S + 02/52)
g error _ . (2E0 - 202/S)
3 S
t
Setting é_%ﬁggﬁ equal to zero, then
zero = 2% E0 - 2/S(I 02)
T E0 = I 02/S
s = I 02/% EO

Assuming that the migration is on time, the best estimate of the scaling factor on
day t is,

/ T E.O0, (8)

The data of many fisheries indicate that the salmon migrations can be early or
late by several days. Since there may be no way to determine the location of the
mean of the migration before the start of the migration, the procedure is to
examine the value of the error function associated with comparing v(t) to o(t+2)
where -3 < ¢ £ 3. The value "3" is used to denote a range of observed mean dates
of migration. For & = zero, the sum of squares formula is the same as equation 8A.
In general,

min - min
[

N s (% (E,~[0. ./51)?] (8A)

for i z 6, -3 £ 2 £ 3, expresses the concept that the minimum sum of square iden-
tifies the best choice of s for shifts of the observed values relative to the

model values, 2 = 3, -2, ..., 3 whenever six or more observations have accumulated.
(The choice of six is arbitrary, since the sum of squares minimum value will be

zero for three or fewer observations. In simulation studies (Mundy 1979) equation
8A did not yield reliable information on the "earliness" or "lateness" of the migra-
tion until 50% of the observations had accumulated.

MOMENTS OF MIGRATORY TIME DENSITIES

The moments of a migratory time density which are of interest in the interpretation
of migratory behavior are the same as the moments of a random variable which are of
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special interest in statistics (see Freund and Walpole 1980, pp. 137-141). The

biological interpretation and practical utility of each moment may vary from one
population or locality to the next, but the computational procedure remains the

same.

The center of the time density, the central date or time period of the migration,
is the mean. The mean is the first moment about the origin of the random vari-
able, time. It is estimated for our purposes by t;

g
t = I tef (2)

where £, =n/N and n, is abundance (or some quantity which is proportional to

. . £ . . .
abundance) on time interval ¢, and v = & n, . In many salmonid migrations, the
t=1

mean will occur near the median (50% point).

The variance of the migration, the second moment about the mean, measures the dis-
persion of the migration through time. For fixed time intervals, a large variance
accompanies an even distribution of the migration among the time intervals, while
a small variance indicates the concentration of the migration on one, or a few,
time intervals. The variance is estimated

sz =

Il =
[

(€ - )2 - £, (3)

The square foot of s2, s, is called the standard deviation.

Other moments about the mean are used in conjunction with the variance to measure

the symmetry (skewness) of the time density. The third moment about the mean

U, = L (t-¢t)3 «Ff (9)
t=1 t

is divided by the cube of the standard deviation to yijeld a;, the statistics of

symmetry. (a, is known as g; when it is estimated by simple random sampling of
a random variable having the normal distribution).

a, = U,/s? (9A)

When the time density is drawn out to the left, it is negatively skewed (a, is
negative) when



attenuated to the right (a, is positive) it is positively skewed.

3

The fourth moment about the mean,

(t - )% f (10)

u, = ; £

y

e

t

is divided by s*, the fourth power of the standard deviation to measure kurtosis

a, = UH/SL* (10A)

L

(aI+ is designated g, under the above circumstances in which a, is designated g,).
A sharply peaked time density is designated leptokurtic (a, is positive), while a
flat time density is platykurtic (a, is negative).

The purpose of calculating the moments of a time density are: 1) to quantify the
single year and 2) to allow comparisons between years. As long as the time unit
remains unchanged, the annual magnitudes of &, s2, a,, and a, are directly compar-
able. 1In the case of the mean, t, it is safe to assume the behavior of a normally
distributed random variable. Early, average, and late timing may be objectively
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determined by comparing the behavior of an annual mean to the distribution of
the grand mean of all years (see Mundy 1982).

Between year fluctuations in sz, a,, and a, provide information on the stability
of the shape of the time density. Widely fluctuating values of s2, a,, and a,
from salmonid populations usually mean faulty data due to inadequate sample size,
or censorship and/or truncation. Censorship is usually due to a very small num-
ber of fishing periods or sampling occasions during the time span of the migration.
Truncation occurs when the fishery (or sampling) starts after the initiation of
the migration, or ceases before the end of the migration. The term "widely fluc-
tuating" is subjective and it must be evaluated individually for each population
or location.

Fluctuations in all of the statistics discussed above could also be due to genetic
and environmental factors (see Mundy 1982). The relative importance of genetics
and physical factors in determining migratory timing appear to fluctuate from
population to population. One of the key contributions of the time density
approach to data analysis lies in its ability to contribute to understanding the
causes of variability in migratory timing.

TIMING

The primary sources of timing information are the commercial catch and effort data
of the annual management report (AMR) for each area. There are many other sources
of timing information which are difficult to locate without substantial knowledge
on the management and research program in every area of Alaska. Some sources of
data, such as the Informational Leaflet series, receive wide distribution. Other
sources, such as Anadromous Fish Act Completion Reports, are obscure.

Some sources have undoubtedly been overlooked, but these will be included in
future editions if brought to the attention of the author. The common names of
fishes follow American Fisheries Society Special Publication No. 12 (1980). The
annual management reports are not listed as primary data sources, even though this
is assumed.

COMMENTARY

Kotzebue

Primary commercial target species: Chum salmon
Other target species: Chinook and pink salmon

Primary data sources: Bird and Bigler (1982)

Timing information on chum salmon is well developed and it is used to forecast
yield. A1l timing information is based on catch in the commercial fishery. Test
fishing and sonar counts are available (Noatak River) for timing study. Emergency
order fishing periods are announced between 10 July - 1 August, weekly periods are
allowed between 1 August - 31 August, and the fishery is closed after 31 August.

-10-



Norton Sound

Primary commercial target species: Pink and chum salmon
Other target species: Coho and chinook

Primary data sources: Gaudet and Schaefer (1982)

Interception of stocks bound for other areas may diminish reliability of timing
data. Season is closed on 31 August each year, opens on 15 June. Two 48-hour
periods are fished each week, subject to emergency order closure. Data are for
1978 and 1979 only based on catch of sample set gill nets and commercial CPUE in
the area of the sample nets. Information on direction and movement from tagging
may help to determine applicability of commercial catch to timing studies. Unit
of effort for CPUE not defined. The authors were not able to find any separation
of stocks based on timing.

Yukon
Commercial target species: Chinook and chum salmon
Primary data sources: Mundy (1982), Brady (1982), Buklis (1981 and 1982)

Chinook timing information is well developed in Yukon delta area. Test fisheries
and historical commercial catch produce a good image of the migration in the Tower
river. Chum salmon have only recently been a primary target species hence the
record of reliable information is about ten years. Problems of variable effort
and gill net selectivity occur as a result of the simultaneous occurrence of the
summer race of chum and chinook in the lower river. The fall race of chum may

have more reliable timing information on the Upper Yukon (see Buklis). The measure
of CPUE is the boat hour in the commercial fishery and the fathom hour in the test
fishery.

Bristol Bay

Primary target species: Sockeye salmon
Other species: Pink, chinook, coho, and chum

Primary data sources: Mundy (1979), Brannian (1982)

Additional timing data are available from an offshore test fishery at Port Moller
(sockeye and chum), and test fisheries in the Kvichak, Igushik, Egegik, and Ugashik
Rivers (sockeye only). An offshore test fishery at the mouth of Nushagak Bay was
fished in 1980 and 1981. Test fishing projects date to 1960 (Seibel 1965), although
not all projects have operated every year.

Analysis of sockeye scale pattern variables (Van Alen 1982) found significant
differences with respect to timing in Nushagak Bay. Stock biology efforts are
essential in Bristol Bay since differential abundance of stocks can make timing
information based on commercial catches difficult to interpret.

Bristol Bay is of special interest in timing studies since sockeye catches and

escapements can be combined to produce a time series of total abundance in the
fishing districts. The catch and escapement data are not recorded in the same
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area (spatial reference frame). Hence the timing of escapement must be adjusted
to that of catch or vice versa. In the study of sockeye timing of Mundy (1979),
the average time between peak catch and peak escapement given by Royce (1965)

was used; Igushik; 5 days, Wood; 3 days, Nuyakuk; 8 days, Kvichak; 7 days, Naknek;
4 days, Egegik; 7 days, and Ugashik; 9 days. (Togiak was not included by Mundy).
Brannian (1982) estimated a lag time for each year 1967-1980 (except 1970) at
Togiak based on arguments derived from estimating catchability as the ratio of
catch to the product of catch plus tagged escapement and effort. In varying the
Tag time on escapement (time from estuary to counting tower), a new estimate of
catchability results at each lag time. The catchability coefficient with the min-
imum coefficient of variation was chosen to designate the appropriate lag time.
Lag times for Togiak varied from 7 to 14 days with a mode of 11 days. The modal
value of Brannian corresponded to the peak-to-peak average value of Royce (1965).

The concept of lag time is also critical in the use of timing data from Port Moller.
The timing of the migration in the fishing districts is previewed in the test fish-
ery four to eleven days before the fish reach Bristol Bay (Mundy and Mathisen 1981).
Similar reasoning has been applied to match test catches in the Tower reaches of
the rivirs to escapement counts at towers near the origins of the rivers (Yuen,
various).

Species other than sockeye are important commercially but particularly on the west
side of Bristol Bay in Togiak and Nushagak fishing districts. Hornberger and
Mathisen (1981) calculated migratory timing by averaging the cumulative proportions
of fish present in the fishing district during each time period. The lag time for
escapements was basically determined by the peak-to-peak method of Royce for each
year. The mean values (1959-1979) of sockeye lag times were 2.6 days for the Wood
River, 6.4 days for the Igushik River and 11.3 days for the Nuyakuk River. Pink
salmon require an average of 9.8 days to ascend the Nuyakuk River (1949-1979).

For chinook, chum, and coho salmon, the migratory timing is based solely on com-
mercial catch data.

Chignik
Primary target species: Sockeye salmon

Primary data sources: Dahlberg (1968); Dahlberg and Lechner (1968); Phinney and
Lechner (1969)

Chignik represents one of the earliest applications of a quantitative definition

of migratory timing to harvest control in a commercial fishery. Between 1962 and
1966 Dahlberg participated in, and conducted, tagging studies to define the aver-
age timing of all sockeye in the fishery, and to identify the timing of the two
major stocks: Chignik Lake and Black Lake. Dahlberg used the information on rates
of migration of tagged individuals to combine catch and escapement. The time ser-
ies of total abundance for each stock and the combined stocks was then used to
estimate the parameters of three logistic models. The Tlogistic models specify
expected cumulative proportion of the migration as a function of time.

Kodiak

Primary target species: Pink and sockeye salmon
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Primary data sources: Bevan et al. (1982), and Bevan et al. (1979), Bevan and
Lechner (1970).

Migratory timing based on commercial catch is well developed. Kodiak is remarkable
in that forecasts of annual abundance of pink salmon are given as a time series,
whereas in all other Alaskan salmon fisheries pre-season forecasts of abundance
consist of point estimates with no reference to timing. Timing information are
stratified by odd and even-year in recognition of the different popuiations of

pink salmon which spawn in alternate years.

Cook Inlet

Primary target species: Sockeye salmon
Other species: Chum, coho, pink, and chinook salmon

Primary data sources: Waltemyer et al. (1981), Cross et al. (1981 and 1982),
Davis (1970)

Migratory timing information is well developed only for sockeye in Upper Cook
Inlet. Some timing information for pink salmon is available in Davis (1970).
Migratory timing information relating to the migration as a whole (the sum of the
production of three major river systems , Kenai, Kasilof, Susitna, and two lesser
rivers, Crescent River and Fish Creek) is based upon total abundance information.
Escapement data are moved back in time by 3 days for the Kenai and Kasilof Rivers,
6 days for the Susitna, and 10 days for the Crescent River in the case of the his-
torical data of Waltemyer et al. (1981).

A finer division of stocks is accomplished by Cross et al. (1981) on the basis of

a catch allocation derived from scale pattern analysis. Migratory timing by river
system in the reference frame of the fishery is accomplished by moving back escape-
ment in time to the catch of the various districts of Upper Cook Inlet (Waltemyer
considers all districts combined to be a single reference frame). The salmon tran-
sit time from the fishing district to the four points of escapement enumeration

are estimated separately; 7-11 days for Susitna, 2-4 days for the Kenai, 1-4 days
for the Kasilof, and 10-14 days for the Crescent (Cross et al. 1982). The catch
allocation ability provided by the stock biology studies greatly increases the
potential for precision in the harvest control of sockeye in Upper Cook Inlet.

Pink salmon timing data for four even-years 1962, 1964, 1966, 1968 based on com-
mercial catches in 6 seine and gill net districts from Lower and Upper Cook Inlet
are available (Davis 1970).

Timing data on sockeye salmon is also supplied by a test fishery at the southern
boundary of Upper Cook Inlet (Waltemyer et al. 1981). Timing of species other
than sockeye salmon remains to be rigorously defined and analyzed.

Prince William Sound

Primary target species: Pink, chum, sockeye, coho, and chinook salmon
Primary data sources: Roberson and Fridgen (1974), Roberson et al. (1978)(1983)

Timing information is well developed for sockeye salmon from the Copper River and
timing information has been used in harvest control operations since about 1973.
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Timing information based on catch per unit effort data from the Copper River flats
area, an average CPUE by week from 1966-1972, are presented by Roberson and Fridgen
(1974). Note that weekly CPUE was averaged across years, not weekly proportion.
Timing is expressed as percentage of total catch by week.

Stock identification by means of tagging has also provided data for the evaluation
of timing information by spawning stock (Merritt and Roberson 1983). New scale
pattern analysis studies of sockeye salmon are also being undertaken.

A study to evaluate timing of pink salmon by district is now being conducted by
Mundy et al., Old Dominion University, Norfolk, Virginia 23508.

Southeastern Alaska

Primary target species: Pink salmon
Other species: Sockeye, coho, chum, and chinook salmon

Primary data sources: Alexandersdottir and Mathisen (1982)

Migratory timing information is now becoming well developed for pink salmon, as is
the study of migratory timing of salmon in Alaska. Some of the first scientific
inquiries into migratory timing were based on observations of pink salmon in
Southeastern Alaska (Davidson et al. 1943). The work of Alexandersdottir and
Mathisen is based on trap catch data during 4 periods (1) start to 1924, (2) 1925-
1940, (3) 1941-1944, (4) 1945-end of operations. Selected traps from 7 locations
provided data from varying periods: 1. Icy Strait II (1916-1950), 2. Icy Strait
IT (1916-1950), 3. Chatham Strait (Frederick Sound) (1936-1950), 4. Sumner
Strait (1936-1950), 5. Prince of Wales Island (Northern West Coast) (1924-1947),
6. Prince of Wales Island (Southern West Coast) (1922-1947), and 7. Revillagigedo
Channel (1914-1948). The relation of the time scale to calendar time is 15 June =
Day 1.

Further timing information on pink salmon is contained in the tagging studies sum-
marized by Hoffman (1982). Tagging studies on pink salmon in Southeastern Alaska
date to 1924.

A brief description of sockeye salmon migratory timing in Lynn Canal is presented
in Marshall et al. (1982). Migratory timing based on all available catch and
escapement records for sockeye in Lynn Canal is under development by Barth et al.
at 01d Dominion University, Norfolk, Virginia 23508.

Migratory timing of adult coho salmon (and juveniles also) originating from the
Taku, Berners, and Chilkat Rivers based on tagging studies (fluorescent pigment)

is presented by Gray et al. (1978). Some potential applications of migratory timing
to harvest control are discussed.
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Banks, J.W. 1969. A review of the literature on the upstream migration of adult
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pattern of perch changes from being synchronized with 24 hour 1ight-dark
cycle to irregularity during the spawning run.

Bergman, G. 1978. Effects of wind conditions on the autumn migration of water-
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Frohne, I. 1981. Distribution of travel times for migrating salmon. Draft of a
paper. Division of Commercial Fisheries, AK Dept. of Fish and Game, Juneau,
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Garrison, R.L. 1977. Progress report on selective breeding experiments with
winter steelhead on the Alsea River and their management implications. 1In:
California Coop. Fish. Unit, Special Report 77-1. Humboldt State University,
Arcata, CA, p. 35.
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lation Ser. No. 260 (mimeo. report).
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Graham, T.E. and V.H. Hutchinson. 1978. Locomotor activity in chrysemys picta:
response to asynchronous cycles of temperature and photo-period. Copeia.
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in turn is influenced by the photoperiod and temperature cycle.
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*Fingerling survival, migratory timing, size and age of tagged fish were
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Gilhousen, P. 1960. Migratory behaviour of adult Fraser River sockeye. Prog.
Rep. Int. Pacif. Salm. Fish. Comm. No. 7: pp. 78.

Greene, C.W. 1926. The physiology of the spawning migration. Physiol. Rev. 6:
201-241.
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Green, J.M. 1977. Migratory and homing behavior in fishes with particular
reference to recent studies on Tittoral, marine species. In: The behavior
of marine organisms. Social behavior and communication, navigation and
orientation and development of behavior. Proceedings of the Annual North-
eastern Regional Meeting of the Animal Behavior Society, 1977. Plenary
papers. Tech. Rep. Mar. Sci. Res. Lab., St. John's, Newfoundland, no. 20,
p. 140-159.

*This paper gives a brief review of what is known about migratory and homing
behavior, which can have important implications for the management of commer-
cial species.

Groot, C., K. Simpson, I. Todd, P.D. Murray, and G.A. Buston. 1975. Movements
of sockeye salmon (oncorhynchus nerka) in the Skeena River estuary as
revealed by ultrasonic tracking. J. Fish. Res. Bd. Can. 32: 233-242.

Gurevich, V.S. 1980. Worldwide distribution and migration patterns of the white
whale (beluga) Delphinapterus leucas. (Literature review). Report of the
International Whaling Commission, 30: 465-480.

*Most general types of migration related to water temperature. Up river
movements apparently correlated with seasonal spawning movements of smelt
and salmon, as well as calving.

Hamley, J.M. 1975. Review of gillnet selectivity. J. Fish. Res. Bd. Can. 32,
p. 143-169.

Hara, I.J., K. Veda, and A. Gorbman. 1965. Electroencephalographic studies of
homing salmon. Science, N.Y. 149: 884-885.

Harden Jones, F.R. 1968. Fish migrations. St. Martins Press, N.Y.
Harden Jones, F.R. 1974. Objectives and problems related to research into fish

behavior. F.R. Harden Jones, editor. In: Sea Fisheries Research. John
Wiley and Sons, New York, N.Y., p. 261-276.

*The need for descriptions of migratory cycles and the factors which control
them is identified as an area within fisheries science which requires
research. Relation of availability, accessiblity and vulnerability to
migratory cycles.

Harden Jones, F.R. 1977. Performance and behavior on migration. J.H. Steele
(ed.). In: Fisheries Mathematics. Academic Press, London, (UK), pp. 145-
170.

*The migration circuits of fish are described and explained in diagramic
form. The speed of movement during migration is then discussed and track-
ing work with plaice described. The tidal transport hypothesis is explained.

Harden Jones, F.R. and P. Scholes. 197?. Wind and the catch of a Lowestoft trawl-
er. J. Cons. It. Explor. Mer 39: 53-69.
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Harden Jones, F.R. 1980. The nekton: production and migration patterns. R.K.
Barnes and K. Mann, editors. Fundamentals of aquatic ecosystems. Blackwell
Scientific Publications, Boston, MA, p. 119-142.

Hartl, D.L. 1980. Principles of population genetics. Sinauer Assoc. Inc., 488
PP.

Hartt, A.C. 1962. Movement of salmon in the North Pacific Ocean and Bering Sea
as determined by tagging, 1956-1958. Int. N. Pac. Fish. Comm., Bull. 6: 157.

Hartt, A.C. 1966. Migrations of salmon in the North Pacific Ocean and Bering
Sea as determined by seining and tagging, 1950-1960. Int. North Pac. Fish.
Comm. Bull. 19: 1-86.

Hasler, A.D. 1965. The homing of salmon. Madison: University of Wisconsin
Press.

Hasler, A.D. 1966. Underwater guideposts: homing of salmon. University of
Wisconsin Press, Madison, Wis. 155 pp.

Hasler, A.D., A.T. Scholtz, and R.M. Horall. 1978. Olfactory imprinting and hom-
ing in salmon. American Scientist. 66(3): 347-355.

*The authors believe the series of experiments carried out provide conclusive
evidence of olfactory imprinting.

Hastings, M.H. 1981. The entraining effect of turbulence on the circatidal
activity rhythm and its semi-Tunar modulation in Eurydice pulchra. dJournal
Marine Biolgoical Association of the United Kingdom. 61(1): 151-160.

*Turbulence maxima occurring at high water suggested to be the origin of
semi-Tunar modulation of activity seen in E. pulchra.

Hayes, F.R. 1953. Artificial freshets and other factors controlling the ascent
and population of Atlantic salmon in the LeHave River N.S. Bull. Fish. Res.
Bd. Can. 99: 44 pp.

Heard, W.R. 1978. Probable case of streambed overseeding - 1967 pink salmon,
Oncorhynchus gorbuscha, spawners and survival of their progeny in Sashin
Creek, Southeastern Alaska. Fishery Bull. 76(3): 569-582.

Hellawell, J.M. 1976. River management and the migratory behavior of salmonids.
Fish Management. 7(3): 57-60.

*Certain Timits of flow, pattern of flow within the season and the avail-
ability of fish to respond are 1likely to have an influence on fish migra-
tion. If it is possible to establish that the overall pattern of migration
was constant and only secondarily modified by discharge, the periods of
increased abstraction could be determined. These would be easier to regulate
since they would be on a calendar. The actual increased abstraction yield
would depend on the pattern of normal migration and the prevailing flows.
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Henry, D.A. 1961. Racial identification of Fraser River sockeye salmon by means
of scales and its applications to salmon management. International Pacific
Salmon Fisheries Commission, Bulletin XII., p. 97.

Himmelman, J.H. 1978. Reproductive cycle of the green sea urchin, strong-
gylocentrotus droebachiensis. Canadian Journal of Zoology. 56(8): 1828-
1836.

*An experimental study has confirmed that phytoplankton are the spawning
clue.

Hirano, T., M. Morisawa, and K. Suzuki. 1978. Changes in plasma and coelomic
fluid composition of the mature salmon (oncorhynchus keta) during freshwater
adaptation. Comparative Biochemistry and Physiology. 61A(1): 5-8.

*0On transfer from seawater to freshwater, a significant reduction in jon
concentrations and osmolality of the coelomic fluid was observed in close
association with changes in plasma values.

Hoar, W.S. 1953. Control and timing of fish migration. Biol. Rev. 28: 437-452.

Hoffman, S.H. 1982. Northern Southeastern Alaska pink salmon (oncorhynchus
gorbuscha) tagging investigations, 1977-1980. Alaska Dept. of Fish and
Game Informational Leaflet No. 196, Juneau, AK, pp. 55.

Hornberger, M.S., P.R. Mundy, and 0.A. Mathisen. 1979. Nushagak Bay salmon
fishery model. Univ. of Washington Fish. Res. Inst. Final Report, FRI-UW-
7926, pp. 74.

Hornberger, M.L. and O.A. Mathisen. 1982. Nushagak Bay salmon fishery model.
FRI-UW-8121, Fisheries Research Institute, University of Washington, Seattle,
Washington.

Honma, Y., S. Shioda, and S. Yoshie. 1977. Changes in the thyroid gland asso-
ciated with diadramous migration of the threespine stickleback, casterosterus
aculeatus. Japanese Journal of Ichthyology. 24(1): 17-25.

Hue, S.B. 1980. New knowledge on the migration of albacore (Thunnus albacore)
in the northeast Atlantic. Colecc. Doc. Cient. CICAA, 9(2): 344-352.

*Confirms the heterogeneity of stocks from the point of view of tagging
results.

Huet, M. and J.A. Timmermans. 1979. Mechanism and results of a spawning brook
for brown trout. Trav. Stn. Rech. Eaux. Groenedall-Hoeilaart (Belgium).
No. 48, 31 pp.

*20 successive years of observations in an attempt to acquire a better under-

standing of the mechanism and the results of a spawning brook. Summary
available in English.
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Huntsman, A.G. 1948. Freshets and fish. Trans. Am. Fish. Soc. 75:257-266.

Ingraham, W.J., Jr. 1979. The anomalous surface salinity minima area across
the northern Gulf of Alaska and its relation to fisheries. Marine Fisheries
Review. 41(5-6): 8-19.

*First time indicated that salmon returning to the Copper River can find
strong clues to the river discharge 200 km seaward of the river mouth.

Ingraham, W.J., Jr., A. Bakun, and F. Favorite. 1976. Physical oceanography of
the Gulf of Alaska. U.S. Department of Commerce, NOAA, NMFS, Northwest Fish.
1 Ctr. Seattle, Washington. Proc. Rep. 132.

Jacklet, J.W. 1977. Neuronal circadian rhythm: Phase shifting by protein syn-
thesis inhibitor. Science (Wash.), 198 (4312): 69-71.

*Implicates protein synthesis on the eucaryotic ribosome as a fundamental
part of the controlling process that constitutes the circadian clock.

Jellyman, D.J. 1979. Upstream migration of glass-eels (anguilla spp.) in the
Waikato River. New Zealand Journal of Marine and Freshwater Research.
13(1): 13-22.

*Movement is thought to occur preferentially on the flood tide. River height,
light, and water temperature were not found to influence either the periodicity
or the magnitude of migration.

Johnson, J.H. and G.R. Seckel. 1977. Use of marine meteorological observations
in fishery research and management. National Marine Fisheries, pp. 3-12.

Johnson, R.L. 1977. A management program for the Quinalt sockeye salmon (oncor-
hynchus nerka Walbaum) fishery. M.S. Thesis, University of Washington,
Seattle, p. 85.

Judkins, D.C. 1980. Vertical distribution of zooplankton in relation to the
oxygen minimum off Peru. Deep-Sea Research. 27(6A): 475-487.

Kalman, R.E. 1960. A new approach to Tinear filtering and prediction problems.
Transactions American Society of Mechanical Engineers V82 Ser. D, 35-50.

Katz, A.H. and H.M. Katz. 1978. Effects of DL-thyroxine on swimming speed in
pearl danio Brachydanio albolineaturs. dJournal of Fish. Biology. 12(6):
527-530.

*The fact that exogenous thyroxine will increase swimming speed may indicate
that endogenous thyroid hormone plays a significant role in such fish behav-
ior and migration.

Katz, H.M. 1978. Circadian rhythms in juvenile American shad, Alosa sapidissima.
Journal of Fish Biology. 12(6): 609-614.

-30-



ANNOTATED BIBLIOGRAPHY (Continued)

*These shad demonstrated an exogenous rhythm with respect to that imposed
day lTength. It is hypothesized that an endogenous circadian rhythm would
only be of use to a fish required to hunt or chase its prey. Shad, being
plankton feeders, do not chase prey and therefore can exhibit an exogenous
circadian rhythm with no detrimental feeding results.

Kavaliers, M. 1978. Seasonal changes in the circadian period of the lake chub
Couesius plumbeus. Canadian Journal of Zoology. 56(12): 1591-2596.

*Relations of annual changes in the length of the photoperiod to model of
circadian organization and entrainment are examined.

Kavaliers, M. 1979. The pineal organ and circadian organization of teleost fish.
Rev. Can. Biol. 38(4): 281-292.

*Removal of the pineal organ from a number of teleost fishes had significant
effects on their free running circadian locomotor activity rhythms. It may
act to integrate photic inputs with the circadian system to establish stable
entrainment.

Kavaliers, M. 1980. Social groupings and circadian activity of the killifish,
Fundulus heteroclitus. Biological Bulletin Marine Biological Lab., Woods
Hole. 158(1): 69-76.

*Circadian activity of a single fish cannot be considered as representative
of an individual in a group.

Kawashima, S., M. Ichikawa, T. Mori, K. Ueda, and S. Shirahata. 1976. Histological
changes in the pituatry gland of the kokanee (oncorhynchus nerka) during sexual
maturation and spawning. J. Fac. Sci. Univ. Tokyo, Sect. IV, 13(4): 423-
433. '

*The sequence of events in the maturation and spawning migration has been
better related with the cytological changes in their gonadotropes and possibly
in the thyrotropes.

Kenneth, P.A. 1980. Mechanisms of orientation, navigation, and homing. S.A.
Gauthreaux, Jr., editor. In: Animal migration, orientation, and navigation.
Academic Press, New York, N.Y., 84-364, p. 2.

Killick, S.R. 1955. The chronological order of Fraser River sockeye salmon dur-
ing migration spawning and death. International Pacific Salmon Commission,
Bulletin VII, 95 pp.

Knudsen, B., P.H. Poe, and 0.E. Mathisen. 1972. A data file for the Bristol Bay

sockeye salmon fishery. University of Washington Fisheries Resource Insti-
tute Circular, 72-9, p. 42.
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Krogius, F.V. 1954. The relation.of the upstream migration run of sockeye and
seaward migrations of the young to daily trends in temperature, pH and con-
tent of dissolved gases. Izv. Tikhookean. nauchno-issled. Inst. ryb. Khoz
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Krogius, F.V. and E.M. Krokhin. 1957. The run of sockeye and the daily tempera-
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Lang, H.J. 1977. Lunar periodicity of color sense of fish. J. Interdisciplinary
Cycle Research. 8(3-4): 317-321.

*Has revealed surprising changes in subject sensitivity during the Tunar
cycle, with antagonistic trends for different wavelengths.

Lapin, V.I. 1977. Seasonal dynamics of 1lipid composition in different sub-species
and forms of the flounder, Platichtys flesus.

*Seasonal dynamics of the Tipid composition of muscles, Tiver, and gonads
of the deep sea and coastal spawning forms of the Baltic sub-species are
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Larkin, P.A. 1977. Pacific salmon. J.A. Gulland, editor. In: Fish popuation
dynamics. John Wiley and Sons, p. 156-186.

Laurs, R.M. and R. Lynn. 1977. Seasonal migration of albacore, Thunnus alalunga
into North American coastal waters, their distribution, relative abundance
and association with Transition Zone waters. Fish. Bull. 75: 795-822.

Laurs, R.M., H.S. Yuen, and J.H. Johnson. 1976. Small scale movements of albacore,
Thunnus alalunga, in relation to ocean features as indicated by ultrasonic
tracking and oceanographic sampling. Fish. Bull. 75: 347-355.

Leggett, W.C. and R.R. Whitney. 1972. Water temperature and the migrations of
the American shad. Fish. Bull. 70: 659-670.

Leggett, W.C. 1977. The ecology of fish migrations. Ann. Rev. Ecol. Syst. 8:
285-308.

Leggett, W.C. and C.L. Trump. 1978. Energetics of migration in American shad.
W.T. Kelton, editor. In: Animal migration, navigation, and homing. Springer-
Verlag, Berlin (GFR), p. 370-377.

Luett, P.F. and A.C. Kohler. 1976. Recruitment: a problem of multispecies inter-
action and environmental perturbations, with special reference to Gulf of
St. Lawrence Atlantic herring (clupea harengus), J. Fish. Res. Bd. Can. 33:
1353-1371.

Libosvarsky, J. 1976. On the ecology of spawning migration of brown trout.
Zoologicke Listy 25: 175-182.
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*While no temperature threshold was found to be allied with the onset of
migrations, the occurrence of other environmental phenomena, such as rain-
fall, increased water flow, decreasing barometric pressure, showed to call
forth a run or to affect the strength of the trout ascent. Practically any
rainy day during the spawning period may give an impetus to the upstream
migration, whereas a Tow run expectancy is set forth in a dry sunny and
cool weather as a result of the expansion of high air pressure.

Loftus, K.H. 1958. Studies on river spawning lake trout in eastern Lake Superior.
Trans. AM. Fish. Soc. 87: 259-277.

Lopez, S.M.I. 1978. Migration of the sardine aAstyanax fasciatus Characidae in
Tempisque River, Guanacoste, Costa River. Rev. Biol. Trop. 2 6(1): 261-275.

*Population pressure and consequent increase in competition for food due to
the reduction of aquatic habitat is proposed as the cause for migration.

Lord, G.E. 1973. Characterization of the optimum data acquisition and management
of a salmon fishery as a stochastic dynamic program. Fish Bulletin 41: 1029-
1037.

Lorz, H.W. and T.G. Northcote. 1965. Factors affecting stream location, and timing
and intensity of entry by spawning kokanee (oncorhynchus nerka) into an inlet
of Nicola Lake, British Columbia, Journal of the Fisheries Research Board of
Canada 22: 665-687.

Lowe-McConnell, R.H. 1979. Ecological aspects of seasonality in fishes of tropical
waters. Symp. Zoological Society of London. 44: 219-241.

*Ecological theory having important implications for the development of fish-
eries and conservation of fish stocks.

MacKinnon, C.N. and E.M. Donaldson. 1976. Environmentally induced precocious
sexual development in the male pink salmon (oncorhynchus gorbuscha), J. Fish.
Res. Bd. Can. 33: 2603-2605.

MacKinnon, D. and J.R. Brett. 1953. Fluctuations in the hourly rate of migration
of adult coho and spring salmon up the Stamp Falls fish ladder. Fish. Res.
Bd. Can., Pac. Progr. Rept. No. 95, 53-55.

Madison, D.M., R.M. Horrall, A.B. Staska, and A.D. Hasler. 1972. Migratory move-
ments of adult sockeye salmon (oncorhynchus nerka) in coastal British Columbia
as revealed by ultrasonic tracking. J. Fish. Res. Bd. Can. 29: 1025-1033.

McBride, D. (unpublished). Igushik River inside test fishing, 1976-78. Bristol

Bay Data Rep. No. 67. Alaska Dept. of Fish and Game, Division of Commercial
Fisheries, Anchorage, AK.
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McBride, D.N. 1980. 1979 Igushik River inside test fishing. In: H.J. Yuen,
ed. 1979 Bristol Bay sockeye salmon test fishing projects. ADF&G Tech.
Data Rep. 56. Alaska Dept. Fish and Game, Div. Comm. Fish., Anchorage, AK.

McCleave, J.D. 1978. Rhythmic aspects of estuarine migrations of hatchery reared
Atlantic salmon (salmo salar) smolts. Migratory Fish. Res. Inst. and Dept.
Zool. 12(6): 559-570.

*Seasonal, diel, and tidal rhythmic activity of hatchery reared Atlantic
salmon smolts migrating through a large estuary was studied by ultrasonic
tracking during two seasons.

McInerney, J.E. 1964. Salinity preference: an orientation mechanism in salmon
migration. Journal of the Fishery Research Board of Canada. 21: 995-1018.

McNeil, W.Jd. 1969. Survival of pink and chum salmon eggs and alevins. In: T.G.
Northcote (ed.). Symp. on Salmon and Trout in Streams, H.R. MacMillan Lectures
Fish. Inst. Fish., Univ. B.C., Vancouver, pp. 101-117.

Malmquist, B. 1980. The spawning migration of the brook lamprey, lampetra planeri
Bloch, in a south Swedish stream. Journal of Fishery Biology 16: 105-114.

Maksimov, V.A. 1976. The ecology of the Kamchatka trout, salmon mykiss population

from the Bol'shaya River (Western Kamchatka). Journal of Ichthyology 16(1):
12-17.

*The size-weight composition, times of spawning migration and spawning, and
the population of diadramous and resident trout was studied.

Mantefiel, B.P., I.I, Girsa, and D.S. Pavliov. 1978. On rhythms of fish behavior.

J.C. Thorpe, editor. In: Rhythmic activity of fishes. Academic Press,
London (UK), p. 215-224.

*The role of light in fish diurnal and seasonal migrations at different stages
of their life cycle is reviewed.

Manzer, J.I., T. Ishida, A.E. Peterson, and M.G. Hanavan. 1965. O0Offshore distri-
bution of salmon. Int. N. Pacific Fish. Comm., Bull. 15: 452 pp.

Marshall, S.L., F.E. Bergander, and S. Sharr. 1982. Origins of sockeye salmon
(Oncorhynchus nerka) in the Lynn Canal drift gilinet fishery of 1981 based
on scale pattern analysis. Alaska Department of Fish and Game, Technical
Report No. 75, Juneau, AK. 30 pp.

Martin, W.R. and A.C. Kohler. 1967. Variation in recruitment of cod (Gadus morhua
L.) in southern ICNAF waters as related to environmental changes. ICNAF Spec.
Publ., Vol. 6: 833-845.

Mathews, S.B. 1971. Economic evaluation of forecasts of sockeye salmon runs to
Bristol Bay, Alaska. FAO, United Nations, Rome. (Also Ph.D. Dissertation.
University of Washington, 1968).
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Mathisen, 0.A. and M. Berg. 1968. Growth rates of the char in the Vadnes River,

Troms, northern Norway. Report No. 48, Institute of Freshwater Research,
Drottninghoim.

Mathisen, O.A. 1969. Tagging experiments in Bristol Bay, Alaska in 1946 and 1947.
Univ. of Washington, Fish. Res. Inst. Circ. 69-1. 15 pp.

Matis, H.H., H. Kleerekoper, and K. Gerald. 1977. Long-term cycles in the orien-
tation of the goldfish (carassius auratus) in an open field. J. Interdiscipli-
nary Cycle Res. 8(3-4): 326-329.

*It was established that most of fish possess inherent oscillatory behavior
in their individual short-term orientation patterns, which results from a
complex summation of many cyclical forces. Attempts to correlate the cycles
with data on the earth's geomagnetic field have been unsuccessful.

Matly, A.J. 1978. Pineal and some pituatary hormone rhythms in fish. J. C.
Thorpe, editor. In: Rhythmic activity of fishes. Academic Press, London
(UK), p. 21-30.

*The author reviews the way in which the hormonal activity of the pineal and
the pituatary gland may control, modulate, be controlled or otherwise involved
in the rhythmic behavior of fishes.

Mayama, H. 1978. Ecological observation on the adult salmon II. Dirunal varia-
tion of upstream migration of the adult chum salmon in the Chitose River.
Sci. Rep. Hokkaido Salmon Hatchery, No. 32, p. 9-18.

*It was clear that the factors controlling the upstream movement are due to
the fluctuation of the water amount, adding to the turbidity and the light
fluctuation at dawn and dusk, and also the size or distribution of the fish
group in the Tower stream area. On the examination of sex composition on
plural fishes caught in every basket of a fish wheel, it was ascertained that
the coupling were already formed in the majority of ascending adult salmon at
this station. = Summary available in English.

Mayr, E. 1970. Populations, species and evolution. Belknap Press, Harvard Uni-
versity Press, Cambridge.

Meacham, C.P. 1980. 1979 Port Moller offshore test fishing. In: H.J. Yuen,
ed., 1979 Bristol Bay sockeye salmon test fishing projects. ADF&G Tech. Data
Rep. 56. Alaska Dept. of Fish and Game, Div. Comm. Fish., Anchorage, AK,
p. 1-17.

Mendelssohn, R. 1981. Using Box-Jenkins models to forecast fishery dynamics:
identification, estimation, and checking. Fishery Bulletin 78: 887-896.

Meier, A.H. and A.J. Firizzani. 1980. Physiology of migration. III. Fish Migra

tion. S.A. Gauthreaux, Jr., editor. In: Animal migration, orientation,
and navigation. Academic Press, New York, NY, p. 241-257.
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*Discussion of the stimuli and timing of fish migration concerning physio-
logical mechanisms.

Merrell, Jr., T.R. 1962. Freshwater survival of pink salmon at Sashin Creek,
Alaska. -In: N.J. Wilimovsky (ed.), Symposium on Pink Salmon, H.R. Mac
Millan Lect. Fish., Inst. Fish., U.B.C., Vancouver, p. 59-79.

Merritt, M.F. and K. Roberson. 1981. A quantitative measure of migratory timing
in sixteen upper Copper River sockeye salmon stocks, and its management impli-
cations to the Prince William Sound commercial fishery. Draft of a report to
Alaska Dept. of Fish and Game, Commercial Fisheries, 42 pp.

Merritt, M.F. and K. Roberson. 1983. Migratory timing of Upper Copper River
sockeye salmon stocks, and its management implications to the commercial
fishery. Alaska Dept. Fish and Game, Informational Leaflet No. unassigned.

Miller, P.J. 1979. A concept of fish phenology. Symp. Zool. Soc. Lond. 44: 1-28.

*Phenology suggested to embrace all aspects of circannual and circadian rhythms
in teleost anabolism. Great economic importance summarized in relation to
fisheries and pisciculture.

Mobrand, L.E. 1977. A Puget Sound coho salmon prediction study. Ph.D. Disserta-
tion, University of Washington, Seattle. 73 pp.

Mogil'chenko, V.I. 1977. On the structure of the spawning stock and the time of
migration in the Don River of alosa kessleri pontica (Eichwald) Hydrobiology
J. 13(5): 91-97.

*A strict inverse relationship established between the hydrothermal regime
of the river and the size composition of the stock seems to govern the time
of the mass spawning migration of herring. Summary available in English.

Mommsen, T.P., C.J. French, P.W. Hochachka. 1980. Sites and patterns of protein
and amino acid utilization during the spawning migration of salmon. Canadian
Journal of Zoology. 58(10): 1785-1799.

Mottley, C. McC. 1938. Fluctuations in the intensity of the spawning runs of
rainbow trout at Paul Lake. J. Fish. Res. Bd. Can. 4: 69-87.

Muller, K. 1978. Locomotor activity of fish and environmental oscillations.
J.C. Thorpe, editor. In: Rhythmic activity of fishes. Academic Press,
London (UK), p. 1-19.

*The author reviews primarily his own work on fish rhythmicity including diel
and seasonal periodicity in fish and the interactions between several oscilla-
tions. 12 refs.

Muller, K. 1978. The flexibility of the circadian system of fish at different
latitudes. J.C. Thorpe, editor. In: Rhythmic activity of fishes. Academic
Press, London (UK), p. 91-104.
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*The author reviews diel and seasonal fish locomotor patterns at different
latitudes between 47 degrees N and the Arctic Circle. 41 refs.

Mundy, P.R. 1979. A quantitative measure of migratory timing illustrated by
application to the management of commercial salmon fisheries. Ph.D. Disser-
tation, University of Washington, Seattle. 85 pp.

Mundy, P.R., J.E. Clark, H. Schaller, and J. Hollowed. 1981a. Lower Yukon manage-

ment study: Preliminary king salmon data summary and analysis. May 1981, p.
324-363.

Mundy, P.R., J.E. Clark, H. Schaller, and J. Hollowed. 1981b. The Yukon data base
May 1981. Volume [: Commercial Catch. Volume II: Test Fishery, 1963-1979.
Advisory Report, 01d Dominion Research Foundation, Norfolk, Virginia, p. 1-323.

Mundy, P.R. and 0.A. Mathisen. 1981. Abundance estimation in a feedback control
system applied to the management of a commercial salmon fishery. In: Applied
Operations Research in Fishing, K.B. Haley, editor. Plenum Publishing Corp.
233 Spring St., N.Y., N.Y. 10013, p. 81-98.

Mundy, P.R. 1982. Computation of migratory timing statistics for adult chinook
salmon in the Yukon River, Alaska, and their relevance to fisheries management.
North American Journal of Fisheries Management. 4: 359-370.

Murton, R.K. and J. Kear. 1978. Photoperiodism in waterfowl: phasing of breeding
cycles and zoogeography. Journal of Zoology. 186(2): 243-283.

*The egg laying cycles of various captive waterfowl can be described as
entrained rhythms and their phase angles measured in relation to seasonal
daylength changes. In Aythya, the onset of reproduction activity was strongly
correlated with the Tatitude of origin. It follows that photo-response of a
species reflects its evolutionary history.

Nakatani, R.E., G.J. Paulik, and R. Van Cleve. 1975. Pink salmon, oncorhynchus

gorbuscha, tagging experiments in Southeastern Alaska, 1938-1945. NOAA Tech.
Rept. NMFS SSRF-686. 39 pp.

Naranjo, R.J. 1978. Flying by the stars. Oceans. 11(4): 34-37.

*A summary of the present state of knowledge regarding celestial navigation
of seabirds is presented. Several areas of the phenomenon have yet to be
elucidated including the underlying physiological mechanism, the role of
photoperiodism and the biological clock, and the heritability of navigational
ability.

Narver, D.W. 1966. Pelagial ecology and carrying capacity of sockeye salmon in
the Chignik Lakes, Alaska. Ph.D. Dissertation, University of Washington,
Seattle, 348 pp.

Naylor, E. and R.G. Hartnoll (eds.). 1979. Cyclic phenomena in marine plants and
animals. Pergamon Press, Oxford (UK), 477 pp.
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*Contains 54 edited papers including 13 papers on population cycles, 17 on
rhythmic aspects of reproduction and growth, and 16 on rhythmic behavior and
its control by environmental and physiological factors, etc.

Neave, F. 1943. Diurnal fluctuations in the upstream migration of coho and
spring salmon. J. Fish. Res. Bd. Can. 6: 158-163.

Neave, F. 1964. Ocean migration of Pacific salmon. J. Fish. Res. Bd. Can. 21:
1227-1244,

Neibauer, H.J. 1980. Recent fluctuations in meteorological and oceanographic
parameters in Alaska waters, Sea Grant Report 79-12 and IMS Report 79-2.
373-405.

Neibauer, H.J. 1979a. Recent short period winter time climatic fluctuations and
their effect on sea surface temperature in the eastern Bering Sea. In: D.W.

Hood, ed. Eastern Bering Sea Shelf: Oceanography and Resources, Vol. I, p.
335-351.

Neibauer, H.J. 1979b. Recent fluctuations in sea ice distribution in the eastern
Bering Sea by H.J. Neibauer. In: D.W. Hood, ed. Eastern Bering Sea Shelf:
Oceanography and Resources, 335-370.

Nelson, W., M. Ingham, and W. Schaaf. 1977. Larval transport and year class
strength of Atlantic menhaden, Brevoortia tyrannus. Fish. Bull. 75: 23-41.

Neumann, D. 1978. Entrainment of a semilunar rhythm by simulated tidal cycles
of mechanical disturbance. Journal of Experimental Marine Biology and
Ecology. 35(1): 73-85.

*The semilunar rhythm of pupation and succeeding emergence in populations

of the intertidal midge can be entrained by combination of a 24 h light-dark
cycle and a 12.4 h cycle of simulated tides, both of which occur in character-
istic phase relationships every two weeks. The effective tidal factor in
simulated tidal conditions was the mechanical disturbance of the water which
is correlated with turbulence, underwater sound, and bottom vibrations.

Neves, R.J. and L. Depres. 1979. The oceanic migration of American shad, alosa
sapidissima, along the Atlantic coast. Fishery Bulletin. 77(1): 199-212.

*Coastal surveys for river herring and commercial shad catches concur with
the proposed bottom temperature migratory route hypothesis for shad.

Nishiyama, Tsuneo. 1977. Food-energy requirements of Bristol Bay sockeye salmon,
Oncorhynchus nerka (Walbaum) during the last marine life stage. Spec. Vol.
1977: 289-320. Research Institute North Pacific Fisheries, Faculty of Fish-
eries, Hokkaido University, Hokadate, Japan.

Nordeng, H. 1977. A pheromone hypothesis for homeward migration in anadromous
salmonids. Oikos 28: 155-159,
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Olla, B.L., A.L. Studholme, A.J. Bejda, and C. Samet. 1980. Role of temperature
in triggering migratory behavior of the adult tautog Tautoga onitis under
laboratory conditions. Mar. Biol. 59: 23-30.

Ota, T., T. Takagi, and S. Kosada. 1980. Changes in lipids of young and adult
saury, cololabis saira (Pisces). Marine Ecology (Prog. Ser.) 3(1): 11-17.
Faculty of Fisheries, Hokkaido University, Hakodate, Japan.

*Fluctuations in lipids may be related not only to dietary lipids but also
to the utilization of 1lipids by the fish for migration and gonadal maturation.

Pacific Fisherman. 1953. Progress Report, Fisheries Research Institute, May
issue.

Parr, Jdr., W.H. and P.C. Pedersen. 1969. Forecast of the sockeye salmon run to
Chignik in 1969. Alaska Dept. Fish and Game. Informational Leaflet No. 132.
Juneau, Alaska. 12 pp.

Parry, G. 1966. Osmotic adaptation in fishes. Biol. Rev. 41: 392-444,

Patten, B.C. 1964. The rational decision process in salmon migration. Interna-
tional Council for Exp. of the Sea. 28: 410-417.

Patterson, L.M. and M.A. Erickson. 1979. Trapping and coded-wire tagging of wild
coho and steelhead juveniles from the Chamainers River system in 1977 and
1978. Manuscr. Rep. Fish. Mar. Serv. (Canada), No. 1507.

*Differences between streams in smolt production, size, and migration timing
are also discussed.

Paulik, G.d. and J.W. Greenough, Jr. 1966. Management analysis for salmon resource -

system. In: K.E. Watt, editor. Systems analysis in ecology. Academic Press,
p. 215-252.

Paulus, R.D. 1973. Bristol Bay test fishing program. Andromous Fish Act Project
Completion Report, AFC-31. Alaska Dept. of Fish and Game, Div. of Commercial
Fisheries, Juneau, AK.

Pavlov, D.S. 1977. Some features of the downstream migrations of juvenile fishes
in the Volga and Kuban rivers. Journal of Ichthyology. 17(3): 363-374.

*A daily migratory rhythm was found in all the fish species investigated.

The migration is associated with the Toss of visual orientation by the fish
and is observed only during the hours of darkness. The distribution of juve-
nile fishes in the river is regarded as an active process controlled by defi-
nite behavioral reactions.

Pavlov, D.S. 1979. Biological principles of controlling fish behavior in a
stream. Published by Nauka, Moscow (USSR), 319 pp.

-39-



ANNOTATED BIBLIOGRAPHY (Continued)

*0On the basis of original material the author considers various behavior
patterns of fish including seaward and spawning migrations. Special atten-
tion is attached to the ecological study of rheoreaction. 569 refs. In
Russian.

Pavlovic, M. 1976. Hypothalamus and pituatary gland of fishes during migration
and changes of water salinity, In: J.C. Hureau and K.E. Banisters, editors.
Acts of the Second European Ichthyological Congress. Rev. Trav. Inst. Peches.
Marit. 40(3-4), p. 705-706.

*In an attempt to gain a better understanding of the fish's reaction to migra-
tion and change of water salinity, the author examined magno-cellular preoptic
(NPO) and tubero-lateral (NLT) hypothalamic nuclei and pituatary glands from
various kinds of fish using both 1light and electron microscopy.

Pedersen, P.C. and D. Petersen. 1971. Forecast of the 1971 Chignik system red
salmon run. Alaska Dept. Fish and Game, Informational Leaflet No. 151.
Juneau, AK. 13 pp.

Pennoyer, S. and M.L. Nelson. 1967. Summary of Bristol Bay tagging studies 1950-

1966. Alaska Dept. of Fish and Game, Div. of Comm. Fish., Bristol Bay Data
Report No. 13.

Peterson, D.A. 1972. Barometric pressure and its effect on spawning activities
of rainbow trout. The Progr. Fish Culturist 34: 110-112.

Peterson, W.T. 1973. Upwelling indices and annual catches of Dungeness crab,
Cancer magister, along the west coast of the United States. Fish. Bull. 71:
902-910.

Peterson, N.H. 1977. Biological characteristics of wild and hatchery steelhead
trout, salmo gairdneri in two Oregon rivers. In: California Cooperative
Fish Unit, Spec. Rep. 77-1, Humboldt State University, Arcata, California,
p. 36.

Phinney, D.E. and J. Lechner. 1969. Studies of adult Chignik sockeye salmon in
1967. Alaska Dept. of Fish and Game. Informational Leaflet No. 130, Juneau,
AK. 43 pp.

Poe, P.H. and 0.A. Mathisen. 1981. Distances from sea and elevation of important
sockeye salmon spawning grounds. Univ. of Washington Fish. Res. Inst. Circ.
No. 81-1, 23 pp.

Poinsard, F. and J.C. LeGuen. 1975. Observations sur la definition d'une unite
d'effort de peche applicable a la pecherije de thon de 1'Atlantique Tropical
Africain. Rapp. P.-v. Re'un Cons. Perm. int. Extor. Mer. 168, pp. 39-43.

Powers, E.B. 1939. Chemical factors affecting the migratory movements of Pacific
salmon. Publs. Am. Ass. Advmt. Sci. 8: 72-85.
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Powers, E.B. 1941. Physico-chemical behaviors of waters as factors in the 'homing'
of the salmon. Ecology 22: 1-16.

Powers, E.B. and R.T. Clark. 1943. Further evidence on chemical factors affecting
the migratory movements of fishes, especially the salmon. Ecology 24: 109-
113.

Preston, F.W. 1966. The mathematical representation of migration. Ecology 47:
375-392.

Priede, J.G. 1978. Behavioral and physiological rhythms of fish in their natural
environment, as indicated by ultrasonic telemetry of heart rate. J.C. Thorpe,
editor. In: Rhythmic activity of fishes. Academic Press. London (UK), p.
153-168.

*The author examines the capabilities of the heart rate of telemetry technique.
He presented some results from brown trout, and discusses the relationship
between heart rate and the fish's behavior and physiology.

Pritchard, A.C. 1936. Factors influencing the upstream spawning migration of the
pink salmon (oncorhynchus gorbuscha). J. Biol. Bd. Can. 2: 383-389,

Pyefinch, K.A. and D.H. Mills. 1963. Observations on the movements of Atlantic
salmon (Salmo salar) in the River Conon and River Meig, Rosshire. Freshwat.
Salm, Fish. Res. 31: 24 pp.

Raveling, D.G. 1978. The time of egg laying by northern geese. Auk. 95(2): 294-
303.

*Plasticity in ovary preparation is related to weather patterns just prior
to, or at the time of, migration from the usual final spring staging areas
to nesting areas.

Regier, H.A. and D.S. Robson. 1966. Selectivity of gill nets, especially to lake
whitefish. J. Fish. Res. Bd. Can. 23: 423-454.

Reisenbichler, R.R. and N.A. Hartmann. 1980. Effect of number of marked fish
and years of repetition on precision in studies of contribution to a fishery.
Can. J. Fish. Aquat. Sci. 37(4): 576-582.

*Methods developed apply directly to estimates of catch-escapement ratios for
Pacific salmon.

Rich, W.H. and A.J. Suomela. 1929. Salmon tagging experiments in Alaska 1926.
U.S. Bur. Fish. Bull. 43(2): 71-104.

Richardson, W.J. 1978. Timing and amount of bird migration in relation to weather:
a review. O0ikos 30: 224-272.
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Richkus, W.A. 1973. Factors influencing the seasonal and daily patterns of
Alewife (alosa pseudoharengus) migration in a Rhode Island River. J. Fish.
Res. Bd. Can. 31: 1485-1497.

Richkus, W.A. and H.E. Winn. 1979. Activity cycles of adult and juvenile alewives,
Alosa pseudoharengus, recorded by two methods. Trans. Amer. Fish. Soc. 108
(4): 358-365.

Ricker, W.E. 1950. Cycle dominance among the Fraser River sockeye. Ecology.
31: 6-26.

Ricker, W.E. 1954. Stock and recruitment. Journal of the Fisheries Research
Board of Canada. 11(5): 559-623.

Ricker, W.E. 1958. Maximum sustained yields from fluctuating environments and
mixed stocks. Journal of the Fisheries Research Board of Canada. 15(5):
991-1006.

Ricker, W.E. 1972. Hereditary and environmental factors affecting certain salmonid
populations. In: R.C. Simon and P.A. Larkin, editors. The stock concept in
Pacific salmon. H.R. McMillan Lectures in Fisheries, University of British
Columbia, Vancouver, Canada, p. 27-160.

Ricker, W.E. 1975. Computation and interpretation of biological statistics of
fish populations. Bull. Fish. Res. Board Can. 191: 382 pp.

Rivkin, R.B. and E. Swift. 1979. Diel and vertical patterns of alkaline phosphatase
activity in the oceanic dinoflagellate pyrocystis noctiluca. Limol. Oceaogr.
24(1): 107-116.

*Daily variation in light, mediated by associated changes in cell metabolism,
appear to be the effectors of the observed diel rhythm of APA in pP. noctiluca.

Roberson, K. and P.J. Fridgen. 1974. Identification and enumeration of Copper
River sockeye salmon stocks. National Oceanic and Atmospheric Administration,
National Marine Fisheries Service, (AFC-32, Completion Report) Washington,
D.C.

Roberson, K., F.H. Bird, and P.J. Fridgen. 1978. Copper River-Prince William
Sound sockeye salmon inventory assessment. National Oceanic and Atmospheric
Administration, National Marine Fisheries Service (AFC-52-3, Completion
Report), Washington, D.C.

Roberson, K., R.G. Zorich, and P.J. Fridgen. 1976. Copper River-Prince William
Sound sockeye salmon inventory and assessment. Anadromous Fish Conservation
Act, Project No. AFC-52-1. NOAA, National Marine Fisheries Service, Washing-
ton, D.C., 50 pp.

Roberson, K., R.G. Zorich, and P.J. Fridgen. 1977. Copper River-Prince William
Sound sockeye salmon inventory and assessment. Anadromous Fish Conservation
Act, Project No. AFC-52-2. NOAA, National Marine Fisheries Service, Wash-
ington, D.C., 38 pp.
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Roberson, K., R.G. Zorich, and P.J. Fridgen. 1974. Copper River commercial fish-
eries management investigations. Anadromous Fish Conservation Act, Project
No. AFC-46, NOAA, National Marine Fisheries Service, Washington, D.C., 38 pp.

Robson, D.S. and H.A. Regier. 1964. Sample size in Petersen mark-recapture experi-
ments. Trans. Amer. Fish. Soc. 93: 215-226.

Rodino, E. and A. Comparini. 1978. Biochemical polymorphism in teleosts. The
eel problem. Boll. Zool. 45(Suppl. 2): 47-61.

*Genetic variation related to life cycle.

Rogers, D.E. 1978. Determination and description of knowledge of the distribu-
tion, abundance, and timing of salmonids in the Gulf of Alaska and Bering
Sea. A supplement. In: Environmental assessment of the Alaskan continental
shelf. Vol. I, Biological studies, National Oceanographic and Atmospheric
Administration, p. 205-235.

*Final reports of principal investigators for the environmental assessment of
the Alaskan Continental Shelf.

Rothschild, B.J. and J.W. Balsiger. 1971. A linear programming solution to salmon
management. Fishery Bulletin, 69: 117-140.

Royal, L.A. 1953. The effects of regulatory selectivity on the productivity of
Fraser River sockeye. Canadian Fish Culturist. 14: 1-12.

Royce, W.F. 1960. Fishery regulation in Alaska salmon mangement. University of
Washington, Fisheries Research Institute Circular 123, Fisheries Research
Institute, 5 pp.

Royce, W.F. 1962. Pink salmon fluctuations in Alaska. In: N.J. Wilimovsky
(ed.), Symposium on Pink Salmon, H.R. MacMillan Lct. Fish., Univ. B.C.,
Vancouver, p. 87-101.

Royce, W.F. 1965. Almanac of Bristol Bay sockeye salmon. University of Wash-
ington, Fisheries Research Institute Circular 235, 48 pp.

Royce, W.F., L.S. Smith, and A.C. Hartt. 1968. Models of oceanic migrations of
Pacific salmon and comments on guidance mechanisms. Fishery Bulletin 66:
441-462.

Saila, S.B., T.T. Polgar, D.J. Sheehy, and J.M. Flowers. 1972. Correlations
between alewife activity and environmental variables at a fishway. Trans.
Am. Fish. Soc., 101: 583-594.

Saunders, R.L. and E.B. Henderson. 1978. Changes in gill ATPase activity and

smolt status of Atlantic salmon (salmo salar). J. Fish. Res. Bd. Can.,
35(12): 1542-1546.
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*Together with lipid-moisture content, tolerance to high salinity, and migra-
tory behavior, gill ATPase activity provides a valid indication of smolt
readiness to migrate to sea.

Schaefer, M.B. 1951. A study of the spawning populations of sockeye salmon in
the Harrison River system, with special reference to the problem of enumera-

tion by means of marked members. Institute Pacific Salmon Fisheries Commission,
Bulletin IV.

Scholz, A., D.M. Madison, A.B. Stasko, R.M. Horrall, and A.D. Hasler. 1972.

Orientation of salmon in response to currents in or near the home stream.
Amer. Zool. 12: 654 pp.

Schwassmann, H.0. 1978. Times of annual spawning and reproductive strategies in
Amazonian fishes. J.E. Thorpe, editor. In: Rhythmic Activity of Fishes.
Academic Press, London (UK), p. 187-200.

*Spawning migration synchronization of the members within one population
appears precise but different populations in adjacent streams can be at
different developmental stages. Since this particular habitat, the igarapes
of the firm ground, shows only minimal annual changes in water level and in
the water chemistry, free-running, circannual rhythms must be considered.

Scott, D.B.C. 1979. Environmental timing and the control of reproduction in
teleost fish. Symp. Zool. Soc. Lond. 44: 105-132.

*May play a significant part in the fine timing of the reproductive cycle
in fish.

Seber, G.A.F. 1973. The estimation of animal abundance. New York: Hafner Press,
506 pp.

Seckel, G. 1972. Hawaiian-caught skipjack tuna and their physical environment.
Fish. Bull. 72: 763-787.

Seibel, M.C. 1965. Test fishing in Bristol Bay, 1960-1964. Alaska Dept. of Fish
and Game, Informational Leaflet No. 67. Juneau, AK, 39 pp.

Selifonova, M.F. 1978. Distribution of red salmon spawning grounds in the
Ozernaya River basin. V.P. Shuntov, editor. In: Studies on fish and fish-
ery oceanography No. 9, Vladivostok (USSR), p. 129-133.

*Based on tagging results of red salmon, the general pattern of the distribu-
tion of the spawning migration is presented. Summary available in English.

Selset, R. and K.B. Doving. 1980. Behavior of mature anadromous char (salmo
alpinus L.) towards odorant produced by smolts of their own population.
Scand. 108(2): 113-122.

*Migration pheromone.
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Shepard, F.M. 1972. Timing of adult steelhead migrations as influenced by flow
and temperature in four representative Washington streams. M.S. Thesis,
University of Washington, 197 pp.

Sheridan, W.L. 1951. Pink salmon population studies Cabin Creek 1949-1950. Fish.
Res. Inst. Univ. Wash., Seattle, manuscript.

Sheridan, W.L. 1962. Relation of stream temperature to timing of pink salmon
escapements in Southeast Alaska. In: N.J. Wilimovsky (ed.), Symposium on
Pink Salmon. H.R. MacMillan Lect. Fish., Inst. Fish., Univ. B.C., Vancouver,
pp. 87-102.

Shul'man, G.E. 1978. Principles of physiological-biochemical studies of annual
cycles in fishes. Biol. morya (Kiev), 46: 90-100.

*Nine stages of physiological-biochemical investigations are outlined which
are imperative in the study of the physiological biochemical principles of
annual cycles in species and populations. Includes bibliography. Summary
available in English.

Seigmund, R. and J. Vogel. 1977. The dependence of heart rate and locomotor
activity on water temperature in the carp (Cyprinus carpio). Experimentia,
33:(12): 1607-1609.

*Long-term measurements of heart rate and locomotor activity demonstrated
dependence on water temperature. Under these conditions, the heart rate has
a circadian and circannual rhythm.

Simpson, T.H. 1978. An interpretation of some endocrine rhythms in fish. J.E.
Thorpe, editor. In: Rhythmic activity of fishes. Academic Press, London
(UK), p. 55-68.

*The author reviews the roles of thyroid and adrenocortical hormones, and
assesses the significance of rhythmic changes in their production to the
1ife cycle of fish.

Sjoberg, J. 1977. Locomotor activity of river lamprey, Lampetra fluviatus L.
during the spawning season. Hydrobiologia. 55(3): 265-270.

*Water temperature might indirectly determine time of spawning of the river
lamprey.

Sjoeblom, V. 1978. The effect of climatic variations on fishing and fish popula-
tions. Fennia, 150: 33-37.

*Effects of severe and mild winter climatic variations on fish spawning.

Skud, B.E. 1958. Relation of adult pink salmon size to time of migration and
freshwater survival. Copeia. 3: 170-176.
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Smith, A.D., G.G. Urquhart, and W.M. Shearer. 1980. The offshore movement of
returning Atlantic salmon. Salmon Net. 13: 28-32.

*Salmon tagged near Montrose with high frequency sound transmitters. Salmon
confirmed to make landfall well away from natal rivers.

Smith, H.D. 1964. The segregation of red salmon in the escapements of the
Kvichak River system, Alaska. U.S. Fish & Wildlife Service, Special Scien-
tific Report 470.

Smith, M.W. and J.W. Saunders. 1958. Movements of brook trout, Salvelinus fontinalis
(Mitchill), between and within fresh and salt water. J. Fish. Res. Bd. Can.,
15: 1403-1449.

Sokal, R.R. and F.J. Rohlf. 1969. Biometry, W.H. Freeman and Co., San Francisco,
p. 112-113, 116-118, 776 pp.

Spieler, R.E. 1979. Biel rhythms of circulating prolactin, cortisol, thyroxine,
and triiodothyronine levels in fishes: a review. Rev. Can. Biol., 38(4):
301-315.

*Reviews the effects of environmental factors on certain diel rhythms in
fishes.

Stasko, A.B. 1971. Review of field studies on fish orientation. Ann. N.Y. Acad.
Sci., 188: 12-29.

Stasko, A.B. 1975. Movements of Atlantic salmon (salmo salar) migrating through
an estuary, observed by ultrasonic tracking. J. Fish. Biol., 7: 329-338.

Stasko, A.B., R.M. Horrall, and A.D. Hasler. 1976. Coastal movements of adult
Fraser River sockeye salmon (oncorhynchus nerka) observed by ultrasonic track-
ing. Transactions of the American Fisheries Society 1976: 64-71.

Stasko, A.B., R.M. Horrall, A.D. Hasler, and D, Stasko. 1973. Coastal movements
of mature Fraser pink salmon (oncorhynchus gorbuscha) as revealed by ultra-
sonic tracking. J. Fish. Res. Bd. Can., 30: 1309-1316.

Stepanov, A.S., A.V. Churmasov, and S.A. Cherkashin. 1979. Sun orientation of
pink salmon during their migration. Morya (Vladivost.). 2: 20-27.

*Using a circular labyrinth, an experimental study was made which revealed
a 24-h cycle biological clock in oncorhynchus gorbuscha which enables the
fish to use the sun azimuth change of position during the day to adjust the
direction of their migration. Summary available in English.

Stewart, L. 1968. The movements of salmon in relation to variations in air water
temperatures. Lancaster: Lancashire River Authority Fisheries Department.

Stewart, L. 1968. The movements of salmon in relation to darkness and daylight.
Lancaster: Lancashire River Authority Fisheries Department.
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Stewart, L. 1968. Salmon movement in rising, falling, and steady river flows.
Lancaster: Lancashire River Authority Fisheries Department.

Stewart, L. 1968. An analysis of river flows in relation to the catching of

salmon by anglers. Lancaster: Lancashire River Authority Fisheries Depart-
ment.

Stewart, L. 1980. A history of migratory salmon acclimatization experiments in
parts of the southern hemisphere and the possible effects of oceanic currents
and gyres upon their outcome. Adv. Mar. Biol. 17: 397-466.

Storozhuk, A.Y. 1978. Relationship between the physiological state of the fish
and their behavior pattern with special reference to the North Sea saithe.
N.V. Maslennikova, Editor. 1In: Problems of fish physiology. VNIRO, Moscow
(USSR), p. 64-69.

*It is shown that the liver-body weight ratio, Clark's condition factor and
maturity coefficient (gonad to body weight ratio) which characterize the
physiological state of pre-spawning fish may be used to refine time of forma-
tion or pre-spawning concentrations and of the beginning of spawning. Under
similar hydrological conditions earlier spawning may be expected due to higher
rate of sex cell maturation at final spermato- and oogenesis stages in years
when the endogenic resources in pre-spawners evaluated from the Tiver-body
ratio and Clark's condition factor are higher. Summary available in English.

Storr, J.F. 1978. Tagging yellow perch in Lake Ontario. Underwater Naturalist.
11(1): 8-11.

*Computer analysis of fish tag return data revealed a clear migratory pattern
correlated with season and in turn with water temperature and current.

Stuart, T.A. 1957. The migrations and homing behavior of brown trout (salmo
trutta). Freshwat. Salm. Fish. Res. 18.

Stuart, T.A. 1962. The leaping behavior of salmon and trout at falls and obstruc-
tions. Freshwat. Salm. Fish. Res. 28.
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A mathematical model for the derivation of their rate of return and its appli-
cations. Bulletin of the Japanese Society of Scientific Fisheries, 46(6):
653-661.

*Derivation of a mathematical model by which to clarify the variation mechan-
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Sullivan, C.M. 1954. Temperature reception and responses in fish. J. Fish. Res.
Bd. Can. 11: 153-170.

Sutcliff, W.H., Jr., K. Drinkwater, and B.S. Muir. 1977. Correlations of fish catch
and environmental factors in the Gulf of Maine. J. Fish. Res. Bd. Can., 34:
19-30.
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International Pacific Salmon Fisheries Commission, Annual Report 1939, app.
A: 6-12.

Thompson, W.F. 1940. Report on the investigation at Hell's Gate on the sockeye
salmon of the Fraser River. International Pacific Salmon Fisheries Commission.
Bulletin I.

Thompson, W.F. 1951. An outline for salmon research in Alaska. University of
Washington Fisheries Research Institute Circular 18. Also ICES 10-1-51.

Thompson, W.F. 1960. The relationship between numbers spawning and numbers return-
ing in Pacific salmon. In: N.J. Wilimovsky, editor. Symposium on pink salmon,
H.R. MacMillan Lectures in Fisheries, University of British Columbia, Vancouver,
Canada, p. 213-226.

Thompson, W.F. 1962. The research program of the Fisheries Research Institute 1in
Bristol Bay, 1945-58. 1In: T.S.Y. Koo, editor, Studies of Alaska red sal-
mon. University of Washington, Publications in Fisheries, New Ser., Vol. I,
p. 1-36.

Thorgaard, L.A. 1977. Chromosome studies of steelhead. In: California Cooper-
ative Fisheries Unit, Special Report 77-1, Humboldt State University, Arcata,
California, p. 20-25.

Thorpe, J.E. and R.I.G. Morgan. 1980. Periodicity in Atlantic salmon salmo salar
L. smolt migration. J. Fish. Biol. 12(6): 541-548.

*At migration, the diel periodicity probably represents a seasonal Tocomotor
rhythm which under changed behavioral and physiological circumstances, results
in downstream displacement.

Thorsteinson, F.V. 1950. Statistics of the Southeastern Alaska salmon fishery.
Fish. Res. Inst., Univ. Washington, Seattle, Circular No. 3, 335 pp.

Tomlinson, J., D. Reilly, and R. Ballering. 1980. Magnetic radular teeth and
geomagnetic responses in chitons. Veliger, 23(2): 167-170.
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in summer, becoming lost in the winter.

Todd, I.S. and P.A. Larkin. 1971. Gill net selectivity on sockeye (cncorhynchus
nerka) and pink salmon (0. gorbuscha) of the Skeena River system. British
Columbia, J. Fish. Res. Bd. Can., 28:821-842.

Van Alen, B.W. 1982. Use of scale patterns to identify origins of sockeye salmon
(Oncorhynchus nerka) in the fishery of Nushagak Bay, AK. Alaska Dept. of
Fish and Game, Informational Leaflet No. 202, Juneau, AK, 44 pp.

Vaughan, E. 1942. Statistical review of the pink salmon trap fishery of South-
eastern Alaska. U.S.F.W.S. Spec. Sci. Rept. No. 17.

Vaughan, E. 1947. Time of appearance of pink salmon runs in Southeastern Alaska.
Copeia No. 1, pp. 40-50.

Vaughan, E. 1954. The use of catch statistics for estimating parameters of the
pink salmon migration pattern in Icy Strait. In: Science in Alaska 1952.
Proceedings of the Third Alaska Academic Conference at Mt. McKinley Park
1952, Alaska Div. AAAS.

Verhoeven, L.A. 1952. A report to the salmon fishing industry of Alaska on the
results of the 1947 tagging experiments. Fish. Res. Inst., Univ. Wash.,
Seattle. Manuscript, 22 pp.

Verhoeven, L.A. and E.B. Davidoff. 1962. Marine tagging of Fraser River sockeye
salmon. Institute Pacific Salmon Fisheries Commission, Bulletin 13.

Votrogov, L.M. 1979. Gray whales off the Chukotka Peninsula. Rep. Inst. Whaling
Comm., 30: 435-437.

*Environmental conditions are important but there may be additional factors
which play some part in the migratory process.

Waltemyer, D.L., P.R. Mundy, and K.E. Tarbox. 1980. Migratory timing in the model-
ing and mangement of upper Cook Inlet sockeye salmon stocks 1979 and 1980.
Alaska Dept. of Fish and Game, Soldotna, AK, 55 pp.

Walters, C.J. and S. Buckingham. 1975. A control system for intraseason salmon
management. Proceedings of a workshop on salmon management. International
Institute of Applied Systems Analysis, Schloss Laxenburg, 2361 Laxenburg,
Austria, p. 105-137.

Ward, F.J. 1959. Character of the migration of pink salmon to Fraser River spawn-
ing grounds in 1957. 1Int. Pac. Salmon Fish. Comm. Bull. 10: 70 pp.

Ward, F.J. and P.H. Larkin. 1964. Cyclic dominance in Adams River sockeye salmon.
Int. Pac. Salmon Fish. Comm. Prog. Rep. 11: 116 pp.
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Ward, H.B. 1921. Some of the factors controlling the migration and spawning of
Alaska red salmon. Ecology, 2: 235-254.
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the migration of salmon. Proc. Natn. Acad. Sci. U.S.A. 13: 827-833.

Ward, H.B. 1930. Some responses of sockeye salmon to environmental influence
during freshwater migration. Ann. Mag. Nat. Hist. Ser. 10, 6: 18-36.

Weaver, C.R. 1963. Influence of water velocity upon orientation and performance
of adult migrating salmonids. Fishery Bull. 63: 97-121.

Whitehead, C., N.R. Bromage, J.R.M. Forster, and A.J. Matry. 1978. The effects
of alternations in photoperiod on ovarian development and spawning time in
the rainbow trout (salmo gairdneri). Biochim. Biophys. 18(4): 1035-1043.

*The results indicate that photoperiod is the major environmental factor in
the control of the sequence of endocrine and other physiological changes
which ultimately lead to spawning in salmonids and suggest that photoperiod
may act by modifying an inherent reproductive rhythm.

Whitehead, C., N.R. Bromage, and R. Breton. 1978. Effects of altered photoperiod
on serum gonadotropin levels and spawning in female rainbow trout. J.
Endocrinology. 79(2): 29-30.

*The results clearly demonstrate that the control of reproduction exerted by
photoperiodism in the rainbow trout is mediated by pituitary gonadotropin

and also suggest that the changes in concentration of oestradiol-17B, total
calcium and egg protein, previously reported during maturation, vitellogenesis
and spawning are initiated by changes in serum gonadotropin. The importance
of the photoperidism in relation to the sequence of neuroendocrine events
which control reproduction is discussed.

Whitfield, A.K. and S.J.M. Blaber. 1978. Distribution, movements, and fecundity
of Mugilidae at Lake St. Lucia. Lammerger, 26: 53-63.

*Spawning migration discussed in relation to environmental factors prevailing.
Wickett, P. 1975. Relationship of coastal water convergence and Fraser River
discharge to migration of Fraser River sockeye through Johnstone Strait,
Pac. Biol. Sta., Nanaimo, B.C. Dept. 32-7.
Woodey, J.C. 1966. Sockeye salmon spawning grounds and adult returns in the
Lake Washington watershed, 1965. M.S. Thesis, University of Washington,
Seattle.

Woodhead, A.D. 1975. Endocrine physiology of fish migration. Oceanogr. Mar.
Biol. Ecol. 13: 287-382.
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Wright, G.M. and J.H. Youson. 1980. Variation in serum levels of thyroxine in
anadromous larval lampreys Petromyzon marinus L., Gen. Comp. Endocrinol.
41(3): 321-324.

*Related to the time of metamorphosis.

Yegorova, T.V. 1977. Spawning runs and spawning times of the sockeye salmon,
Oncorhynchus nerka, in the Ozernaya River basin. J. Ichthyol. 17(4): 559-
566.

*Includes observed 7-10 year periodicity of migration cycle.

Yuen, H.J. 1980. 1979 Bristol Bay sockeye salmon test fishing projects. Alaska
Dept. of Fish and Game, Technical Data Report No. 56, Juneau, AK, 51 pp.

Yuen, H.J. 1981. 1980 Bristol Bay salmon test fishing projects. Alaska Dept.
of Fish and Game, Technical Data Report No. 65, Juneau, AK, 73 pp.

Yuen, H.J. 1982. 1981 Bristol Bay salmon test fishing projects. Alaska Dept.
of Fish and Game, Technical Data Report No. 72, Juneau, AK, 63 pp.

Zorbidi, Z.H. 1977. Diurnal feeding rhythm of the coho salmon, oncorhynchus
kisutch, of Lake Azabachye. J. Ichthyol. 17(1): 166-168.

*There are qualitative and quantitative differences in the food of different
age groups which are evidently caused by the dominant position of some fish
and the subordinate position of others. Something similar also features in
the diurnal feeding rhythm of fish of different ages.
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