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Fguation 471 and 42 were found to be incorrect. The correct derivation is as
follows: -

Since

[R + Y'(t)]

t-1
(equation 39} and
c(t) is assumed to be proportional to [N(t) ~ gf(t}N(t)]

or c(t) = o [1 - gf(t)]N(t) where o is the constant of proportionality. Therefore

. cit)
v
e o [l-gf(t)]
I Il .
- N g P . R
and w_, = Z Ni{t) = = E@, TIoafres 7
T = o = [-af(t)]
n .
" hetitinting = CLE) g0 i the following carrectson-
which, upon substituting E; TogE(t) or C... results in the following correction:
£=]
Equation (41)
C(t) e, N(E)
) = [1-BuE(e)] (L
n N,
e _Clt) 1
] “g )
el t
Fquation (42)
[ cee) 7 N(t) ,
% - L= NS (BB w )R /N, + Y ()]
g T
| [1-Bof(t)]
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Tne revision of equations 41 and 42 will result in small changes in parameter
values of Tables 19 and 20. The differences in parameter values are not large

enough to affect the results or conclusions of the report.
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ABSTRACT

e

he migrato ry timing of chinook salmon (Oncorhynchus tshawytscha) in the Yukon
Piver delta is d@fzh@ﬁ as a genetically based, environmentally mediated pheno-
menon.  Fluctuations in abundance are often associated with environmental per-
iuf&&ii@ﬂ$ VﬁWQVa; by the commercial fleet, and the intrinsic character of the
population comprising the migration. The effects of wind and commercial f%@““

on test fishery catches are quuﬂtafﬁeﬁ Dy @mp?raca? time series anaiysis, least-

| fztizﬂg of mechanistic models, and maximum-1ikelihood estimation as a
derived probability geﬂﬁ%ty function. The ability to resolve migratory timing

of Yukon River chinook salmon into a mixture of two populations which are normally
distributed over time and the relative contributions of wind and commercial effort
to datly fluctuations in catch @c EV&EJ&L&@ The results are interpreted in terms
of the ability of each model to predict daily abundance and total abundance.
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i

fhe fourteen years of available chinook migratory time densities could not con-
ﬁidﬁﬁﬁ*?y be resolved into & mixture of two populations. Abundance forecasts
employing a two-population model were poorer than predictions from a one-popula-
n model. Hign daily wind speeds were consistently associated with large

wag n%sie camwefffaé effort depressed the test fishery catch. Daily errors
cion in Lotal abundance estimates employing 2 mechanistic model were

ar to the errors of an &mp%rfccﬁ time series model, although the empirical
oach more accur ...+ predicted total abundance. Both models provide a quanti-
e means of predicuing test fishery catch,

z"s}r*‘

A ’u(pdfﬁkﬂ of estimated annual parameter values and average April temperatures

provides insight éﬁza the dynamics of the Yukon chinook migration. Cold spring

tw peratures delay the arrani of migrating salmon, she?-en the time interval of
tigration, and reduce the effect of daily environmental changes on migratory

“sﬁ vior, %awms springs portend an early arrival, a more extended migration, a
greater effect by a covariate of wind s p@@ﬁ on mwgrmtory behavior. Trends in the
effect of memwst al effort suggest an increasing efficiency of the fishery.

5(""-1 \f'{“}‘j’“!“, ne : o b o . 5 s
KEC HOEDS: chinook salmon, Yukon River, fime series analysis, migratory %1L§nqﬁ
parameter estimation of mathematical models, wind speed and migratio

temperature and migratory u?m¥ﬁ§ quantitative description of test
fishery catches, and catchabild



INTRODUCT ION

Abundance is preeminent among the bioclogical attributes of a fish population
which are of concern to fisheries aiaﬁggzstsa The primary goal of {ishery man-
agement is to control the exp§ﬁ?%atf@ﬁ of & population or assemblage of popula-
tions so as to obtain the maximum sustainable benefit. Maximum benefit is often
synonymous with maximum sustained yield. In order to obtain an estimate of the
optimum harvest of the resource, accurate assessment of total abundance is essen-
tial. Accurately forecasting the magnitude of harvestable surpius depends upon
knowledge of future abundance.

The migratory behavior of adult salmonid populations precludes the use of ¢
closed-population estimation methods which ignore the time dimension. Managem
benefits little from accurate total abundance estimates once the population h
migrated past the fishery. Predicted time of arrival and distribution of abundance
over time are biological statistics which are also indispensable to salmon managers.
Fortunately, migratory timing of salmon populations is a conservative and predict-
able phenomenon.

The concept of quantifying migration in terms of its time density distribution has
heen well developed by Mundy (1979). In summary, the time density is the relative
abundance of migrating population as a function of time. The time density of the
population is defined with respect to unidirectional movement through a fixed
Tocation by a single 1ife-history stage of a population. Migratory behavior is
measured in units of time, such that the probability of occurrence of any given
interval of time is d@p ndent upon the location of that interval relative to the
center of the migration {mean) and upon the dispersion of migration through time
{variance). When the probability aas1gwed to %ach day of the migration is the
proportion of the total population arriving on a given day, the mean and variance
of the time density distribution can be defined by standard statistical procedures.

The advantage of the time-density approach is that migratory behavior may be
ﬁharaatewﬁZQd by its time-density distribution and associated statistics for any
population. Describing quratian in terms of its time-density distvibutéﬁn enables
di fTﬁ”?ﬁt@% in migratory timing beiween populations (either interspecific or intra-
specific populations) or changes in migratory timing w’thiﬂ a population across
generations to b@ re&di?y guantified. Migratory time densities have been defined
for pcpa%atigm: s divers e &s sockeye salmon (One G?ﬁjuchu nerka) {Mundy 1979
Mundy and I &thﬁaef 1981, @rﬁb@?q@r et al. 1979; Hornberger and Mathisen 1980;
1981 Brannian 1992), chinook salmon (0. tshawytscha) (Muﬂdy 198%a; 1982b: Horn-
berger and Mathisen ?93?)9 pink salmon (0. gorbuscha) (Merritt and R@b@?*@ﬂ 1681
H@rmbquwx and Mathisen 1981), chum salmon (0. keta) {Hornberger and Mathisen

1981) and brown shrimp (Penaeus aztecus) {Babcock 1981).

As noted by Mundy (1979), expressing abundance or daily proportion of total abun-
dance as a function of time (calendar date) is conceptually misteading. Migratory

behavior is directly dependent upon the individual physiological state, which in
turn is mediated by ambient physical factors. Time is merely a w@nwwms“?i
tant of ice break-up, wind divection and speed, wa%aw te fp@?ﬁ ture, sy o

and photoperiod (Favorite et al, 1976; Neibauer 1980; and Neibauer 19
S 1 i ey

1976, Dodimead et al. 1963), all of which may qaffaa the

3
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m

ﬁr bution {(Alabaster 1970; Barber 1979; Burgner 1978:; Ingraham
iorthcote 1966; and other: also see the review by Banks 1969;

) Mu dy (1979) auugests that the next ?ag%@a! advance in modeling
haveow is to define, in lieu of time densities, 'temperature density’
riod density’ or a multivariate probability density which might be
termed a gfanarj density’.

.:;...

Intraannual variability associated with daily fluctuations in abundance is also
a resultant of the stock (defined as a Mendelian population) Lompmg1t?on of the
migration. In a study of the i %?Qrahﬁry timing of Yukon River chinook salmon,

Mundy (1982a) noted that variability in observed daily commercial catches limited
useful forecasts to a function describing the cumulative migratory time density.
f@f*fdeﬁing that the Yukon chinook saimon migration is a composite of many separate
stocks distributed over thousands of river miles, the significant deviations from
average values of the migratory time distribution should be expected, due io behav-
ioral differences and intra and interseasonal changes in relative abundance of

eacn stock.

Yy a
ck

ecognition of multi
(1958; 1973) at%
m K%Qx@ of taak

i in an exploited migrating species is cruciail.
den

s

1y demonstrated that the maximum yield obtainable
% ng reproductive potential is realized only if

is %arvggT@d separately. Overexploitation of the most productive races

in greatly diminished future yields. In North Pacific salmon fisheries,

the multinational destination of groups of stocks, allocation of the

to various user groups has %%terﬂaiiaﬁa? implications. Many studies

yed discriminant analysis to classify major spawning stocks of Pacific

ally by scale patterns (e, g , Cook aﬁd Lord 1978: Anas and Murai 1969,

Mesbiﬂgaw 1975; Major et al. 1975). The genetic foundation of migratory
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ing implies that migratory timing may serve as one objective criterion to sep-
ate stocks (Mundy 1979) and as an aid to management in optimally exploiting each

C
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ent. ?griunateiy when Wégr&tcwv baﬁav%@m i% CQﬂS@TVEﬁ across g&ﬁevaﬁﬁaﬂsw
§UHua{L8 and time are related by the characteristic time density of the popula-
tion. As postulated, the apparent time density is a product of the stock composi-
€€0ﬁ§ and envirg ﬁm@ﬁ?aé influences on that mixture of stocks. Knowledge of the
seasonal distribution of the population enables management to forecast both daily
and total catch from cbserved cumulative catch. Forecasts can be updated through-
out the season, providing management with a dynamic method of in-season estimation.

abundance is relevant to fisheries management only in the context of total
A The convention of d@safibéﬁg ﬁagFaEEUﬁ in terms of DTH%@“%*OW“ of
bundance over time has several advantages. The fact ors governing migratory
can more easily be discerned irw@ugr the vagaries of yearly abundance
Lhe &ﬂz&@ c? f&id@?Vﬁ abundance are di m%ns*@wﬁ ess, a@m?‘riﬂq an added flex-
I and intraanual comp ﬁf %un JL&“””%*@%‘ of daily or cumu-
%Gﬁaé abundance are estimats ing previoust
éna d&?ﬂ gr ﬂa@“ﬂ‘k &ﬁmS Lers ﬂmd E@@%;n;%am ]
P Ls@‘& _across
Hfdﬁﬂ?a% §@§§ @? by f g f




aapwqyzm& te fﬁe @hapﬁ of the temporal distribution of proportions {Mundy and
Mathisen 1981, ?ﬁb@rgtr and Mathisen ?%%G), Studies of the Nushagak Bay
$ﬂ§m0¥ W*gfais i (Hornberger et al. 1979 P@rﬁhewgﬁr and Mathizen 1980; Horn-
berger and Mathisen 1981) and the cec%aye m@grai*an in Togiak Bay, Alaska
(Brannian 1982) seem to indicate that the use of average proportions over day
of run is an appropriate strategy in the pursuit of more accurate estimates of
proportions

Standard procedures used in fitting nonlinear equations to observed data minimize
the sum of the square deviations from the expected value. The assumption that
deviations from the expected values (residuais) are independent &nd normally dis-
tributed with mean zero and constant variance is usually implicit in the statistical
inferences accompanying these procedures. Even in the absence of any assumptions
about the joint distribution of the random variables under consideration, the
method of least squares can still serve as a legitimate means of obtaining point
ésiimates of the parameter values, although no objective judgment of the quality

f the estimates can be made., The minimization of the sum of squared residuals is
Qﬁi?? the criterion which determines the values of the parameters of the equation.

The association of probabilities with proportions by Mundy (1979) was an important
conceptual achievement. The presumption that proportions accurately reflect prob-
abilities associated with daily migration enables the m%gratorj behavior to be
quantified in terms of its p?@b%b@??*y distribution. This is a subtle, yet fun-
damental distinction. Probability density functions are studied in relation to
the 'strategy' of the population itself, availing new methods in point estimates
of parameters of the function (Freund and Walpole 1980). The method of moments
and the method of maximum likelihood are examples. The qualifying conditions in
such approaches are that the function sums to unity and all probability values are
greater than or equal to zero

The objective of the present study is to quantify the effects of environmental
factors, commercial fishery vemoval, @md differential timing of upstream and down-
stream stocks on the relative abundance of chinook salmon in the Tower Yukon River
as estimated by test fishery catches. Several methods are proposed as means to
achieve this objective. Data from the lower Yukon River test fishery are analyzed
using the statistical techniques of linear time series &ﬂmiy%?“ (Box and Jenkins
1976}, and least-squares fitting of nonlinear functions is employed. The iterative
technique of esti imating the parameters of a mixture of normal populations by a
maximum Tikelihood function {Hasselblad 1966) is regularly utilized in size fre-
gquency analysis (e.g., MacDonald and Pitcher 1979; McNew and Summerfelt 1978).

This technique is evaluated as a means Lo Seﬁafate the assumed populations on the
basis of m”arafﬁrf timing. Results of the fitting procedures are compared in terms
of the ability of each function fo ﬁﬁf&fdaﬁgy predict tsa daily pwap@r?imﬁ of the

total catch, aﬁﬁ the total catch itsei Improvement in the pred gaivm ability of
each function over the normal distri %giz%ﬂ ¥U?£i§0ﬁ$ defined by a J¥ﬁg e mean and
variance, or in comparison to an @npaz ically-derived stochastic model serves as a
criterion for the applicability of each model.

STUDY AREA AND DATA

}ns# & ‘”h@ﬁb 5 cﬁ the Tower Yukon River commerciai and
: More detailed descriptions are avai




fukon Area Management Reports, and in Lower Yukon River Test Fishing Reports.

test fishery began in 1963 near the seaward boundary of the south mouth of
he Yukon Piver delta at the Tocation known as Flat Island {Figure 1, site A).
Untitl 196

8, test-net sites were chosen by Alaska Department of Fish and Game
f“U% } ﬁe seninel.  In 1968 the practice of renting set-net sites from local

was initiated and the success of the test Tishery effort iﬁareasaa
‘A«?“«?gé 8 1/2-inch mesh yearly average chinocok salmon catch was 446
compared to a 1968-t0-1978 yearly average of 708). For logistic rea-
3&&9% ﬁh@ test fishery was relocated to 1979 approximately 20 miles upriver at
Big Eddy (Figure 1, site B), and another test fishery operation, Middle Mouth,
began. The Middle Mouth site is located near the confluence of the middle and
north-mouth stoughs (Figure 1, site C).

For 20 years the test fis h@iy has assisted management by providing a measure of
relative daily abundance of chinook salmon, summer and fall chum salmon, and
coho salmon. Recently, Brady (unpublished draft) demonstrated that, as manage-
ment had suspected, a high correlation exists between test fishery and commercial
catches, adjusted b ne daj to account for average travel time. The relation
between Big ?ddy ca and commercial catches was the strongest, with Middle

1

y o
tches
Mouth being only slightly more variabie. The use of test fishery catch data to
i?
D

study the magrauo y timing of chinook 3§ mon minimizes pscb?@ms of estimation
relating to censorsh aﬁd truncation which are inherent in commercial catch data.

Methods of data collection have been consistent for the last 14 years (1968-1981).
Two Zéwfaihﬂm gill nets of 8 1/2-inch mesh and one 25 fathom 5 1/2-inch mesh gill
net were fished in locations judged to be productive and representative of the
major F?V@? channels near the test fishery. Set nets were chosen to standardize
the effort and aveid dependence on the ability of personnel. Except when circum-
stances prevented, each net fished 24 hours a day and was checked twice daily.

In the present study, observed daily catch is defined as the total recorded catch
at the 3 net sites for the Z4 hours fished. Catches were adjusted upward propor-
tionally on days with less than 24 hours of fishing. In 1979, Middle Mouth test
fishing did not begir until 18 June, which was half way thr@uqh the chinook migra-
tion. Therefore, the 1979 Middle Mouth data are not included in this analysis.
Calendar dates are coded relative to 11 June (coded day 1).

v observats ions recorded in Nome and Emmonak were obtained from the National
© Sevvice, When available, the Emmonak wind speed was used. In 1979 a
= in weather recording r@qair@d that Nome wind speeds be substituted from

2 jf;y to the end of the migration. The rate of travel of chinook salmon in the
Yukon River has been estimated at between 25 and 30 river-miles a day (Trasky
1973).  If upriver migration is considered to commence immediately offshore of
the Yukon River delta south mouth (Figure 1), fish would arvive at the Big Eddy
test fishery apgyunam“a@"y one ﬁiv tater. Chinook salmon beginning at the middle-
mouth exit would also arvive ak th ¢ Middle Mouth test fishery aﬁ@?@kﬁmﬁi ely one

y later. Observed average wind m@ =d is defined here as the arithmetic averag
alt ohservations on the given ﬂﬁya

hnigues and tests of z?gm“?§6ﬂﬂc5 used

L@i and Ronlf (1969). The 5PS “LQEWx?z(ﬂg D

“?%uvwm for standard Pearson’s co ??ﬂ%@iemnb@ %
£

&
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time series analysis W“% ?@?fQmed with the BOXJ computer program package {(Uni-
versity Computer Center, University of Massachusetts at Amherst) and the inde-
pendence of residuals v also tested using the same package.

INTRODUCTION TO TIME SERIES METHODS

e of onv@?tiﬁnai stock and recruitment models is common in the attempts
heri anagers to pr edict the annual abundance of distinguishable stocks
mon migrating Lhwaugh the fishery. The estimated abundance of the
assumed to be a function of past abundance, measured one or more
or to %a adult migration. Expectations of abundance and harvest quide-
set prior to the £ ishing season. Intraseasonal adjustment of the esti-
total abundance is frea iently an intuitive, subjective process, the
curacy of which depends on the expertise of the E@ua? resource manager. Develop-
G an ility to estimate the magnitude of the migration involves comparing the
ﬁéwwaLNGL of commercial or test catches by date of catch to the histor.cal per-
formance of the migration, environmental factors believed to affect migratory
benavior, and numerous intangibles witnessed by the managerial staff over each
migratior

Techniques to anticipate daily or total abundance by exploiting the conservative
nature of migratory behavior have been developed for several populations of
Pacific salmon (Walters and Buckingham 1975; Mundy 1979; Hornberger and Mathisen
1981, Brannian 1982) and populatiuns of brown shrimp (Babcock 1981). A common
method involves averaging cumulative proportions recovrded on each calendar date
of the migration for every year with reliable historical observations. Total
uhuridﬁrf is estimated by the quotient of total catch to date over expected pro-
portion on the given date, Variations on this strategy include defining the day
of migration relative to the day a set cu Ta?at%ve proportion of total catch i
realized (Brannian 1982 Hornberger and Mathisen 1981}, or fitting a deterministic
equation, usually the inverted exponential function, to the distribution (Mundy
and Mathisen 1981; Matylewich 1982; see the Methods Section for a discussion of
olher appropriate deterministic functions).

Application of a wi igratory f time ﬁ@ﬂﬂ?iy function to estimate (he tﬁﬁma run si
has been successful in several aivaﬁ fisheries (Mundy and Mathisen 1981, eﬁ?
Bristol Bay sockeye salmon; Brannian 1982, for Togiak Bay ﬁaémﬁn; Mu%dy 19824,
for Yukon River chincok salmon; and ﬁ&rﬂg??g@r and Mathisen 1981, for four species
d+ Mushagak Bay salmon). Because deviations from expect @f L&?uh are often asso-
sted with the physical envivonment of the salmon and, since physical factors are
ally not independent, the &C”u?ﬁfy of estimates madﬁ during the season can be
1 by incorporating measures of the effect of @ﬂwirﬁfmenaaa variables on
y behavior, and the dependence of sequential daily obser Va§%6ﬂ% %nz@ the
1&& distribution of adult salmon catches over egqually spaced intervals of
§

7
W“ The g
%%ﬁ@ fuqya) is suited to time series analysis. The time series approach proposed
by Box and Jenkins (1976) appears pﬁw*g iarfy appropriate.

have @mgi%y@@ Box~-denkins methods to forecas

25 yt
;1@%&%%@& marine organisms. Univariate models have f(ﬁ
hly rock lobster catch per unit effort (Saila et al. éﬁ@§3a



Atlantic menhaden catch (Jensen 1976). Time series analyses which nave incorpor-
ated univariate and multivariate transfer functions have been applied to the
skipjack tuna fishery (Mendelssohn 1981) and lobster fishery (Boudreault et al.
1977) respectively.

Excellent summaries of the procedures involved in the Box-Jdenkins method of time
series analysis may be found in McMichael and Hunter (1972), Poole (1976b), and
Mendelssohn (1981). Assuming that the series of observations is stationary, or

can be made stationary by differencing or employing a suitable transformation, a
model s proposed which describes an observation as a function of past observations
(autoregressive terms) or of past errors of estimate (moving average terms). The
exact terms in the model are tentatively identified by studving the autocorrelation
and the partial autocorrelation function exhibited by the data. The parameters of
the postulated model are estimated and the residuals examined to evaluate the ade-
quacy to the model. The three-step process of model identification, model estima-
tion, and diagnostic checking becomes an iterative routine designed to estimate

the most parsimonious model.

?heyﬁ@iaiéma used in the present study is consistent with that of Box and Jenkins
{}976)0 Aut@r@gw%ssive models of order n (AR,), moving average models of order n
(MAR), and mixed autoregressive moving average models of order nm (ARMA,,) are
discussed. The symbol ¢, is reserved for the cosfficient associated with the
Qbsgrv&iéaﬁ tagged n time intervals prior to the present observation. The symbol
Opn is the parameter asscciated with the error of estimation » time intervals ~rior
to the present observation. The vesidual error of the final model, ar, are assumec
to be independent and identically distributed with mean zero and variance o2.

DEVELOPMENT OF THE TIME SERIES MODEL

Catch data used in the study wevre obtained from the Big Eddy and Flat Isiand test
fisheries. Procedures employed in the test fish.r.es have been out'lined previcusly.
The bias introduced by yearly differences in totul abundance {s minimized by trans-
forming daily catch inco the daily proportion of total annual catch. Daily pro-
portions of total abundance, average daily wind speed recorded by the National
Weather Service for Nome, and the proportion of the calendar day open to comwercial
Fishing was analyzed for the years 1968 through 1981.

Mean dates of migration and variances were calculated by standard methods (see
Mundy 1982 and others) and correlated with average monthly air temperatures for
April and May, as recorded by the National Weather Service for Nome (Table 1).

The high negative correlation between average April air temperature and mean date
migration {r = -.913}) suggests that Llhe ability of predictive schemes to st -
mate the lower Yukon River catch distribution by calendar date can be enhanced by
adjusting the calendar dates of migration using average April air temperature. In
the present study, the relative day of migration p,, which corvesponds to a calendar
day of migration p., is defined as the difference between the estimated mean day of
migration 7y, and coded day corresponding to each calendar day (1 = 1 June) {i.e.,
9y = Dy - De).  The estimated mean day of migretion is assumed to be a linear

s

' 'C ] 3 . [
function of April temperatu

(see Table 1)

NS g L Ne "y Y E SR O | oy e B e g I T, Oy H
= 38,49 - + 025 (April air temperature, °F) {1

N LR



Table 1. Relationship of mean day of migration for the years 1968 through
1981, and average April and May air temperatures.

Mean April Bir May Air Predicted Mean
Year Coded Day®' Variance Temperature Temperature Day

(°F) (°F)

23.74
16.1

23.02
25.27
26.30
19.74
17.07
24.76
23.55
28.86
12.96
12.3¢
14.10
13.57

51.56
54.48
49.81
64.65
86.56
78.84
64.84
40.25
25.03
33.94
95.15
110.90
62.48
103,56
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The Peavrson Covreiation coefficients are:

fl

-, 9127
-, 7454
-.5709

Mean day and April temperature: r
Mean day and May temperature: r
Mean day and Variance of Migration: r

it

H

4

The regression of mean day on April air temperature yields the following

4

Mean day = 38.49 - 1.025 (Mean April air temperatures, °F)

(8

with an R? value of .833 and F-value of 59.84 (P < .001).




Therefore, the pronounced shift of migratory timing due to previous environmental

conditions can be compensated for by defining the day of migration with reference

to a relevant measure of the eavlier envivomnment. The distribution of proportions
of Tower Yukon River test fishery catch averaged over the relative days for years

1968 to 1981 is presented in Figure 2.

The derivation of a predictive model which incorporates the conservative nature

of the time distribution over generations (Mundy 1979), the dependent distribution
of sequential daily preportions, and the effect of environmental and commercial
factors on the test fzs?@ry catch is att empted. The model consists of two com-
ponents: an average of observed proportions of total catch across the relative
days of migration, and & stochastic component describing the daily deviations from
the average values (es) as a function of average daily wind speed, surrounding
commercial effort, the errors observed on prior days (e,.;}, and the difference
between the estimated proportion and observed proportion of prior days (as.;).
Mathematically the model is:

}}T

1 ) i « o
= hp E{: Pp.(i) * €j (2)
i=1

where the observed proportion p, observed on relative day b, is the average of the
proportions pp (i) over the ré?dﬁ ive days p.(i) (i = 1 t0 npinp being the number
of years with recorded catch on day D,) p?us an errvor term (e;). The series of
errors arvanged sequentially by ddy of migration and by year (e;. 1968> ©2,19683" -
cﬂ‘igégx ©],1969s --+€x,19g1) Where e; .. is the error associated with day iof t

gration (i = 1 to k) and y@af yr (yr = 1968 to 1981, Torms a succession of data

enabze to time series analysis. The parametric time series models proposed by
Box and Jenkins (1976) are used to derive a predictive function of the e,.

¥ow
I
H

The change in location of test fishery sites in 1979 requires & separate analysis
of the daily errors for the vears prior to the 1979 relocation {Flat Island catch,
1968 - 1978) and subsequent to the move (Big Eddy catch, 1979 - 1981). The cluser
proximity of Flat Island to the seaward brundary of the Yukon River (approximately
? day of travel time for chinook salmon {?fiamy 1973}, the more intense ¢ mm&%ué;%
fishery surrounding the Big Eddy test net sites, and differences in the pnyb ~a
regime of the Yukon River at each test fishery site imply that the relationship of
test fishery catch to wind, commercial effort, and prior catches may be of a differ-
ent character for each location.

Visual inspection of the distri ion of ervors about their mean of 0 revealed
heﬁ@rosg@ﬁagiicity of the @V?Qf% ﬂ@d% the annual mean day of the migrations com-
@aw@é to the errvors near the beginning or end of the migratfaﬂsa The sguare root
transformation (& square root of the absolute value of tYP error, the sign of the
twa%z%@rmﬁﬁ error being identical to the “Wgﬂ of the original @rw@w} pormalized

i
the J%résmaﬂa as demonstrated by the nonsignificance of the F-values of the v
als of i; e quartil 51

f

@ 1o the nature of the distribution in time and «
the desire to uVQi@ ﬁﬁmwégr@ﬁwd transformations of
 effect on the test ??“”V catch, a value of one was
1.00 days of commercial fé%ﬁémg% and a value of O
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assigned to days of 0 or 0.25 days of fishing. Although this transformation of
commercial effort ﬁ?ﬁ@&u@ﬁ Tittle change in the residual sum of squares or esti-
mated parameter valuas, it did result in a t?%qht?y better fit of predicted to
observed values and was Ye?azﬂed in the following models.

The autocorrelations (ACF) and partial autocorrelations (PACF) of lag 1 to lag 20
days are presented graphica”gv in Figure 3 for the years of the Flat Island test
fishery catch. The large paak at lag 1 in both ACF and PACF and the absence of
large peaks at other lags implies that the errors can be described as either an
autoregressive process of ?ag 1 day (ar; medel) or a moving average process of

lag 1 day (va; model). Fitting the Ma; and ar; processes to the ﬁbﬁervmd o
results in slightly lower residucl sum of squares for the Ar; model (Table 2).
Therefore the ar; model is considered to be the more appropriate interim model for
the errors. Inclusion of secondary peaks observed in the ACF and PACF (for exampie
the positive peﬁk at lag 3 days and negative peak at lag 13 days) into the time
series models is deferred until incorporation of the average wind speed and com-
mercial effort transfer function intc the model has been accomplished.

Correlograms of the ACF and PACF of the observed daily commercial effort and the
average daily wind speed (Figures 4 and 5) demonstrate the strong dependence of
commercial effort on past values of effort and the presence of an autoregressive
process of Tag 1 in the distribution of daily wind speed. If the errors of the
test fishery catch are strongly correlated with either variable, large peaks in
the residual ACF and PACF of the ar; model (Figure 6) may be related to the stat-
istical dependence of environmental factors on past measurements of these factors.
The residuals of the fitted ar; model are compared to the average daily wind speed
and commercial effort of 5 days after the date of recorded catch back to 14 days
before the catch to discern the relationship between the three variables.

A very significant (p<.001) correlation was found between wind speed and commercial
effort, and the errors on the day of recorded test fishery catch (Figures 7 and
Table 2). Letting r4 (¢ = 1,2,...8; nv being the total number of observed devia-
tions from the ar; model) represent the residuals from the AR model: the transfer
function:

r, = ~.0052628 + .001197(w ) - .016341(f ) .

fbed
S

S

is the fitted regression equation to the observed deviations {Table 2).

After including the effects of wind and commercial effort in the auaarwqwmﬁ sive
m@d'lg th@ peaks in ACF and PACF at a 3 day lag were found to be significant and
a lag-3 term was added to the model. The final procedure involves making small
ﬂédvafmﬁm?a in the values of the parameters to minimize the sum of squared errors

(ap). Results are ﬁ?@‘”ﬁ?@d in Table 3. The ARy and alternate Z MAI 5 models
are considered, The parsimonious and minimum warxaﬁae model which best describes
the errors from the average daily nroportion, eq, is the arma; 3 model:

¢ = -.0796 + ,00936w,_ -~ .0671f, + .29de + .146a + A (4
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Table 2. Statistics concerning the time series models and relationships dis-
cussed in the text for Flat Island test fishery catches, 1968-1978.

1. The residual sum of squares (sum of all e’ is .307897

. . . , , }

2. The residyal sum of squares of transformed e;, where e; = sign (e el
(sum of all ¢2) is 7,6337 101

3. Statistics regarding the fitted ar; model:

Fitted model = ¢, = -.013012 + .30418e,_; + a,

Residual sum of squares = 6.8612; degrees of freedom = 418
4. Statistics regarding the fitted ma; model:

Fitted model = e, = ~.012983 + .30688a..; * a;

Residual sum of sgquares = 6.8769; degrees of freedom = 418

5. Statistics regarding the multiple linear regression of average wind speed
(w,) and the commercial effort (£.) on errors.

a. Correlation coefficients: Effort and errors: v = -.2514 (p <.0001)
Wind and errors: r = .2390 {p <.0001)
b. Fitted model: e, =D, * blwt + bzft +oa,
whevre: b, = -, (0621503
b, = .0087317  (F-value = 23.27)
b = -.0638786  (F-value = 26.18)
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egarding the fitting of the ar; 3 and arma; 3 models.

Model:

R L P U LV B LI S
by = - Q75117
b, = .00%005
b, = .066458
3, = .298321
by, = 101325
res = 5.9100;, degrees of freedom = 394
5 z:;t = bﬁ + blwt+bf + ¢, "tl + 63‘375“.3"““5‘3
b, = -.079625
byoE .009357
b, = .067129
U3 o= 14624
squares = 5,.8748:; degrees of freedom = 394

ey
et



uf ne residuals (a,) of Equation 4 reveals no significant devia @nS
ite-noise model (Figure 8). The randomness of the ACF and PAQ? r
e 0f a time series model which has sufficiently accounted for the d@neﬂu
¢ values on preceding values. Correlation coefficients between the a,,
wind speed, and commercial effort are also nonsignificant for all lags (Figure §).
[t is surmised that the multiple r@gregficﬂ transfer function has adequately
explained the dependence of catch on wind speed and the surrounding commercial
fishery.

Deviations from expected daily proportions of 1679, 1980, and 19871 test f%gh&ry
catches were subjected to the same analytical nrcaedures described above for the
Flat Island data (see Tables 4 and 5). The large peak in the ACF and PACF at a

1 day lag which characterized the Flat I<"snd data also appeared §ﬁ the Big Eddy
ACF and PACF (Figure 10). A secondary peus at a 6 day lag was also present.

Ma; and ar; models were fitted to the errors e,. Although the fitted ma; model
esulted in a lTower value of sum of squared deviations (1.7898) than the zr; model
(1.7912), the difference was small. 1In order to be consistent with the Flat Island
analysis, an ar; model was employed as the intei im model.

Correiations between the errors and average wind speed and commercial effort are
pfﬁiuﬁt@d in Figure 11. The average wind speed :@LBFde the day before the test

fishery catch produces the highest correlation, followed by the wind speed recorded
the day of the test fishery catch. As was found for the Flat Island catch, there
is a high negative correlation between the residuals of the ar; model and the comn-
mercial effort on the same day (Figure 11). The transfer function

e,
1ex)
—

r. = - 041523 + ,()06072wt_ ;T 081 Q?f

is derived Trom the multiple regression cof average wind speed recorded the day
before recorded catch and commercial effort the same day as test fishery catch on
the residuals of the ar; model.

Values of the parameters of the ma; and ar; models with a transfer function were
refined by minimizing the sum of squared deviations (Table 5). The uoﬁess yield
almost identical results. The siightly nwa“ sum of squares and choice of an ar;
term for the data of the Flat Island Cdfiﬁ qg@ t the sel Cwiﬁﬂ of an ar; process
for the Big bEddy data. Cursory inspection ¢ - ACF and PATF 0? th@ residuals
(Figure 12) and the correlation coeffi g§emau wdeen the residuals and the wind
speed and commercial effort (Figure 13) reveal no obvious der?atency in the model.
ressive and partial autoregressive carv&?at% ons for all years of the fest
(1968-1981) are ﬁ?dphagﬁEEj presented in Figure 14 and Table 6 presents
tistics associated with fitting an ar; time series model with a transfer
n for wind and agmmerﬁia? effort to the combined Flat Island and Big Edd
shery data,  Analysis of the vesiduals (Figures 15 and 16) demonstrates th
adeguacy of this model. No pattern was observed in ihm A‘F 0’ PACE ﬂf the resi-
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duals, and the corvelation coefficients were all small and nonsignificant.
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Table 4. Statistics concerning the time series models and relationships dis-
cussed in the text for Big Edﬁ test fishery catches, 1979-1981
1. The residual sum of squares (sum of all ez's) is .058757
1
4
2. The residual sum of squares of transformed e., where ¢. = sign {g;ﬁai,“
The sum of <2 is 1.84703 i * 4
3. Statistics from ta@ fitted AR, mode
Fitted model = ¢ = waOQZES/ + L 17115e + a
£ Ce-1 t
Residual sum of squares = 1.7912; degrees of freedom = 143
4. Statistics from the fitted MA model :
Fitted model = . = ~.002587 + .17930a,__, + a,
L= C
Residual sum of squares = 1.78498; degrees of freedom = 143
5. Statistics from the muyltiple linear regression of average wind speed (v, ;)
and commercial effort (ﬁt; ofn errors. -
a. Correlation coefficients: Effort and errors: r = -.3116 {p <.001)
Wind and errors: ro= 1582 {p =.052)
' it tard m Te a4 n L -
b. Fitted model: S R T bf, + a,
wnere b, = - 041523
b, = .00607Z (F value = 4,88)
b, = .08199 (F vilue = 17.08)




Table 5. Parametzr values and goodness of fit for two functions proposed as
possible models to describe the time series of the errors, e, for
test fishery catches from 1979 through 1981.

Statistics regarding the fitting of the ma; and aAr; models.

Model: wma, €, = byt byw  + DI+ pie o+ a,
where b, = -.039500
b, = .005826
b, = -.085630
9, = 261993

Sum of squares = 1.5229; degrees of freedom = 144

ey P - = 4} £ ’
Model: ar, £, = by + byw o+ DL+ e, Foa,
where b, = -.036719
b, = 005732
b, = -.090661
o, = 25574

Sum of squares = 1.5225; degrees of freedom = 144
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Table 6. Parameter values and goodness of fit for the function proposed as the
model to describe the time series of errors, e, for 1968-t0-1981 test
fishery catches,.

Statistics from the fitting of the ax, model .

[}

1. The residual sua of squares (sum of ali eE*sJ is 36968

2. The residual sum of squares of transformed e s where e, = sign {e‘)ie,iﬁ
A 1 1

(sum of all ¢2) is 9.48072

Andel - o = o -frrg B -
Model:  ar =, by + byw, + b f + $E o+ a
where b, = -, 062750
b, = .007¢19
b2 = 074693
¢i = ,26°93

Sum of squares = 7.5396; degrees of freedom = 569

Sum of squares for all years = ,319193
Average errvor of estimated proportion = 0151179
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ISCUSSION OF TIME SERIES RESULTS

Pime series analysis can benefit Tisheries management in two ways. The ?8$u3iaﬁi
empirical model can be utilized as an aid in the prediction of future resourc
abundance @?iﬂ%? by forecasting the catch or relative abundance of the res @u{C@

(Mamaeisg n 1981; Boudreault et al. 1977; Jensen 1976), or by estimating the
deviation from average performance of seasonal fisheries (Saila et al. 1980;
present study; also b@@ Bu mer 1976, for similar results concerning Canadian

popu ia?iaws of exploited fur resaurvas) The dynamic nature of the Box-denkins
approach allows regaiaw urddi;ng GT par&mefer values, ?ﬁﬁfﬁﬁbi?g the reliability
of resource forecasts. The variability found in most fisheries is well suited

to the stochastic nature of the rzitea models. The analysis is linear in nature
but can describe fairly complex behavior. Nonstationary and seasonal time series
can easily be adapted to analysis.

The second and potentially greater benefit to fisheries management is insight

into the dyﬁaﬂffs of the fishery. Mendelssohn (1981) concluded that variability

in the skipjack fishery was more a function of unexpected changes in commercial
effort than the behavior of the fish. Boudreault et al. (1977 discussed the
p@g,“‘i§”?v that lobster abundanff is not only a function of past population levels,
but the effect of temperature on Tarval survival as well. By including the environ-
ﬁ&ftu? VdrzaP es of rainfall and %emmﬁ?atjre in a time series model ﬁasfr.btﬁg
nosqu to densities, new insights into the effects of tﬂe envivonment on Tife his~
tory stages of the mosqu uito were obtained (Hacker et al. 1975). Interaction

petween various species of bDrosophila have been investigated by similar time ser-
jes methods (Poole 1976a).

The effect of surface winds on the migratory behavior of salmon has been shown to
be significant (Lorz and Northcote, 1965), yet the nonuniform nature of the distri-
bution of migrants over time has precluded a quantitative description of the
effects. Some authors (Hornberger and Mathisen 1980) have suggested that wind
ﬁ:@ﬁ affects the interaction between commercial gear and fish, Others have
attributed the correlations to th% influence of wind on the spreading of home
stream water (Lorz and Northcote 1965). Results of the present study indicate
that wind, or a covariate of W?ﬁdg promotes upriver migratory behavior in chinook
salmon located near the mouth of the Yukon River. The highest correlation was
obtained between deviations from sxpected catch and wind Sgead the same day as
the catch for Flat Island test fisrnery observations, Big Fddy analysis found the
nighest correlation ﬁ@gﬁ@ér the deviation and wind gp@eu one dmy before the catch.
The &gp{u%ehafv one-day travel time of i ﬂwqra%ﬁwq chinook salmon from Flat Island
to Big Eddy are in aQCQ?d with the 5& conclusions,

The reta. nship of catch dﬁﬁ vvvvvv %?@r% r@ﬁa€n¢ @&yp @'ang There is strong evidence
that compeo.. an between units of ng gear is high in the lower Yukon chinook

satmon fishery., The large ﬁﬁgatAfg co ff@?atzu% bﬁi@?‘h the test fzjneyg catch of
??&% igéﬁﬂd amJ Big bddy and the commercial effort of the same aay implies tnat a

sizable pre tion of the population vulnerable to ?ﬂe {GMWé{&Ed fishery is har
vested be s& reaches the test fishery. Theref uyv d cat unit of
effort is not g@?ééy : cton of the initial daily chi 7%5 abundance, but
also a function of fishi ortality experienced by the p@ﬁg’ v g
per mﬁéi estimator of the relative
’ be given to the magnitude



The advantage Lna time series analysis has over the fitting of concep tual equa-
tions is that time-series models are @@ﬁaﬁrafa@d empirically, reguiring few a
oriori 5Ajmrtgong If the investigator has sufficient knowledge of the pro-
cesses driving the phenomenon, conceptual mﬁée Is are much preferred over @mp%riaa?
models. ﬁowewe59 in the &@%Lﬂae of critical information, the empirical model can
serve as a first step in the L$V@;@gﬂ nt of a conceptual model. Anderson g?@??i
extended the Box-Jenkins analysis to include interpreting the results ratially.
Fortuitous autoco: ”m?ab%@ﬁa "for which no reasonable explanation can be fo i
should not have this effect reflected by the model' {Anderson 1977).

Reduction in the sum of sgquares is a standard measure of the ability of a model
to estimate recorded observations. The objective of the present study is to re-
duce the squared deviations between observed daily proportions of total catch and
corresponding average proportions (Figure 2). Time series models provided only a
modest reduction in the sum of squares (14%, Table 6). Saila et al. (1981) found
that monthly averages provided a model which had a Tower sum of squares than the
t%m% series model, although the time series model forecast future values with

somewhat higher accuracy. The importance of the present study is not an improved
ah%éﬁig to predict future catch though obscure, by the time series model, but th

emonstration of a re.ationship, between wind speed surrounding CLWW@FCia? effort,
ﬁd catch.

Q.‘Q

DISCUSSION OF MATHEMATICAL METHODS

he time distribution of abundance of a migrating population for a given locale

S c*rfaiﬂiy a myltivariate phenomenon. The ability of mathematics to accurately
describe and forecast daily abundance of adult chincok salmon migrating through

the lower Yukon River drainage d¢peﬁ&¢ on an understanding of gpﬂetia and environ-
mental contributions to the distribution of abundance, or equivalen t?y the propor-
tion of total population abundance, over time. Uﬁf@réuﬁaz@zy there 15 no concensus
on the distribution function governing daily proportion of total catch., Normal
binomiatl, or mu%z?ﬂ@miai distributions appear adequate considering the genetic
nature of the migratory behavior. The recurrent, apparently Gaussian, distribution
of daily abundance in diverse pwpuidza@ﬁb of ﬂ?GT&i?ﬂﬁ birds has been appf@xana?@d
by a cosine power function {Preston 1966). Frohne (uwpab% shed manuscript) ha
suggested that the inverse gaussian distribution, which describes the passage @f
particles randomly dispersing in a flowing medium, may better describe the mech-

[
a"irv of migration. A two parameter inverted exponential function was first

enp 1 @y@m by Royce (1965) to describe the cumulative proportion of total abundance
per unit time. Others have continued its use (Rothschild and Balsiger 1971
Mathisen and Berg 1968, Uahiberg 1968; Mwﬁﬁy 1979, Wuvdy and Wa%h%s@? 1981;

Matylewich 1982}, The dMM’;d*§ e of tﬁ 4 §uﬂa€%wr with respect to time describe
a bell- -shaped curve of proportion as a function of time. Other functions whic
generate the fdﬁi’%ar h@!%mtaap@@ urve and have been fitted to the time distri-
bution of proportions include functions from the genaral class of beta curves
(Vaughan 1954 Hornberger 1980).

be
h

@@@ﬂ characterized as & genetically controlied ervi
(Mundy 1979).  F1 i of daily abundance in
a function of sho fironmental changes,
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