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ABSTRACT

Randomrzatron tests are proposed asa general procedure for analyzmg composrte trends i m
fish populahon indices. Two randomrzatron tests are developed in this paper. The first test
allows inferences to be made about the composite trend for multlple sites: Composrte trend
is estrmated asa werghted average of the slopes of log transformed count data versus trme
' Let Y, = abundance index at site k and time t. Counts are modeled as log[Yy, +¢] = ak
.+ b t+ log,[e“] where a, and b, are ‘the mtercept and slope terms, respecttvely for srte
k and e, 1s the error term An aggregate measure of the slope for k=1, 2, ..., K sites is
. estimated as a weighted average of the b :
\K‘ |
A
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. where W,[ Zk / Var(bk), Zk is the back transformed predrcted mean of the fitted
regressron i.e.;, Zy = exp@, + Bk t ), and t is the mean year for the trme senes “The above
model has been wrdely applied by North Amencan and European avian brologrsts A robust
smoothmg procedure known as locally weighted regressron scatter plot smoothmg is o

- recommended as an approach for identifying appropriate temporal windows {t. ; tm} and
grouplng of sites. T
The second test addresses a related problem of estrmatmg a point change 1n populatron status
as a result of some intérvention; say a change in ﬁshery regulatlons In many instances the
time penods for the baselme and treatment penods may be short owing to multrple
interventions over time. t Asan example frequently changing ﬁshmg regulatrons may make

~it difficult to achreve the statxonanty necessary for applrcatron of intervention analysis
techmques of Box and Trao( 1975). . Altematlvely, a randomrzatron test can be apphed to
any function of the data (e.g:; ratio of means) in the baseline and treatment penods ~ If the
number of observatxons in the basehne and treatment penods are m and n, respectively, thé
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ratio of means can be defined as:

K mem Yk;

k=1 t=m+1 nk
Ro = o
K™y

Yyt

k=1 =1 My

The sampling distributions of B, and R, are enumerable, but can be approximated by
randomizing the count data for each site and computing a new value of B and R for each .
iteration. The probability of obtaining the original observed value B, or R, can be

approximated by direct comparison with the sampling distributions of B or R , respectively.

Randomization tests are useful for assessing changes in stock status because such tests
require few assumptions, the results are readily interpretable, and the sampling distribution
of the test statistic can be easily approximated on a portable computer. To illustrate the

" utility of the randomization tests, the methods are applied to Atlantic salmon count data for
rivers in Atlantic Canada summarized in the North Atlantic Salmon Working Group of ICES.



INTRODUCTION

One of the common problems faced by ﬁshery bxologrsts 1s the assessment of populatron
trends Of the many techniques available to evaluate long term trends, the Box-Jenkins time
series models (Box and Jenkins 1970) have been successfully applied to menhaden (Jénsen
1976), oysters (Ulanowicz et al. 1980), rock lobster (Sarla et al; 1980), and haddock
(Penmngton 1985). Long term time series, however, are the exceptxon rather than thé rule
in fisheries assessment Changes in management ﬁshmg effort, or envxronmental cond1t10ns
can act smgly or together to confound the mterpretahon of long term time senes Analyses
of long term data is instructive, but detection of recent trends (<10 yr) and responses of
populahons to management 1nterventlons are often more immediate management concerns. -
Other methods of assessment are necessary when the number of observations is small or
when assumptions are dlfﬁcult to test. ‘

For many fish specres and Atlantxc salmon i in partxcular one or more 1nd1ces of abundarice
are routinely collected at wrdely distributed sites under a wide variety of conditions. ~If such
momtonng programs are part of an overall sc1enuﬁc sampling program, samplmg theory
can be apphed and the abrhty to detect change is govemed by the precision of the survey.
When species are distributed widely across regions or countries; scientific : surveys are
difficult to 1mplement Nonetheless specxﬁc studxes tend to be consistent across years, _
allowmg thhm series compansons Compansons among series; however, can be hampered
by varying methodologles and unknown biases.  Under these cu'cumstances, randomization

tests can be used to make inferences about populatron status.

' Randomlzatlon tests were ﬁrst proposed by Fisher (1935) but W1despread apphcatmn has

been stimulated by the avaxlablhty of mxcrocomputers More recent treatment of the theory
may be found in Lehmann (1975); recent apphcatxons may be found in Soms (1977),
Rosenbaum(1988), Raz (1989), Manly (1991), and Raz and Fein (1992) Randomization
tests utilize the mformatlon contamed in the temporal order of the data w1thout making
unrealistic assumptrons about the error dxstnbutron Randomxzatmn tests are partxcularly
well suited for assessmg changes in stock status because such tests require few assumptions,
the results are readlly mterpretable, and the sampling distribution of the test statistic can be
easﬂy approxrmated on a portable computer. - :

ercumstances that confound the 1nterpretat10n of mdex data for salmon and other fish
species are germane to other w1ld11fe populatxons Avian' bxologrsts have recently developed‘
techmques for assessment of avian abundance (Sauer and Droege 1990) Wthh emphasrze the

. use of graphxcal techmques for exploratory data analyses and "route regressxon analysm

Route regress1on analysm has been used to assess avian population trends over broad -
geographxcal regions (Gexssler and Noon 1981; Geissler 1984). "Route" typxcally refers to a
time series of bird counts at a particular site. A collecnon of "routes" along broad
geographlcal regron constitutes a flyway. .Route regressxon analys1s uses a general linear -
model to adjust count data for observer bias and to estimate within-route vanabrhty A
comiposite estimate of trend is developed and Jackkmﬁng or bootstrappmg techniques are :
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employed to estimaté 1ts variance (Gerssler and Sauer 1990) Altemauvely, Collins ( 1990)
has recommended the use of re-randomrzatron to approximate the samphng drstnbuuon of
the compos1te slope estimate. o ! »
: s
In this paper I apply the general class of route regresswn models to Atlanttc salmon data,
uttltztng the randomization approach of Collins (1990). I then develop a complementary
model based on the ratio of means between a baselme and treatment period for multrple time

N senes .The statistical power of this ratio test is exammed with srmulated data. Both models

are applied to estimated returns of Atlantic salmon to monitored nvers in Canada !

Mtcrocomputer software to apply these models has been written and is available upon

.....

G“r‘ap hical Approgches , : ;

Analysrs of ume-senes data for trends can beé envrsroned as three distinct steps

identification, grouping; and hypothesrs testmg Idenuﬁcatton and grouping can be facrhtated
with robust smoothing approaches (Hippel and McLeod 1989, Raz 1989, Taub 1990 James
etal. 1990). . . o

ldenuﬁcatton is the process by which the underlymg srgnal (e.g.; trend or cycles) is -
dtst1ngu1shed from the noise (i.e. random error) Autocorrelation and drfferencmg methods
(Box and Jenkins 1970; Nelson 1973) may have limited Utlllty when time series are short in

- duration or have mlssmg values. Tests of statlonanty and normahty assumpuons will:

typlcally have low _power under these circumstances. 1 Statistical smoothmg procedures do
not make strong assumptrons about the underlymg drstnbutlon of error terms. Smoothmg is
especially useful when detection of short term trends 1s 1mportant Recently developed ,
graphrcal methods (Chambers et al: 1983) have a strong theoreucal basis and allow for visual
examxnatxon of short and long term trends. LOWESS, the acronym for "locally wexghted
regressron scatter plot smootlung (Cleveland 1979), techmques fall 1nto the general
category of "robust" statistical procedures which, in general terms, are resistant to outliers.

- Other smoothmg approaches such as kernel éstimation (Gasser and Muller 1979) or

smoothmg splines (Stlverman 1985) could be used. }

When it is des1rable to make inférences about broad geographlcal regtons LOWESS
smoothmg can also assist in the 1dentrficat10n of systems w1th similar behavior and facrhtate
groupmg . When two systems are behavmg srmtlarly over some time interval, a LOWESS
paxrwrse plot of one trmes senes agamst another wrll; have stra:ght line segments. Dunng
time periods in which two ttme series have dtvergent responses; the LOWESS plot will be -

‘erratic. Similar behavior among time series suggests, but does not conﬁrm, similar -

underlymg factors and may aid in 1dentxfymg causatrve factors. - More formal statistical
models for groupmg such as cluster analysxs or pnncxpal components analysxs could be
apphed but robust graphical techruques are suggested :;s the appropriate first step. = .’
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Identrﬁcatron and groupmg suggest appropnate time 1ntervals and combxnatrons of systems
(populatrons) which can then be examined w1th route regression analysis or thé ratio test -
described below. All graphs were prepared using SYGRAPH (Wilkinson 1990a), which is
part of the general staUstrcal package SYSTAT (erkmson 1990b).

Model Descnp_tlon Route Regressw

The objectrve of route regressmn is to make a probablhstlc statement about the composxte }
trend for some subset of the populations under consxderatron _Consider a sét of count data
in Wthh Yu denotes the count of fish at site k and txme t.

Yo Yo o Yy Yi, o ¥ i Yoo

;Yz,t Yy o Y%‘-Y%;i - Yz&'.;;; ) £

(Ye)= e |
_YK.I' Yes o Ymﬁ YX’J.;.. " Yt‘m& Yiﬁ;"‘

Suppose we are intérested in drawing inferences about the composite trend m ahundarice for
K sites over some subinterval {t;., t.:;} -within the range t=1, 2, ..., T; where T = m+n.
A general statistical model for count data Y“ is of the form

¥, = a, e’ &y D

’ where a, and b, are constants for site k and € is the ertor term. The multiplicative erfor
structure reflects the common phenomena whereby the variance exceeds the mean and ‘
increases w1th it. Transformatlons are often necessary to stabilize the variance and to more
closely meet the assumptrons of general linear models (Neter et al. 1990) Although there is
much literature on the subject of statistical transformatlons (e g. Box and Cox 1964), the g

most commonly used transformatxon for count data 1s of the form log,(Y +c) where c is

yr) trends. Collins’ conclusxons were based on random samples drawn from a negatrve
* binomial model with different mean densitiés and dxfferent levels of the aggregauon S
parameter v. In lieu of a similar study for fish counts a value of ¢c=0.23 is used herein.

The transformed linear model correspondmg to Eq lis ,
The next step in route regression is to obtain an estimaté of the overall trend (B) among the
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1o‘g,[Y + 0.23] = 1dg,(a’k) + bk ¢+ logle,] R )]
K s1tes Estrmates of bk over the time mterval tmm to t,,,,x are obtamed via Eq (2), mrssmg
data with a time range can be mcorporated mto the estimate of b,. Temporal vanabrllty and
the magmtude of the time series have 1mportant 1mpllcatrons for the detectablhty of the true
underlymg trend. Slmple averagmg of regression slope parameters would be appropnate
- only if all of the systems had equal temporal vanabllxty and all trme senes were similar in
magmtude (.e.; a = a, =..= aK) A basic tenet in route regressxon is that slope estlmates
are wexghted mversely by thelr variance . and proportronally by the magmtude of the series.

Avian brologlsts (Gexssler and Noon 1981 Gerssler 1984 Collms 1990) have proposed a
weighted average estimator of B :

|
£ |
; Wk b . .
n . k=l ! . : ' ‘
E Wy ‘
k=1 ‘
where Wk = Zk / Var(bk) Collins (1990) recommends estimating Zk as the back -
transformed predicted mean of the fitted regression from Eq. 2. Thus ,

- -l . .

[a,‘*s,‘:] o : ’ o (4).
i , . ‘ :
|

" where t is the mean year for the t1me series. Several measures of the vanance of the slope

have been proposed (Gerssler and Noon 1981, Robbms et al: 1986, Geissler 1984) but

Collins (1990) noted that Var(b,) can be unreliable when the number of observatrons are

- small. James et al; (1990) recommend additional work on this aspect of route regressron
analysrs, R : .

I
Statrstrcal mferences about the observed value of B can be made by approxrmaung 1ts ‘
samphng drstnbutron usmg bootstrap and _]ackkmfe techmques (Gelssler and Sauer- 1990) or
re- randomlzatxon (Collms 1990). Ina randomrzatron model the problem is stated as, "Under

the null hypothesrs that the observattons (Yk,) are randomly ordered within each series, what
is the probabrhty of obtauung a value of B greater than or equal to the observed B,?" In

other words; is the observed time series simply a random ordering of observations or is the
observed value unlrkely" If the observed value is unhkely, then it may provxde evrdence of a-

5
The randomization approach allows us to quantxfy how unhkely B is by approxrmatmg 1ts
6
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sampling distribution. Each time series Y, is randomly shuffled and a new bk, estimate is

. obtained, where the i refers to the i-th of realization for the k-th series. The weighted mean

~ slope for each realization is denoted as B; . The process is repeated an arbitrarily large
number of times, say N, for each of the K time series and the sampling distribution B is
approximated by the set of B The probability level associated with the observed B is
sxmply the number of B, < B divided by N. ‘

‘Model Description: Ratio Test

" A related problem to route regression concemns changes in mean abundance between
two periods of time. The first period of time is called the baseline period and consists of m
- years (t=1, 2, ...m); the second period is the tréatment period consisting of n years
(t=m+1, m+2 ...m+n). The general data matnx for these problems can be written as

Y, Y,

Yl,l Yl’z e Y i l,’l"‘ ) Yl’"“z e

im 1men
Yzl Y2’2 . Yzﬂ Yzﬁl‘l Yzm‘z (XY} Yz’m‘n

Yei Yoo o Yen Yena Yema oo Yo

Consider a simple example in which one wants to compute the ratio of means bétween two-
periods of time.  For a single series k the ratio of the means for these two periods can be
estimated as ' ' ' ‘ ’

R = t=m+l B ) .‘ ; _4 SN (5)

Usual t-tests could be used to draw inference for such a problem, but tesung assumptxons of
1ndependence of observations and equality of variances might be difficult, especially when
n=1. . Here again, randomization tests can be used to approximate the sampling dxstnbutxon

of R,.

For any single time series the number of possible ordemgs is obtained as the combinatorial
" of m+n with n. "For K time series the number of possxble orderings increases with the -
number of time series such that the enumeration of the samplmg distribution of Ro consists of

7
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E o o 0 - (m+n) ®
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In general terms, the resolution of the test (i.e., one over the number of possrble outcomes
is determined by 1/Q. As the number of txme senes increases, the resolving power of the
test can become very fine if ties or missing values do not predominate the time series Y, ,.

In practice the samplmg distribution of R, can be approxrmated by generatlng a subsample of ‘
1000 or more R; usmg randomlzatlon procedures ‘

e o i PR e e 4r s s = e mm A e e

The simple model in Eq. 5 can be generalized to K time series as follows

1 .

K mmk Y

>y ==

.o k=l tem+l T ‘ ' '
R = 2% (D
K"'kY ) '

3D

k=1 ¢=1 mk
t

The advantage of formulating the ratio as in Eq . 7 is that large counts contribute more to the
ratio than small counts. Note also that m, < m, and that n, < n. The values m, and n
wrll equal m and n except when m1ssmg values are present

Statistical Power of Ratio Te st

g
-

The statrstrcal power (1 e., the probablhty of correctly. 1dent1fymg a true change) of the ratio
test was evaluated with sxmulated data. Simulations for power calculations assumed that the
underlymg count data Y“ were distributed as negauve binomially distributed random
variables. The followmg parameterization of the negauve binomial distribution by Bhss and
Owen (1958) was used:

l

TV iy - I‘()”"Y'l) ) Y B '. TP 8 f :

PY =y] = = (1+Yu) Y L)

3 T \Tvy » S

‘ where the parameters p, and v represent the mean and dlspers1on parameters, respectlvely
The expected value of Yy = E[Y,,t] = p“ and the vanance of i, = V[Yid = py +
v(pe D% . - The dlspersxon parameter «y was set equal to 1/ 10. As the gamma function
I‘(x+1) for integers sxmphﬁes to x' (Mood et al. 1974) and Eq 8 simplifies to

i .
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BIY - yj = Q=D

1+ Uy : O
! (-1 (1+Y P)( Y p) D ()

Pseudo-random numbers were generated from the negatwe bmomxal distribution were
generated using the method descnbed by Piegorsch (1992) . The following equatton was .
solved for the minimum value of J that satisfies the inequality .

TR o (1b)

u< 1+ - k L . ,
: E ( ) v (1+Y J : S

where u is a uniform (0,1) random nnmber k="', and y is restncted to integer values.

The negative bmomral random number y equals J-x. .

Two aspects of power were con51dered Frrst the effects of addmg additional timé series.
were 1nvest1gated by Iettmg K vary from 1to 11 by increments of 2. The baseline penod
was assumed to have exght years (i.e., m=8) of observations whrle the treatment penod
cons1sted of 2 years (. e n=2). Changes in the underlying mean for the treatment perlod '
were modeled as ; :

'\‘ b, = B Jor Ic=1;;;.;m . (11)
i,l.+6 T 'for k =m+l, ... ja+n ' '

To 1nvest1gate the ab111ty of thé estimator to correctly detect increases and décreases in the

meanIlet§ = 1.1, 11l 125and125l

The second aspect of power was the abxhty of the ratlo test to detect changes of magmtude )
for a fixed number of series (K=5) and a "typrcal” set of baselme means me = {1250, 625,

: 500 300, 50}. The baseline means were arbitrarily choseén to span two orders of magnitude.

The step change parameter awassetto L1, 1.2, 1.3 14 1.5, 1.75; 2 and 1.1, 1.2,

‘ 131 14x 15‘ 175l 24

| Smce 1984 Canada has 1mposed a senes of mcreasmgly restnctlve management measures on

Atlantic salmon fisheries, culmmatmg with the closure of ﬁshenes in insular Newfoundland .
in 1992 (Friedland 1993) The North Atlantic Salmon Workmg Groupj (Anon 1993 Table
2.2.3.1, Fig. 3.3.1. 3) graphtcally summarized count data for "small" salmon in 21 rivers in
Atlantxc Canada usmg smoothed Z-scores Small salmon are fish less than 63 cm length and -
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typlcally, fish whrch retum after one year at sea. Rlvers were clustered into 6 geographrcal
regions with 3 or 4 nvers in each. To quantify ! the composrte trénd in each of these regions
I applied the route regressxon model to the 1984-1992 count data llsted in Table 1. Data were

. analyzed using the computer program ROUTE.EXE (available 1 upon request).

Appllcatrgn of Ratio Test to Retums of Small and Iarge Salmon to Newfoundland;
I

The ratio tést was apphed to the estimated returns of small and large salmon to selected
Newfoundland rivers during the period 1987 to 1992 The purpose of the test was to
determme whether the closure of fishenes in 1nsular Newfoundland m 1992 had any effect on
Brook, Biscay Bay, Northeast River (Placentxa) and the Conne River (Table 2) "Large"
salmon exceed 63 cm in length and compnse multr-sea winter adults and repeat spawners
For both groups 1992 observatxons were compared to the 1987—1991 mean Data for
small and large returns were analyzed separately using the computer program

NPRATIO EXE (availablé upon request) .

RESULTS

{
’.
|
B

(Frg 1) In southern Newfoundland counts of small salmon have decreased srgmficantly
over the time penod (P <0.0002, Table 3) The declme m the Conne River dommates the |

' estxmate of composne trend for thrs region. In contrast no srgmﬁcant trend was ev1dent in 3

,,,,,,

_ Movmg to the north shore regron of Quebec, counts of small salmon also revealed no

srgmﬁcant trend (P =0. 1982) over the 1984 to 1992 penod No significant trend was _ .
estimated for Scotra-Fundy Rivers (P :0.6344) durmg this penod Small salmon i in the *
large rivers of the Gulf Region, partrcularly the Miramichi River, - appear to have mcreased

significantly dunng this penod (P 0. 0458) . ;

Newf undl‘

v . ..

: " ’
Results of the nonparametrlc ratro test suggest that the probabrlrty of the observed ratxo of
1.46 in small salmon returns is about 13% (Table 4) Thus we would fail to reject null -

' hypothesxs and conclude that no significant increase 1n small salmon returns had occurred.

In contrast the observed ratio for large salmon of 3.91 had : a probabrhty level of 0.035

" (Table 4) . Thus we would conclude that large salmon. returns were s1gmﬁcantly htgher in

1992, Presumably, the increase in retumns of large salmon was attributable to cessatlon of
coastal fishenes in Newfoundland As the coastal ﬁshery has been closed for only one year
contmued momtormg should rmprove the stattstxcal power to detect changes in abundance '

Poernal th1 Test

e e - -
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Results of the power analyses 1llustrated the expected increase in power as additional sites
were added to the analysis and decrease in power for smaller acceptable levels of Typel
stattstxcal error (o) (Fig. 2). The abllxty to correctly 1denufy mcreases 1n the mean of 10%
(Fxg 2a) was less than 60%, even when 11 sites were considered and o was set to 0.20. At
more commonly used « levels (0.05, 0.01) the nonparametnc test would have a power less
than 30%. In contrast an increase in the mean level of 25% could be correctly detected
60% of the time when 7 or more sites were examined and o = 0.05 (Fxg 2b). Similar
conclusions apply to decreases in the mean of comparable magnitudes (i.e., 1.1 and 1.2571,
Fig. 2c and 2d, respectively) .

To explore the abxllty of the test to detect varymg magmtudes of percentage change I-
computed the power for step increases rangmg from 10% to 100% and decreases from 9 to
50% (Fig. 3).. The plot reveals the symmetry of power estimates for increases of a given
magmtude or its recxprocal For the assumed conﬁguratlon of 5 sites, 8-year baseline penod
and 2-yr, treatment penod the nonparametnc ratio model could detect changes of 40% or
more 80% of the time with only a 5% chance of mcorrectly reJectmg the null hypothe31s of
no change. Acceptance of a greater Type I error level would increase the power
substanually (th 3).

| DISCUSSION

The proposed randomization models appear to be useful for drawmg inferences about '
regional trends and step changes in abundance for fish populattons The eéxample
apphcatlons for Atlantic salmon counts allow probabthty statements to be made about broad
' geographrcal regtons The lack of con51stency in the 9 year trends among regxons may be
indicative of varymg life hlstory and mlgratton patterns (Table 3). Difference in sxgmﬁcance
levels for changes in mean abundance of small and large salmon in 1992 (Table 4) may
reflect increased vanablllty of small salmon counts An appraxsal of the potentxal causes

- for the variations among geographlc reglons or size groups is beyond the scope of this paper.
Additional btoIogxcal information is necessary to properly mterpret potentxal mechanisms of
change in these groups. The randomization models however, provide interesting starting
points for evaluatxon of hypotheses

Conservanon of ﬁshery resources demands that downward trends be. detected early S0 that
management measures can be taken Identification of long term cycles is useful for
retrospectxve analyses but prior cyclic behavior does not guarantee that a decmated
contemporary populatton will rebound to earlxer htghs Thus, detectxon of trends over
periods of less than a decade is 1mportant In a similar fashion, it’s 1mportant to detect the
effects of management act10ns on population status, particularly when conservatron measures-
mcur considerable expense. : :

The randomization models are conceptually sxmple and thetr apparent statistical power for
simulated data (Fig. 2, 3) is encouragmg Similar calculatrons with actual data could be
used for estimating least detectable rates of change For example; suppose that m basehne

11
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years are avallable for K srtes and one is interested m the magmtude of change that would be
detectable in n subsequent years Random data sets could be constructed in which the n
values are randomly selected from the m observations at the k-th site. Each randomly :
selected value would be multrplred by 6 and the significance level for the derived critical
value R, of the appended data set of m+n observations could be est1mated The number of
times that the null hypothesrs was correctly rejected would be a measure of the power of the
test. Hence power analyses could aid in the desxgn and evaluatron of management
expenments

———

Power analyses for the route regressron model were not conducted Trtus et al (1990) have
recognized this as an important area of research. Stmulatton studies of Gerssler and Sauer
(1990) suggested that trend estimates based on less than 5 years of data may be brased
Therefore cautron should be exercised when applyrng the model to short trme senes

Both the route regressron and ratro randomlzauon models could be expanded to consrder non-

count data. The units of measure among sites should be commensurate and altematrve
' werghtmg factors (W, ) would be employed For exa.mple mean lengths of fish at different

sites might be 1nvesugated for evidence of changes in growth rates or gear select1v1ty over

time. Weighting factors could srmply be the sample size for each site, the stratum size, or

* total catches within a stratum or site. As noted earher the choice of welghtrng factors is an
active area of current research in av1an brology applrcatrons of route regressron Applrcatron
of the randomization tests to time series with non-commensurate units should be done
cauuously Observations within each site k could be standardrzed but selection of werghung
factors could strongly affect the outcome of the test * -
Trend analyses in other areas of envrronmental scrence (e g Anon 1991) should also be
reviewed for potentral applrcatron to ﬂsh populatron assessment.  Raz (1989) has recently
extendéd the theory for repeated measures desrgns by 1ncorporaung randomrzatron and
smoothmg components His results show that smoothrng increased the power of the tests for
time effects and group by time mteractrons Nonparametrrc smoothing approaches have.
been advocated by Taub (1990) and James et al. (1990) for analysrs of bird populatrons, )
Hippel and McLeod (1989) for water qualrty data. The generahzed addruve models of Hastie
and Tibshirani (1990) illustrates the generahty of smoothmg for assessment of a broad class
of problems " Finally, the randomrzatron models descrrbed by Manly (1991) should fmd
general applicability to ﬁsherres science.

. mm  ———
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Table 1. Input data for route regressmn analyms Counts of small salmon for various reglons
of Atlantic Canada. . M1551ng or partlal counts are denoted as -999. Symbols refer to
Flgure 1.

Scotia- Fundy Region | - . _ StJohn (O) . LaHave d) | . ‘ Liscomb (Q)
.. 1984 — 7353 384 - . 48
1985 5331 . 638 | .. . 87
1986 | | 6347 . S84 ) ... ... ..o ur. K
1987 ‘ 5097 . . 5832 . ... 88
.. 1988 . 8062 380 . 76
1989 . . . 8417, 1 o L1 : 75 ‘
1950 . 6486 - Lo . 596. . - : o 4 I
1991 ‘ v 5415 . 236 | . - 38
1992 . 5729 - . 205 - 27
Gulf-Mainland . Margarec(D) ‘ Miramichi(d) Restigouche (O) .
1984 L. 400 ) L 29700 .| .- ©o . ... 10900 : L .
1985 | .. . e 600 eew . 60800 L L2700 .
... 1986 L . .. 800 | ‘ 117500 e+ . 10700
L1987 & o . . o1s00 . - . 84800 ...~ .. : 10000
1988 | .. 2200 | L e R21900 F . 13500 | .
1989 ... 300 e ... 15200 o, 6700
1990 g 1000 . .. 83400 .|, . 13650
1991 | .. : 1900 .. .. 609500 . 7850
1992 | . ' .. 1000 e . 152700 | . L 14800
West Coast Torrent () Western Arm Brook Humber (O)
_Newfoundland . . o Q@) . e .
c.. 1984 | ; 1805 |. . 117 . . ~999
e 1985 | ... . 1553 . . 162 . . -999
- .. 1986 | . . L2818 | e 252 e . 999
1987 2508 ..378 Coe . 12300
1988 L. 2065 e .. 102 .. 16200 .
1989 } .. . Lo 1339 IR ) T e .. 4900 ) . . T
1990 } . ... 2296 . L o124 )L sl 12200 . .
1991 e ... 1415 BT, .. 233 . 8700 ) L
1992y o . 2347 . 480 | . v e...22300 | .. T
. South Coast - Conne(¥) { Northeast Trepassey((J) > Biscay Bay (4) Grand (O)
Newfoundland } ... . .. .- ... ., T L G BT .
L. 1984 L L 999 e 89 e . 2430 ) C =999
198§ e . 999 e 124 s -999 v v . 999
1986 L . 1518 ‘ .. 158 |} . 2516 ) .. 18 |
1987 } . . ... 9687 o 91 1 -999 . e 00 "999
- 1988 | . .. .. T8 | T ... 1698 | . ... 149
1989 | . 4469 - oL 6y 999 1. e 15,
1990 . 4321 - .. . 1657 e 208
i o 1991 L. 2086 ) L ea0 99 o e 2394 )L L +999 .
1992 | . v L 8 L 999 ] .. 101

17



i

Mitis(*)

Madeleine((0)

Trinite (O)

Quebec Matane()
. 4 *

1984 239 74 876 1663
1985 181 156 762 1008
1986 636 359 2364 1364
1987 225 . 406 1018 * 1115
- 1988 477 499 692 1324
1989 338 482 1208 1744
1990 528 452 1270 1637
1991 329 461 1586 - 1306
1992 697 509 1877 449
* - East Coast Placentia Bay (*) Terra Nova(() Middle Brook(}) Gander (O).
Newfoundland . i . .
1984 419 1233 1379 1081
1985. 384 1557 904 1663
1986 725 1051 1036 1064
1987 -999 974 914 -999
- 1988 - 543 1737 772 1562
1989 706 1138 496 596
1990 551 1149 745 -999
1991 353 873 562 245
. 1992 921 1443 1182 1168
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Table 2. Input data for Ratio Test: (A) counts of small-sxzed salmon at countmg fences of
Newfoundland (B)counts of large—sued salmon at counting fences of Newfoundland ’

A ...

Year . Humber | Rocky . Terra | Middle | Biscay | Northéast | . Conné

. o Nova | - Brook. . Bay River

1987 12,300 80 1,400 1,100| 1,400] . 350 10,200
1988 16200  300|. 2,000 1,300| 1,800 640 | 7,600
1989 | . 4900| 200 1,400 | - _600| 1,000 8io | 5,000
1990 | 12,200] - 400| 1,500 1,100 1,700 | -~ 700 | . 5,400
1991 | 5700 200 1,100 . 800| ~ . 400 370 | 2,400
1992 | 22,300 300 . 1,800| _1,600| 1,300 . .960| 2,500
(B)

Year | Humber | Rocky'| . Terra| Middle| Biscay | Northeast [ Conné

' - Nova|  Brook . Bay ] = River

1987 | 900 | e| 19 1ol 16| 500
1988 | . n100] . .20 0 14 60| 11 40
.1989 | - 300] 40| 19 100 15| 30
1990 - | 900 w0 0 13| .70 25| . 40
1991 .. .400 IO R 8 1 4] 40| 8] 100
1992 | o 3700] . | - 20| 43| .. s0| .. . 46| - 200

' Only partial counts were available in 1990-1992. River was not used for ratio test.
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Table 3. Summary of route regresslon analyses for log transformed counts of
returnxng small salmon in Atlantic Canada.
composite trend estimate was based on 5000 randomizations for each region.
(A) Summary of parameters used to compute critical value B for composite

slope (Eq. 3).

The sampling distribution’ of the

(B) Percentiles for approximate sampling dxstribution.

(A) Scotia éuady Region o )
Series Label Slope. V(Slope) i Z hat Weight
Efmmde =lllecias Sllliellioa - s | iy . s R
1 Liscomb <0:1145009 0.0024411 | . 60.88 24939.98
-2 LaHave .<0:0883224 0.0019720 ; 424.68 .215352.95
3 stgjohn =~ -0.0067719 0:0006439 { '~ 6372.11 ...9896871.00
z : i
Gulf—Mainland (counts expressed xn thousands) ) L
Series  Label Slope V(Slope) | ' Z_hat Weight
1 Restigou¢ . 0.0270571 0.0014766 | - 10.42 ' 7054:19
. 2 Miramichi 0.0954229 0:0031503 79.83 . 25340.88
- 3 Margaree 0.0889984 0.0025451 | . 1.25 ...491.62
- : i
West coast'Newfoundiand I T _ -
Sseries Label Slope v(slope) | Z_hat  Weight
1 Humber 0.0215249 0.0249468 | 10716.10 429558:56
2 W Arm_ Brk  0:.0900584 - ~0.0053339 | -217.08 ..40691.97
3 Torrent ' -0.0043844  0.0013388 | 1955.02 1 1460269.75
. _ :
South Coast Newfoundland E o
Seiics ravel | siepe | V(siopa) | 7 hac weiane
1 Grand ~0.0936675 0.0031933 | 163.39 ,51165.91
2 Biscay . =0.2072258 0.0091449 i 1466.06 " 160314.31
3 NETrepass =-0.0838613 0.0013541 | .88.61 . 65440.37
4 Conne ' T0.2707694 0.0019954 |  4563.21 . 2286920.75
Siries Gapel  Glops | V(slopa) | z_hat etght
1 Tfinite . <-0:0607875 0.0027492 | 1212:44 441016:25
2 Matane,  0.0695760 0.0025840 ! 1198.09 463655.63 .
3 Madeleine  0.1930435 0.0031280 © 327:44 104682.38
4 Mitis ~~ 0:1017400 ¢\9s°9%?35§h&m, 367.28 ,125112.27
+
Series Label Slope V(Slope) | Z_hat Weight
[ B E . N [ B P .
1 Gander .  =0.1124922 0.0072054 | 908.47 - 126082:27
2 Middle  -0.0551951 0:0016563 ! 846.96 511345.00
3 TerraNova =-0.0128799 0.0009416 | 1211.75 . 1286929.13
4 Placentia  0.0442213 0.0019485 | 547.21 ., _ 280829.69
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Table 3. (cont.)
(B)

Percentile | Scotia- Gulf- West Coast | South Quebec East Coast
of (B,) Fundy Mainland Newfoundl | Coast Newfoundl

and Newfoundl and

and

.01 -.0520 -.1092 -.1468 -.1735 -.0838 -.0565
.025 -.0455 -.0943 -.1131 -.1525 -.0742 -.0500
.05 -.0398 -.0785 -.0910 -.1292 -.0622 -.0431
.10 -.0316 -.0635 -.0680 -.1027 -.0492 -.0339
25 -.0168 -.0360 -.0350 -.0556 -.0263 -.0185
.50 -.0001 .0000 0002 -.0009 .0001 -.0001
75 0164 .0353 .0345 .0525 .0267 0181
90 .0316 0642 .0687 .1045 0502 .0343
.95 .0400 .0789 .0916 1318 .0621 0422
975 .0455 0943 1133 1520 0727 .0509
99 0511 1120 .1430 1759 .0824 0591
Critical .0087693 .0806624 .00337138 | -0.258491 .03383813 | -0.0211154
Value ‘
(BJ)
Significan | 0.6344 0.0458 0.476 1.0000 0.1982 0.7840
ce Level '
of (B,
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Table 4. Summary of ratio tests results for counts of salmon in Newfoundland. Sampling distribution
was approximated using 2000 randomizations of the input data from Table 2. Mean count for 1992
was compared to the 1987-1991 mean.

Statistic Small Salmon Large Salmon
Observed Ratio R, 1.469661 3.914426
Significance Level for R, 0.130 | 0325
Minimum Simulated Value 3965407 2470324

Percentiles of R,

.01 4477793 .2820540
.025 4821862 2974519
.05 .5071580 3221608
.1 .5514103 .3570259
25 7596768 .4680709
S .9836497 .7446435
a5 1.248154 9798903
9 1.528300 3.499047
95 1.657325 3.664136
975 1.810683 4.081066
.99 1.919264 4.200263
Maximum Value 2.016062 4.482992
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FIGURE CAPTIONS

Figure 1. LOWESS smoothed, log transformed (log, [Y,+0.23]) count data for small salmon in 21
rivers of Atlantic Canada, 1984-1992. Tension parameter was set to 0.8.- (A) Scotia-Fundy Region:
St John (O), LaHave (a), Liscomb (O); (B) Gulf-Mainland: Margaree((d), Miramichi(a),
Restigouche (O); "(C) West Coast Newfoundland: Torrent ((0), Western Arm Brook (a), Humber
(O); (D) South Coast Newfoundland: Conne(), Northeast Trepassey(CJ), Biscay Bay (a) and
Grand (Q); (E) Quebec: Mitis(x), Madeleine((3), Matane(a), Trinite(O); and (F) East Coast
Newfoundland: Placentia Bay (%), Terra Nova((d), Middle Brook(a), Gander (O).

Figure 2. Effect of increase in the number of sites from 1 to 11 on the ability to detect changes in
the mean abundance level of fish for true underlying changes of (A) 6=1.1, (B) 6=1.25, (C)
6=1.1", and (D) 6=1.25". The mean abundance level for the 8-yr baseline period was p=500.
Power was approximated with 500 random data sets for each ratio and number of series combination. -
The sampling distribution for each random data set was approximated with 1000 re-randomizations of
the data. Each point repreSents the fraction of cases in which the s:gmﬁcance level of the ratio test
was less than the Type I error level [x=0. 20 (0); a=0.05(0); «=0.01 (a)]. Points were
connected by spline fit.

Figure 3. Estimated power to detect true change in ratio of means for a hypothetical time series at 5
simulated sites with underlying means of 1250, 625, 500, 300, 50." An eight year baseline and 2-year
treatment period was assumed. Power was approximated with 500 random data sets for each ratio.
The sampling distribution for each random data set was approximated with 1000 re-randomizations of
the data. Each point represents the fraction of cases in which the significance level of the ratio test
was less than the Type I error level [«=0.20 (El), a= 0.05 (O); a=0.01 (a)]. Points were

~ connected by splme ﬁt
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