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A Comment and Response on Time Series Outlier Analysis

Comment gregates: western and central Alaska sockeye salmon
and central and southeastern Alaska pink salmon.
In a paper recently published in this journal, Farleylhese 4 groups accounted for 80% of the total Alaska
and Murphy 1997 (hereafter F&M) presented an anakalmon catch between 1925 and 1994. We conducted
ysis of the temporal variability in cdtes ofAlaska atime series intervention analysis to determine whether
and British Columbia (BC) sockeye salmonthese regional salmon stocks showed a response to cli-
Oncorhynchus nerkstocks. On the basis of their anal-matic regime shifts. We found 2 step changes in all 4
ysis of catch time series of 9 sockeye salmon stock§ime series, a negative step in the late 1940s and a posi-
they concluded that increased catches of most sockve step in the late 1970s. These step changes corre-
eye salmon stocks that began in the late 1970s resultspgonded precisely to abrupt changes found in many
from a change in escapement policy and not as a relimate variables of the North Pacific. We interpreted
sponse to improved ocean conditions. Throughout théis result as a bottom-up response by the salmon to
paper F&M make frequent reference to 2 papers afhanges in the distribution and quantity of secondary
ours (Francis and Hare 1994; Hare and Francis 199productivity in the Alaska Gyre.
hereafter FH-HF), where we presented a theory of F&M argue that the catch data should be analyzed
salmon production regimes driven by interdecadal cliat a finer level (e.qg., individual river system) because
matic regimes. this would result in a more meaningful interpretation.
The purpose of this comment is to review the F&MWe do not agree with that assessment, when the larger,
analyses and conclusions and to provide a contempiegional-scale signal, as was the intent in FH-HF, is
rary assessment of our theory and how it has evolveaf interest. The eason why one should not necessarily
in the 3 years since the FH—HF papers were publisheexpect to see the climate signal at the smaller stock or
We state, right at the outset, that we stand by our comratershed scale is similar to the reason that the Cen-
clusion that changes in oceanic productivity are largeltral Limit Theorem wdks. At the small scale, there
(though not exclusively) responsible for the decreasedppear to be many local factors both in the freshwater
Alaska and BC salmon production of the 1950s, 1960sind marine environment that affect salmon produc-
and early 1970s (relative to the period prior to 1950)ion. Because these are local effects, the salmon popu-
and for the increased salmon production after the cliation may respond either positively or negatively.
mate regime shift of 1976/77. However, if the climate signal is working on a larger,
North American salmon catches and productivityregional scale, it will be masked by the local scale
have shown enormous variability during the 20th cenroise. However, when you look at production on the
tury. There have been numerous studies on the caugegional scale, the local effects will be “averaged out,”
of the variability, and explanations have run the gamutevealing effects occurring at the larger scales. Thus,
from freshwater to oceanic to management influencesne would expect the climate signal to become increas-
In the past 5 years, a new theory has been advancéuly difficult to discern as the scale of investigation
which we refer to as the regime-shift productivity narrows. Thatloes not mean the signal is not present,
theory. One of the main tenets of this theory is thagust that we cannot see it very well. In a sense, we are
salmon productivity alternates between high and lowrying to see the forest, not the individual trees.
production regimes in response to decadal-scale cli- We have a number of concerns about the F&M
matic regime shifts. study and the conclusions they draw based on their
A large number of studies have contributed to the@esults. The most obvious improvement that could be
development and refinement of the regime-shift promade to the FH-HF papers would be to assemble
ductivity theory. FH—-HF summarized many of the pasalmon production (catch + escapementa.ddhis
pers through 1995 (discussed later). In this commeniyould more directly answer whether changes in pro-
we first provide a capsule summary of the FH—HFduction correspond to changes in climate or changes
papers to prime the ensuing critique of F&M. in escapement policy. F&M conclude that changes in
For the analyses in FH-HF, we assembled catckscapement policy produced increased catches in the
time series for 4najor Alaskan salmon regional ag- 1970s but provide no supporting data. In fact, Adkison
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et al. (1996), examined production data for Alaska anthat increased the production Afaska salmon and
BC sockeye salmon and came to the same conclusidmat the shift between regimes was likely to persist for
as FH-HF; their study, however, was not addressed lecades. F&M note that forecasts for Bristol Bay sock-
F&M. eye salmon returns implicitly recognize the regime-
Prior to modeling, F&M apply a logarithmic trans- shift impact by omitting data prior to 1978. Thus, it is
formation to their data. Both Quinn and Marshallnot clear what favorable environmental conditions they
(1989) and FH-HF found square-root transforms apare referring to or how they benefit salmon. Finally,
propriate for some sockeye salmon catch time seriethe conclusion that increased escapement was respon-
Also, the display of the log-transformed time seriessible for increased production is not supported by any
(as in F&M, Figure 3) contains erroneous values alondata analysis.
the y-axes. In the 3 years since the FH-HF papers, a number
One of the pitfalls of time series analysis is thatof other studies have been published, refining and ex-
when a large number of parameters are being esfpanding the regime-shift productivity theory. Adkison
mated, a wide variety of possibly wildly different et al. (1996), fit a variety of climate models to Bristol
models can provide almost the same statistical fit. TBay and Fraser River sockeye salmon production data.
some extent, this can be alleviated by the use of objeThey concluded that the best explanation for the ob-
tive criteria (AIC, Akaike 1974; SBC, Schwarz 1978). served variation in Bristol Bay stocks was an abrupt
F&M present only an RSE (residual standard error¥hift in the productivity parameter of the Ricker stock-
statistic, which is guaranteed to decrease as paramecruitment relaonship. This same result was also
eters are added. When several different types of outlebtained by Hare (1996). Adkison et al. (1996) could
ers are being permitted in the models, it becomesot find a model that explained much of the Maitia
critical that added explanatory power be documentedty in Fraser River sockeye salmon productivity. In a
Rather than attempting an a priori approach wherdifferent study, however, Beamish, Neville (1997), us-
some response in the time series is hypothesized amd) total return and marine survival data, found a sig-
then tested, F&M found a number of different typesnificant positive shift (using intervention analysis) in
of outliers and then searched for an explanation faothe productivity of Fraser River sockeye stocks begin-
those outliers. It is generally comforting when statisning with the 1975 brood year (migrating to sea in
tics confirm a trend or pattern that the eye detectsl977).
Examining some of the plots (F&M Figures 8, 9),itis A number of studies have also examined the re-
very difficult to visualize what is significant about sponse of other species of salmon, as well as those
points they identify as significant outliers (e.g., sedrom other regions, to the climate regime shift of 1976—
Egegik and Alitak systems). Perhaps this is the majat977. Beamish et al. (1995) found an abrupt decline
explanation for why they could not find explanationsin survival of chinook salmon from Strait of Georgia
for most of the temporary change and additive outliand Fraser River hatcheries after 1977. Asder{n
ers they identified. It is further surprising that the re-presg shows that Columbia and Snake River chinook
sulting fits are not illustrated anywhere in their papersalmon catch responded to the climate regime shift as
We would have appreced seeing to what extent their the high catches of 1945-1976 were replaced by the
final model fits tracked the catch time series. low catches that have persisted since then. In a superb
We believe that the third conclusion in F&M re- review paper on salmon production and ocean regimes,
quires clarification and further discussion. The conPearcy (1997) notes that production of both wild and
clusion reads: “Changes in escapement policy duringatchery coho salmon from coastal Oregon “decreased
favorable environmental conditions appeared to be thdramatically between the 1975 and 1976 smolt release
most common source of positive level-shift outliers,years.” Downton and Millerii§ pres$ fit multivariate
rather than an abrupt change in the production dynantime series transfer function models to catch time se-
ics of the North Pacific in response to the 1970s reries ofAlaskan sockeye, pink, and chum salmon.All 3
gime shift.” Although F&M acknowledge that species show statistically significant shifts in both the
environmental conditions play an important role inlate 1940s and late 1970s, in synchrony with the cli-
salmon catch dynamics, their findings and conclusiomatic regime shifts. In a recent paper, an inverse rela-
seem to discount the regime-shift productivity theorytionship between cdtes of Alaskan and U.S. West
of FH-HF and they attribute the increase in catches t6oast salmon was demonstrated (Hare @t akess.
a change in escapement policy. Abrupt transitions occurred in 1947 and 1977 and ap-
We contended in our papers that the 1970s regimaroximately 50% of the total catch variability was
shift was tied to favorable environmental conditionsattributed to climate-regime-driven shifts in produc-
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tivity. Noakes et al. (1998) showed that salmon catchesummary). Salmon populations along the entire coast
from around the Pacific Rim have shown a “high deof North America have shown a remarkably coherent
gree of consistency” in trend over time. Beamishresponse to the climate regime shift, hnone more so than
Mahnken (1997) examined the role of hatchery prothe Bristol Bay stocks (FH-HF; Bdeur and Ware
duction in the jump in salmon catches after the mid995; Beamish, Neville 1997; Noakes et al. 1998). Rec-
1970s. ognition of the importance of ocean conditions and
In terms of the conceptual model linking large-the interdecadal nature of climate variability in estab-
scale climate variability and salmon production, sevilishing those conditions, is an important advance in
eral recent papers have progressed beyond the FH-HEtter understanding the nature of salmon production,
papers. Mantua et al. (1997) and Zhang et al. (199and in managing those populations.
identified the interdecadal-scale climate pattern asso-
ciated with the regime shift of 1976/77. They termedteven R. Hare
this pattern the Pacific Decadal Oscillation (PDO)/nternational Pacific Halibut Commission
which has shown 3 reversals in the 20th century: 1928, O. Box 95009, Seattle, WA 98145-2009
25, 1946/47, and 1976/77. Francis and Hare (1997)
and Francis et al. (1998) present an expanded disciRebert C. Francis
sion of the hypothesized bottom-up forcing mechabUniversity of Washington
nism driving northeast Pacific oceanic ecosystems. &chool of Fisheries
conceptual extension to this model has recently bedBox 357980, Seattle, WA 98195
advanced (Gargett 1997), the key notion being the
possible existence of an optimum window for coastahcknowledgements: We wish to thank Dick Beamish,
water-column stability driven by large-scale fluctua-Ric Brodeur, Bill Clark, Bruce Leaman, and Nate
tions in Pacific basin climate, which affect both light Mantua for reviewing the manuscript.
levels and nutrient supply for phytoplankton growth.
Assuming that the stability of the coastal northeast
Pacific Ocean varies in phase with and in response to
decadal-scale variation in the Aleutian Low/PDO pro-
cess, it is hypothesized that northern (Gulf of Alaska/
Bering Sea) and southern (California Current) phy- . ; .
toplankton populations occupy opposite ends of thiklare and Francis state that we concluded “that in-
window, thereby producing variations in primary (andcré@sed catches of most sockeye sal@rworhynchus
secondary) production in the 2 regions that are out f€rkastocks that began in the late 1970s resulted from
phase. Perry et al (1998) considered the evidence fgrchange in escapemen_t_pollc,y, and not as a response
bottom-up versus top-down control of epipelagic (prin-to improved ocean condltlons: This interpretation in-
cipally salmon) fish production in the subarctic Pa-COrrectly expands our analysis of positive level-shift
cific. They concluded that bottom-up control wasoutliers foundlln 3 river systems to include the enor-
probably on the interdecadal scale, as well as on dRous fluctuations present in Alaska sockeye salmon
interannual basis. production. It is important to point out that sockeye
We believe the debate over the causes behind t§a&lmon catches increased in all 9 river systems in our
enormous fluctuations in salmon production is necesanalysis, but only 3 of these contained level-shift out-
sary and important and to that extent we welcome tHEers. In the 6 remaining series, mean catch increased
input from F&M. However, we disagree with their con-gradually over a period of several years, and the in-
clusion that a change in escapement policy is respofirease was removed from our time series analysis when
sible for the increased sockeye salmontegtc This the data were differenced. For clarity, we reviewed the
disagreement is based, not only on our own work, b sockeye salmon stocks that contained positive level-
on the findings of several other studies and on the lackift outliers.
of escapement data analysis in their paper. Positive level-shift outliers were found in Situk,
The climatic regime shift of 1976/77 reverberatedJgashik, and Copper Rivers. In the Situk River stock,
throughout the large marine ecosystems of the Nortsockeye salmon escapement goals were reduced from
Pacific. Biological responses to the regime shift hav80,000-100,000 to 45,000-55,000 in 1987 (B. Van
been documented in a wide array of species at allen, Alaska Department of Fish and Game [ADF&G]
trophic levels, from plankton to fish to marine birdsJuneau, personal communication); this change in es-
and mammals (see Francis et al. 1998 for a lengthyapement policy was identified as a possible source of
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the positive level-shift outlier in the catch time seriesunintended omission to our discussion. Adkison et al.
during 1987. In the Ugashik River stock, we found g1996) found that the best model of the productivity
positive level-shift outlier in 1979. This positive level of Bristol Bay sockeye salmon was a one-time change
shift appeared to follow the 1976-1977 regime-shifin the parameters of the Ricker stock—recruitment
hypothesis proposed by Hare and Francis (1995); hownodel that first affected the 1972 brood year. Of the 9
ever, other contributing factors suggested by EggemBristol Bay river systems investigated by Adkison et
et al. (1984), such as increased escapement levelsah (1996), Ugashik had the largest increase in both
the early 1970s for river systems in Bristol Bay andhe a andf parameters of the Ricker model. Because
reduced Japanese high seas interception rate of Bristhe most common age groups returning to Ugashik are
Bay sockeye salmon during 1978, were also identi4- and 5-year-old sockeye salmon (Burgner 1991), the
fied as possible sources for the level-shift outlier. Inncrease in the productivity parameter of the Ricker
the Copper River stock, we found a positive level-shifimodel for the 1972 brood year should have affected
outlier in 1982. The dominant ocean age for Coppecatch levels during 1976 or 1977. We found a level
River is 3 years (Burgner 1991). If Copper River stoclshift in the sockeye salmon catch time series in the
had responded to the 1976-1977 regime shift proposétbashik stock several years later (1979). In addition
by Hare and Francis (1995), we would have expecteid the changes in the Ricker parameters (Adkison et
to see a positive level shift in catch during 1980. Wel. 1996), escapements increased (Eggers et al. 1984),
suggested that low escapements between 1974 ahdth or either of which may have produced the level
1976 (S. Morestead, ADF&G, Cordova, personashift in catch during 1979.

communication) may have delayed this system’s full  Our use of a logarithmic transformation was also
response to favorable ocean conditions. contested by Hare anddfcis. To sthailize the vari-

Our third conclusion states that “changes in esance in catch, we applied a logarithmic transforma-
capement policy during favorable environmental contion to the sockeye salmon catch time series; a
ditions appeared to be the most common source tfansformation commonly used in analyzing fisheries
positive level-shift outliers.” We did not mean, as Haredata. Totest the appropriateness of the logarithmic
and Francis interpreted, that a change in escapemeransformation, we applied a Box-Cox transformation
policy was responsible for the increased sockeyéox and Cox 1964) to each of the 9 sockeye salmon
salmon catches in Alaska, nor did we propose an atatch time series. The results indezhthat a square
ternative hypothesis to that presented by Hare anaot or logarithmic transformation were equally ap-
Francis (1995) and Francis and Hare (1994) for expropriate for these river systems.
plaining the fluctuations in Alaskan sockeye salmon  Objective criteria such asAkaike Information Cri-
production. Rather we concluded thdtemAlaskan terion (AIC) and Schwartz’s Bayesian Criterion (SBC;
sockeye salmon catch is examined at the individualee Wei 1990 for examples) are useful when compar-
stock level, changes in escapement policy (a local afhg the statistical fit of a wide variety of models that
fect) appear to play a role in determining the presenaeontain different numbers of model parameters. The
of positive level-shift outliers, or changes in stock profocus of our original paper was on identifying outliers
duction. within our sockeye salmon catch time series, not on

Hare and Francis comment that we failed to promodel selection. Nevertheless, we have computed the
vide data supporting our conclusion that changes i8BC for each of the models, and all the ARIMA mod-
escapement policy resulted in increased (Alaskan soclkls that contained outliers produced lower SBC values
eye salmon) catches in the 1970s. Once again, we muikan ARIMA models without outliers (Table 1).
point out that our conclusion regarding possible rela- In examining some of our sockeye salmon catch
tionships between increased sockeye salmon catch afiiehe series, Hare and Francis indicated that they found
escapement policies was restricted to 3 river systentke significance of our “significant outliers” difficult
(Situk, Ugashik, and Copper Rivers) that containedo visualize. We used an iterative outlier detection pro-
positive level-shift outliers. We did not expand ourcedure developed by Chen and Liu (1993) that is ap-
conclusion to include sockeye salmon catch for thelied to the residuals of the empirically built model.
other 6 river systems examined or for Alaskan sockThe procedure begins by examining the residual se-
eye salmon catch as a whole. ries for outliers, adjusts the original series by remov-

Hare and Francis correctly note that althougting the effects of outliers according to the types of
Adkison et al. (1996) examined production data fordetected outliers and their effects, re-estimates model
Alaska, we failed to address their study. This was aparameters, and then examines the residuals from the
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Table 1. Schwarz’s Bayesian criterion (SBC) valuesevel-shift outliers may be susceptible to
for univariate ARIMA models and ARIMA mod- misclassification of the outlier type (Chen and Liu
els that included outliers. 1993).

Hare and Francis (1995) found significant posi-

, — SBC \alues , tive interventions in sockeye salmon catch levels dur-
River Univariate Ourtier ing 1979 for western Alaska and during 1980 for central
Naknek/Kvichak -23.49 -28.86 Alaska stocks in response to the 1976-1977 regime
Egegik -58.79 -65.84 shift. Of the 9 sockeye salmon catch time series we
Ugashik 15.85 37.77 examined, only 3 had positive level-shift outliers: 1979
Alitak 51.44 -83.03 (Ugashik), 1982 (Copper), and 1987 (Situk). The posi-

tive level shift found in Ugashik appeared to follow
Karluk -6.82 -69.15 the regime-shift hypothesis proposed by Hare and
Copper -44.21 -107.91 Francis (1995); however, given the 8-year period span-
Situk -99.67 -113.57 ning positive level shifts in these 3 river systems, we
Skeena -58.2 -72.74 suggested that factors other than the 1976-1977 re-

gime shift may also be contributing to the timing and
presence of positive level shifts in these river systems.
These factors may be the influence of localized stock-
adjusted model for other outliers. Because the procepecific production dynamics.
dure uses the residuals from the empirical model to Direct management effects on salmon production
detect outliers, it may not be possible to distinguistare not easily discerned for aggregate catches. By
outlier effects within the original time series. For ex-maintaining a resolution in production data that most
ample, the additive outlier we noted for Naknek/closely matches the resolution of management actions,
Kvichak in 1983 did not correspond to a distinguishwe can more effectively segregate the relative influ-
able shift in catch; however, the large catch in 1988nce of management and environment (e.g., Adkison
occurred for an off-cycle year and stands out as aet al. 1996). It is important to examine processes af-
outlier in the residual series because the ARIMAfecting fish production at a number of spatial and tem-
model, which accounts for the 5-year cycle, could ngboral scales to fully understand their population
explain it. dynamics. However, ultimately the processes must be
Hare and Francis also were curious about how welirought to the scales used by management before they
our final model fits tracked the catch time series. Wean advance the management of fish populations.
include the model fits in Figure 1. During the second Lack of positive level-shift outliers during the late
review process, we discovered an error in the ARIMAL970s in the other 6 sockeye salmon catch time series
model given for Naknek/Kvichak. The model shouldwe examined does not necessarily preclude the exist-
have been written in the form of a seasonal modeaince of linkages between the Gulf of Alaska climate
ARIMA(p,d,q) - (P.D,Q)s, wherep, d, andqg are de- and sockeye salmon production. However, it does sug-
fined in Farley and Murphy (19979, D, andQ are  gest the linkages that are present may gradually affect
the orders of the seasonal components, saiglthe fish production over a period of years in the form of a
seasonality (Wei 1990). TherefotheARIMA model  trend or moving average, rather than in a form of a
for Naknek/Kvichak should have been written adevel-shift outlier. Five of the 9 sockeye salmon river
(5,0,00(0,1,)f, ,_; systems examined in our analysis contained
Unexpected or uncontrolled events (outliers) ofautoregressive (AR) ters. ARterms form the basis
ten affect time series and, depending on their natur&r incorporating serial correlation or “memory”
may have moderate or substantial impact on the intepresent in the time seriestdaTlime series models that
pretation of a time series (Liu et al. 1994; see Beamislepntain a significant AR term for lag 1 may represent
Neville 1997 for an example Weconsidered 3 types environmental effects producing good years after good
of outliers (level shift, temporary change, and addiyears and bad years after bad years (T. J. Quinn I,
tive) when examining the 9 sockeye salmon catch timeniversity of Alaska Fairbanks, personal communi-
series. We dund twice as many temporary changesation). Climate change may affect sockeye salmon
and 4 times as many additive outliers as level shifts icatch gradually, in the form of autocorrelation in catch;
our catch time s@s. The relativenfrequency of level-  rapidly, in the form of shifts in mean catch levels; or
shift outliers suggests that analyses only considerinigoth. A distinction between these two are important
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Figure 1. Sockeye salmon commercial catch (solid line) and fitted ARIMA models that included outliers (dashed lines) for 8

Catch (millions

25.00

20.00 +

15.00 -

0.00

Naknek/Kvichak

1928 1938 1948 1958 1968 1978 1988

8.00+

6.00 +

4.00+

2.00+

0.00

Ugashik

2.50 +

2.00 +

1.50

1.00

0.50

0.00

1928 1938 1948 1958 1968 1978 1988

1928 1938

1948 1958 1968 1978 1988

0.30 T Situk

025+

0.20 1/

0.154 *|x

0.10 +

0.05+

0.00

AR}
T T R TR N
+

1928 1938 1948 1958 1968 1978 1988

Year

25.00 ¢

Egegik

20.00 +

15.00 +

10.00 ~

5.00 -

0.00
1928 1938 1948 1958 1968 1978 1988

1.20 r Karluk
1.00

080+ [\ {
0604 |}

0.40 4 v

0.20 VALY
A

0.00!!!!!!!!\.!!!!
1928 1938 1948 1958 1968 1978 1988

3.00 tCopper
2.50+
2.00 1
1.50

1.00 -

0.00
1928 1938 1948 1958 1968 1978 1988

TSkeena

0.00
1928 1938 1948 1958 1968 1978 1988

Year

major sockeye salmon rivers producing in Alaska and British Columbia, 1928-1996.

Forum



Comment and Response 73

when interpreting changes in sockeye salmon catdkggers, D. M., C. P. Meacham, and D. C. Huttunen. 1984. Popu-

time series. lation dynamics of Bristol Bay sockeye salmon, 1956-1983.
Pages 100-12i W. B. Pearcy, editor. The influence of ocean
conditions on the production of salmonids in the North Pa-

Edward V. Farley, Jr. ) cific. Oregon State University Press, Corvallis.

National Marine Fisheries Service Farley, E. V., and J. M. Murphy. 1997. Time series outlier analy-
Auke Bay Laboratory sis: evidence for management and environmental influences
11305 Glacier Highway, Juneau, AK 99801 on sockeye salmon cées inAlaska and northern British

Columbia. Alaska Fishery Research Bulletin 4(1):36-53.
Francis, R. C., and S. R. Hare. 1994. Decadal-scale regime shifts

James M. Murphy in the large marine ecosystems of the northeastfie: a

National Marine Fisheries Service case for historical science. Fisheries Oceanography 3:279—
Auke Bay Laboratory 291.
11305 Glacier Highway, Juneau, AK 99801 Francis, R. C., S. R. Hare, A. B. Hollowed, and W. S. Wooster.

1998. Effects of interdecadal climate variability on the oce-
anic ecosystems of the NE Pacific. Fisheries Oceanography
7:1-21.
Gargett, A. E. The optimal didity ‘window’: a mechanism
REFERENCES underlying decadal fluctuations in North Pacific salmon
. . . stocks? Fisheries Oceanography, 6:109-117.
Adkison, M. D., R. M. Petenan, M. F. Lapointe, D. M. Gillis,  are S R. 1996. Low frequency climate variability and salmon

and J. Korman. 1996. Alternative models of climaffects production. Doctoral. dissertation, School of Fisheries, Uni-

on sockeye salmorOficorhynchus nerRaproductivity in versity of Washington, Seattle.

Bristol Bay, Alaska and Fraser, River, British Columbia. Fish-Hare, S. R, and R. C. Francis. 1995. Climate change and salmon

eries Oceanography 5:137-152. o production in the northeast Pacific Ocean. Pages 357r372
Anderson, J. dn press.Decadal climate cycles and declining R. J. Beamish, editor. Climate change antheon fish popu-

Columbia River salmonin E. E. Knudsen, C. R. Steward, |ations. Canadian Special Publication of Figeandquatic

D. D. MacDonald, J. E. Williams, and D. W. Reiser, editors.  Sciences 121, Ottawa.
Sustainable fisheries management: balancing the conservatare, S. R., N. J. Mantua, and R. Carfis.In press Inverse
tion and use of Pacific salmon. AArbor Press, Ann Arbor, production regimes: Alaska and West Coast Pacific salmon.
Michigan. Fisheries.
Akaike, H. 1974. A new look at statistical model identification. Liu, L., G. B. Hudak, G. E. P. Box, M. E. Muller, and G. C. Tiao.
IEEE Transactions on Automatic Control. AC-19:716—723. 1994. Forecasting and time series analysis using the SCA
Beamish, R. J., B. E. Riddell, C. M. Neville, B. L. Thomson, and  statistical system. ScientificomputingAssociates Corp.,
Z. Zhang. 1995. Declines in chinook salmon catches in the Oak Brook, lllinois.
Strait of Georgia in relation to shifts in the marine environ-Mantua, N. J., S. R. Hare, Y. Zhang, J. M. Wallace, and R. C.
ment. Fisheries Oceanography 4:243-256. Francis. 1997.A Pacifinterdecadal climate oscillation with
Beamish, R. J., C. M. Neville, and A. J. Cass. 1997. Production impacts on salmon production. Bulletin of the American
of Fraser River sockeye salmon (Oncorhynchus nerka) in Meteorological Society 78:1069-1079.
relation to decadal-scale changes in the climate and the oced¥oakes, D. J., R. J. Beamish, L. Klyashtorin, and G. A.
Canadian Journal of Fisheries and Aquatic Sciences 54:543— McFarlane. 1998. On the coherence of salmon abundance
554. trends and environmental factors. NPAFC Bulletin 1:454—
Beamish, R. J., C. Mahnken, and C. M. Neville. 1997. Hatchery 463 o _
and wild production of Pacific salmon in relation to large- Pearcy, W. G. 1997. Salmon production in changing ocean do-
scale, natural shifts in the productivity of the marine envi-  Mains. Pages 331-3§2D. J. Stouder, P. A. Bisson, and R.
ronment. ICES Journal of Marine Sciences 54:1200-1215  J- Naiman, editors.&eific salmon and their ecosystens¢a-
Box, G. E. P, and D. R. Cox. 1964. Analysis of transforma- tus and future options. Chapman and Hall, editors. New York.
tions. Joumnal of the Royal Statistical Society 26:211-252, Perry, R. I, D. W. Welch, P. J. Harrison, D. L. Mackas, and K. L.
Brodeur, R. D., and D. M. Ware, 1995. Interdecadal variability ~D€nman. 1998. Epipelagic fish production in the open sub-
in distribution and catch rates of epipelagic nekton in the arctic Pacific: bottom up or self-regulating control? Pices

: . : Press 6:26—32.
northeast Pacific Ocean. Pages 329 toiB38 J. Beamish, Quinn, T. J., ll, and R. P. Marshall. 1989. Time series analysis:

editor. Climate Change and Northern Fish Populations. Ca g o SO
; - Lo X : : ; quantifying variability and correlation in Southeast Alaska
nadian Special Publication of Fisheries and Aquatic Sciences salmon catches and environmental data. Pages 6A-R0

B 121. R L. 1991 Life hist ¢ K | J. Beamish and G. A. McFarlane, editors. Effects of ocean
ur%wer, onch : ||3e lslorlyl_{o CSO(CB eye Sg‘ anon variability on recruitment and an evaluation of parameters
(Oncorhynchus nerka Pages 1-11m C. Groot and L. used in stock assessment models. Canadian Special Publica-
Margolis, editors. &cific salmon life histories. University of tion of Fisheries and Aquatic Sciences 108.

British Columbia Press, Vancouver. Schwarz, G. 1978. Estimating the dimension of a model. The
Chen, C., and L. Liu. 1993. Joint estimation of model param-  annals of Statistics 6:461—464.

eters and outlier effects in time series. Journal of the Ameriyej, w. W. S. 1990. Time series analysis: univariate and multi-

can Statistical Association 88:284-297. _ variate methods. Addison-@sley Publishing Company, Inc.,
Downton, M. W., and K. A. MillerIn press Relationships be- Redwood City, California.

tweenAlaskan salmon catch and North Pacific climate onzhang, Y., J. M. Wallace, and D. S. Battisti. 1997. ENSO-like

interannual and interdecadal time scale. Canadian Journal of decade-to-century scale variability: 1900-1993. Joumnal of

Fisheries and Aquatic Sciences. Climate 10:1004-1020.



The Alaska Department of Fish and Game administers all programs and activities free from discrimina-
tion on the bases of race, religion, color, national origin, age, sex, marital status, pregnancy, parenthood,
or disability. For information on alternative formats for this and other department publications,
please contact the department ADA Coordinator at (voice) 907-465-4120, (TDD) 1-800-478-3648, or
FAX 907-465-6078. Any person who believes she/he has been discriminated against should
write to: ADF&G, P.O. Box 25526, Juneau, AK 99802-5526 or O.E.O., U.S. Department of the Interior,
Washington, DC 20240.



