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Abst ract

During the past few decades |arge commercial fisheries for
groundfish developed in the Gulf of Alaska and Bering Sea. There
has been specul ation that these fishing operations may have
reduced the available fish stocks and thereby contributed to the
dramatic declines in the Al askan populations of Steller sea lion
(Euret opi as j ubatus) that occurred during the sane period.
Previous studies that attenpted to relate estinmates of sea lion
abundance with annual catches of walleye pollock (Theragra

chal cogranma) produced i nconcl usive results. In this

i nvestigation principal conponent analysis was applied to data
from 1979-90 on sea lion counts for 25 sea lion rookeries in the
QI f of Al aska and A eutian Islands, and independently to fishery
observer data from 1980-89 for the commercial groundfish fishing
operations that occurred within a distance of about 37 kilonmeters
of these rookeries. The conponent scores fromthe two data sets
were then correlated to explore for simlarities between the
pattern of sea lion decline and the pattern of fishing

oper at i ons.

There was an unusually large correlation between the second
principal conponent for the adult sea lion declines and the
second conponent for the winter pollock catches. Rookeries that
suffered relatively large declines in sea lion counts early in
the study period generally experienced |large w nter pollock
catches, but rookeries that suffered declines late in the study
period experienced either no wnter pollock catches or ones that

occurred late in the study period. There were no strong
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correl ations between the conmponents for the adult sea lion
declines and any other fishery conponents (quarterly fishing
effort and total catches of groundfish, catches of Pacific cod,
Gadus macrocephal us, and of Atka mackerel, Pl eurogranmrus
monopterygius). Also, there were no strong correlations between

t he conponents for the sea |ion pups and any fishery conponents.

| nt roducti on

I n response to marked declines during the past several decades in
t he Al askan popul ations of Steller sea |ions (Eunetopias
jubatus), in 1990 the US National Marine Fisheries Service (NVFS)
i ncluded these aninmals on the list of threatened species under
the provisions of the Endangered Species Act (NWFS, 1992).

Al though the deterioration in the popul ations has been

W despread, it has not occurred uniformy across all breeding
colonies. Loughlin et al. (1992) reported an 81% decline over
the period 1960 to 1989 in the estinmated nunber of adult and
juvenile Steller sea lions in the Aleutian |Islands, the

hi storical center of their abundance and range, a 54%decline in
the Gulf of Alaska, and a 70% increase in Southeast Al aska. The
general reduction in sea lion nunbers in the Al eutian |Islands and
Qul f of Alaska, coupled with the sinultaneous growh in the
fisheries for groundfish in this region, has |led researchers to
specul ate that the fisheries may have had adverse effects on the
sea lions (Brahamet al., 1980; Merrick et al., 1987; Lowy et
al., 1989; Loughlin and Merrick, 1989; Springer, 1992), but the

nature of the linkage renains unclear.
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Alternative causes for the decline that have been proposed
or exam ned include: comercial (Merrick et al., 1987) and
subsi stence (NWFS, 1992) harvests of sea lions; entanglenent in
marine debris (Loughlin et al., 1986); incidental (Loughlin and
Nel son, 1986; Perez and Loughlin, 1991) and deliberate killing by
fishermen (Merrick et al., 1987); disease (Castellini et al.
1993); and changes in oceanographic conditions (Springer, 1992;
Pascual and Adkison, 1994). (Cbservations made in the md 1970s
when conpared with ones fromthe md 1980s indicate no apparent
changes in either sea lion reproductive rates or pup survival
during this period (Merrick et al., 1987). A recent analysis of
changes in the population's age structure suggests the decline
was the result of reduced survival of juvenile rather than adult
sea lions (York, 1994).

Al though Steller sea lions are opportunistic predators, in
the Aleutian Islands and Qulf of Al aska adults are known to feed
predom nantly on nediumto |arge walleye pollock (Theragra
chal cogramma) (Pitcher, 1981; Lowy et al., 1989) and young sea
lions on smaller pollock (Frost and Lowy, 1986). Qher |ess
inportant sea lion prey in this region include Pacific cod (Gadus
macr ocephal us), octopus, squid, salnmon (Oncorhynchus sp.),
Pacific herring (Cd upea harengus pallasi), Pacific sand |ance
(Amodytes hexapterus), capelin (Mallotus villosus), flatfish
(Pl euronectidae), rockfish (Sebastes sp.) and Atka nackerel
(Pl eurogrammus nonopterygius). Based on the apparent strong
dependence of sea lions on walleye pollock for food, there have

been attenpts to correlate comercial harvests of pollock wth
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trends in sea lion counts, but the results have been
I nconcl usi ve.

Loughlin and Merrick (1989) conpared trends in sea lion
abundance at eight major rookeries in the Bering Sea and Gulf of
Al aska with catch statistics for the commercial pollock fishery
in the surrounding areas. They used counts nade at each rookery
of adult and juvenile sea lions (1976-86) and of pups (1976-88)
and correlated these with annual pollock fishery data (catch
catch per hour of fishing, and average fish weight) for areas
centered roughly around each rookery and neasuring one degree of
latitude by two degrees of longitude. They directly conpared the
sea lion counts with the fishery statistics for the same year and
with the fishery data lagged by one to five years. Al though they
found several statistically significant correlations, the
coefficients were both positive and negative. They concl uded
that their results neither supported nor rejected the hypothesis
that commercial pollock harvests had influenced sea |ion
abundance.

Ferrero and Fritz (1994) repeated the analyses of Loughlin
and Merrick (1989) but with additional fishery data and counts of
adult and juvenile sea lions (1987-91). Furthernore, they
conducted a new analysis, at a finer spatial scale than the
original study, using data on the annual pollock harvests that
occurred wthin 37 kilometers (20 nautical mles) of each area
and using adult and juvenile sea lion counts from 13 areas rather
than the original eight rookeries. |n both analyses they found

several statistically significant correlations, but the signs on
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the coefficients were inconsistent.

In the current study | search for correlations between the
commercial groundfish fisheries in Alaska and the declines in the
Steller sea lion populations, but with a slightly w der scope,
froma different perspective, and using different analytica
tools than the previous studies by Loughlin and Merrick (1989)
and Ferrero and Fritz (1994). M approach is notivated by the
notion that the sea lion declines may be related to human
di sturbance rather than to pollock harvests and that fishing
activities during particular tines of the year may inpair the
survival of juvenile sea lions. Steller sea lion rookeries are
usual ly at renote, inaccessible sites (NWS, 1992), perhaps
reflecting this species' innate sensitivity to disturbance during
the pupping season. Fishing during sumrer and fall may disrupt
the ability of sea lion nothers to successfully nurse their pups.
Fishing during fall or winter may disrupt the initial hunting

activities of newy weaned pups.

Materials and Met hods

The basic data for this study consisted of counts of sea |lions at
sel ected rookeries in the Aleutian Islands and Qulf of Al aska
from 1979-89 and groundfish fishery statistics from 1980-89 for
the areas surroundi ng these rookeries. Data from other

comercial fisheries, such as the crab, shrinp, herring and
salnon fisheries, were not available at a sufficiently fine scale
of resolution. | used sea lion data for a nore extensive set of
rookeries than the studies by Loughlin and Merrick (1989) and

Ferrero and Fritz (1994), but for a nore limted time span
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Also, rather than directly correlating the sea lion counts with
the fishery data, | applied principal conmponent analysis to the
sea lion data and independently to the fishery data and extracted
conponent scores that accounted for nost of the variation in each
data source; then | correlated the scores for the two data sets

to explore for simlarities.

Sea Lion Abundance Data

The counts of adult and juvenile sea |ions and pups were nade by
the NVFS and Al aska Departnent of Fish and Game as part of their
routine nonitoring progranms (Fiscus et al., 1981, Merrick et al.
1988, 1990, 1991). The counts are from either aerial
phot ogr aphi ¢ surveys or |and surveys conducted during the peak of
the breeding season, late June through early July. The counts do
not include adults and juveniles that were in the sea at the tine
of the survey or non-breeding aninmals sighted at haul outs. The
surveys were conducted sporadically during the period 1979-90 and
never during any given year at all rookeries, although the
surveys were very nearly conplete during 1979, 1985, 1989, and
1990. Counts of pups, which were always from | and-based surveys,
are much | ess extensive than counts of adults and juveniles. The
nost conpl ete pup surveys were conducted during 1979 and 1990.

| chose to distinguish between rookeries on the basis of
their characteristics during the early versus |late portion of the
study period. For each rookery | used the counts fromthree
years to cal cul ate annual instantaneous rates of change for the
nunbers of aninmals during the early and | ate periods by applying

the fornul a
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logo( Ng / Ng ) / t,
where N, is the count fromthe base survey, N is the count from
the next survey, and t is the nunmber of years between the two
surveys. | f pup counts were available for a given rookery for
all three surveys, | also calculated ratios of the nunber of pups
to the number of adults and juveniles (non-pups). For these
calculations | wusually took counts from surveys conducted during
1979, 1985, and 1990 because there was very conpl ete coverage of
the rookeries during these years, especially for the adults and
j uveni | es. For sone rookeries (e.g., Attu and Chernabura
| sl ands) | chose different base years to nake better use of the
avail able counts (Table 1).

The 30 rookeries included in this study cover a w de
geographic range (2380 kilometers), from Attu Island in the
western Aleutian Islands to Seal Rocks in the @Qulf of Al aska at
the entrance of Prince Wlliam Sound (Fig. 1). Four rookeries in
the general study area (Sem spochnoi Island, Walrus Island, CQuter
I sland, and Wboded Island) were excluded fromthe anal yses
because they had only two or fewer survey counts during the study
peri od.

For conparing the adult and juvenile counts with the fishery
data | conbined certain rookeries due to their close geographic
proximty and used only the instantaneous rates of change in 25
rookeries or rookery groups (Table 1, Fig. 1). For exanple, |
treated the adult and juvenile counts from U ak Island, G anp
Rock, and Tag Island as if they were froma single rookery,

Del arof Islands. For easier identification in figures (e.g.
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Fig. I), | nunbered the rookeries from1 for the westernnost

(Attu) to 25 for the easternnost (Seal Rocks).

G oundfish Fishery Data

The fishery data used in this study consisted of observed fishing

effort (hours fishing) and catches (metric tons) of selected
groundfish species (walleye pollock, Pacific cod, and Atka
Mackerel ) tabul ated by year, quarter, gear type, and area. The
data, which were provided by NVFS, were extracted froma database
of information collected by US fishery observers aboard -foreign
joint-venture, and domestic fishing vessels. Oiginally the data
were derived by NVFS as part of an analysis for establishing
designated areas of critical habitat for Steller sea |ions under
the provisions of the Endangered Species Act (NWFS, 1993). The
data are essentially identical to previously reported val ues
(Fritz, 1993) except for the inclusion of fishing effort and the
excl usion of catches that had no reported fishing effort val ues.
Also, | only used data for 1980-89, The data from prior to 1979
were reported to be unreliable’ and the data from 1979 did not
di stingui sh between gear types. NWS did not provide ne with
data for 1990 or nore recent years.

The data represent observed fishing activities by |ongline,
m dwater traw, and bottomtraw vessels that occurred within a
radius of 37 kilonmeters (20 nautical mles) fromany one of 116

rookery and maj or haul out sites designated as critical habitat

1. Karma Nelson, National Marine Fisheries Service, Al aska
SéiQSrlﬁfsﬁglence Center, 7600 Sand Point Way NE, Seattle, WA
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for Steller sea lions (NWS, 1993). This particular spatial
scal e was chosen on the basis of tagging studies by Mrrick et
al. (1994), who found that fenale sea lions that have young pups
at a rookery do not forage nore than about 37 kiloneters from
their pups. To avoid double counting, observations fromregions
of overlap between two or nore sites were assigned to the
westernnost site during the data extraction process. As a
consequence, the fishing areas associated with each rookery have
irregular surface areas (Table 2, Fig. 1).

The proportion of the fishing activities that were
docunented by observers was not uniform during the study period.
In 1980 there was observer coverage for about 8% of the fishing
days by foreign vessels operating in the eastern Bering Sea and
Al eutian Islands (Bakkala, 1984); in 1989 there was 94% observer
coverage of the fishing days by joint venture operations in the
region (Guttornmsen et al., 1990). In Loughlin and Merrick (1989)
and Ferrero and Fritz (1994) the observer data were expanded to
account for unobserved catches. In the current study | chose
instead to treat the observer data for each rookery zone on a
relative basis. For each year | tabulated the observed effort
and catch statistics for the set of 25 rookery zones and
cal cul ated quarterly effort and catch percentages for each zone.
For exanple, during 1985 the total observed catch of pollock from
the 25 rookery zones was 23,624.3 netric tons of which 213.5
metric tons (0.90% was taken during the second quarter from zone
10 (Attu) and 32.8 netric tons (0.14% was taken during the third

quarter from zone 23 (Marnot).

10
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Because | arge spatial areas will by chance alone tend to
account for a greater proportion of the fishing activities than
smal | areas, | adjusted the effort and catch percentages for each
zone using the formula
Average Area [knf]

Zone Area [knf]

Adj usted Percent = Percent *

whi ch reduced the relative size of the catches fromlarge zones
and inflated the catches from small zones. Because the fishery
data were very skewed, with a few |large values and |arge nunbers
of zero or small values, | transforned the adjusted percentages
using Gauch's (1982) so-called octave scale (Table 3), a base two

logarithm c transformation

Rookery O di nations Based on Counts of Adults and Juveniles

To sinplify the sea lion data for the 25 five rookery groups |
applied principle conponent analysis (PCA) (Dillon and Gol dstein
1984) to the early and | ate instantaneous rates of change in the
adult and juvenile counts (Table 1). In general, one uses a PCA
to reduce the nunber of variables into a smaller set that
neverthel ess account for nost of the variation in the original
data. The first principal conponent provides an objective
neasure for ordering the sanples using the observed data. The
second principal conponent, which is always uncorrelated with the
first and generally accounts for less of the original variation,
provi des an additional neasure for ranking the sanples, and so

on.

11



SAMPSON GROUNDFI SH FI SHI NG NEAR ALASKAN SEA LI ON ROOKERI ES

Rookery O dinations Based on Counts of Pups

For monitoring trends in pinniped popul ations the nunber of pups
born is considered to be the best measure (Berkson and DeMaster,
1985). However, in this study counts of sea |ion pups were
unavail abl e for nunerous rookeries in the study area. To exam ne
whet her the pup counts provided different information than the
adult and juvenile counts, | applied principal conponent analysis
to the data fromthe 18 rookeries that had conplete information
for the instantaneous rates of change in pup counts and the pup
to non-pup ratios (Table 1). For this analysis | kept Chernabura
and Atkins separated in spite of their geographic proximty. |
repeated the PCA on the sanme 18 rookeries but this tinme to the
data for the instantaneous rates change in the adult and juvenile
counts; then | conpared the conponent scores fromthe two

anal yses using sinple linear correlation. Finally, to permt
conparison with the fishery data, | repeated the PCA of the

I nstant aneous rates change in the adult and juvenile counts but

w th Chernabura and Atkins conbi ned.

Rookery Ordinations Based on Fishing Activities

To sinmplify the fishery data for the 25 five rookery zones |
applied principle conponent analysis to the follow ng subsets of
the transformed and adjusted fishery data: fishing hours, total
groundfish catches, and pollock catches, Pacific cod catches, and
At ka mackerel catches. | anal yzed each year's data separately by
quarter (W nter, January - Mrch: spring, April - June; summer,
July - Septenber: and fall, October - Decenber) and including al

four quarters. For interpreting the PCA conmponents | produced

12
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ordered data matrices in which the data were sorted both
spatially (by rookery) and tenporally on the basis of the PCA

Scores.

Conpari sons of Sea Lion Changes and Fi shing Activities

To explore for simlarities between patterns in the sea |lion
counts and patterns in the fishery data, | calculated sinple
linear correlation coefficients between the conmponents fromthe
PCA of the adult and juvenile sea lion counts (based on all 25
rookeries) and the principal conponents from the anal yses of the
transforned and adjusted fishery data; then | identified the
coefficients that were "significant" at the 5% probability |evel.
In addition, | did a simlar analysis of correlations between the
conponents fromthe PCA of the pup count data fromthe 17
rookeries (wth Chernabura and Atkins conbined) and the principal

conponents fromthe anal yses of the fishery data.

Resul ts

Al though the fishery database did not identify the species
conposition for about one third of the total observed catches of
groundfish that occurred within the 25 rookery zones, walleye
pol | ock made up the vast majority (75% of the catches whose
conposition was identified (Table 2). Pacific cod and Atka
mackerel accounted for 11% and 12% of the catches whose
conposition was identified, with sablefish (Anoplopona finbria),
flatfish, and rockfish making up the remaining 3% NMore than 50%
of the pollock catch and 30% of the fishing effort was fromthe

8,402 square kiloneter zone around Akutan and Akun (15). There

13
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was a fairly consistent seasonal pattern to the fishing
activities around certain rookeries (e.g. Akutan and Akun [15]),

but activities were sporadic around nost (Fig. 2).

Rookery Ordi nati ons Based on Counts of Adults and Juvenil es

The principal conponent analysis of the adult and juvenile
i nst ant aneous rates of change generated two scores for each of
the 25 rookeries, with the first score accounting for about 74%
of the variability in the original data (Table 4). Because in
this instance there were only two variables, the two principal
conmponents incorporate all the variability in the original data
and can be viewed geonetrically as a sinple translation and
rotation of the axes for the early and |l ate instantaneous rates
of change (Fig. 3).

| f the instantaneous rates of change in the adult and
juvenile counts at a rookery had occurred uniformy through tine,
the early and late values would |lie along the 45 degree |ine
shown in Figure 3. The first principal conponent, which is
al nost at right angles to this reference |ine, nmeasures the
deviation froma uniformrate of change, with positive val ues
indicating a relatively small change during the early period and
a large change during the late period. For exanple, there were
slight increases in the adult and juvenile counts at Attu (1) and
Marnmot (23) during the early period but |arge decreases during
the late period: these two rookeries had the largest first
conmponent scores. At the other extreme, Chirikof (22), which had
the smallest score, showed al nobst no change during the late

period but a |arge decrease during the early period. The second

14
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conponent neasures the rate of change conbi ned over both peri ods,
w thout regard to the timng of the change. { ubbing Rock (18),
whi ch had the | argest second conponent score, was the rookery
that changed the | east over the two periods: Buldir (3), which

had the smal |l est score, was the rookery that changed the nost.

Rookery Ordinations Based on Pup Counts

For the 18 rookeries that had conplete pup count information
(Chernabura and Atkins separate) the first two conponents from
the PCA of the pup count data together accounted for al nost 72%
of the variability in the data (Table 5A, Fig. 4). The first
conponent, which accounted for 44% of the variability, had a
| arge positive correlation (0.772) wth the early instantaneous
rate of change and | arge negative correlations with the pup to
non-pup ratios fromthe three surveys (Table 5A). Adak (8),
which had the |argest first conponent score (Fig. 4), had a large
increase in the nunber of pups during the early period and
relatively small pup to non-pup ratios (Table 1). At the other
extreme, Chirikof (22), which had the snallest score, had a
slight decrease in the nunber of pups during the early period and
relatively large pup to non-pup ratios. The second conponent was
highly correlated with the late instantaneous rate of change and
the mddle pup to non-pup ratio.

Between the five pup count variables the strongest
correlations were a negative one (-0.716) between the early
i nst ant aneous rate of change and the early pup to non-pup ratio
and a positive one (0.621) between the mddle and late pup to

non-pup ratios (Table 5A). Both correlation coefficients were

15
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significant at less than the 1% probability level, but the latter
coefficient was very sensitive to the large pup to non-pup ratios
for a single rookery, Chirikof (22) (Table 1).

The principal component analysis of the adult and juvenile
i nst ant aneous rates of change from these sane 18 rookeries
produced results (Table 5B) that were alnost identical to those
obtained fromthe PCA of the full 25 rookeries (Table 4), which
suggests that there were no fundanental differences between the
rookeries for which conplete pup count data were avail able and
t hose for which they were not.

The two sets of principal components fromthe 18 rookeries
with conplete pup count data, one based on the pup counts and the
other on the adult and juvenile counts, were not highly
correlated (Table 5C), which inplies that the pup counts provided
fundanental ly different information about the rookeries than the
adult and juvenile counts. There was a strong correlation
(-0.583, significant at the 1.1% probability level) between the
first conmponent for the adult and juvenile count data and the
fourth conponent for the pup count data, but this pup conponent
accounted for less than 7% of the variability in the data
(Table 5A). The next strongest correlation (0.477, with a
probability level of 4.5% was between the first adult and
juvenil e conponent and the second pup conponent. Both
correlations were highly sensitive to the extrene first conponent
score for Chirikof (22) adults and juveniles (Fig. 3).

The results fromthe PCA of the pup count data with

Chernabura and Atkins conbined (Table 5D) were essentially

16
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identical to the results fromthe PCA with Chernabura and Atkins

separated (Table 5A). For conparisons with the fishery data

(below) | used the conmponents fromthe PCA wth Chernabura and

At ki ns conbi ned.

Ordinations of the Fishery Data

From the principal conponent anal yses of the fishery data for the
25 rookery zones | saved the first four conponents for each of
the five types of fishery data (hours fishing, total catch, and
catches of pollock, Atka nmackerel, and Pacific cod) and five
tenporal scales (quarterly and with all quarters). The analyses
with information fromall four quarters reduced forty variables
(quarterly observations for ten years) to sets of four components
t hat accounted for 65%to 83%of the variability in the data
(Table 6), depending on the type of fishery data. The sets of
four conponents fromthe anal yses with data by individual quarter
accounted for 74%to 100%of the variability. The variability
accounted for by the individual first conponents ranged from 29%

(winter pollock catches) to 70% (sumer pol |l ock catches).

Chances in Adult and Juvenile Sea Lions versus Fishing Activities

To explore for simlarities between changes in the adult and
juvenile sea lion counts and the patterns of fishing | cal cul ated
120 different correlation coefficients of which nine (7.5% were
significant at least at the 5% probability level (Table 7). the
strongest correlation (0.624, significant at the 0.09%
probability |level) was between the second conmponent from the PCA

of the winter pollock catches, which accounted for 19% of the

17
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variability in the pollock data (Table 6), and the first
conmponent ("timng") fromthe changes in the adult and juvenile
sea lion counts. There was at |east one data pair (Chirikof
[22]) that could be viewed as an outlier (Fig. 5), but even

wi thout this pair there was a strong correlation (0.425,
significant at the 3.8%probability level). Apparently rookeries
that suffered relatively large early declines in their sea lion
counts generally experienced |arge pollock catches during the
winter early in the ten year catch sequence, whereas rookeries
that suffered late declines in sea lion counts generally
experienced either no wintertine pollock catches or ones that
occurred late in the ten year catch sequence (Table 8).

There was another relatively strong correlation (-0.410,
significant at the 4.2% probability |level) between the first
component for wintertime fishing hours, which accounted for 31%
of the variability in the effort data (Table 6), and the first
conponent for the changes in the adult and juvenile sea lion
counts. In this case the fishery conponent ordered the rookery
zones on the basis of the cunulative anount of winter fishing
hours over the entire ten year sequence (Table 9). Qher than it
bei ng a spurious chance occurrence, | have no plausible
interpretation for the apparent relationship between this fishery
conponent and the sea |ion declines.

The renmining seven significant coefficients were for
conmparisons with the third or fourth principal conponents from
the anal yses of the fishery data (Table 7). These conponents

accounted for relatively little (5% 15% of the variation in

18
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these fishery data (Table 6); any relationships between these
fishery conponents and the sea |ion conponents are likely to have
little practical inportance even if they are statistically

significant.

Chancres in Sea Lion Puns versus Fishing Activities

In the correlation analysis of simlarities between changes in
the sea lion pup counts and the patterns of fishing, five out of
120 coefficients (4.2% were significant at |least at the 5%
probability Ievel (Table 10). The three largest coefficients
were for conparisons with the third principal conponents fromthe
anal yses of the fishing hours and the Pacific cod catches. These
conmponents accounted for only 9% of the variability in the
associated fishery data (Table 6).

There was a relatively strong correlation (0.511,
significant at the 3.6% probability |level) between the second
component for the total springtine groundfish catch and the first
conmponent for the changes in sea lion pup counts, but this
coefficient was very sensitive to the data for Ayugadak (5).
Wthout these data the correlation was significant only at the
13% probability level. There was also a relatively strong
correlation (0.488, which was significant at the 4.7% probability
| evel ) between the second conponent for the wintertine pollock
catch and the first conmponent for the changes in sea |lion pup
counts, but this coefficient was very sensitive to the data for
Chirikof (22). Wthout the Chirikof data the correlation was
significant only at the 43% probability |evel.

19
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D scussi on

Declines in pup counts should subsequently produce declines in
the counts of adults and juveniles, but in this study | found no
strong associ ations between the principal conponents for the pup
counts and the principal conmponents for the counts of adults and
juveniles. This nay be an indication that the sea l|ions

redi stributed thensel ves between rookeries rather than returning
each year to their natal rookeries. Alternatively, the differing
rates of decline between rookeries may not have been due to
mortality of pups, ny working hypothesis, but rather to nortality
of adults and juveniles.

For this study the fishery catch statistics for each rookery
were aggregated over rather arbitrarily chosen spatial scales
(within about 37 kilometers of the rookery). It mght be
instructive to repeat the anal yses descri bed above using fishery
data aggregated over a variety of spatial scales. However
spatial scales larger than the one used in this study probably
woul d not produce any better correspondence between the sea |lion
changes and the fishery patterns. Rookeries that were close
together did not necessarily suffer nore simlar patterns of
decline in sea lion abundance than ones that were far apart.

Anal ysis of fishery catch data is always problenmatic. To a
first approximation, catch froma given location will be jointly
proportional to fish abundance at the |ocation and the fishing
effort being applied there (Qulland, 1983); hence, a l|larger than
average catch could result either from unusually high fish

abundance or high fishing effort. On the one hand, fish catch
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fromaround a sea |lion rookery can be viewed "as a relative
measure of the amount of food . . . that is no longer available to
sea lions" (Loughlin and Merrick, 1988). On the other hand, fish
harvest m ght parallel fish abundance, in which case a |arge
catch would indicate sufficient fish to "satisfy both harvest and
sea lion needs" (Ferrero and Fritz, 1994). | attenpted to
clarify the situation by examning ratios of traw catch over
trawl hours of fishing (catch-per-unit-effort, CPUE), which in
t heory should be proportional to fish abundance. | had little
success, however, because for nost rookery zones there were only
very sparse observations of CPUE during the study period
(Table 11).

When interpreting the statistical results fromthis study,
there are sonme caveats that should be considered. This
i nvestigation was an exploratory exercise, not a conpletely
rigorous test of hypotheses. Because the fishery data were not
col l ected according to a random zed survey and because they and
the sea lion data underwent various forns of nonlinear
transformation, the significance levels for the correlation
coefficients between the two data sets should be viewed as
providing only a rough guide to the strength of the associations.

Also, there is a technical problem associated with the
principal conponents derived fromthe sea lion counts. For a
given rookery the early and | ate instantaneous rates of change
are not strictly independent because both were derived fromthe
sanme count for the mddle period. A positive nmeasurement error

during the mddle period produces an early rate of change that is
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| arger than expected and a late rate of change that is smaller
than expected. The anount of neasurenment error in sea lion
counts is small however. For 1992, which was the first year with
replicate surveys to assess variability, Sease et al, (1993)
report an estimated coefficient of variation of only 2.12%for
the estimated total number of adults and juveniles counted at
rookeries fromKiska (4) to Sugarloaf (24).

The above problens notw thstanding, the results fromthe
correlation analysis conparing the principal conponents from the
adult and juvenile sea lion counts with the conponents fromthe
fishery data provide sone support for the notion that sea |ions
are sensitive to wntertime pollock fishing that occurs near
rookeries. Gven this result and the lack of any strong
correl ations between the sea |ion conponents and the conponents
fromeither the total winter groundfish catches or the fishing
hours, it appears that ny working hypothesis, that sea lion
declines are nore related to human di sturbance than to poll ock
harvests, is incorrect. The lack of large correlations between
the sea |lion conponents and the fishery conponents from ot her
seasons individually and fromall four seasons conbined |ends
addi ti onal credence to the conjecture that pollock availability
during winter may be crucial to sea" lion survival. However, the
fact that there were sea |ion declines even at rookeries where
there were no observed winter pollock catches indicates that
other factors are also involved. The estimted correlation
between the sea lion data and the winter pollock data expl ai ned

only 39% of the variability in the relationship.
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Tabl e 1.

Popul ation statistics for selected A askan sea |ion rookeries.

Instantaneous Change (/year)

Base Years Nonr-pups Pups Pup / Non-pup Ratios

Rookery Farly Hid. Late Early Late Early late Early Middle Late
1 Attu 79 85 88 0.104 -0.400
2 Agattu 79 & 90  -0.138 -0.192

3 Buldir 79 88 9  -0.090 -0.370 -0.202 0.434 0.314 0.115 0.572
4 Kiska 79 8 %  -0.153 -0.206

Kiska - Lief Cove 79 8 %0  -0.184 -0.236  0.103 -0.277  0.092 0.514 0.419

5 Ayugadak 79 8 %0  -0.122 -0.112  0.451 -0.140  0.015 0.469 0.406
6 Amchitka 79 8 90  -0.066 -0.349
7 Delarof Islands 79 8 9%  -0.021 -0.136

Ulak 79 8 90 0.038 -0.145 0.300 ~0.090 0.094 0.453 0.597
Graep Rock 79 8 %0  -0.046 -0.119
Tag 79 8 %0  -0.102 -0.136

8 Adak 79 8 90  -0.018 -0.098  0.555 -0.281  0.019 0.579 0.231

9 Kasatochi 79 8 %0  -0.085 -0.120 0.239 -0.322 0.109 0.762 0.278

10 Seguar & Agligadak 79 85 90  -0.044 -0.228
Seguar - Saddleridge 79 85 %0 -0.030 -0.252 0.015 -0.270  0.685 0.896 0.821

Agligadak 79 85 90 -0.110 -0.126
11 Yunaska 79 85 90 -0.056 -0.202 0.052 =-0.299 0.502 0.958 0.588
12 Adugak 79 85 90 -0.109 -0.201 0.359 -=0.234 0.053 0.884 0.749
13 ogchul 79 85 90 -0.121 -0.165
14 Bogoslof 79 85 90 -0.021 -0.118 0.032 -0.176 0.625 0.862 0.647
15 Akutan & Akun 78/79 85 90 -0.107 -0.131
16 Ugamak 79 85 90 -0.151 -0.174 0.093 =0.117 0.161 0.698 0.930
17 Sealion Rock 78 85 90 -0.118 -0.056
18 Clubbing Rock 79 85 90 0.012 -0.041
19 Pinnacle 79 8 90  ~0.0%0 -0.039
20 Chernabura & Atkins 79 86 90 -0.202 -0.076
Chernabura 79 86 90 -0.170 -0.008 -0.076¢ -0.169 0.430 0.831 0.437
Atkins 79 86 90 -0.213 -0.110 -0.206 =-0.225 0.908 0.950 0.598
21 Chowiet 79 85 90 -0.128 -0.166 -0.133 -0.394 1.23%5  1.199 0.384
22 Chirikof 79 86 90 ~0.348 -0.008 -0.016 -0.222 0.317  3.237 1.373
23 Harmot 79 86 8¢ 0.046 ~0.444 -0.062 -0.230 1.056  0.497 0.943
24 Sugarloaf 79 85 89 -0.063 -0.119 -0.083 -0.097 1.171  1.040 1,133
25 Seal Rocks 79 84 90 0.003 -0.119 0.097 -0.056 0.166 0.266 0.388
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Tabl e 2.

Rookery zone areas and observed catches (netric tons)
and fishing effort (hours) during 1980-89.

Area Pacific  Atka
Rookery Zone (kmf2) Pol | ock Cod Mackerel Sablefish Fatfish Rockfish — Total Effort
1 Attu 3745 2010 38 29 0 36 6 3722 421
2 Aqattu 5888 1222 199 2 1 143 16 2459 928
3 Buldir 4286 20 2 1 0 7 11 136 66
4 Kiska 5422 267 96 35 14 43 16 812 651
5 Ayugadak 5774 429 535 3388 2 82 118 6269 1297
¢ Amchitka 5706 751 1699 8471 1 61 4 17295 2897
7 Delarof Islands 9457 40 98 768 1 2 16 1648 160
8 Adak 5884 1482 78 0 6 7 2 1937 324
9 Rasatochi 5820 10 117 1 63 8 4 292 235
10 Seguam/Aqligadak 9608 14213 7502 23374 352 660 102 58750 7725
11 Yunaska 7386 15147 146 117 34 1283 16 23758 6261
12 Adugak 8213 1759 1143 179 285 524 . 65 6444 3721
13 Ogchul 2635 160 453 0 49 2 9 969 524
14 Bogoslof 3987 62480 1 0 1 67 0 107367 6185
15 Akutan/ikun 8402 121515 6315 1459 447 2170 169 190089 20229
16 Ugamak 3434 774 91 6 10 13 18 1372 180
17 Sealion Rock 4120 4499 345 0 0 228 0 8369 668
18 Clubbing Rock 8019 2177 1431 147 116 76 64 5834 1544
19 Pinnacle 2910 849 3729 9 1 5 4 5440 2292
20 Chernabura/Atkins 7880 2698 8652 133 196 9 200 15220 7453
21 Chowiet 7546 1067 266 0 27 2 0 2814 541
22 Chirikof 4505 1484 347 0 27 59 101 3916 1254
23 Harmot 4084 799 303 0 17 296 7 1797 467
24 Sugarloaf 6315 18 27 G 1 7 1 78 34
25 Seal Rocks 5935 0 0 0 0 0 0 0 0

Totals 235868 33610 38120 1650 5790 985 466387 66057
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Tabl e 3.

Cctave scale for transformng the fishing activity percentages.

Raw Val ue (% Transfornmed Val ue
0 0
0 < X < 0.5 1

0.5 <X < 1 2
1 £ X< 2 3
2 2 X< 4 4
4 £ X< 8 5
8 < X < 16 6

16 < X < 32 7

32 < X < 64 8

64 < X 9

Tabl e 4.
Results from principal conmponent analysis of
changes in adult and juvenile sea lion counts
(i ncluding rookeries without pup counts),

Correl ations of conponents with adult and juvenile data.

Early Late
Vari abl e Change Change Var%
1st Conp. 0.857 -0.857 73. 5%
2nd Conp. 0.515 0.515 26. 5%

Late Change -0. 470

& Variation accounted for.
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Tabl e 5.
Results from principal conmponent anal yses of changes
in sea lion counts for rookeries with pup count data.
A. PCA of pup changes and pup/ non-pup ratios (Chernabura and
Atkins separate).

Correl ations of conponents with pup count data.

Pup / Non-pup Ratio
_ Early Late
Vari abl e Change Change Early Mddle Late  Var9

1st Conp. 0.772 0.085 -0.771 -0.654 -0.769 44. 4%
2nd Conp. 0.519 -0.804 -0.220 0.610 0.135 | 27.1%
3rd Conp. 0.168 0.568 -0.536 0.299 0.515 19. 9%
4th Conp. 0.276 -0.049 0.191 -0.305 0. 340 6. 5%
Late Change  -0.245
Early Pup/Non  -0.716 -0.176
M d. Pup/ Non -0.200 -0.342 0.176
Late Pup/ Non -0.361 0. 087 0.334 0.621

& Variation accounted for.

B. PCA of adult and juvenile changes (Chernabura and Atkins
separate).

Correlations of components with adult and juvenile data.

_ Early Late
Vari abl e Change Change Var%
1st Conp. - 0. 852 0. 852 72. 6%
2nd Conp. 0.524 0. 524 27. 4%

Late Change' -0.451
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Table 5. (continued)

C. Correlations of pup count conponents with adult and juvenile
components (Chernabura and Atkins separate).

Adul t/ Juveni |l e
PC1 PC2

Pup PCL  -0.200 0.381
Pup PC2 0.477  0.184
Pup PC3 0.222 -0.190
Pup PC4 -0.583  0.174

D. PCA of pup changes and pup/ non-pup ratios (Chernabura and
At ki ns conbi ned).

Correl ations of conponents with pup count data,

Pup / Non-pup Ratio

_ Early Late
Vari abl e Change Change Early Mddl e Late Var%

1st  Conp. 0.786 0.062 -0.767 -0.648 -0.780  44.7%
2nd Conp. 0.504 -0.816 -0.204 0.618 0.131 27.2%
3rd Conp. 0.165 0.554 -0.554 0.307 0.501 19. 7%
4t h Conp. 0.263 -0.050 0.171 -0.296  0.339 6. 1%
Late Change  -0.258

Early Pup/Non -0.720 ~-0.170

Md. Pup/Non -0.202 -0.341 0.173

Late Pup/Non -0.392 0.092 0.334 0.627
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Tabl e 6.

Variation in the groundfish fishery data accounted for
by the first four principal conponents (PClL - PCZ4).

All Qrs W nter Spring Summer Aut umm

Observed Hours Fishing

PC1 36. 5% 30. 7% 43. 9% 51. 6% 51. 0%
PC2 12. 5% 25. 2% 23. 1% 19. 3% 14. 2%
PC3 8. 5% 15. 9% 7.8% 8. 3% 10. 9%
PC4 7.1% 9.2% 7.2% 7.0% 7. 9%

Sum 64. 6% 81. 0% 82. 0% 86. 2% 84. 0%
Total Observed Catches

PC1 42. 9% 29. 5% 50. 4% 63. 3% 58. 9%
PC2 9.5% 24. 0% 19. 3% 12. 3% 12. 2%
PC3 8. 9% 13. 9% 8. 9% 8. 1% 8. 8%
PC4 7. 1% 9.1% 7. 9% 5. 5% 7. 4%

Sum 68. 4% 76. 5% 86. 5% 89. 2% 87. 3%
(bserved Pol | ock Catches

PC1 46. 6% 28. 8% 56. 0% 69. 5% 65. 6%
PC2 9. 9% 19. 1% 12. 5% 10. 8% 9.4%
PC3 7. 9% 14. 4% 11. 6% 7.0% 7.5%
PC4 5. 5% 11. 3% 6. 8% 4. 9% 6. 8%
Sum 69. 9% 73. 6% 86. 9% 92. 2% 89. 3%

bserved At ka Mackerel Catches

PCl1 45. 0% 50. 3% 55. 3% 51. 1% 46. 5%
PC2 20. 6% 32. 3% 21. 3% 17. 9% 30. 3%
PC3 12. 2% 12. 4% 11. 2% 15. 8% 9.2%
PC4 5.4% 5. 0% 7.8% 7.2% 5. 6%

Sum 83.2% 100. 0% 95. 6% 92. 0% 91. 6%
(bserved Pacific Cod Catches

PC1 34. 2% 39. 7% 40. 8% 48. 1% 47. 1%
PC2 12. 3% 22. 3% 20. 0% 18. 1% 18. 9%
PC3 12. 0% 15. 8% 10. 9% 14. 6% 11. 8%
PC4 7. 9% 9. 7% 10. 2% 8. 4% 9.3%

Sum 66. 4% 87. 5% 81. 9% 89. 2% 87.1%
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Table 7.

Correl ations® between PCA scores for adult sea |ion changes
(timng [Ist conponent] and size [2nd conponent]) and
PCA scores for the groundfish fishery (PCl1 - PZ4).

Al Quarters Wnter nly Spring QOnly Sumer Cnly Autum nl'y

Timng ~ Sze Timing  Sze Timing  Sze Tiring  Size Timing  Sze

Chserved Hours Fishing
PCL 0183 0111  -0.410* 0.098  0.057 0.140  0.139 0093  0.146 0.14
PR -0.280 -0.043  0.145 0.253  0.104 -0.012  -0.364 -0.094  0.134 -0.088
PG3 -0.265 0.266 -0.051 0.084  0.03% 0154 -0.05 0.382  0.422¢ 0.187
PG4 0.049 -0.077 0125 -0.175 -0.313 -0.118  0.003 0.145  -0.140  0.359

Total Chserved Catches
PCl 0.100 0.080  0.295 -0.175 0.013 0.131 0.065 0.058 0.079  0.059
P2 -0.292 0.221 -0.326 -0.293 0.111  -0.009  -0.343 -0.090 0.163 -0.067
PG3 0.175 0209 -0.289 0.042 -0.180 0.020 -0.141 -0.217 0.221 -0.268
PCA 0.248 -0.098 -0.213  0.281 0.076  0.066 0.026 -0.057 0.359  0.033

(hserved Pol [ ock Catches
PCl 0.084 0.011  -0.092 0.209 0.054 -0.022 0074 0.023 0.069  0.022
PQ 0.080 0.170  0.624* 0.233  -0.008 0.065 -0.221 -0.139  -0.326  0.261
PC3  -0.185 0.089  0.272 0.098  -0.029 -0.025 0.077 -0.179  -0.074  -0.142
PG4 -0.209 -0,108  0.238 -0.098  -0.090  0.107 0.153 -0.040  -0.195 -0.017

(hserved Atka Mackerel Catches
PCL  -0.129 0.025  0.121 -0.022 0.182  -0.163 0.003 0.022 -0.074 -0.045
PQ  -0.137  0.091  0.057 -0.123 0.008 -0.062 -0.194  0.095  -0.128 -0.007
PC3  -0.108 0.176  -0.052 -0.162  -0.086 -0.285  -0.174  0.110 0.409* -0.010
P4 -0.045 -0.193  -0.009 -0.427* -0.133 -0.147  -0.056 -0.223 0.242  0.328

(hserved Pacific Cod Catches
PCl 0.166  0.097  0.3%3 -0.129  -0.029 -0.132  -0.052 -0.144 0.111  0.149
PQ2 0.010 0198 -0.124 -0.261 0.038 0.022 0.212 -0.088 0.043  0.129
PGB -0.276  0.118  -0.076  0.115  -0.4371 -0.265  -0.4521 -0.344 0.081  0.187
PG4 -0.100 0.157  -0.137 -0.439*  0.048 -0.291  -0.059 -0.037  -0.417* -0.349

% Correlation coefficients marked with asterisks (*) are

significant at |east at the 5% probability |evel.
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Tabl e 8.

(oserved relative pollock catches (octave scale) - winter only:
ordered data matri x based on the second principal conponent.

Year
Sea Lion
Fi shery 83 8 81 80 84 82 88 87 8 89 Change
Rookery Conp.2 -0.54 -0.53 -0.52 -0.27 -0.23 0.02 0.05 0.09 0.11 0.12 (Conp.1)
22 Chirikof -4,38 2 3 4 0 0 0 0 0 0 ¢ -3.13
11 Yunaska -2.23 0 3 1 1 3 0 3 0 0 0 0.41
20 Chernabura & Atkins -1.74 i 1 0 2 i 0 0 0 1 0 -1.54
17 Sealion Rock -1.61 1 5 0 0 0 0 4 3 4 1 -0.98
18 Clubbing Rock -0.89 0 0 3 0 1 0 1 0 0 0 -0.04
15 ikutan & Akun -0.73 1 1 1 0 1 0 1 7 1 2 -0.44
2 Agattu -0.50 1 0 1 0 0 1 0 0 0 0 -0.30
12 Adugak -0.37 0 1 1 1 0 0 3 0 1 0 -0.02
10 Sequak & Aqligadak -0.2% 0 1 0 1 1 1 0 0 0 0 0.67
13 Ogchul -0.07 0 0 1 1 0 0 0 0 0 0 ~0.34
4 Kiska ~0.04 1 0 0 0 0 0 0 0 0 0 -0.33
21 Chowiet 0.67 0 1 1 0 0 0 0 0 1 0 -0.39
19 Pinnacle 0.27 0 1 0 0 1 0 0 0 1 0 -0.87
24 Sugarloaf 0.70 0 0 0 0 1 0 0 0 1 0 -0.16
16 Ugasak 0.75 0 0 0 0 1 0 0 0 0 1 -0.52
1 Attu 0.95 0 0 0 0 0 0 0 0 0 0 2.93
3 Buldir 0.95 0 0 0 0 0 0 0 0 0 0 1.1¢9
5 Ayugadak 0.95 o 0 o0 0 0 0 0 0 0 0 -0.68
§ Amchitka 0.95 0 0 0 0 0 0 0 0 0 0 1.24
7 Delarof Islands 0.95 0 0 0 0 0 0 0 0 0 0 0.29
8 Adak 0.95 0 0 0 0 0 0 0 0 0 0 0.07
25 Seal Rocks 0.95 ¢ 0 0 0 0 0 0 0 0 0 0.37
9 Kasatochi 1.00 0 0 0 0 0 1 0 0 0 0 -0.33
23 Marmot 1.20 0 0 0 0 1 0 1 0 0 5 2.73
14 Bogoslof 2.11 4 0 0 0 0 0 9 9 8 1 0.17
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Table 9.

Cbserved relative fishing hours (octave scale) - winter only:
ordered data matrix based on the first principal conponent.

Year
Sea Lion
Fishery 89 88 81 87 8 8 80 8 8 8 Change
Rookery Comp.2 0.15 0.18 0.18 0.19 0.21 0.24 0.27 0.47 0.47 0.50 (Conp.1)

1 Attu -1.52 6 0 o0 0 0 0 0 0 6 0 293
3 Buldir -1.52 o 0 0 0 0 0 0 0 0 0 @ 1.19
5 Ayugadak -1.52 o 0 o6 0 0 0 06 0 0 0 -0.68
6 Amchitka -1.52 o 0 o0 o0 0 06 0 0 0 0 1.4
7 Delarof Islands -1.52 o 0 0 0 0 0 6 0 0 0 0.2
8 Adak -1.52 c 0 o0 0 0 0 0 0 0 0 0.07
25 Seal Rocks -1.52 o 0 0 o 0 0 6 0 0 0 0.7
4 Kiska -1.33 0 06 o0 0o 0 1 0 0 0 o =-0.33
9 Kasatochi -1.12 o 0 o0 0o 2 0 0 0 0 0 =0.33
24 Sugarloaf -0.98 o 0 o0 0 06 6 0 1 1 0 -0.16
16 Ugamak -0.86 1 2 06 0 0 6 0 0 1 0 -0.5
23 Marmot -0.71 31 0 ¢ 0 0 0 0 1 0 27
2 Agattu -0.41 6 0 1 0 0 5 0 6 0 0 ~-0.30
21 Chowiet -0.29 o 0 1 0 0 0 2 2 0 1 -0.39
22 Chirikof -0.03 o0 0 4 0 06 0 0 0 1 2 -313
11 Yunaska 0.30 o 1 't o 0 0 2 0 2 2 0.4
10 Sequak & Agligadak  0.33 o 0 2 0 2 1 2 6 1 1 0.7
18 Clubbing Rock 0.41 o 1 4 0 0 0O 0 0 3 1 -0.04
13 Ogchul 0.46 o 0 2 0 4 0 5 0 0 0 -0.3
17 Sealion Rock 0.61 33 06 3 0 1 0 3 0 1 -0.9
12 Adugak 1.28 o 2 2 0 2 1 5 1 1 1 -0.02
14 Bogoslof 1.38 1 8 o0 9 0 0 0 5 0 0 017
15 Akutan & Akun 2.97 4 2 2 5 1 1 2 2 3 3 -0.44
19 Pinnacle 3.45 o 1 o0 0 0 0 0 7 5 6 -0.87
20 Chernabura & Atkins  5.19 0 0 1 o6 2 4 3 7 5 6 ~1.54
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Tabl e 10.

Correl ations® between PCA scores for changes
in the sea lion pups (Pup 1 - Pup 2) and
PCA scores for the groundfish fishery (PC1L - PCZ4).

All Quarters Winter Only Spring Only Sumeer Only Autumxn Only

Pupl Pup2 Pupl Pup2 Pupl Pup2 Pupl Pup2 Pupl Pup2

Observed Hours Fishing
PCi 0.278 -0.322 -0.360 0.084 0.081 -0.222 0.377 -0.392 0.195 -0.321
PC2 -0.259 0.190 0.021 -0.189 0.387  -0.304 ~-0.188  0.060 0.365  0.008
PC3 -0.285 -0.212 -0.037 -0.270 -0.093  0.654% 0.290 -0.217 0.556% -0.298
PC4 -0.338 0.238 0.449 -0.381 -0.116  -0.209 -0.087  0.147 0.089 -0.245

Total Observed Catches
PC1 0.301 ~0.230 0.376 -0.080 0.100 =-0.176 0.343 -0.235 0.257 -0.224
PC2 -0.337  -0.103 -0.238 0.303 0.511* -0.001 -0.2%4 -0.138% 0.397 -~0.073
PC3 0.264 ~0.168 -0.300 0.024 -0.368 0.100 0.103 0.152 -0.368 0.226
PC4 0.017 ~0.006 -0.032 0.257 0.089 ~0.310 -0.203 -0.063 0.373 0.006

Observed Pollock Catches
PC1 0.269 -0.203 -0.198  0.021 0.073 ~-0.168 0.379 -0.182 0.216 ~0.193
PC2 0.136 -0.155 0.488% -0,.454 0.162 -0.188  -0.368 ~0.227 0.032 -0.175
PC3  -0.322 0.141 -0.080 -0.188  -0.343  (0.045  -0.214 -0.134 0.228 -0.063
PC4  -0.325 0.055  -0.230 -0.095 0.033 -0.084 -0.246 0.096 -0.086  0.147

Observed Atka Mackerel Catches
PC1 0.101 -0.065 -0.145 0.045 0.037 0.054 -0.116 0.076 0.102 -0.104
PC2 -0.001 -0.041 0.145 -0.045 0.371 0.047 0.165 -0.05%6 0.082 -0.102
PC3 -0.438 -0.022 -0.145 0.045 -0.187 0.043 ~(.345 0.004 -0.056 -0.071
PC4 -0.127 0.069 0.145 -0.045 0.040 0.071 ~0.095 0.063 -0.026 0.062

Observed Pacific Cod Catches
BC1 0.287 ~0.193 0.266 -0.027 -0.027 0.139 -0.351 0.254 0.304 -0.245
PC2 0.095 -0.102 -0.028 0.176 0.346 -0.042 -0.264 0.076 0.035 -0.09
PC3 0.057 -0.1%3 -0.045 -0.216 -0.380 0.211 ~0.437 0.347 0.589% -(,298
PCY 0.310 ~0.218 -0.088 -0.076 -0.068 -0.107 -0.178  ~-0.233 -0.398 0.105

% Correlation coefficients marked with asterisks (*) are

significant at |least at the 5% probability |evel.
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Tabl e 11.

(observed traw catch per unit effort
(nmetric tons / hour) in the winter pollock fishery.

Rookery 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Attu

Agattu 0.02 0.13

Buldir

Kiska 0.20

Ayugadak

Amchitka

Delarof Islands

Adak

Rasatochi

Sequam & Agligadak  0.01 0.00 0.18 5.0 0.03

Yunaska 0.43 2.14 8.24 5.05 39.80
Adugak 1.77 9.93 17.00
Oqchul

Bogoslof 14.75 11.69 7.87
Akutan & Akun 1.13  0.74 0.07 0.69 31.62 0.19
Ugamak 0.42 0.00
Sealion Rock 0.77 22.50  7.62 10.21 11.78
Clubbing Rock 2.53 3.05 0.16
Pinnacle 0.03
Chernabura & Atkins 1.11 3.43

Chowiet 2.67 1.68

Chirikof 2.08 0.00 4.66

Kareot 1.03 0.1¢ 10.87
Sugarloaf 1.53 0.26

Seal Rocks
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Fi gure Legends

Figure 1. Map show ng rookeries (crosses) and associated fishing
zones (shaded areas) included in this study. There were four
rookeries (indicated by crosses wthout any shaded areas) that

had i nconplete sea lion counts and were excluded fromthe study.

Figure 2. Relative distribution of fishing hours by rookery zone

and quarter.

Figure 3. Conparison of late and early instantaneous rates of
change in the counts of adult and juvenile sea lions at 25
rookeries, The first principal conponent axis ("Axis 1")
neasures the timng of the change, early versus late. The second
axis ("Axis 2") neasures the magnitude-of the combined changes.
The two conponent axes are not at right angles to each other
because the data have differing anounts of variability along the

“early change" versus "late change" axes.

Figure 4. First and second principal conponents fromthe PCA of
pup count data from 18 rookeries with conplete data (Chernabura
and Atkins separate). The first conponent axis is related with
the early instantaneous rate of change and the pup to non-pup

ratios fromthe three surveys, and the second axis with the late

i nst ant aneous rate of change and the pup to non-pup ratio from

the mddle survey. Rookeries with sinmilar characteristics have

simlar conmponent scores and appear close together on the plot.
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Figure 5. Conparison of second conponent fromthe PCA of the

w nter pollock catches and the first conponent from the PCA of

t he instantaneous rates of change in the counts of adult and
juvenile sea lions at 25 rookeries. The correlation coefficient
was significant at the 0.1% probability level for the data shown
and at the 3.8% 1 evel when the data pair for Chirikof (22) was

excl uded.
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