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Abstract: We report on the survival of populations of Cassin’s Auklet (Ptychoramphus aleuticus) that breed on two
oceanic colonies in British Columbia: Triangle Island, near the northern end of the California Current Ecosystem, and
Frederick Island to the north in the Alaska Current Ecosystem. We captured and banded birds at both colonies from
1994 to 2000 and analyzed the recovery data with the computer program MARK. Average local adult annual survival
(± standard error) was significantly lower (p = 0.0001) on Triangle Island (0.71 ± 0.02) than that on Frederick Island
(0.80 ± 0.02), likely a result of poor production in the California Current Ecosystem during the 1990s. Coincident with
a strong El Niño event, survival in 1997–1998 fell in unison to the lowest values observed for both colonies (to
0.54 ± 0.05 and 0.64 ± 0.04, respectively, for adults). A common winter environment in the California Current
Ecosystem could explain the unified mortality response of both British Columbia populations to an exceptionally poor
food period. The seabird colonies in this study occupy key positions in relation to major oceanographic domains and
hence provide unique platforms for investigations of marine ecosystem response to ocean climate variability in the
Northeast Pacific Ocean.

Résumé :Notre étude traite de la survie des stariques de Cassin (Ptychoramphus aleuticus) qui se reproduisent dans
deux colonies océaniques de la Colombie-Britannique, à l’île Triangle, près de l’extrémité nord de l’écosystème du
courant de la Californie et à l’île Frederick, plus au nord dans l’écosystème du courant de l’Alaska. Nous avons cap-
turé des oiseaux dans les deux colonies de 1994 à 2000 et les avons munis de bagues; nous avons analysé les données
de recapture à l’aide du logiciel MARK. La survie annuelle moyenne locale (± erreur type) est significativement plus
faible (p = 0,0001) à l’île Triangle (0,71 ± 0,02) qu’à l’île Frederick (0,80 ± 0,02), probablement à cause de la produc-
tion réduite dans l’écosystème du courant de la Californie dans les années 1990. Durant un important événement El
Niño en 1997–1998, la survie est tombée simultanément au niveau le plus bas observé dans les deux colonies (respecti-
vement à 0,54 ± 0,05 et 0,64 ± 0,04 chez les adultes). Un environnement commun en hiver dans l’écosystème du cou-
populations. During the warm phase of the Pacific Decadal
Oscillation (a long-lived, El Niño-like pattern of Pacific cli-

mate variability; Mantua 2000; Mantua and Hare 2002), pro-
duction of salmonids showed inverse patterns latitudinally,
with poor production in the California Current Ecosystem
and enhanced production in the Alaska Current Ecosystem
(e.g., Hare et al. 1999; Botsford and Lawrence 2002). As up-
per trophic level predators, seabird populations in the Cali-
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lotte Islands). The colony had approximately 90 000 pairs of
nesting Cassin’s Auklets in 1980 (Rodway 1991). Frederick
Island was visited in 1994–1998 and 2000. Frederick Island
is largely forested; the vegetation is described in Rodway et
al. (1994). The island is protected as a wildlife habitat area
by the province of BC.

Cassin’s Auklets were captured using barrier nets (5 cm ×
5 cm multistrand plastic mesh) set at the base of nesting
slopes (Triangle Island) or along the beach parallel to the
edge of nesting areas (Frederick Island). Two trapping sites
were used on each island. The sites were topographically
isolated from each other and from sites of other concurrent
studies (reproduction, diet, mate and site fidelity) on the is-
lands, and no Cassin’s Auklet banded in those other studies
was caught in the traps. On Triangle Island, the net length
and height were approximately 15 m × 3 m in West Bay and
20 m × 3 m in Calamity Cove. On Frederick Island, the
Camp Bay net was approximately 40 m × 7.5 m, and the
North Beach net was about 5



of individuals in the short, spring breeding season was insuf-
ficient to calculate a meaningful survival rate. Survival was
estimated using the Cormack–Jolly–Seber (CJS) model for
marked individuals recaptured sequentially in time. Our in-
tention to discriminate survival rates by location, age, and
year, including the possible influence of an El Niño year, re-
quired that our data preparation consider three attributes of
each Cassin’s Auklet. For each Cassin’s Auklet marked and
recaptured, we recorded the location (trap site and island),
the year, and the Cassin’s Auklet’s eye colour. Though the
number of multiply recaptured birds was insufficient for
breeding season survival analyses, these recaptures proved
valuable for assessing the in-season reliability of eye colour
assessments (see Appendix A).

Eye colour is a known index of Cassin’s Auklet maturity,
with iris colour evolving from brown, through mixed brown
and white (which we term intermediate), then eventually to
white as a Cassin’s Auklet ages (Manuwal 1978; Emslie et



banded. Multiple recaptures within a year explain why fewer
than these totals of birds contributed to the CMR analyses
reported in Table 1.

Model ranking
Model ranking by QAICc indicated that our best model

(ranked 1st) supported three characteristics of our CMR data
(Table 2). First, the phenomenon of having transient Cassin’s
Auklets that never returned to the particular site where they
were marked was statistically validated. However, they may
have returned to elsewhere on the island where they were
marked. Second, there was a clear increase in the local sur-
vival rate as Cassin’s Auklets aged. Third, there was support
for the idea that interannual variability in survival was mod-
ulated similarly among the three age categories, with the ex-
ception of the El Niño year (Figs. 3 and 4; Table 3). Though



Consistent intercolony differences in adult annual
survival

Adult Cassin’s Auklet annual survival on Frederick Island
(0.80 ± 0.02) was consistently higher than that on Triangle
Island (0.71 ± 0.02) during our study. We suggest that the
adult survival on Triangle Island is lower because the birds
spend both winter and summer in the California Current,
whereas the Frederick Island birds move further north to
spend the breeding season close to the Alaska Current in a
separate oceanographic domain. Poorer feeding conditions
around Triangle Island can be inferred from nestling perfor-
mance data from the two colonies; chick growth and produc-
tion were consistently higher on Frederick Island from 1994
to 1998 (e.g., mean nestling growth rates (g·day–1) between
5 and 25 days on Frederick vs. Triangle islands were as fol-
lows by year: 1994, 5.0 vs. 4.5; 1995, 5.2 vs. 5.0; 1996, 5.6

vs. 3.6; 1997, 5.7 vs. 4.9; 1998, 5.5 vs. 3.7). (Detailed com-
parisons of nestling production and diet on Triangle and
Frederick islands are the subject of forthcoming work.) Poor
nestling growth and production on Triangle Island have been
linked to the timing and availability of high quality prey, the
copepodNeocalanus cristatus, in surface waters around the
Triangle Island colony (Bertram et al. 2001; Hedd et al.
2002). Increased provisioning effort of seabird parents in
sustained years of poor prey availability can indirectly influ-
ence adult survival based on life history models developed
from theory and empirical data (Erikstad et al. 1998). Exper-
imental manipulation of the costs of chick rearing have
demonstrated significant survival costs of chick rearing in
Black-legged Kittiwakes (Rissa tridactyla;. Jacobson et al.
1995; Golet et al. 1998). In addition, seasonal declines in
body condition have been shown to be more pronounced in
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Occasion Marked R(i,⋅) j=1995 j=1996 j=1997 j=1998 j=1999 j=2000

Frederick Islanda

i=1994 797 797 503 70 18 7 0 0
i=1995 768 1271 581 75 23 0 10
i=1996 426 1077 507 55 0 29
i=1997 468 1068 292 0 91
i=1998 164 541 0 226
i=1999 0 0 0

Triangle Islandb

i=1994 931 931 392 73 23 16 11 4
i=1995 715 1107 272 78 38 8 5
i=1996 290 635 193 47 9 5
i=1997 506 800 128 27 13
i=1998 342 571 113 39
i=1999 453 621 113

aTotal number marked = 2623. Effective sample size = 4754.
bTotal number marked = 3237. Effective sample size = 4665.

Table 1. Number of marked Cassin’s Auklets (Ptychoramphus aleuticus) in each year contributing to the
recovery matrix (R(i,⋅), White and Burnham (1999)) for Frederick Island and Triangle Island.

Model Rank ∆QAICC K QDeviance �c

Described age structure + El Niñoa; p grouped by eye colour within sites (s) 1 0 88 798.61 1.23
Described age structure;p grouped by eye colour within sites (s) 2 2.65 84 809.47 1.23
Described age structure; identityp 3 22.36 110 776.09 1.24





our study supports the conclusion that oceanic condition,
rather than colony size, is the main cause of the differences



mediated through changes in zooplankton community com-
position. Limited availability of high quality prey in 1998
was also the explanation proposed for retarded nestling
growth and mortality for Cassin’s Auklet on Triangle Island
in that year (Bertram et al. 2001; Hedd et al. 2002).

Reduced survival during the 1997–1998 El Niño event
A striking result of our study was that the parameteri-

zation for our best model included a uniform drop in local
survival for agea = 2 and older (a = A) categories of
Cassin’s Auklets on both Triangle and Frederick islands dur-
ing the 1997–1998 El Niño event. Consistent with that ob-



food years if birds can exploit a variety of fish age classes.
In contrast with Cassin’s Auklet, the larger, piscivorous Rhi-
noceros Auklet (Cerorhinca monocerata)from Triangle Is-
land showed no survival impact from the 1997–1998
El Niño event (B.D. Smith, unpublished analysis). The traits
of iteroparity and breeding site fidelity facilitate many years
of returns from individually marked seabirds. Demographic
studies on seabirds that measure adult survival, reproductive
performance, and diet provide insights to marine ecosystems
at local (within 100 km of breeding colonies) and broader
scales within the migratory range during the nonbreeding
season. Integration of regional fisheries and biological,
oceanographic investigations with seabird time series data
from sentinel colonies, such as those on Triangle Island and
Frederick Island, could provide a bellwether for future eco-
system changes in the Northeast Pacific Ocean.
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marked birds that were assessed for eye colour in any yeart
and then again in yeart + 2 (Fig. A2).

Our second approach assessed the potential for mis-
classification of eye colour scores. In that approach, we plot-
ted the percent distribution of intraannual eye colour scores



later (Figs. A1 and A2). At Triangle Island, about 40%–45%
of intermediate-eyed birds did not change colour 1 and
2 years later, whereas at Frederick Island only 25.8% and
12.1% of intermediate birds did not change eye colour 1 and
2 years, respectively, later.

Based on the more consistent eye colour scoring at Fred-
erick Island, our data strongly suggest that approximately
2 years are required for most (79.1%; Fig. A2) brown-eyed
birds to become white-eyed. The equivalent interpretation
for Triangle Island is somewhat equivocal, with only 28.6%
of brown-eyed birds being scored as white-eyed 2 years




