
Ecology, 90(3), 2009, pp. 742–753
� 2009 by the Ecological Society of America

Range-wide reproductive consequences of ocean climate variability







mass from 2002 at San Benito Island due to a reduced

sampling effort or from 2005 at SE Farallon Island
because no chicks were produced, so we analyzed

fledging mass data for four years.



FIG. 2. Annual values (mean 6 SD) of (a) lay dates, (b) breeding success for first attempts, (c) breeding success for all attempts,
and (d) chick fledging masses (unscaled) for each population. Triangle Island values are depicted as black triangles, SE Farallon
Island as gray squares, and San Benito Island as open circles.

FIG. 1. Monthly values (mean 6



fledging masses differed among populations only in
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predictor of lay date across populations (Table 1) or on

a population-specific basis.



tions across widely spaced populations indicate that

Cassin’s Auklets are susceptible to climate change across

the California Current System, especially by the



tivity years during the cooler-water La Niña-like

conditions in 2001–2002 when auklets reared nearly

twice as many chicks as did the British Columbia and

northern Mexico populations, to a catastrophic year of

unprecedented breeding failure during the unusual

oceanographic event in 2005 (Sydeman et al. 2006).

Despite differences in mean breeding parameters, we

detected strong covariation in timing of breeding across

northern populations and in breeding success across all

populations that appear to be linked to covariance in

ocean climate conditions across sites and to consistent

relationships between ocean climate conditions and

breeding parameters.

Timing of breeding and ocean climate

Cassin’s Auklets in the British Columbia and central

California populations appear to adjust timing of

breeding to local ocean climate conditions, since auklets

on average laid earlier in years with lower March–April

sea surface heights that indicate colder water with more

upwelling. Our results are consistent with previous

findings from the central California population that

auklets began egg-laying earlier in years with colder

mean spring sea surface temperatures (Abraham and

Sydeman 2004). Seabirds are thought to rely on

proximal cues from their marine foraging environment

to time breeding with peaks in prey availability, as

supported by multiple studies in seasonal environments

that have detected relationships between spring sea

surface temperature and seabird breeding phenology

(Jaquemet et al. 2007). Our results suggest that the

pronounced transition in spring oceanographic condi-

tions at the northern and central current sites provides

cues to auklets to time breeding with periods of

increased productivity that allow adults to reach

breeding condition and that indicate that prey will be

available during the chick-rearing period. In contrast,

we detected no relationships between ocean climate

conditions and timing of breeding for the northern

Mexico population, which forages in an ocean environ-

ment that is markedly more aseasonal in upwelling and

primary production. Low seasonal variability results in

higher unpredictability of optimal ocean conditions and

prey peaks, which may favor the lower observed

seasonality in timing of breeding as noted in other

seabird populations that breed in low variability

environments (Jaquemet et al. 2007).

Breeding success and ocean climate

It is noteworthy that Cassin’s Auklet breeding success

and chick fledging masses were similarly related to the

same local ocean climate variable (sea surface height)

across populations, since we expected that ocean

processes would differentially influence reproductive

parameters across oceanographically heterogeneous

regions of the California Current. However, the strength

and shape of relationships between breeding success and

sea surface height differed across populations. While we

found a significant linear relationship between breeding

success and sea surface height for the northern Mexico

population for first breeding attempts, the relationship



California populations, where production of first chicks

was relatively constant except for breeding failure

during anomalous ocean climate conditions in 2005.

However, we did find a linear relationship for the British

Columbia and central California populations when all

breeding attempts (relays and second broods) were

considered. Relationships between seabird demography

and ecosystem fluctuations are commonly thought to be

nonlinear and characterized by threshold effects (Cairns

1987). In seasonally productive environments of the

central and northern California Current, Cassin’s

Auklets may achieve relatively constant chick produc-

tion in first attempts when oceanographic conditions are

generally favorable and when they time breeding to

correspond to peak productivity, leading to nonlinear

relationships between chick production and ocean

climate conditions, where chick production declines

only in the worst years. Additional chick production

from relays and second broods would further increase

breeding success in years when ocean climate conditions

continued to be favorable throughout the breeding

season, leading to the linear relationships observed for

all breeding attempts. In the more aseasonal oceano-

graphic environment in northern Mexico, auklets may
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