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We removed first eggs from early-laying females to measure rates and consequences of
relaying in Cassin’s auklets Ptychoramphus aleuticus and rhinoceros auklets Cerorhinca
monocerata at Triangle Island, British Columbia, Canada. Based on egg size and
composition, the investment that Cassin’s auklets made in first eggs was very close to
that predicted from adult body mass, whereas rhinoceros auklets invested more. In both
species, a high percentage of females relaid (90% of Cassin’s and 87% of rhinoceros
auklets). Breeding success declined weakly with later laying among control Cassin’s
auklet pairs, but pairs that we induced to relay bred more successfully than naturally
late pairs, and similar to values predicted from laying dates of their first eggs. Their
chicks also fledged heavier and younger than late control chicks, and similar to values
in early control chicks, but followed the population-wide seasonal decline in wing
length at fledging. Nestling diets were dominated by Neocalanus copepods until late in
the season, a sign that feeding conditions remained favourable until late. In contrast,
rhinoceros auklet pairs induced to relay followed the population-wide seasonal decline
in breeding success, which was driven by a decline in hatching success. Pacific sandlance
Ammodytes hexapterus , thought to be a preferred prey species, virtually disappeared
from nestling diets in mid-to-late season, yet there was no seasonal decline in fledging
mass. However, chicks from replacement eggs followed the declines among control
chicks in both age and wing length at fledging. Despite the female having produced a
replacement egg, and despite delayed breeding, there appeared to be little immediate
consequence associated with relaying for Cassin’s auklets, except for a tendency for
their chicks to fledge with short wings. Consequences were more marked in rhinoceros
auklets (greatly reduced hatching success, and having their chicks fledge with short
wings), and this may have been due to the large investment made in eggs, and/or to
delayed breeding. Results of this study show that attributes of Cassin’s and rhinocerosversity
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Lack (1947) argued that egg production was not a

particularly demanding process for birds, at least com-

pared to chick-rearing, a conclusion he reached based

largely on the apparent ease with which many species

replace lost eggs and clutches. That idea, combined with

others related to avian egg production, was important to

the development of life-history theory, in large part

because it set the stage for future experimental studies
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(Stearns 1992, Monaghan and Nager 1997). In fact,

studies of the relaying ecology of birds continue to

provide much insight into the evolution of life histories,

perhaps because the topic neatly links ultimate factors

such as potential costs of late breeding or risk of nest

predation on individual fitness (e.g. Milonoff 1989,

Arnold 1993), with proximate factors such as the

immediate effects of an individual female’s nutritional

state on her capacity to provide parental care (e.g. Hegyi

and Sasvári 1998, Wendeln et al. 2000). However, the

view that has emerged from recent studies is that egg

production can be demanding for birds, and certainly

more demanding than Lack envisaged, with evidence

accumulating of trade-offs for females between the

production of extra eggs and their own immunocompe-

tence (Oppliger et al. 1996), survival (Visser and Lessells

2001), future breeding propensity (Nager et al. 2001),

provisioning capacity later that season (Heaney and

Monaghan 1995, Monaghan et al. 1998), and the

inherent quality of their individual offspring (Sorci et

al. 1997, Nager et al. 2000).

The Alcidae is a family of marine birds that exhibits

marked variation in certain aspects of their breeding



(Vermeer and Westrheim 1984). Consequently, charac-

teristics of the breeding environment provide a compel-

ling backdrop against which to examine relaying ecology.

Methods

Study area

The study was conducted at Triangle Island, British

Columbia, Canada (50852? N, 129805? W) during the

2002 breeding season. Triangle Island supports the

world’s largest colony of Cassin’s auklets (500,000

breeding pairs), a population that recently appeared to

be in decline (Bertram et al. 2000). It also supports a

large and apparently stable population of rhinoceros

auklets (40,000 breeding pairs).

Collection of eggs

We monitored breeding of 93 Cassin’s auklet pairs and

103 rhinoceros auklet pairs. Observations began on 28

March (early in the laying period of Cassin’s auklets, and

prior to the start of laying in rhinoceros auklets), and



found. When first found, we measured hatchling wing

length (to within 1 mm using calipers) and mass (to

within 1 g using a 50 g Avinet spring scale). We derived

estimates of hatching dates using a calibration of wing

length against age for known-aged chicks using measure-

ments made in previous years at Triangle Island (Hedd

et al. 2002). Cassin’s auklet chicks subsequently were

measured and weighed at ages 5 days, 10 days, 25 days,

35 days, and then every two days until they disappeared,

and rhinoceros auklet chicks were weighed at ages 5

days, 10 days, 40 days, 45 days, and then every two days



Nestling diets were analysed by summing the masses

of major prey taxa across all loads obtained on a single



and measured in the same burrows suggest that most or

all were replacements (for volume index, r2�/0.31,

F1,23�/10.38, P�/0.004, and for shape index, r2�/0.56,

F1,23�/29.71, PB/0.001; Fig. 1). We were unable to

measure two putative replacements, and as mentioned

could not accurately measure the one first egg damaged

during the initial burrow inspection. Nonetheless, as-

suming that all eggs later found in the same burrows

were replacements, 88% of 32 rhinoceros auklets relaid

(the estimate excluding these three burrows is 86%).

Probability of relaying was not predicted by first egg size

(logistic regression, P�/0.6). Replacement eggs averaged

2.9% less in volume index than first eggs laid by the same

female (paired-t24�/2.83, P�/0.009; Table 1), and ran-

ged from 10.4% smaller to 7.7% larger. There was some

tendency for females that laid larger first eggs to show a



Condition of offspring at fledging

Among control Cassin’s auklets, the mean fledging mass

was 159.8 g9/19.3, mean fledging wing was 119.5 mm9/

4.6, and mean fledging age was 47.6 d9/4.1 (n�/38). In

none of the ANCOVA for fledging mass, wing length or

age was the hatching date �/



Discussion

Timing of breeding at Triangle Island in 2002 was

similar to that recorded in recent years in both Cassin’s

and rhinoceros auklets (Bertram et al. 2001, Hedd et al.

2002). In addition, eggs were similar in size to those

recorded previously (Morbey and Ydenberg 1997, Blight

et al. 1999). Among control Cassin’s auklets, breeding

success in 2002 (60%) was in the upper end of the range

recorded in previous years at Triangle Island (21�/67% in

the eight years in which observations spanned all or

most of the breeding season), and the mean fledging

mass (160 g) also was quite high (121�/186 g in 11 years;







late-layers, rather than late laying per se, caused them to

experience low hatching success.

Condition of offspring at fledging

In Cassin’s auklets, both mass and wing length at

fledging declined with later hatching, even though late-

hatched control chicks remained longer in their burrows.
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